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PREDICTION OF THE INCREASE IN YARN UNEVENNESS
AFTER WINDING PROCESS USING STATISTICAL AND
ARTIFICIAL NEURAL NETWORK MODELS

TRUNG, TRAN Duc; TuAN, DAO ANH" AND HUONG, CHU DIEU’

Hanoi University of Science and Technology, Hanoi, Vietham

ABSTRACT

This paper investigated the prediction of the increase in unevenness of two types of yarn: Ne 30/1 CVCM
(combed yarn Ne 30/1, 60% Cotton 40% Polyester) and Ne 30/1 COCM (combed yarn Ne 30/1 100% Cotton)
after winding by artificial neural network (ANN) and by statistical models. Four technological winding
parameters: the winding speed (Z1), the load on the friction discs of the yarn tensioner (Z2), the distance
between the bobbin and the yarn guide (Z3) and the pressure of the package on the grooved drum (Z4) were
used as the input parameters to investigate yarn unevenness after winding. The research results showed
that by using statistical models, within the selected research range, four investigated technological
parameters influenced the increase in unevenness of the two mentioned yarns. The regression coefficients
represented the influence of each technological parameter on the increase in yarn unevenness: the winding
speed parameter has the most influence on the increase in yarn unevenness with the biggest value
coefficients b1 which was 1.2339 for the Ne 30/1 CVCM yarn and this value was 0.6996 for the Ne 30/1
COCM yarn. Moreover, the increase in yarn unevenness predicted by ANNs obtained a higher coefficient of
determination (R2), while the mean square error (MSE) and the mean absolute error (MAE) were lower than

the ones predicted by statistical models.
KEYWORDS

Unevenness; Artificial neural network; Regression function; Predicting yarn unevenness; Winding.

INTRODUCTION

Currently, Artificial Neural Network (ANN) is being
widely applied in many fields, including textile and
garment. Uster (Switzerland) has developed a fabric
inspection system named Fabricscan. In this system,
CCD (Change Coupled Device) cameras were used
to scan the fabric surface. The scan signals were
transmitted to ANN for analysis and evaluation [1, 2].
Samader Al. Malik et al. [3] have predicted yarn
unevenness and tensile strength which were
produced by ring spinning frame based on four
different input parameters: the PES/CO blend ratio,
twist multiplier, back roller cot hardness and break
draft ratio by using ANN and Multiple Linear
Regression (MLR). The built ANN has the following
parameters: 4 - (3 - 3)2 - 1 (1 input layer with 4
neurons, 2 hidden layers (3 neurons each) and an
output layer with 1 neuron). The number of learning
samples in the research was 40 samples and the
number of test samples was 8. The results showed
that using ANN to predict yarn unevenness and
tensile strength achieved higher accuracy than that
predicted by MLR. Rocco Furfiri and Maurizio Gelli [4]

predicted the tensile strength of yarn by ANN and
MLR based on roving yarn. Input parameters included
yarn count, yarn twist, mean length, average fineness
and average strength of fibers in the roving yarn. The
ANN was built with 3 layers: an input layer of 5
neurons (corresponding to 5 input parameters), a
hidden layer of 10 neurons and an output layer of 1
neuron (corresponding to the strength of the yarn).
The results showed that the yarn strength predicted
by ANN was only 3% less different than this value
measured by the real experimental strength while the
prediction by MLR was 10% more different than in
comparison to the experimental one. Ezzatollah
Haghighat et al. [5] predicted the hairiness of
PES/Viscose blended yarns by ANN and MLR based
on the input parameters: the total draft, roving twist,
yarn count, yarn twist, spindle speed, traveled weight,
back zone setting, break draft, balloon control ring,
front roller covering hardness and draft system angle.
By comparing the parameters of coefficient of
determination (R2), mean square error (MSE), and
mean absolute error (MAE), the results showed that
the prediction by ANN gave more accurate results
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Table 1. Central value and variation range of winding parameters.

Parameters Actual values Coded values

Z; [m/min] Z,[cN] Z3;[cm] Z,[N] X1 X2 X3 X4
Top level 1200 30 18 21 +1 +1 +1 +1
Base level Z° 900 20 14 14 0 0 0 0
Bottom level 600 10 10 7 -1 -1 -1 -1
Variation range AZ, 300 10 4 7 - - - -

than that predicted by MLR. Similar results have been
obtained by the other researchers [6, 7].

ANN has been applied to predict yarn quality mainly
at the spinning stage (before winding) and achieved
high accuracy while using traditional techniques
(MLR models) for prediction had many errors or
predicted results with low accuracy. Up to now, the
application of ANN to predict the yarn quality after
winding based on technological parameters has not
been mentioned.

Due to the influence of winding technology, the quality
of yarn including the yarn unevenness after winding
has changed in comparison to before winding [8]. For
woven fabrics, the yarn’s unevenness will make the
fabric look bad. Particularly for knitted fabrics, in
addition to bad fabric appearance, the yarn
unevenness also causes a lot of yarn breakages,
even broken needles. The reasons for the yarn
unevenness are very complicated: due to the raw
materials, the spinning technology and the
equipment, including the winding. Though it is
impossible to eliminate yarn unevenness, reducing
and limiting this phenomenon is important. To reduce
the production cost, to yarn usage orientation, the
increase in unevenness of the yarn after winding
needs to be predicted. This paper presents the
research results of predicting the increase in the
unevenness of two types of yarn: the Ne 30/1 CVCM
yarn and the Ne 30/1 COCM yarn based on four
typical winding parameters that can be tested,
controlled and often need to be adjusted during the
winding process, which were the winding speed (Z7),
the load on the friction discs of the yarn tensioner
(Z2), the distance between the bobbin and the yarn
guide (Z3) and the pressure of package on the
grooved drum (Z4). The research results will
contribute to reducing yarn production costs and
orient the efficient use of yarn after winding.

MATERIALS AND METHODS
Materials

Yarn materials: The research used two types of ring
combed yarns produced by Vinatex NamDinh
(Vietnam) spinning mill: Ne 30/1 CVCM vyarn (60%
Cotton, 40% PES) and Ne 30/1 COCM yarn (100%
Cotton).

Methods

The winding process was performed on the winding
model developed at Hanoi University of Science and
Technology [9]. The Uster Tester 5 (Switzerland) was

used to measure the yarn unevenness before and
after winding by standard ASTM D1425M/1425M-14
[10]. Before testing, the yarns were conditioned for 24
hours in standard atmospheric conditions (65 + 2%
relative humidity and 20 + 2°C temperature). The
acquired results were obtained by using the built ANN
and statistical models.

The orthogonal experimental planning level Il [11]
was applied to set up an experimental matrix with 4
technological winding parameters Z1, Z2, Z3, Z4. The
range of values of the winding parameters was
selected based on the actual survey of winding
conventional yarns in the spinning mills and the
allowable capacity of the winding model (Table 1).
Statistical models of the increase in yarn unevenness
after winding in comparison to before winding have the
general form;

AU [%] = bo + bixs + baxz + baxz + baxs + biaxixz +
b13x1X3 + b1ax1X4 + b23x2x3 + D2ax2X4 + b3axsxs + b11x4?
+ boox2? + basxs® + basx4?,

where: bo, b1, b2, b3, ba, b12, b1s, b1s, b23, b2, baa, b1,
b2, bss, bas - the coefficients of the model, x1, x2, X3,
X4 - coding variables of winding parameters.

The real variables Z; and the encoding variable x;were
related by the formula:

The increase in yarn unevenness AU% was
calculated by the formula:
_ Us—U¢
AU——UE 100 [%], (2)

where: U - unevenness of yarn before winding (U: =
9.44 % and 8.94 % for CVCM yarn and COCM yarn
respectively), Us - unevenness of the yarn after winding
determined according to each experiment.

The number of experiments N with the number of
variables k = 4 was determined by the formula N = 2¢ +
no +2k, where, no is the number of experiments in the
center (no = 1). Thus, N = 25. Coefficient

a=\/ N.2K2 - 2" =\/\/25.22 -2° =1.414 to set up the
experimental matrix and conduct the experiment.

Application of artificial neural network (ANN)

By building an ANN with arbitrary concatenation or
testing the learning process with many different
networks and by examining the resulting errors, we
can choose the network with the smallest error
[12,13]. There are many types of neural networks, the
most classic neural network application is the
Multilayer Perceptron (MLP) network which is used
commonly in many research fields.
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Figure 1. Structure of ANN model for predicting increase in unevenness of yarn.

In addition to the basic units, the ANN also has some
general requirements on the network structure such
as the neurons are arranged into layers, including a
layer of input signal channels, a layer of output signal
channels and may include several intermediate layers
known as hidden layers. There are no connections
between neurons on the same layer, only
connections between neurons of two consecutive
layers. The connections are oriented from the input to
the output (linear network). Neurons on the same
layer will have the same activation function.

The ANN networks (Figure 1) predict the increase in
unevenness of yarn after winding based on 4 winding
parameters (winding speed Z1, the load on the friction
discs of the yarn tensioner Z2, the distance between
the bobbin and the yarn guide Zs and the pressure of
package on the grooved drum Z4) which was a form of
MLP network. For the feedforward network, learning by
the error backpropagation algorithm using the Sigmoid
activation function is suitable because of its continuity
and its values do not suddenly decrease. Furthermore,
the derivative of a Sigmoid function can be easily
calculated and expressed as terms of a function of the
form Sigmoid. Since there is no certain rule to select
the number of layers and neurons in each layer, the
network structure is selected by the trial-and-error
method for several networks with different numbers of
layers and different number units in layer(s). The
training algorithm, training parameters and activation
function have been ftrained with the objective of
minimizing the training error and better generalization
on unseen data. For example, the number of hidden
neurons in every layer is selected with the trial-and-
error method. A network with only 1 hidden neuron and
one layer was started, and then the number of neurons
and layer increased progressively and generated
randomly in different networks. All the networks were
trained with the data sets, and the network with the
lowest error was selected. If the best error is still high,
the number of hidden neurons is increased by 1. To
avoid the overfitting effect, we chose the network with
the lowest possible number of hidden neurons and
acceptable error (i.e., the simplest possible network),

which can still approximate the data. The ANN network
structure in this study was selected by testing with 3
different networks (3, 4, 5 hidden layers) and evaluated
by 3 performance parameters of the models: R?
(Determining the number of systems), MSE (mean
squared error), MAE (means absolute error).

The network has 3 hidden layers:
4-(8-4-4);-1

Rs? = 0.9681, MSEs = 0.0415, MAE3 = 0.1210
The network has 4 hidden layers:
4-(8-6-4-4)-1

R42 =0.9125, MSE4 = 0.1137, MAE2 = 0.1342
The network has 5 hidden layers:
4-(16-8-8-8-4)5-1

Rs? = 0.9997, MSEs = 0.0009, MAEs = 0.0187

In comparison: Rs? > Rs? > R4% MSEs < MSEs <
MSE4; MAEs < MAE3 < MAE4

So the network with 1 input layer of four neurons (4
winding parameters), 5 hidden layers (the number of
neurons of the hidden layers is 16, 8, 8, 8, 4,
respectively) and 1 output layer with the number of
neurons is 1 (increase in yarn unevenness) has the
highest Rs?, and the smallest MSEs, MAEs among the
3 tested networks and this network was chosen to
predict the increase in the unevenness of yarn in our
research.

Network training

To train the network, the supervised learning rule was
used. Error backpropagation is a learning algorithm
applied to adjust synaptic weight, which is a form of
supervised learning. Currently, there is no general rule
for selecting learning data sets, a simple way is to
choose the learning data set which covers the entire
possible input space. Here, the input of the algorithm
is a set of learning data {(Zs, Ds)} where, Zs = [Z1, Z>,
Zs... Zn] is the input vector (technological parameters)
and Ds= [d1, d2, ds... dn] is the desired output vector
(increase in unevenness) of the yarn determined
according to each experiment. The learning process
includes the following steps:
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1. Calculate output:

When a sample Zs = [Z1, Z2, Zs....ZN] is put on the
network, it propagates from the input Z through the
hidden layers Y to the output layer M. In the case of
an ANN with one hidden layer:

a. Sum of input connections of the hidden
neuron j was calculated by formula 3 [3;
15]:

a]' = Zizluﬁ Zi + bj, (3)

where: Z; - input signal /, uji - synaptic weight, b; - bias
term connected to the j unit.
Calculate the output of the j hidden neuron:
Y = f(a). (4)

In case the network is designed with many hidden
layers, the calculation method is similar, the output of
one hidden layer will be the input of the next hidden
layer.

b. Output layer M
Input of the k output neuron:

by = Z Y Wj, (5)
j=1
in where: Wy; is the corresponding weight.
The output value of neuron k in the output layer M is:
My = £ (by). (6)
2. Evaluate output error:

Calculate the error of the network E according to the
formula:

1
E= EZ(dk - M,)?, (7)

in where: dk - the increase in unevenness determined
by experiment, Mk - the increase in unevenness
predicted by ANN at the k neuron in the output layer for
the sample Zs.

The ANN was trained by feeding the output layer with
samples and gradually adjusting the weight
coefficients so that the output class response would
match the desired values. In fact, after each learning
cycle, if E < Emax, the learning process is ended, and
the result weights are given. If E > Emax, a new
learning epoch is restarted by returning to the first
step in adjusting the weights W4 and ujibased on the
principle of backpropagation error. The values of the
synaptic weight are gradually adjusted. In our
research, the learning process using the error
backpropagation algorithm can be ended with two
specified conditions: the chosen value Emax = 0.01 or
the number of learning epochs is 300. The network
will stop according to the first coming condition.

Evaluation of the predictive performance of the
models

The prediction results of the ANN were compared to

those predicted by statistical models by 3
performance parameters [3]:

The coefficient of determination represents the
relationship between the predicted value and the
experimental value (R?).

Mean square error (MSE):
N

1 1%
MSE = NZ(Mk —dy)? = NZ(A)Z’ (8)
k=1 i=1

Mean absolute error (MAE):

1% 1%
MAE =5 ) M—did =5 > 1oL (©)
k=1 i=1

In where: Mk - the increase in yarn unevenness
predicted by ANN or statistical models, dk - the
increase in yarn unevenness determined by experiment
(desired value), N - number of experiments.

RESULTS AND DISCUSSION

Predicting increase in yarn unevenness
by statistical model

To determine the mathematical relationship between
the increase in yarn unevenness after winding and
four selected technological parameters, it was
necessary to establish an experimental matrix and
conduct experiments to determine yarn unevenness.
The experimental matrix and the determined results
of the increase in yarn unevenness AU % (according
to formula 2) were presented in Table 2.

Using the Design Expert software, we have
calculated the regression coefficients, checked the
coefficients according to Student's standards and
checked the conformity of the regression equations
according to Fisher's standards. The statistical
models on the increase in yarn unevenness with the
coding variables have the following forms:

For the Ne 30/1 CVCM yarn:

AU¢ =3.9952 + 1.2339xs + 0.7221x2 + 0.5688x3 +

0.6318x4 + 0.2994x2 x4 + 1.4831x3 X4

R?=0.8733
For the Ne 30/1COCM vyarn:

AUz = 2.2396 + 0.6996x: + 0.3927x2 + 0.31x3 +

0.2966x4 - 0.1394x2 X3 + 0.2869x2x4 + 0.7994x5 X4

R? =0.8986
Within the selected research range, four technological
parameters (winding speed (x1), the load on the friction
discs of the yarn tensioner (x2), the distance between
the bobbin and the yarn guide (x3) and the pressure of
the package on the grooved drum (x4) influence the
increase in the unevenness of the two mentioned
yarns. The regression coefficients represented the
influence of the technological parameters on the
increase in yarn unevenness. The winding speed
parameter has the most influence on the increase in
yarn unevenness (the coefficients b1 = 1.2339 (in the
AU7 model), b1 = 0.6996 (in the U2 model) mean the
biggest values), followed by the influence of load x:
(coefficient bz < b1 in models AU1, AU2).
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Table 2. Experimental matrix and the results of determining the increase in yarn unevenness AU %.

N0 Xo X1 X2 X3 X4 Z1 Zz 23 Z4 Ne i%;l [?A)\;CM Ne 3A(:./,: [?/OC])CM
1 + - - - - 600 10 10 7 1.8 1.23
2 + + - - 1200 10 10 7 5.72 3.58
3 + - + - - 600 30 10 7 3.6 2.01
4 + + + - - 1200 30 10 7 6.07 3.42
5 + - - + - 600 10 18 7 1.17 0.78
6 + + - + 1200 10 18 7 2.85 2.07
7 + - + + - 600 30 18 7 2.75 1.28
8 + + + + - 1200 30 18 7 2.97 1.79
9 + - - - + 600 10 10 21 1.06 0.11
10 + + - - + 1200 10 10 21 2.54 0.89
11 + - + - + 600 30 10 21 3.71 2.28
12 + + + - + 1200 30 10 21 3.81 2.35
13 + - - + + 600 10 18 21 4.03 2.46
14 + + - + + 1200 10 18 21 7.31 3.69
15 + - + + + 600 30 18 21 5.03 2.8
16 + + + + + 1200 30 18 21 11.03 5.15
17 + 0 0 0 0 900 20 14 14 3.92 2.27
18 + a 0 0 0 1324 20 14 14 5.08 3.28
19 + -a 0 0 0 475 20 14 14 1.17 0.45
20 + 0 a 0 0 900 34.14 14 14 4.77 3.02
21 + 0 -a 0 0 900 5.86 14 14 3.39 1.9
22 + 0 0 a 0 900 20 19.65 14 4.87 3.24
23 + 0 0 -a 0 900 20 8.34 14 3.07 1.79
24 + 0 0 0 a 900 20 14 23.9 4.45 2.91
25 + 0 0 0 -a 900 20 14 4.1 3.71 1.24
Table 3. The actual and predicted results of the increase in unevenness of Ne 30/1 CVCM yarn by ANN.
N AUy [%
° | Experiments | ANN
1 1.8 1.8027 1
2 5.72 5.7445 _
3 3.6 3.5868 $
4 6.07 6.0761 = 10
5 1.17 1.1325 2
6 2.85 2.8493 @
7 2.75 2.7335 S s
8 2.97 29695 || £ I
9 1.06 1.0510 4 A
10 2.54 2.5266 g 6 y =@ Actual
11 3.71 3.6915 =
12 3.81 3.8355 £ ==tr=Predicted
13 4.03 4.0110 2 1 \
14 7.31 7.325 3 M
15 5.03 5.0354 5 2
16 11.03 10.904 | | £ Y Y Y
17 3.92 3.9111 2
18 5.08 5.0986 -0+ T T T T
19 117 1.1458 1 2345678 910111213141516 17 181920 21 2223 2425
20 4.77 4.7583 Experiments
21 3.39 3.4130
22 4.87 4.8942
23 3.07 3.0788
24 4.45 4.438 | Figure 2. Performance of ANN model for the increase in yam unevenness of Ne 30/1 CVCM yam.
25 3.71 3.7061

Predicting increase in yarn unevenness
by ANN

The software "Prediction of yarn product quality after
winding" was established. The software was written
in Python language. Its capacity was 656 MB and it
runs on a Windows environment. The prediction
results of the increase in yarn unevenness provided
by this software based on the set of learning data
(AU1, AU2 with 25 experiments which were used in
the above statistical models) were presented in Table
3 and Table 4 and the graphs on Figures 2 and 3.

It can be seen in Figure 2 and Figure 3 above, that
MLP models could approximate accurately the
increase in yarn unevenness with very small
differences between the actual values (the blue line)
and the estimated values (the red line). Thus, the
outputs of the network have almost coincided with the
experimental values.

The performance was further assessed with the
following measures: coefficient of determination (R?),
MSE (Mean Square Error), MAE (Mean Absolute
Error). The numerical errors were collected in Table
5.
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Table 4. The actual and predicted results of the increase in unevenness of Ne 30/1 COCM yarn by ANN.

AA

P

The increase in unevenness AU [%]
v

Experiments

1 234567 8 91011121314151617 1819 202122232425

=@ Actual
sy Predicted

N AU, [%]
0 Experiments ANN

1 1.23 1.3648
2 3.58 3.6340
3 2.01 2.2282
4 3.42 3.4864
5 0.78 0.7809
6 2.07 2.1865
7 1.28 1.3162
8 1.79 1.8497
9 0.11 0.1645
10 0.89 0.8961
11 2.28 2.5374
12 2.35 2.4137
13 2.46 2.6677
14 3.69 3.7911
15 2.8 2.8797
16 5.15 5.0074
17 2.27 2.3645
18 3.28 3.3000
19 0.45 0.5441
20 3.02 3.1038
21 1.9 2.0280
22 3.24 3.2621
23 1.79 2.0198
24 2.91 2.9480
25 1.24 1.3032

Figure 3. Performance of ANN model for the increase in unevenness of Ne 30/1 COCM yam.

Table 5. The performance of predicting the increase in yam unevenness of the models compared to the statistical model.

The increase in unevenness AU (%o)
L

1 2

345 6 78 9101112

Experiments

—a&— Predicted

The increase inunevenness AU (%)

]

1

a

34 5 6 7 8 9101112

Experiments

Parameters Ne 30/1 CVCM Ne 30/1 COCM
Statistical Model ANN Statistical Model ANN
R? 0.8733 0.9997 0.8986 0.9893
MSE 0.6649 0.0009 0.3134 0.0138
MAE 0.6469 0.0187 0.1643 0.095
Table 6. Experimental results and prediction of ANN with testing dataset.
The increase in yarn unevenness
. Z Z Z Zs Ne 30/1 CVCM yarn Ne 30/1 COCM yarn
Experiments | 1 imin] | [eN] | [em] | [N] Statistics Statistics
Experiments ANN Experiments ANN
Model Model
1 700 20 12 7 3.18 2.99 3.02 1.68 1.72 1.56
2 900 10 10 7 4.13 3.86 4.10 3.36 2.19 3.17
3 600 30 10 41 3.81 3.69 3.92 2.13 2.08 1.97
4 1200 10 15 7 4.03 3.95 4.19 2.80 2.45 3.04
5 1000 10 15 14 4.24 3.83 4.31 2.46 2.19 2.57
6 800 15 14 14 3.07 3.22 2.95 1.23 1.81 1.23
7 800 14 10 14 2.65 2.58 2.60 1.12 1.38 1.31
8 900 10 12 41 4.13 3.57 3.84 2.91 217 2.64
9 700 12 14 7 2.12 2.20 2.10 1.34 1.39 1.10
10 1000 10 12 41 4.13 3.98 4.20 3.02 2.41 2.91
11 1000 12 10 7 4.77 4.35 4.92 3.36 2.47 3.39
12 800 20 10 14 2.86 3.02 3.12 1.45 1.70 1.34
MAE 0.222 0.124 0.439 0.148
MSE 0.073 0.022 0.313 0.028
6
4
5
4 3
—e— Actual —e— Actual

—a— Predicted

(a)

(b)

Figure 4. Testing graph of ANN model for AU [%] of: (a) Ne 30/1 CVCM yam, (b) Ne 30/1 COCM yam.
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Table 4 shows that predicted results by ANN have an
R? value higher than that one given by the statistical
model: 0.9997 > 0.8733 for Ne 30/1 CVCM yarn and
0.9893 > 0.8986 for the Ne 30/1 COCM yarn.
Moreover, the MAE and MSE values determined by
ANN were lower than those predicted by statistical
models, with MAE values 0.0187 < 0.6469 for Ne 30/1
CVCM yarn and 0.095 < 0.1643 for Ne 30/1 COCM
yarn and with MSE values: 0.0009 < 0.6649 for Ne
30/1 CVCM yarn and 0.0138 < 0.3134 for Ne 30/1
COCM vyarn. The results show that the increase in
yarn unevenness predicted by ANNs was more
accurate than that predicted by statistical models.
However, predictions by ANNs do not point out the
influence of the factors on the results.

The performance of the built ANN model was further
assessed by testing a data set of 12 experiments
which were used for model testing and did not match
with the learning data set, in which the technological
parameters were selected in the defined research
range. The test results are presented in Table 6. The
graphs show the test results and the predicted values
by the built ANN model are shown in Figure 4.

The test results of the ANN were accepted as good
because the MAE and MSE errors were small which
were 0.124; 0.022 for Ne 30/1 CVCM yarn and 0.148;
0.028 for Ne 30/1 COCM yarn. These results
demonstrated that the built ANN model including 1
input layer, 5 hidden layers and 1 output layer
obtained a good performance, and it was appropriate
for determination of the increase in yarn unevenness.
With the test set, the results confirmed that the
predicting by using ANN has smaller MAE, and MSE
values (achieving higher accuracy) than these of
statistical models.

CONCLUSIONS

1. In this study, the increase in unevenness of two types
of yarn (Ne 30/1 CVCM, Ne 30/1 COCM) after winding
was successfully predicted by statistical models and by
artificial neural network (ANN) based on four winding
technological parameters: Winding speed, the load on
the friction discs of the yarn tensioner, the distance
between the bobbin and the yarn guide and the
pressure of package on the grooved drum. The ANN
structure to predict the increase in yarn unevenness
after winding has been built with 1 input layer, 5 hidden
layers and 1 output layer. Among them, there were 4
neurons in the input layer which corresponded to 4
technological winding parameters, the number of
neurons in the five hidden layers was 16, 8, 8, 8, and 4
respectively and the number neurons of in the output
layer were 1, which was the increase in yarn
unevenness value.

2. The coefficient of determination (R?) of ANN
models reached 0.9893; 0.9997 for Ne 30/1 CVCM
yarn and Ne 30/1 COCM yarn, respectively which
were higher than this parameter predicted by

statistical models which were only 0.8733; 0.8986 for
Ne 30/1 CVCM yarn and Ne 30/1 COCM vyarn,
respectively. Meanwhile, the parameters MAE and
MSE predicted by ANN were smaller than those
predicted by statistical models. That proves,
predicting by ANN achieved higher accuracy than
predicting by statistical models. However, predicting
by statistical models can see the degree of influence
of each factor on the predicted results.

3. In actual production, if it is found difficult to apply
statistical models to predict the increase in yarn
unevenness after winding, because the accuracy is
low, and the results may be influenced by many
factors, we should use ANN. However, predicted by
ANN will not provide the influential degree of each
factor on the results.
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BUILDING DATABASE IN BALANCING KNITTED GARMENT

LINES SOFTWARE IN INDUSTRY
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ABSTRACT

The garment industry is one of the key industries contributing to the economic growth of Vietnam. Industry
4.0 has significantly altered the operational procedures of conventional enterprises. The implementation of
technological, digital, and artificial intelligence applications has increased the global efficacy of corporate
governance. To successfully assimilate into the regional and global economies, Vietnamese businesses
must enhance their management capabilities and maximize both the quantity and quality of their products.
In order to achieve this objective, the authors have conducted research to develop a database of sewing line
balancing implemented in Assembly Line Balancing software for two common knitted products, namely Polo-
Shirts, and T-Shirts. School of Textile-Leather and Fashion, Hanoi University of Science and Technology
(HUST) methods compared and evaluated this result of sewing line balancing of 2 Polo-Shirt and T-Shirt
products according to the manual, software, and actual calculation method at 3 enterprises: Star Fashion
Company Ltd., Regent Garment Factory Ltd., and Hanoi General Textile Garment Joint Stock Company
(Hanosimex). Since then, we have completed the sewing line balancing database for Polo-Shirt and T-Shirt
products to row sewing lines for cases in which the path of semi-finished products is both straight and zigzag.
The findings of this study can be applied to group conjugation lines and suspended lines transporting semi-
finished goods. The database has been constructed meticulously and standardized to ensure the diversity,
richness, and universality of all product technology structure options applicable to garment companies. The
database is utilized in the Assembly Line Balancing software developed by the research team; this is an
application-oriented research product that will transfer technology to garment enterprises producing knitwear,
assisting them in overcoming current challenges. Reasonable production line layout contributes to optimizing
existing production conditions, increasing labor productivity and the efficiency of production organization,

and laying the groundwork for the application of digital technology.

KEYWORDS

Sewing line; Assembly line balancing; Polo-Shirt; T-Shirt; Assembly line balancing software; Assembly line

balancing methods.

INTRODUCTION

Line balancing is a technique to arrange the ratio
between several workers and machinery equipment
at each stage in which output is equal and achieves
the highest based on the actual conditions of the line,
optimizing the actual situation on the line in the line
balancing time. Line balancing is one of the most
important issues for garment companies. It
determines the capacity and output of the sewing line
and simultaneously helps reduce workers’ wasted
time, optimize the number of machines, determine the
shortest path of semi-finished products, and follow
the turmeric work journey. It shows that line balancing
significantly affects the profit and reputation of
enterprises. Hence, businesses always want to find
the most reasonable method of balancing line with the
company and their garment products. In Vietnamese

garment enterprises, line balancing is mainly done by
traditional manual methods, is time-consuming, and
the balancing performance is not high, not solving the
problem of maximum efficiency in the production line
and affecting the productivity of sewing line and the
whole enterprise. Contributing to solving these bad
problems, the authors have built a database of the
sewing line balancing applied in the line balancing
software by production practices.

Currently, there have been several research works on
this issue. Santosh et al. applied the Rank Position
Weight method (RPW) with a given number of
workers to optimize cycle time [1]. Author Vrittika
applies three methods including: Rank Position
Weight (RPW); larger candidate rule and kill bridge
and wester methods to optimize the cycle time when
given several workers. The author points out that the
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results are the same [2]. Jayakumar et al. use RPW
to enhance line efficiency [3]. The authors Dinh Mai
Huong, Truong Van Long, Do Phan Thuan, Phan
Thanh Thao, Nguyen Duc Nghia apply an exhaustive
search for optimization assembly line balancing in
garment industry [4]. Phan Thanh Thao and Dinh Mai
Huong research various line-balancing methods for
Polo-shirt products in Vietham [5].

In this paper, the authors compare, evaluate the
design results, and balance the sewing line of T-Shirt
and Polo-Shirt products based on the Hanoi
University of Science and Technology method by
hand calculation and using BSL-HUST software with
the results of actual production. Since then, we have
proceeded to complete the design and balance
database of the T-Shirt and Polo-Shirt products
sewing line for the layout in which the path of the
semi-finished products is straight and zigzag applied
in industrial production. Compare and evaluate the
design results and balance the sewing line of the T-
Shirt and Polo-Shirt products based on the Hanoi
University of Science and Technology method by
hand calculation and using BSL-HUST software with
the results of actual production. Complete the design
and balance database of the T-Shirt and Polo-Shirt
products sewing line for the layout in which the path
of the semi-finished products is straight and zigzag
applied in industrial production.

EXPERIMENTAL
Research subjects

T-Shirt products have a collar (neck) rib or collar
facing, or neck tape (neckline), short-sleeved, slits or
not. In the study, we chose a typical structure
manufactured by three companies with the styles
shown in Table 1. The product has a straight shape,
rib roll collar, neckline from collar to shoulder, no split,
bottom and sleeve-hem sewing dividing seams with
two parallel lines. The product has a picture, as
shown in Figure 1 (a).

Polo-shirt products have bottom down collar, neckline
or not. Collar is by main fabric or rib. The shirt is made
from single layer knit fabric. It is slip over dress, with

Table 1. T-Shirt product codes, with each styled by three
companies.

No. Code Style Company

1 TO1 DM21-008 Hanosimex

2 T02 PE19-025 Hanosimex

3 TO3 PCN21-003 Hanosimex

4 T04 PE20-015 Hanosimex

5 T05 5Vv2202128 Star Fashion Co., Ltd

6 TO6 SV22-009 Hanosimex

7 TO7 142N212 Tinh Loi Garment Co., Ltd
8 TO8 242N276 Tinh Loi Garment Co., Ltd
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(b)

Figure 1. Representative images of (a) T-Shirt product - straight
shape, rib roll collar, neckline from collar to shoulder, no split,
bottom, and sleeve-hem sewing dividing seams with two parallel
lines and (b) Polo-Shirt product - Bottom down collar by rib, not
neckline; collar panel deviates; long sleeves by rib-knit cuff; split,
bottom sewing one diving seam.

Table 2. Polo-Shirt product codes, with each style by two
companies.

No. Code Style Company

1 PLO1 SNJ20-017 Hanosimex

2 PLO2 PE18-019 Hanosimex

3 PLO3 PE19-026 Hanosimex

4 PLO4 342F107 Tinh Loi Garment Co., Ltd
5 PLO5 06DHA22- 019 | Hanosimex

6 PLO6 DC1963 Tinh Loi Garment Co., Ltd

collar and neck band placket (collar panel),short- or
long-sleeve, slit or not, sleeve cuff or sleeve-hem
sewing diving seams with two parallel lines.

In the study, we choose a typical structure with the
image described in Figure 1 (b), manufactured at two
companies with the styles shown in Table 2. The
product has bottom down collar by rib, not neckline;
collar panel deviates; long sleeves by rib-knit cuff;
split, bottom sewing one diving seam.

Research methods

Methods of database construction

To build a database on line balancing, the first step is
to analyze and classify detailed clusters of knitted
products, make a technological process for each
product, and after that, design and balance the line
and arrange the line layout for two inputs: the capacity
of line P (the number of products produced in a shift)
and the number of workers on line N (People).
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Methods of building sewing technology process

Based on the theory of the method of building a
sewing technology process, the authors build a
diagram to analyze the technological process of
sewing T-Shirt and Polo-Shirt products.

Methods of designing and balancing the sewing line

Designing and balancing the sewing lines in two ways:

manually and using BSL-HUST software built by the
design project, based on the Hanoi University of
Science and Technology method.

a, The order of designing and balancing the sewing
line according to Hanoi University of Science and
Technology method.

Preliminary determination of the parameters of the
line

Build a production technology diagram and balance
the line

Precisely define the parameters of the line

Layout of the workplace and sewing line

Calculate the economic-technical indicators of the
line

b, Principles of organizing and coordinating tasks.

The workstations must be made up of successive
tasks on the technological journey or from tasks of
different processing groups that do not affect
product processing.

The sequence of the combined operations must be
consistent with the sequence of the product
processing technology.

The workstation time must be equal to or an integer
times the cycle.

The level of workers must be equal or differ by one
unit.

The tasks of the workstation must be performed on
the same type of equipment; the processing mode,
method, and type of processing material must be
relatively uniform; the complexity of the work must
be relatively uniform.

In addition, it is necessary to coordinate the tasks
so that the workstation can only be performed on
the same object.

Check the optimal condition of capacity by the graph
method. Draw the load graph of the line, in which the
horizontal axis is the workstations, and the vertical
axis is the individual cycle of workstations. On the
graph, simultaneously show the values: the cycle (R),
and the allowable tolerance limit of cycle AR (Rmax*
Rmin). Determine the ratio of the number of
workstations with separate cycles within the allowable
tolerance limit of the cycle to the total number of
workstations in line K [%]. If K% = 60%, the line
balances in terms of load and calculated capacity to
reach the optimal value.

¢, Line designing and balancing process using BSL-
HUST software
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Implementation steps:

- Step 1: Start the program and double-click the
software interface as shown below.

Step 2: After the software interface appears, select
"Create new code".

Step 3: Input the information, including "Code
details", "Technological process", "Process binding".

Step 4: After inputting all the information, click
"Optimize".

Step 5: Enter the input data for the problem and
continue to click "Optimize", you will get the results,
including the workstation table, load chart, and line
layout diagram.

Methods of collecting actual data

The research team collected documents on
production orders of T-shirt products at three
companies: Hanosimex, Star Fashion Co., Ltd and
Tinh Loi Garment Co., Ltd; for Polo-Shirt products
from two companies: Hanosimex and Tinh Loi
Garment Co., Ltd.

Methods of analysis, evaluation and
comparison

After obtaining the calculation results, analyze and
compare to evaluate the efficiency of the production
line's balance by the manual method, using BSL-
HUST software and compare the actual production.

The codes T01, T02, TO3, T04, TOS, TO6, PLO1, PLOZ2,
PLO3, and PLO5 will compare the results of sewing
line balancing design between the manual calculation
method of HUST and BSL-HUST software. The
criteria for comparison and evaluation include line
balancing coefficient K%, balancing efficiency H%,
capacity P, number of workers N, and cycle time R.

The codes T07, T08, PLO4, and PL06 will compare
the results of the sewing line balance design with the
results of the actual production line at Tinh Loi
Company, the manual calculation method of HUST,
and BSL-HUST software. The criteria for comparison
and evaluation include line balancing coefficient K%,
balancing efficiency H %, capacity P, number of
workers N, and cycle time R.

RESULTS AND DISSCUTION

Results of technical process analysis of
sewing knitted products

During the research process, we calculated,
compared, analyzed, and completed the sewing line
balanced and design database, including eight T-
Shirt codes and six Polo-Shirt codes. In the scope of
this article, we represent a T-Shirt and a Polo-Shirt
code.

We have developed a process analysis diagram for
T-Shirt and Polo-Shirt sewing technology, and the
results are presented in Figure 2 .
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Diagram analyzing the technological process of sewing Polo-Shirt code PL0O4
Front body Back body Sleeve

Y Y

Join the sleeve
M2K4C

Front facing ynder facing

32.47%
Diagram analyzing the technological process of sewing T-Shirt code T07 Querlock bottom GO

Front body Back body Sew front facing .
— ~ 10 with under facing 324 To pstich armhole
Y -437) 27 M2KAC
Sew facing with body 48 (:AV;IEI:CCK placketend
Join the should Label
oln the shoulder 127 Overlock slit =
108 G Mzrac CDorac
@ Strap Topstitch the shoulder

Sleeve Neck binding

_— Sew
sleeve cuf
M1K

Neck binding

Y Y
Sewing sleeve
16.8/2» opening 27" e
€ V2K3C ‘S,;:{v;;e;)ck biding from 2::::;(:) :Ilf\oulder Sew the neck binding 37.97
34.8’@Join the sleeve V4 )
M2K4C V T,;Ktltd’I button placket 30" To pstitch sleeve cuff

M2K4C

Topstitch button
Note . placket side 37.
Task uses specialized
machine

Task uses 1-needle
lockstitch machine

Topstitch buttonhole
Task uses hand-made

lacket side
Size label

(a) (b)
Figure 2. T-Shirt sewing technology analysis chart: (a) code T07, code PL04.

Table 3. Table of organization and coordination of tasks into workstations result, T-shirt coded TO7 with the given capacity P.

. . . . Line balancing by

| | Line balncing by | e walncing . | Tinh Lo Garmen
Workstation Task Machine Type Ti[s] Co., Ltd plan
N; N; N;

Tils] [peo{ole] Tils] [peo{ole] Tils] [peo{ole]

1 34 M2K3C 4 16.8 8.4 2 8.4 2 16.8 1
2 35 M1K 3 10.8 10.8 1 10.8 1 10.8 1
3 40 M1K3C 3 16.8 16.8 1 8.4 2 16.8 1
4 41 OL-MN 4 25.8 12.9 2 12.9 2 8.6 3
5 42 M1K 3 10.8 10.8 1 10.8 1 10.8 1
6 43 MH380 4 27 135 2 13.5 2 13.5 2
7 44 M2K4C 4 34.8 11.6 3 11.6 3 11.6 3
8 45 M2K4C 4 414 13.8 3 13.8 3 10.35 4
9 46 M2K3C 4 24 12 2 12 2 12 2
10 47 M1K 3 29.4 9.8 3 9.8 3 14.7 2
Sum 2%7' 20 21 20

Table 4. Comparison of full line load chart for product T-shirt coded TO7 with the given capacity P.
Line balancing by hand of HUST | Line balancing by BSL-HUST Line balancing by Tinh Loi

method software Garment Co., Ltd plan
Image ; A 2
o VAR NN s LN, .
510 // ~ 210 'A’LAC?A'VL
s 7 2 v
5 g

0
1 2 3 4 5 6 7 8 9 10

NCSXj
=0=Tdm (5) =e=Rmin =e=R =e=Rmax

12 3 a4 s 6 9 10
NCSXj
—o—Tdm (s) Rmin —e=R —e—Rmax

Comment | One workstation is overloaded, | Two workstations are underloaded| Three workstations are
one workstation is underloaded. overloaded, one workstation is
underloaded

14
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Table 5. Comparison of the sewing line layout diagram for T-shirt coded TO7 product with the given capacity P.

The sewing line layout diagram for T-shirt product coded T07

Layout

By hand
method of
HUST

By BSL-HUST
software

By design plan
of Tinh Loi
Garment Co.,
Ltd

8
(ki

Class-form, semi-finished
products are shipped by
zigzag, with boxes

Class-form, semi-finished
products are shipped by
zigzag, with boxes

Class-form, semi-finished
products are shipped by
zigzag, with semi-automatic
hanging line

Table 6. Table comparing line parameters - line balancing coefficient K%, balancing efficiency H%, capacity P, number of workers N, and
cycle time R of T-shirt coded TO7 with the given capacity P.

P=2652 products/day K [%] H [%] N [people] R [s]
By Tinh Loi Garment Co., Ltd 60 100 20 11.88
By hand method of HUST 80 100 20 11.88
By BSL-HUST software 80 95.26 21 11.88

Comparing and evaluating the design
and balance results T-Shirt sewing line
according to HUST method by hand
calculation, using BSL-HUST software
and the actual results at IE room of Tinh
Loi Garment Co., Ltd

Comparing and evaluating the design and balance
result sewing line when given the capacity of line P

(products/shift)

- The cycle time: R

- Cycle time limit: AR=20%

- Line capacity: P = 2652 products/shift

- Working time: Tw = 8.75 (h)

- The time of task number i: T; (s)

- The average production time at each working
station number j: T; (s)

- The number of workers for each task i: N; (people)

Comparison of the organization and coordination of
tasks results is shown in Table 3. Comparison of the
full-line load charts is shown in Table 4. Comparison
of the sewing line layout diagrams is shown in Table
5. Comparison of the exact results of line parameters
is shown in Table 6.

Two ways of line balancing according to the method
of HUST (manual -calculation and BSL-HUST

15

software) gave K = 80% > 60%, and line capacity P =
2652 products/day, which is optimal and higher than
the results of Tinh Loi Garment Co., Ltd.

The number of workers N in the line calculated by
BSL-HUST software is more significant than one
worker, and the load factor H is smaller than the other
two ways of balancing.

The results of the sewing line layout with the given
capacity P from BSL-HUST software have an area
larger than the remaining two methods due to the
increase in the number of employees to 1 worker.
However, the software gives more optimal passing
results on the path of the semi-finished product.

It is class - form, semi-finished products shipped
straight and zigzag, but Tinh Loi Garment Co., Ltd.
will combine the two lines running the same T-Shirt
product code, using hanging lines to replace boxes,
help save area, and improve labour productivity.
Therefore, the research team realized that it was
necessary to improve the software to diversify layout
options.

Cause: It can be seen in the load chart of the whole
line from the software that there are no overloaded
locations but mainly under-loaded operations, thus
leading to an increase in the number of workers, and
H% lower than the other two methods. But this is a
perfectly reasonable result for avoiding overloading
and congestion on the line.
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Table 7. Table of organization and coordination of tasks into workstations result, T-shirt product coded T07 with given the number of

workers N.

Line balancing by Line balancing by Line balancing by
Tinh Loi Garment

) ) TIsl hand BSL-HUST software Co., Ltd plan

Workstation Task Machine Type N
Ts] | poobie] | P11 | ppesbiey | Ti1€] (ecp

1 34 M2K3C 4 16.8 8.4 2 8.4 2 16.8 1

2 35 M1K 3 10.8 10.8 1 10.8 1 10.8 1

3 40 M1K3C 3 16.8 16.8 1 8.4 2 16.8 1

4 41 OL-MN 4 25.8 12.9 2 12.9 2 8.6 3

5 42 M1K 3 10.8 10.8 1 10.8 1 10.8 1

6 43 MH380 4 27 13.5 2 13.5 2 13.5 2

7 44 M2K4C 4 34.8 11.6 3 11.6 3 11.6 3

8 45 M2K4C 4 41.4 13.8 3 13.8 3 10.35 4

9 46 M2K3C 4 24 12 2 12 2 12 2

10 47 M1K 3 29.4 9.8 3 14.7 2 14.7 2

Sum 237.6 20 20 20

Table 8. Comparison of the full line load chart for T-shirt product coded TO7 with given the number of workers N.

Line balancing by hand of HUST

Line balancing by BSL-HUST

Line balancing by Tinh Loi Garment

workstation is underloaded

method software Co., Ltd plan
18 20
S5 N A o
=
210 ¢ % =
k! -
Image g s
Z
i 0
4 5 6 7T 8 9 10 1 2 3 4 5 6 7 8 9 10
NCSXj NCSXj
—o—Tdm (5) Riin =e=R =o—Rmax =0=Tdm () =e=Rmin =e=R =8=Rmax
Comment | One workstation is overloaded, one Two workstations are underloaded Three workstations are overloaded,

one workstation is underloaded

Table 9. Comparison of the sewing line layout diagram for T-shirt product coded TO7 when given the number of workers N.

The sewing line layout diagram for T-shirt product coded T07

Layout

00O I” - -1

By hand . . . . . . o K{ Class-form, semi-
method of | fin!shed prod.ucts are
Ng;. - ./. i sy o
By BSL-HUST élﬂﬂ IIH EH ED EH H ED EU EH ?'?SS-fOFm, semi-
software g inished products are

shipped by zigzag,
with boxes

By design plan

of Tinh Loi
Garment Co.,
Ltd

4 83

ST

IIIIIIIII°-'

Class-form, semi-
finished products are
shipped by straight,
with semi-automatic
hanging line
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Table 10. Table of comparing line parameters - line balancing coefficient K%, balancing efficiency H%, capacity P, number of workers N

and cycle time R of code TO7 when given N.

N = 20 people K [%] H [%] N [people] R [s]
By Tinh Loi Garment 60 100 20 11.88
By hand method of HUST 80 100 20 11.88
By BSL-HUST software 80 96.98 20 12.25
Table 11. Table of organization and coordination of tasks into workstations result of Polo-shirt coded PL04 when given the capacity P.
Line balancing by hand of HUST Line balancing by BSL-HUST software Line balancing by Tinh Loi Garment
method Co., Ltd plan
Workstation | Task | T; Ni | T; Workstation | Task | T; Ni | T; Workstation | Task | T; N | T;
1 34 168 | 1 | 16.8 1 34 168 | 1 | 16.8 1 34 16.8 | 1 16.8
2 35 276 | 2 | 13.8 2 35 276 | 2 | 13.8 2 35 276 | 2 | 138
3 36 21 1 21 3 36 21 3 16 3 36 21 1 21
4 37 102 | 1 | 10.2 41 27 4 37 102 | 1 10.2
5 38 39 2 1195 4 37 102 | 1 | 10.2 5 38 39 2 | 195
6 39 21 1 21 5 38 39 2 | 195 6 39 21 1 21
7 40 198 | 1 | 19.8 6 39 21 1 21 7 40 198 | 1 19.8
8 41 27 2 | 135 7 40 198 | 1 | 19.8 8 41 27 2 | 135
9 42 21 1 21 8 42 21 1 21 9 42 21 1 21
10 43 198 | 1 | 19.8 9 43 198 | 1 | 19.8 10 43 198 | 1 19.8
11 44 27 2 | 135 10 44 27 2 | 135 11 44 27 1 27
12 45 21 1 21 11 45 21 1 21 45 21
13 46 21 1 21 12 46 21 1 21 12 46 21 3 22
47 24 47 24 3 | 16.8 47 24
14 3 | 16.8 13
48 26.4 48 26.4 13 48 264 | 2 | 13.2
15 49 33 2 | 165 14 49 33 2 | 165 14 49 33 1 33
16 50 324 | 2 | 16.2 15 50 324 | 2 | 16.2 15 50 324 | 2 | 16.2
17 51 324 | 2 | 16.2 16 51 324 | 2 | 16.2 16 51 324 | 2 | 16.2
52 4.8 52 4.8 17 52 4.8 1 4.8
18 53 12 11168 17 53 12 1] 16.8 53 12
19 54 438 | 2 | 21.9 18 54 438 | 2 | 21.9 18 54 43.8 3 | 188
20 55 228 | 1 | 228 19 55 228 | 2 | 114 19 55 228 | 1 22.8
21 56 60 3 20 20 56 60 3 20 20 56 60 3 20
22 57 36 2 18 21 57 36 2 18 21 57 36 1 36
23 58 24 2 12 22 58 24 2 12 22 58 24 1 24
24 59 372 | 2 | 186 23 59 372 | 2 | 186 23 59 372 | 2 | 186
25 60 12 1 12 24 60 12 1 12 24 60 12 1 12
26 151 246 | 1 | 246 25 151 | 246 | 2 | 123 25 151 | 246 | 15 | 164
o7 152 4.2 1 | 168 2 152 4.2 1 | 168 26 152 4.2 1 16.8
153 12.6 153 12.6 27 153 12.6

Comparing and evaluate the design and balance
result sewing line when given the number of workers

N (people)

Cycle time limit: AR = 20%

Number of workers: N = 20 people

Working time: Tw = 8.75 (h)

The time of task number j: Ti(s)

The average production time at each working
station number j: T;(s)

The number of workers for each task i: N; (people)

Comparison of the organization and coordination of
tasks results is shown in Table 7. Comparison of the
full-line load charts is shown in Table 8. Comparison
of the sewing line layout diagrams is shown in Table
9. Comparison of the exact results of line parameters
is shown in Table 10.
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Two ways of line balancing according to the method
of HUST gave K = 80% > 60%, which was higher than
the company's result. The R value calculated from
software is significantly larger than the other two
methods, resulting in a smaller P value.

The results of sewing line layouts are similar: Class-
form, semi-finished products shipped zigzag; but Tinh
Loi Garment Co., Ltd. will combine the two lines
running the same T-Shirt product code, using hanging
lines to replace boxes, help save area, and improve
labour productivity. Therefore, the research team
realized that it was necessary to improve the software
to diversify layout options. Cause: To ensure that the
number of workers on the line is 20 people, the
software has increased the cycle time to ensure
efficiency, thereby affecting the load factor of the
whole line.
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Comparing and evaluating the design
and balance results Polo-Shirt sewing
line according to HUST method by hand
calculation, using BSL-HUST software
and the actual results at IE room of Tinh
Loi Garment Co., Ltd

Comparing and evaluating the design and balance
result sewing line when given the capacity of line P

(products/shift)

Cycle time limit: AR = 20%

- Line capacity: P = 1667 products/shift

- Working time: T»=8.75 (h)

- The time of task number i: T; (s)

- The average production time at each working
station number j: T;(s)

- The number of workers for each task i: Ni(people)

Comparison of the organization and coordination of
tasks results is shown in Table 11. Comparison the
full-line load charts is shown in Table 12. Comparison

the sewing line layout diagrams is shown in Table 13.
Comparison the exact results of line parameters is
shown in Table 14.

With the given P, BSL-HUST software gave K% >
60%, much higher than the manual calculation of the
HUST or IE department of Tinh Loi Garment Co., Ltd.
However, the number of workers and the load factor
have not been optimized.

The results of sewing line layouts are similar: Class-
form, semi-finished products shipped zigzag; but Tinh
Loi Garment Co., Ltd. will combine the two lines
running the same T-Shirt product code, using hanging
lines to replace boxes, help save area, and improve
labour productivity. Therefore, the research team
realized that it was necessary to improve the software
to diversify layout options. Cause: It can be seen that
the software gave no overloaded positions but mainly
underloaded workstations, thus leading to an
increase in the number of workers and the load factor
is not optimal. But this is a perfectly reasonable result
that can be applied to high performance.

Table 12. Table of comparison of full line load chart for product Polo-shirt coded PL04 when given the capacity P.

Line balancing by hand of HUST
method
Image 30

12345678 9101112131415161718192021222324252627

=0=Ti =@=R =®=Rmin - Rmax

Comment One workstation is overloaded, six

workstations are underloaded

Line balancing by BSL-HUST
software

Seven workstations are underloaded

Line balancing by Tinh Loi
Garment Co., Ltd plan

12345678 91011121314151617181920212223242526

—=0=Tdm =@=R =0=Rmin Rmax

Five workstations are overloaded,
six workstations are underloaded

Table 13. Table of comparison of sewing line layout diagram for PL04 product when given the capacity P of Polo-shirt coded PL04.

The sewing line layout diagram for Polo-shirt product coded PL04

Layout

By hand method
of HUST

Class-form, semi-
finished products
are shipped by
zigzag, with boxes

By BSL-HUST
software

Class-form, semi-
finished products
are shipped by
zigzag, with boxes

By design plan of

Class-form, semi-
finished products
are shipped by

Tinh Loi Garment

zigzag, with semi-

Co., Ltd

automatic hanging
line

Table 14. Table of comparing line parameters of Polo-shirt coded PL04 when given the capacity P.

P=1667 products/day K [%] H [%] N [people] R [s]
By Tinh Loi Garment Co., Ltd 59 100 40 18.36
By hand method of HUST 70.4 93 42 18.9
By BSL-HUST software 73.1 88.3 44 18.9
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Comparing and evaluating the design and balance
result sewing line when given N (people)

Cycle time limit: AR = 20%

- Number of workers: N = 40 people

- Working time: Tw = 8.75 (h)

- The time of task number i: T; (s)

The average production time at each working
station number j: Tj (s)

- The number of workers for each task i: N; (people)
Comparison the organization and coordination of
tasks results is shown in Table 15. Comparison the
full-line load charts is shown in Table 16. Comparison
the sewing line layout diagrams is shown in Table 17.
Comparison of the exact results of line parameters is
shown in Table 18.

With the given the number of workers N, the BSL-
HUST software gave an efficiency result of K% > 60%,

much higher than the manual calculation method of
the HUST or IE department of Tinh Loi Garment Co.,
Ltd. The power according to the balance software is
lower, but the difference is not much. The load factor
is not optimized by manual calculation of HUST or IE
room; however, the software results only for five
under-loaded workstations, with no overload.

The results of sewing line layouts are similar: Class-
form, semi-finished products shipped zigzag; but Tinh
Loi Garment Co., Ltd. will combine the two lines
running the same T-Shirt product code, using hanging
lines to replace boxes, help save area, and improve
labour productivity. Therefore, the research team
realized that it was necessary to improve the software
to diversify layout options. Cause: With the number of
40 workers, the software has increased the cycle time
to ensure efficiency, thereby affecting the load factor
and capacity results.

Table 15. Table of organization and coordination of tasks into workstations result of Polo-shirt coded PL04 when given the number of

workers N.
Line balancing by hand of HUST Line balancing by BSL-HUST software Line balancing by Tinh Loi Garment
method Co., Ltd plan
Workstation | Task | T; N | T; Workstation | Task | T; N | T, Workstation | Task | T; N; T;
1 34 16.8 1 ]16.8 1 34 168 | 1 | 16.8 1 34 16.8 1 16.8
2 35 27.6 2 | 13.8 2 35 276 | 2 | 13.8 2 35 276 | 2 13.8
3 36 21 1 21 3 36 21 2 24 3 36 21 1 21
4 37 10.2 1 ]110.2 41 27 4 37 10.2 1 10.2
5 38 39 2 | 19.5 4 37 102 | 1 | 10.2 5 38 39 2 19.5
6 39 21 1 21 5 38 39 2 | 195 6 39 21 1 21
7 40 19.8 1 | 19.8 6 39 21 1 21 7 40 19.8 1 19.8
8 41 27 1 27 7 40 198 | 1 | 19.8 8 41 27 2 13.5
9 42 21 1 21 8 42 21 1 21 9 42 21 1 21
10 43 19.8 11198 9 43 198 | 1 | 198 10 43 19.8 1 19.8
11 44 27 1 27 10 44 27 2 | 135 11 44 27 1 27
12 45 21 1 21 11 45 21 1 21 45 21
13 46 21 1 21 46 21 12 46 21 3 22
14 47 24 3 16.8 12 47 24 3 | 238 47 24
48 26.4 ) 48 26.4 13 48 264 | 2 13.2
15 49 33 2 |16.5 13 49 33 2 | 16.5 14 49 33 1 33
16 50 32.4 2 | 16.2 14 50 324 | 2 | 16.2 15 50 324 | 2 16.2
17 51 324 2 ]116.2 15 51 324 | 2 | 16.2 16 51 324 | 2 16.2
52 4.8 1 52 4.8 17 52 4.8 1 4.8
18 53 12 16.8 16 53 12 1| 16.8 " 53 12 5 56
19 54 43.8 2 1219 17 54 43.8 | 2 | 21.9 54 43.8 )
20 55 22.8 1 | 228 18 55 228 | 1 | 22.8 19 55 22.8 1 22.8
21 56 60 3 20 19 56 60 3 20 20 56 60 3 20
22 57 36 2 18 20 57 36 2 18 21 57 36 1 36
23 58 24 2 24 21 58 24 1 24 22 58 24 1 24
24 59 37.2 2 | 18.6 22 59 372 | 2 | 186 23 59 372 | 2 18.6
25 60 12 1 12 23 60 12 1 12 24 60 12 1 12
26 151 24.6 1 | 246 24 151 246 | 2 | 123 25 151 | 246 | 1.5 | 164
152 4.2 1 152 4.2 26 152 4.2
27 153 12.6 168 25 153 12.6 1168 27 153 12.6 ! 16.8
Table 16. Comparison of full line load chart for Polo-shirt product coded PL04 when given the number of workers N.
Line balancing by hand of HUST Line balancing by BSL-HUST Line balancing by Tinh Loi Garment
method software Co., Ltd plan
Image 30 " w0
20 30
10 20
o 10
1234567 89101112131415161718192021222324252627 0
=@=Series] ==@==Series2 ==O==Series3 Series4 —=PemTAM =@ == RMin Rmax
Comment | Five workstations are overloaded, three | Five workstations are underloaded Five workstations are overloaded, six
workstations are underloaded workstations are underloaded
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Table 17. Comparison of sewing line layout diagram for Polo-shirt coded PL04 product when given the number of workers N.

The sewing line layout diagram for Polo- shirt product coded PL04

Layout

Class-form, semi-finished

o

products are shipped by

By hand method

i

zigzag, with boxes

of HUST =E R
I
Class-form, semi-finished
products are shipped by
By BSL-HUST zigzag, with boxes
software

By design plan of

Class-form, semi-finished
products are shipped by
zigzag with a semi-
automatic hanging line.

Tinh Loi Garment

Co., Ltd

Table 18. Table comparing line parameters - line balancing coefficient K%, balancing efficiency H%, capacity P, number of workers N
and cycle time R of Polo-shirt coded PL04 when given the number of workers N.

N = 40 people K [%] H [%] P [products/day] R [s]
By Tinh Loi Garment Co., Ltd 59 100 1667 18.36
By hand method of HUST 70.4 100 1667 18.9
By BSL-HUST software 80 91.8 1575 20.0

Completing the design and balance
database the sewing line two products T-
Shirt and Polo-Shirt

Completing the design and balance database of T-
Shirt product

a. Given the capacity P

The authors found that the design and line balancing
results according to the method of Hanoi University of
Science and Technology are the most optimal, so this
result will be used as the standard database without
the need to correct the algorithm and software design
techniques (Table 19).

b. Given the number of workers N

The authors found that the design and line balancing
results according to BSL-HUST software are the most
optimal, so this result will be used as the standard
database without the need to correct the algorithm
and software design techniques (Table 20).

Completing the design and balance database of Polo-
Shirt product

a. Given the capacity P

The authors found that the design and line balancing
results according to BSL-HUST software are quite
optimal because K% > 60%. However, the number of
workers and the load factor are not optimal. Because

20

the software accepts increasing the number of
workers so that the transmission is always smooth
and not overloaded, the result is acceptable (Table
21).

b. Given the number of workers N

The authors found that the design and line balancing
results according to BSL-HUST software are the most
optimal, so this result will be used as the standard
database without the need to correct the algorithm
and software design techniques (Table 22).

CONCLUSION

After conducting the research, the authors have
completed the database on the design and line
balancing of two typical products made from knitted
fabrics, namely Polo-Shirt and T-Shirt. The authors
compared and evaluated the design and balance
results T-shirt sewing line according to HUST method
by hand calculation, using BSL-HUST software and
the actual results at IE room of Tinh Loi Garment Co.,
Ltd. With the given the capacity of line P
(products/shift) and the given the number of workers
N (people), the team compared and evaluated the
design and balanced result sewing line by comparing
the organization and coordination of tasks results, the
full-line load charts, the sewing line layout diagrams
and the exact results of line paraments. Then the
authors compared and evaluated the
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Table 19. Table of organization and coordination of tasks into workstations result according to the manual calculation method of HUST,
T-shirt coded TO7 when given the capacity P.

Workstation Task Machine Ti[s] T;[s] Ni[people]
1 34 M2K3C 16.8 8.4 2
2 35 M1K 10.8 10.8 1
3 40 M1K3C 16.8 16.8 1
4 41 OL-MN 25.8 12.9 2
5 42 M1K 10.8 10.8 1
6 43 MH380 27 13.5 2
7 44 M2K4C 34.8 11.6 3
8 45 M2K4C 414 13.8 3
9 46 M2K3C 24 12 2
10 47 M1K 29.4 9.8 3

Sum 237.6 20

Table 20. Table of organization and coordination of tasks into workstations result according to BSL-HUST software, T-shirt coded T07
when given the number of workers N.

Workstation Task Machine Ti[s] T;[s] N;[people]
1 34 M2K3C 16.8 8.4 2
2 35 M1K 10.8 10.8 1
3 40 M1K3C 16.8 8.4 2
4 41 OL-MN 25.8 12.9 2
5 42 M1K 10.8 10.8 1
6 43 MH380 27 13.5 2
7 44 M2K4C 34.8 11.6 3
8 45 M2K4C 414 13.8 3
9 46 M2K3C 24 12 2
10 47 M1K 29.4 14.7 2

Sum 237.6 20

Table 21. Table of organization and coordination of tasks into workstations result according to BSL-HUST software. Polo-shirt coded
PLO4 when given the capacity P.

Workstation Task Machine T;[s] Type N;[people] T;[s]
1 34 M2K4C 16.8 3 1 16.8
2 35 MC1K 27.6 4 2 13.8

36 M1K 21
8 41 M1K 27 3 3 16
4 37 M2K4CG1 10.2 3 1 10.2
5 38 M1KG1 39 4 2 19.5
6 39 M2K4C 21 3 1 21
7 40 MC1KG1 19.8 3 1 19.8
8 42 M2K4C 21 4 1 21
9 43 MC1KV 19.8 4 1 19.8
10 44 M1KG2 27 3 2 13.5
11 45 M1K 21 3 1 21
12 46 M1K 21 3 1 21
47 M1K 24
13 48 M1K 26.4 3 3 16.8
14 49 M1KG3 33 4 2 16.5
15 50 M2K4C 324 4 2 16.2
16 51 MC1KG1 324 4 2 16.2
52 M2K4C 4.8
17 53 M2K4C 12 3 ! 16.8
18 54 M2K4C 43.8 4 2 21.9
19 55 M1KG4 22.8 3 2 114
20 56 M1KG3 60 4 3 20
21 57 M2K4C 36 4 2 18
22 58 MC1K 24 4 2 12
23 59 M1K 37.2 3 2 18.6
24 60 MDB 12 3 1 12
25 151 MTK 24.6 3 2 12.3
% 152 MDC 4.2 3 1 16.8
153 MDC 12.6
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Table 22. Table of organization and coordination of tasks into workstations result according to BSL-HUST software, Polo-shirt coded

PLO4 code when given the number of workers N.

Workstation Task Machine T;[s] Type Ni[people] T;[s]
1 34 M2K4C 16.8 3 1 16.8
2 35 MC1K 27.6 4 2 13.8

36 M1K 21
3 41 M1K 27 3 2 24
4 37 M2K4CG1 10.2 3 1 10.2
5 38 M1KG1 39 4 2 19.5
6 39 M2K4C 21 3 1 21
7 40 MC1KG1 19.8 3 1 19.8
8 42 M2K4C 21 4 1 21
9 43 MC1KV 19.8 4 1 19.8
10 44 M1KG2 27 3 2 13.5
11 45 M1K 21 3 1 21
46 M1K 21
12 " VK o7 3 3 23.8
48 M1K 26.4
13 49 M1KG3 33 4 2 16.5
14 50 M2K4C 324 4 2 16.2
15 51 MC1KG1 324 4 2 16.2
52 M2K4C 4.8
16 53 M2K4C 12 3 ! 168
17 54 M2K4C 43.8 4 2 21.9
18 55 M1KG4 22.8 3 1 22.8
19 56 M1KG3 60 4 3 20
20 57 M2K4C 36 4 2 18
21 58 MC1K 24 4 1 24
22 59 M1K 37.2 3 2 18.6
23 60 MDB 12 3 1 12
24 151 MTK 24.6 3 2 12.3
152 MDC 4.2
25 153 MDC 12.6 3 ! 16.8
design and balanced results Polo-Shirt REFERENCES

sewing line according to HUST method by hand
calculation, using BSL-HUST software and the actual
results at IE room of Tinh Loi Garment Co., Ltd.
Similar to the process of T-shirt product, the author
compared the organizaion and coordination of tasks
results, the full-line load chart, the sewing line layout
diagrams, the exact results of line parameters with
given the capacity P (products/shift) and the number
of workers N (people). Finnally the researcher
completed the design and balanced database sewing
line two products T-shirt and Polo-shirt with given the
capacity P and the number of workers N. The design
and line balance results according to BSL — HUST
software are the most optimal compared to line
balancing by hand of HUST method and Line
balancing by Tinh Loi Garment Co., Ltd plan. The
authors found that the result will be used as the
standard database without the need to correct the
algorithm and software design techniques. In the
future, the author team will continue to research and
expand with other items to diversify the database of
designs and balance sewing lines.
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Technology, Star Fashion Co., Ltd., Tinh Loi Garment
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IMPROVEMENT OF FLAME RETARDANT AND ANTIBACTERIAL
PROPERTIES OF COTTON-POLYESTER BLEND FABRICS
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ABSTRACT

The fire retardant and antibacterial characteristics of cotton-polyester blend fabric have been improved. A
composition has been developed for complex finishing of fabric using a phosphorus-containing substance
on a biological basis, which, due to its high phosphorus content, can provide a fire-retardant function to
textile material, as well as increase its antimicrobial properties. The thermal characteristics of treated textile
materials have been studied and it has been established that the presence of phytic acid at the initial stage
of destruction shifts the temperature towards lower values due to the activation of phytic acid degradation
before the decomposition of the main substrate. The maximum temperature at which the final destruction of
the cotton-polyester fabric occurs shifts to higher temperatures from 507°C for the untreated fabric to 565°C
for the treated fabric, and the presence of dry residue increases by more than 2.5 times, which proves an
increase in the heat resistance of the textile material. The length of the damaged area in the vertical
combustion test was 6.5 cm, and the absence of drop formation of the polyester component was also noted,
which eliminates the potential destructive effect due to the possible formation of additional fire areas. An
increase in fabric antimicrobial activity is confirmed by a zone of inhibition of 2 — 4 mm around the sample
using the diffusion method with gram-positive bacteria Staphylococcus pyogenes, as well as a pronounced
growth inhibition of microorganisms around fabric samples examined by the method of inoculation of
microflora from the environment. Treatment with the studied composition improves washing resistance and
does not impair the mechanical properties of the textile material by increasing the degree of crosslinking of
the polymer components used in the finishing composition.

KEYWORDS

Phytic acid; Polyhexamethylene guanidine phosphate; Thermal

analysis; Antimicrobial finishing

compositions; Fire-retardant finishing compositions; Cotton-polyester fabrics.

INTRODUCTION

The living conditions of a modern person dictate more
and more new requirements for clothing, which
should not only be comfortable and beautiful, but in
the current difficult epidemiological situation,
including the coronavirus pandemic, provide
protection from the pathogenic effects of viruses and
microorganisms. First of all, this concerns medical
textiles, but the functionalization of home textiles, as
well as fabrics for transport, military use, etc., is now
acquiring no less importance. The search for effective
sterilizing preparations against common pathogenic
microorganisms, but at the same time non-toxic, is an
important requirement of our time for the
development of innovative technologies for imparting
antimicrobial properties to textile materials.

No less popular in modern textile materials is
resistance to fire. This requirement is caused by
numerous fires provoked by global climate change,
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man-made disasters, hostilities, etc. Despite the
rather high degree of fire protection of textiles with
halogen- and formaldehyde-containing preparations,
they must be abandoned due to the negative impact
on the human body and the environment due to the
release of hazardous halides, dioxins, benzofurans,
and formaldehyde during combustion.

Due to the negative state of the environment in the
world, there is a tendency to abandon the use of
organic synthesis products. Substances originating
from natural sources — biological or mineral — are
increasingly used, in particular in textile finishing.
Along with this, it is promising to search for and
introduce into production multifunctional substances
of natural origin, which, together with flame retardant
properties, will impart antibacterial activity in order to
ensure the functionality of finished products and the
economic efficiency of their production.
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Currently, the attention of researchers is attracted by
biologically based antimicrobial agents and fire
retardants, which is the result of the society's desire
to use environmentally friendly products and
substances that are not generated from oil [1-3].
Scientists are developing and improving such
preparations taking into account the fundamentals of
"green technologies", namely, biologically active
additives are being studied that can increase
protection against fire and pathogenic microflora that
threatens human life and health. Among natural plant
products, extracts of neem, pomegranate, aloe vera,
turmeric, cloves, etc. have antibacterial properties [4].

Biologically active substances can be added to
synthetic fibres during the formation process [5], thus
polyacrylonitrile, acetate and polypropylene fibres are
functionalized and already on the market. However,
this method of modification is fundamentally
impossible for the processing of natural fibres. A more
universal method of fibre modification is the formation
of a polymer coating on the textile material, which
makes it possible to immobilize various functional
substances depending on the purpose of the textile
and consumers [6]. For example, a composition with
chitosan, a substance obtained from crustacean
shells, has been developed to impart antimicrobial
properties to nylon, cotton, and wool [7-9]. The
disadvantages of chitosan are the need to use it in
high concentrations, which worsens the hygienic
properties of textile materials, increases their rigidity,
as well as insufficient resistance of treatment to
washing.

Recently, the interest of inventors is directed to
bioorganic phytic acid, known as inositol
hexakisphosphate or phytate in the form of a salt,
which is considered as a "green" molecule, contained
in sufficient quantities in plant tissues [10]. As a
biocompatible, environmentally friendly, nontoxic,
and easily obtained organic acid, it is widely used in
antioxidant, biosensor, cation exchange,
nanomaterial, and other fields due to its special
structure of inositol hexakisphosphate [11].

Phytic acid contains 28 wt.% phosphorus in terms of
molecular  weight  and is a promising
biomacromolecule for use as a fire retardant. In [12],
phytic acid was used as a doping acid to significantly
improve the flame-retardant characteristics of
composite paper deposited with polyaniline. The
compositions phytic acid /chitosan and phytic acid
/nitrogen-modified silane hybrids were used by layer-
by-layer assembly to produce thin fire-resistant films
on cotton fabric [13]. The potential fire protection
effect of various metal phytates was evaluated as a
biosource of phosphorus additives for composites
based on polylactic acid [14].

In general, the use of phytic acid allows it to be
considered as one of the components of antimicrobial
treatment. This is confirmed by the publication [15],
which describes a method for treating cotton fabric
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coated with phytic acid with silicon and a nitrogen-
containing compound, poly-[3-(5,5-cyanuric acid
propyl-siloxane-tri-methylammoniumpropyl-siloxane-
chloride)] by layer-by-layer assembly (Cotton-
PEI/(PCQS/PA) 30-Cl). Treated cotton fabrics
reduced the effects of E. coli and S. aureus by 100%
within 1 minute of contact.

Cationic polymers such as quaternary ammonium
compounds and guanidine-based polymers are
known for their antimicrobial activity. They are widely
used as active agents to fight cross-infections and
contribute to the overall reduction of bacterial
nosocomial infections. The effectiveness of
antimicrobial treatment of cotton fabrics intended for
use in everyday life and public buildings with coatings
based on various types of polymers — guanidines or
polymer nanocomposite materials with permanent
antimicrobial properties without deterioration of their
physicochemical and mechanical characteristics has
been confirmed [16]. In addition, it is known [17] to
use biodegradable polycarbonates functionalized
with guanidine to provide in vivo antimicrobial activity
against A. baumannii, E. coli, Klebsiella pneumoniae,
S. aureus, and P. aeruginosa. In another study [18],
polymer film coatings based on PVA/chitosan with the
addition of polyhexamethylene guanidine were
obtained, which are characterized by antibacterial
properties.

An analysis of the results obtained by scientists
indicates the relevance of the issue of simultaneously
imparting flame retardant and antimicrobial properties
to textile materials, as well as the existence of a whole
range of unresolved issues, in particular, the search
for environmentally friendly preparations and the
development of resource-saving technologies for

imparting appropriate special properties and
characteristics to cotton textile materials.
The wuse of biomacromolecules in modern

technologies as functional substances that can be
used as fire retardants and as antimicrobials is a
potential innovative environmentally friendly and non-
toxic strategy that goes beyond the traditional
chemical approach in creating "green" technologies.

The aim of this work is to develop a composition for
the complex functional finishing of cotton-polyester
textile material using a bio-based phosphorus-
containing substance that can provide the flame-
retardant function of the textile material due to
phosphorus-nitrogen synergy, as well as increase its
antimicrobial properties.

MATERIALS AND METHODS

Phytic acid and polyhexamethylene guanidine
phosphate (PHMG-p) have been investigated as
functional substances capable of providing a complex
finish to fabrics and imparting both antimicrobial and
flame retardant properties. Finishing was subjected to
bleached and plain dyed blended cotton-polyester
fabrics (PJSC Cherkasy Silk Plant).
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Table 1. Characteristics of textile materials.

Density
10

Fabric Fabric Surface [yarns per

. e weight cm]
construction | composition 2
[g/m] war f
P weft
47%
2/1 twill polyester, 220+11 | 300416 | 16016
53% cotton

The characteristics of the textile materials under
study are presented in Table 1. The choice of the
presented textile material is not accidental and is due
to the fact that blended fabrics are widely used in
everyday life to one degree or another.

In the case of imparting to textile materials any new
properties that were not previously characteristic of
them (bactericidal, reduced flammability, hydro-,
oleophobicity, etc.) the principle of "transfer" of a
substance with predetermined and specified
properties to a polymeric textile material is used.

The textile material was treated with an aqueous
solution of phytic acid (PhA) with the addition of citric
acid (CA), which improves the solubility of PhA in
water and increases the carbon residue during the
combustion of the fabric. The tricarboxylic acid
addition also provides cross-linking with the —OH
groups of the cellulose component of the fabric.

The composition of the impregnating bath contained
as a binder acrylic polymer Neoprint NPO — 60 g/l;
PhA — 300 g/l; CA — 200 g/l; PHMG-p (6% aqueous
solution) up to 1000 g. The acrylic dispersion is
introduced to increase the stabilization of functional
components and is able to provide a set of necessary
fabric properties. After impregnation with the finishing
composition, the textile materials were pressed on a
laboratory padder to a residual moisture content of
90%, dried to a constant weight in an oven at a

Table 2. Heat resistance of textile materials.

temperature of 80 °C, followed by heat setting at a
temperature of 120 °C for 5 minutes.

The behaviour of the studied textile material under the
influence of high temperatures was evaluated by the
method of thermogravimetric and differential thermal
analysis after examining the samples on the
Thermoscan-2 derivatograph. Studies were carried
out with treated and untreated fabric samples in the
temperature range up to 700 °C, using quartz
crucibles. Aluminium oxide was used as a reference.
The weight of the samples was 0.1 g. The samples
were heated in air from 10°C to 700 °C at a constant
heating rate of 10 °C/min.

RESULTS AND DISCUSSION

The heat resistance results of the textile materials
under study are compared with untreated textile
samples in Table 2.

Mass loss at temperatures from Toy% to Ts% for the
original cotton-polyester fabric occurs mainly due to
the dehydration of cotton fibres and reaches 5%.
According to the literature data, thermal degradation
of polyester fabric occurs at 410°C. However, the
presence of cotton fibres in the fabric affects the
decomposition of the untreated sample. The main
stage of destruction occurs at 314°C, which is actually
close to the decomposition temperature of the cotton
component of the fabric, since the thermal
decomposition of cotton begins at a lower
temperature than polyester. The final destruction
temperature for the initial sample occurs at Tr =
507°C. In the case of a cotton-polyester blend fabric,
the cotton acts as the initial ignition source, and the
mass loss is mainly due to the complete
decomposition of the cotton and the partial
decomposition of the polyester in the second
temperature range.

Mass loss temperature Mass fraction
Treatment of residue,
Toy [°C] Tsy% [°C] T10% [°C] T204 [°C] T [°C] &m [%]
Untreated fabric 122 232 292 314 507 1.7
PhA+CA 194 208 234 290 546 4.82
PhA+CA+PHMG-p 205 219 241 298 565 5.07

Note: Tsy% (°C), T10% (°C), T20% (°C) — correspond to the temperatures at which fabric samples lose weight by 5%, 10%, 20%, respectively;
To% — the beginning of destruction; Tr— the final temperature of mass loss (end of destruction).

QH

O:PI—OH
QH H

HJ\ H H “ N
N7 NN OH

(b)

Figure 1. Structural formulas of macromolecules: (a) phytic acid; (b) polyhexamethylene guanidine phosphate.
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The initial stage of destruction of the cotton-polyester
fabric sample treated with PhA occurs with the
formation of a protective barrier at a temperature
equal to 194°C — 208°C, which is due to the
decomposition temperature of PhA. The value of the
mass loss of the fabric sample treated with PhA is
significantly shifted towards lower temperatures at the
first stage. Thus, with a mass loss of 10%, the
temperature decreased from T4 = 292°C for
untreated fabric to 234°C, which is explained by the
catalytic effect of PhA, which contributes to the
carbonization of cotton. The same trend persists with
a loss of fabric mass of 20%. The decomposition
temperature of T2 is still 24°C lower than that of the
untreated fabric. This property belongs to the
phosphate groups of the PhA biomacromolecule,
which, decomposing at a temperature of about 200°C
and releasing phosphoric acid, promotes fabric
dehydration, which leads to the formation of a residue
that is thermally stable up to 500°C — 600°C [19,20].
The significant advantages of this biomacromolecule
include not only the formation of acid, but also the fact
that it is, by its nature, a carbon source that promotes
the formation of a carbonized layer on the surface of
textile materials [21]. The structural formula of PhA is
shown in Fig. 1.

Phosphorus-containing compounds, which include
the biomacromolecule of PhA, are thermally
decomposed to PO, which can block combustion,
although H' and HO® are formed when the matrix
combustion is extinguished. On the other hand,
phosphorus-containing compounds can catalyse
dehydration and carbonization reactions containing —
OH groups [22].

The temperature of the end of destruction of the
studied textile material treated with PhA Tr = 546°C
shifts relative to the untreated sample, the end
temperature of which is 507°C and moves to a higher
temperature region. This confirms the improvement in
the fire resistance of the textile compared to the
untreated fabric. At temperatures above 500°C, the
process of thermal oxidation occurs, that is the
formation of a carbonized residue, the value of which
on the fabric depends mainly on the organic and
inorganic substances deposited on the surface. The
condensed phase mechanism based on the use of
PhA is further enhanced by the inclusion of PHMG-p
containing nitrogen.

When the system is functionalized with nitrogen-
containing compounds, mechanisms of gas-phase
and intumescent action are observed through the
release of NHs during combustion. During the
decomposition of the nitrogen-containing agent, a gas
barrier of ammonia is formed above the surface of the
substrate, which impedes the access of oxygen and
inhibits the oxidation of carbon in the gas phase.
Phosphorylation of cellulose is catalysed by nitrogen-
containing molecules through the intermediates PN,
COz2, NHs. It was shown in [23] that the formed carbon

layer and the formed dense framework in this case
may contain POP, POC, PNC bonds. As a result of
the study, it was found that the mass fraction of
residues of the treated textile material is 4.82% and
5.07% in the case of the addition of PHMG-p. The
coke residue of the initial cotton-polyester fabric at a
temperature of 700°C was 1.7%.

The results of thermal analysis were confirmed by fire
resistance tests of the studied fabric samples in terms
of afterburning time and charring height. The charring
height after exposure to a flame for 15 seconds was
6.5 cm for the fabric sample treated with the
composition containing PHMG-p (Fig. 2). At the same
time, this sample is characterized by the intumescent
nature of the fabric behaviour during combustion.

There was no residual burning of the fabric after
removal from the fire. The absence of drop formation
of the polyester component of the fabric was also
noted.

The studied samples of cotton-polyester fabric
showed the presence of a significant charred residue
after burning compared to untreated ones, and the
absence of drop formation of the synthetic component
was also noted, in contrast to the untreated fabric.
The formation of an isolated dense protective layer is
important for improving the flame-retardant properties
of textile materials, as it prevents its subsequent
heating and blocks the free access of atmospheric
oxygen, contributing to the further formation of a
carbonized layer.

The versatility of polyhexamethylene guanidines is
confirmed by the fact that they are also effective and
environmentally friendly antimicrobial agents [24, 25].
Thus, the presence of PHMG-p in the finishing
composition will not only enhance the fire retardant
and antimicrobial properties of textile materials, but
also additional film formation on the surface of textile

(@) (b)
Figure 2. The nature of carbonization of cotton-polyester fabric

samples treated with the studied compositions: (a) PhA+CA; (b)
PhA+CA+PHMG-p.
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fibres, which will increase the resistance of the
finishing to physical and chemical influences. Also,
the macromolecular nature of PHMG-p due to film
formation is able to provide a prolonged antimicrobial
effect as a result of the formation of a biocidal film on
the surface, which provides long-term (several
months) protection of the treated surface from
microorganisms.

Polyguanidines by their nature are polycationic
amines capable of destroying bacterial cells due to
electrostatic attraction [26, 27] and, according to the

literature, they are classified as low-hazard
substances when applied to the skin.
For example, [28, 18] presents studies of

biodegradable polycarbonates functionalized with
guanidine to provide in vivo antimicrobial activity
against A. baumannii, E. coli, Klebsiella pneumoniae,
S. aureus and P. aeruginosa. The mechanism of
action is described as a significant electrostatic
attraction between a cationic polymer and a
negatively charged bacterial cell, facilitating its rapid
destruction under the influence of guanidine biocides
[29].

Identification of the effectiveness of antibacterial
sensitivity of textile materials treated with finishing
compositions was carried out on LB medium of the
following composition (g/l): peptone — 10.0; yeast
extract — 5.0; NaCl — 5.0; agar-agar — 14.0; at pH —
7.0+£0.2. As a test culture, we used one of the
representatives of the wound microflora — the gram-
positive bacterium Staphylococcus pyogenes from
the Ukrainian collection of microorganisms, which
was cultivated at 37°C for 24 hours. After cultivation,
part of the culture was added to physiological solution
and aliquots from the resulting suspension were
transferred to fresh LB medium, then fabric samples
treated with the compositions were added. After
keeping in a desiccator for 24 hours, the resistance of
the treated fabric samples to the action of
microorganisms was determined.

The results of the study showed that around samples
of cotton-polyester blend fabric treated with phytic
and citric acids, there is a zone of growth inhibition of
Staphylococcus pyogenes microorganisms within 1 —
4 mm.

In the photos of Fig. 3 shows the zone of growth
inhibition of treated fabric samples with and without
heat setting. Analysis of the results shows that the
growth inhibition zone of Staphylococcus pyogenes
microorganisms is within 2 — 4 mm (Fig. 3). The
inhibition of the growth of Staphylococcus pyogenes
bacteria culture, confirming the antimicrobial
properties of the textile samples treated with the
studied composition, was evaluated by degree during
their incubation.

Given that textile materials are used in everyday life,
transport and other public places, determining the
effectiveness of antimicrobial treatment to inhibit
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Figure 3. Staphylococcus pyogenes growth inhibition zone around
the fabric samples treated with PhA+CA+PHMG-p: a) with heat
setting; b) without heat setting.

-

Figure 4. Inhibition of bacterial contamination of microflora
inoculated from the air: a) untreated sample; b) sample treated with
PhA+CA+PHMG-p+heat setting; c) treated sample after 1 washing
cycle; d) treated sample after 5 washing cycles.

bacterial pollution of air microflora is of great
importance. This method is one of the simplest and
fastest methods for studying air microflora and is

used for comparative analysis of bacterial
environmental  pollution. For inoculation of
microorganisms from the microflora of the

environment, Petri dishes with solidified agar were left
in an open space in a room for 15 min. Fabric samples
in the form of a round disk were placed in a Petri dish
on the surface of air-inoculated agar, covered, placed
in a thermostat for incubation for 72 hours at a
temperature of 38°C. The antimicrobial properties of
textile materials were determined by analysing the
diffusion of a fabric disk. The results of the study are
presented in Fig. 4.

As can be seen from the photo in Fig. 4, the initial
fabric (Fig. 4a) is characterized by high bacterial
contamination, the absence of an inhibition zone
around it, and the development of various microflora
inoculated from the air. Composite treatment (Fig. 4b)
shows a significant zone of growth inhibition of
pathogenic microflora, that is observed even after the
first washing (Fig. 4c). After the fifth washing (Fig. 4d),
the quality of the antimicrobial treatment decreases,
but still, at a distance of 1 — 2 mm around the sample,
the maximum amount of microflora is suppressed.
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Table 3. Structural characteristics of the formed polymer films.

Degree of polymer

Fraction of active

Sol fraction, L inki
Composition of polymer film crosslinking, Crosslinking polymer chains,

S [%] o coefficient Vi 3

j[%] 'c [mol/cm?®]
Without additives 3.20 4.74 9.48 0.75
PhA+CA 2.89 2.89 5.78 0.77
PhA+CA+PHMG-p 0.42 14.50 29.0 0.92
PhA+CA*PHMG-p+ heat 0.39 15.07 30.14 0.93

setting
The zone of inhibition formed around textile samples i1 (2)
J S+V§'

treated with PHMG-p and biological PhA confirms the
effectiveness of the antimicrobial treatment against a
variety of airborne bacteria.

Taking into account that textile materials during
operation are subjected to various physical and
chemical influences, in particular washings, an acrylic
polymer was additionally introduced into the finishing
composition as a film former capable of immobilizing
various substances on the surface of textile fibres. To
confirm the effectiveness of the introduction of the film
former, the structural characteristics of the films
formed from the acrylic polymer Neoprint NPO, as
well as films from Neoprint NPO with the addition of
acids and PHMG-p, were studied. Studies were
carried out using the limited swelling properties of
cross-linked polymer systems in solvents. Structural
characteristics were evaluated by the amount of the
acetone-insoluble fraction of the studied polymer
films during the extraction of samples in a solvent.

To determine the structural characteristics, polymer
films were formed on a glass substrate from individual
Neoprint NPO and the polymer filled with functional
components to impart a flame retardant and
antimicrobial finish. Extraction of polymer films was
carried out with acetone for 18 hours and benzene for
16 hours in a Soxhlet apparatus according to the
standard procedure. The mass of the swollen sample
was determined, as well as the dry residue from it.
The amount of benzene extract corresponds to the
content of the sol fraction S (%) and is determined by
the relation:

Ma™™ . 100%, (1)
mgq

where ma is the mass of the sample after extraction
with acetone, g; mp is the mass of the sample after
extraction with benzene, g.

The presence of the sol fraction after extraction in the
Soxhlet apparatus indicates the content of the
macromolecules remaining outside the network in the
crosslinked sample of the composite polymer film.
The sol fraction is washed out of the polymer film by
the solvent, since it is not bound into a three-
dimensional network of the polymer formation.

The degree of polymer crosslinking (crosslinking
coefficient), showing the number of monomer chains,
along which the crosslink was formed, in terms of the
average macromolecule, was determined by the
relation:

S =

29

The fraction of active polymer chains was found by
formula:

Ve=(01-5?%1-2j$)1 +jS),
The calculation results are presented in Table 3.

When PhA and CA are added to the acrylic polymer,
the cross-link density of the polymer compared to an
unfilled film is reduced by 39%, while the fraction of
active chains is 0.77 compared to an unfilled film, the
fraction of active chains of which is 0.75. The addition
of PHMG-p to the polymer composition makes it
possible to increase the degree of film crosslinking by
almost 3 times and reach 14.50%. An increase in the
degree of crosslinking of the polymer film is
associated with the ability of PHMG-p to film
formation, which leads to an increase in the number
of interlinkages of polymer macromolecules. After
heat setting, the degree of crosslinking of the
composite polymer film somewhat increases.

Tensile tests were performed to compare the
mechanical properties of treated and untreated
cotton-polyester textile materials. The research
results are shown in Fig. 5. Qualitative indicators of
functional finishes are included in the Table 4.

(©)

1200 - 1105

1000 A 954

894

800 A

600 - 550

496 263

400 A

Tensile strength, N

200 A

Untreated fabric PhA/CA/Neoprint PhA/CA/Neoprint
NPO NPO/PHMG-p

warp  weft

Figure 5. Tensile strength of untreated and treated cotton-
polyester fabrics.
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Table 4. Qualitative indicators of the functional finish of cotton-polyester fabric.

Height of the Height of
Afterflame Afterglow time charred area Washing
Treatment charred area . A
time [s] [s] after washing fastness
[em] [em]
Untreated fabric — — — — —
PhA — 300 g/l; resistant to 1
CA —200 g/l 12.5 - - 15 washing cvcle
Neoprint NPO — 60 g/l 9 cy
PhA — 300 g/l;
CA —200 g/l; resistant to 5
Neoprint NPO - 60 g/l; 6.5 0 0 124 washing cycles
PHMG-p — up to 1000 g

Textile materials treated with a composition with PhA
have a slightly reduced tensile strength, which can be
explained by the acidic nature of the
biomacromolecule used. The composition, which
includes PHMG-p, restores tensile strength by
increasing the degree of crosslinking of the polymers
in the composition.

The decrease in resistance of the functional treatment
to washing can be explained by the fact that the
washing process takes place at high pH values
(~10.5) arising from the presence of detergent, as
well as by ion exchange with alkali metal cations,
such as sodium, released from detergent agents and
hard water. At the same time, given that PhA has six
phosphoric acid groups, it can be used to obtain
reactive fire retardants by interacting with amino
groups and hydroxyl groups to improve washing
fastness [30].

Table data confirm that the developed finishing
composition makes it possible to obtain textile
materials with enhanced antimicrobial and flame
retardant properties. Thus, the result of the work is
the developed composition for obtaining a complex
antimicrobial and fire-retardant textile material that

has  barrier functions against pathogenic
microorganisms and an open flame.
CONCLUSIONS

The composition containing phytic acid and
polyhexamethylene guanidine phosphate, due to the
high content of phosphorus and nitrogen, gives the
cotton-polyester  fabric flame retardant and
antimicrobial properties. The damaged length of the
fabric decreased to 6.5 cm in the vertical burn test.
TGA showed a shift in the temperature of the final
destruction of the fabric to higher temperatures, which
indicates an increase in the thermal stability of the
fabric and contributes to the formation of charred
parts that can prevent the transfer of heat and fuel in
the condensed phase. An increase in the
antimicrobial activity of the fabric is confirmed by a
zone of inhibition of 2 — 4 mm around the sample
according to the diffusion method using gram-positive
bacteria Staphylococcus pyogenes, and is also
characterized by a pronounced retardation of the
growth of microorganisms around fabric samples
studied by the method of inoculation microflora from
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the environment. Treatment with the studied
composition improves the resistance to washing by
increasing the degree of crosslinking of the polymer
components used in the finishing composition, and
also does not impair the mechanical properties of the
textile material.
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ABSTRACT

This study focuses on the body shape of Viethamese women, collected from large-scale measurement data,
to establish a bra size system for mature Viethamese women aged 18 to 55. Measurement data was
collected from 1100 subjects using a 3D scanner. During the data collecting process, 18 measurements at
the chest area were classified and used for the research and analysis. Data analysis is performed by the
Principal Component Analysis (PCA) method and Numerical Analysis. Mean and median values are used to
understand the central tendency of sizing charts. Standard deviation is leveraged to derive size categories,
intervals and separate the outliers. Two size-matching solutions are implemented to find the optimal sizing
system. The result found a 26 sizes bra system which is a combination of 5 band sizes and 6 cup sizes, with
a response rate of 98.27% based on the primary dimensions of bust girth and underbust girth. The study's
results were compared with the bra size systems of some countries in Asia and around the world, showing
that differences in body shape have led to differences in the systems. the number of sizes. The ultimate goal
of this research is to systematically establish a data database with local characteristics and significance that
will contribute to sustainable development in academic research, industrial production, application,
commercial activities, and service design in the future. The results of this study are meaningful for bra

manufacturers in the Viethamese market and for women in selecting suitable bras for their somatotype.
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Bra; Sizing system; Size categories; Size intervals; Viethamese women; 3D scan data.

INTRODUCTION

Vietham has been and is a potential garment
production and fashion market. Global brands
through representative stores and online sales
platforms are present in Vietham, contributing to
enriching and diversifying consumer choices.
Therefore, domestic manufacturers are also
increasingly investing in technology and design
quality to compete for market share and strengthen
their position with domestic consumers. Clothing is an
integral part of everyday life. It protects not only the
body but also the wearer, expresses their personality
and aesthetic, helps individuals communicate
confidently, and enhances their appearance,
especially when it comes to bras.

Bras contribute a significant role in a woman's life. A
correctly fitting bra is not only good for health [1, 2],
as it can alleviate breast pain [2] and muscle fatigue
or pain [3], but it also helps to shape and support the
breasts [4]. It helps make the bust fuller and more
attractive [5], and minimizes the effects of gravity,

slowing down the sagging process of the breasts [6].
However, if the size is wrong, it will not provide
practical support [7]. It can affect health, make the
wearer lose confidence in communication, and inhibit
women from participating in daily physical activities
[8] due to a less attractive appearance or difficulty in
movement. Therefore, choosing a bra that fits your
body size is something every woman desires.

Currently, in Vietnam, there has not been a system of
bra sizes for Viethamese women. Each manufacturer
uses its sizing methods, such as Triumph [9],
Victoria’s Secret [10], and Calvin Klein [11]. Domestic
bra manufacturers such as Vera [12], and Relax [13]
also use their own developed sizing systems. This
greatly affects consumers when they find it difficult to
choose a bra suitable for their body size. Therefore,
the goal of this research is to systematically establish
a data database with local characteristics and
significance that will support industrial production,
application, commercial activities, and service design
in the future. At the same time, this research helps
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Viethamese women easily choose a bra suitable for
their body size.

LITERATURE REVIEW

Bras not only have the function of protecting and
shaping the women's bust but also make them more
attractive, helping the wearer feel comfortable at work
and confident in communication. Choosing a bra that
matches the bust size is not easy for Viethamese
women, and this is because there is currently no
specific bra size system for the Viethamese body
type. There has been no official research conducted
on the bra sizing system for Viethamese women.

Bra sizing systems are built around dividing users into
groups with similar body measurements. Body size
determines the key primary dimensions of grouping
[14]. The bra size is composed of Band size and Cup
size, denoted by two primary dimensions: Bust and
Underbust [14, 15]. Therein, the underbust
measurement determines the size of the bra band,
which encircles the wearer's rib cage. Meanwhile, the
difference between the bust girth and the underbust
girth determines the bra cup size, representing the
volume of the bust [14, 16]. Edward A.P. [17]
developed a system of bra measurement for
predicting post-augmentation breast size. In this
research, the bras band size is still determined by
underbust girth, while the cup size is determined by
directly measuring the breast in proportion to the
underbust circumference.

Research results from the paper ‘breast volume and
bra size [18] demonstrate the range of breast
volumes within each size and the variations amongst
different bra sizes. The authors measured the breast
volume of 104 women via water displacement and
compared it to their professionally fitted bra sizes.
The results showed that the large variation in breast
volumes is associated with different band sizes.
Therefore, the authors suggest that women should
not consider themselves solely based on cup size but
rather as a combination of band and cup size. Some
research has proposed a method of classifying bra
cup size based on breast arc length, as accurate
measurements of breast arc length could be useful for
bra cup sizing and design. Pechter [19] defined bra
cup size A as a breast arc length of 7 inches and size
B as a breast arc length of 8 inches. Each additional
inch in breast arc length corresponded to the next
larger bra cup size. In Bengtson's research [20], the
author used the direct measurement method to
collect and analyze breast arc length from more than
five thousand volunteers. The author proposes that
there is a 2 cm difference in the breast arc length
among different bra sizes. This is also the basis for
the author to propose a method for choosing the bra
size in women undergoing breast augmentation
surgery based on breast size.

Many bras are unsuitable because wearers often
choose the wrong cup size, incorrect bra band size,
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or incorrectly determine their bust size. Previous
international research has primarily focused on
improving bust cup suitability. In a study on the bra
sizing system for Chinese women, Zheng [21]
presented a new approach to determine bra sizes
based on the established sizing system. In this
method, the underbust measurement determines the
band size, while the bra cup size is determined by the
ratio of bust depth and width. In the research of
Seoyoung Oh [14], the author proposed a novel
method to determine bra sizes. According to this
research, the bra band size is determined by the
underbust measurement, and the cup size is
determined by three measurements: the bust's width,
depth, and arc length. Yu Liu [22] suggested the
inclusion of bust width when constructing a bra sizing
system. While these studies hold theoretical
significance, they lack practicality as wearers face
challenges in accurately measuring their bust depth,
width, and breast volume comfortably.

Therefore, this research utilizes basic 3D
measurements of the human body and applies the
principal component analysis method to identify the
dominant dimensions. The main objectives of this
study involve determining the optimal bra sizing
system for Viethnamese women through discriminant
analysis and crosstabulation, which are the two
primary components of the sizing trials.

METHODOLOGY
Determine the research size sample

Formula (1) is used to determine the minimum
sample size:

§2x 72

(1)

Where n is size sample; S is the standard deviation;
Z is features of the probability and e is standard error

The standard deviation of 5.75 cm was determined by
experimentally measuring the bust size of 30 random
samples. The probability features a value of 2.58,
which is determined by a probability P = 0.99, and a
standard error of 0.5. Base on these values, the
minimum sample size required is calculated to be
880.3. A Scanning study was conducted on 1145
adult female models working in Hanoi, aged 18-55
during the period from 2017 to 2022. Throughout the
data collection process, the models wore thin bras
without cup pads to minimize measurement errors.

Determine body measurements

e2

Based on previous research conducted by Oh
Seolyoung [14], Zheng [21], Kristina Shin [23], and
Avsar [24], a total of 18 body measurements in the
bust region were determined. These measurements
including four circumferences, five height
measurements, six horizontal measurements, and
three vertical measurements, all extracted from 3D
data. The specific measuring positions are illustrated
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Table 1. Abbreviations and reports of the research measurements.

Ord | Measurements ABBr | Descriptions
1. | Side neck to waist Cc-e Distance from the side neck point to waist plane
2. | Shoulder to waist Cv-e Distance from the shoulder point to the waist plane
3. | Upper bust to waist Cnt-e Distance from upper bust plane to waist plane
4. | Bust point to waist Cdn-e Distance from bust point to waist plane
5. | Underbust to waist Ccn-e Distance from under-bust plane to waist plane
6. | Side neck to bust point length Dc-n Length clings to the body from the side neck to the bust point.
7| Side neck to under bust-length Do-in I;;iir:ﬁth clings to the body from the side neck point over the bust to the underbust
8. | Neck hollow point to bust pt Dh-n Length from Neck hollow point to bust point
9. | Upper bust arc width Rnt Length clings to the body from the front right armpit crease point to the left.
10. | Bust arc width Rn Length clings to the body over the bust line from the front right side to the left.
11. | Underbust arc width Ren IIzaeﬁngth clings to the body over the underbust line from the front right side to the
12. | Waist arc width Reo Length clings to the body over the waistline from the front right side to the left.
13. | Bust point to bust point Rdn Distance from the left bust point to the right
Bust cup lenath Dov Length clings on the body over the bust line from the end side of the cup over
14. pleng the bust point to the center front.
15. | Upper bust girth Vnt Measure clings on the body the upper bust girth
16. | Full bust girth Vn Measure clings on the body the full girth through the two bust points
17. | Underbust girth Ven Measure clings on the body the underbust girth
18. | Waist girth Veo Measure clings on the body, the waist girth through the smallest of the torso
T . .
4 A Determine the bra size system's average
size, size interval, and size number for
| S the bra size system
/ The average size is determined by considering the

Figure 1. Research measurements positions.

in Figure 1. Abbreviations and descriptions for each
measurement used in this study can be found in
Table 1.

Determine the bust's primary dimensions

The Principal Component Analysis (PCA) method is
employed to identify the primary dimensions. In this
process, the factors with the highest value in each
column of the rotated factor matrix is selected as the
primary dimension. The dimensions chosen as
master sizes undergo testing for standard distribution,
considering the conditions: the mean value
approximates the median, the standard distribution
chart is examined, the asymmetric coefficient (Sk)
approaches zero, the Inspection Kolmogorov -
Smirnov test is conducted for sample sizes exceeding
500 with Sig. value larger than 0.05, and the normal
Q-Q Plot indicates a linear pattern in the average
probability chart.
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frequency of occurrence for each size. The size
interval for the primary dimension is established using
standard deviation (SD) of the measurements and is
then compared with previous research findings. The
number of sizes is determined based on the response
rate for each of individual sizes.

RESULTS AND DISCUSSIONS
Results 3D data statistics

To ensure the reliability of this research and the
results, the study uses the Z coefficient to determine
the unknown number [27]. If the z-value of some X;
values < 3, those values are considered to fall within
the acceptable range of distribution.
Z-value is determined by (2)
_ 1xi—X|

z="= (2)
Where X; is any value of X; X is Mean; o is the
standard deviation
With Z < 3, which mean

1Xi— X|

— < 3 (3)
Equation (3) can be rewritten as
X—306<X;< X+ 30 (4)
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Table 2. Descriptive analysis results of chest measurements.

Ord. ABBr. N Mode Min Max Median | SD Mean X- 30 X+ 30
1. | Cce 1100 41.25 33.50 48.55 40.75 2.67 4061 | 32.59 48.63
2. | Cve 1100 35.50 27.00 4259 35.00 2.69 34.72 | 26.65 42.79
3. | Cnte 1100 22.50 15.00 32.75 24.50 3.22 24.36 | 14.69 34.03
4. | Cdn-e 1100 21.00 12.00 28.00 20.00 2.79 19.96 | 11.58 28.33
5. | Ccn-e 1100 14.00 6.50 19.50 13.00 2.50 12.82 | 5.32 20.31
6. | Dcn 1100 24.94 18.25 31.38 24.51 2.30 2463 | 17.73 31.53
7. | Dc-en 1100 33.48 25.93 41.31 33.34 2.66 33.53 | 25.56 41.50
8. | Dh-n 1100 20.09 14.86 25.27 19.59 1.89 19.71 | 14.03 25.38
9. | Rnt 1100 42.45 31.38 53.09 40.85 3.55 40.92 | 30.28 51.56
10. | Rn 1100 43.09 34.25 54.73 43.55 3.31 4369 | 33.77 53.62
11. | Ren 1100 32.18 24.06 42.80 33.12 3.27 33.14 | 23.33 42.95
12. | Reo 1100 39.19 20.18 46.04 36.94 3.07 37.01 | 27.81 46.21
13. | Rdn 1100 17.20 12.89 21.21 16.70 1.51 16.73 | 12.19 21.26
14. | Dev 1100 19.20 13.10 26.90 19.80 2.39 19.69 | 12.53 26.84
15. | vnt 1100 84.82 70.12 100.24 | 84.61 5.31 84.64 | 68.71 100.57
16. | Vn 1100 92.43 73.64 101.10 | 86.47 4.97 86.47 | 71.55 101.40
17. | Ven 1100 68.02 61.84 88.51 72.87 5.21 73.11 | 57.48 88.75
18. | Veo 1100 76.63 58.95 92.66 74.47 5.14 7457 | 56.15 93.00
Table 3. Bartlett's test results and KMO index. Barlett's test result is 31906.403 with a significance
KMO and Bartlett's Test level of <0.05, which means that the variable numbers
Kaiser-Meyer-Olkin  Measure of Sampling are correlated and satisfy the conditions for factor
Adequacy. 795 analysis. Factor analysis performed 74.718%
Bartlett's Test of Sphericity ~ Approx. Chi-Square | 31906.403 according to Total Variance Explained with Varimax
df 153 rotation Sums of squared loadings. Table 4 showed
Sig. 000 the initially grouping of the 18 observed variables into

After removing the unknown numbers, 1100 sets of
body size parameters with Z-coefficients of
dimensions all smaller than 3 are used for the
analysis, as shown in Table 2.

Table 2 shows measurements for adult women,
indicating an average bust girth of 86.47 cm with
standard deviation of 4.97 cm. The smallest bust girth
(Vn) recorded is 73.64 cm, while the largest is 101.10
cm, resulting in a difference range is 27.46 cm. The
average under-bust girth (Vnt) is 73.11 cm, with the
standard deviation of 5.21 cm. The smallest
measurement is 61.84 cm, and the largest is 88.51
cm, showing the difference range of 26.67 cm.
Furthermore, the overbust girth (Vnt) measures at an
average of 84.64 cm, with an standard deviation of
5.31, the smallest is 70.12 cm, the largest is 100.24
cm, and the difference range is 30.12 cm.

Results of
dimensions

PCA results in Table 3 show that the KMO index is
0.755, which is greater than 0.5. This proves that the
data used for factor analysis is entirely appropriate
[28].

determining  principal
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three factors. Group 1 gathers ten similar
characteristic variables related to girths and widths of
the upper torso, accounting for 37.742%. The
variables of bust girth (Vn) and underbust girth (Vcn)
have the highest values in the first factor. Group 2
consists of five similar characteristic variables related
to distance from the waist to extreme points of the
upper torso, accounting for 21.861%. Group 3
comprises three similar characteristic variables and
denotes the relationship between the bust and neck
points, accounting for 15.115%. The variable with the
highest value at factor 3 is the length from the side
neck point to the bust point (Dcn). This result is similar
to the current bra sizing systems. The ISO system of
international standards (ISO 4416) [29] also the bra
size system of other countries [16] use bust girth and
underbust girth to determine the bra size system.
Commercial lingerie brands such as Triumph [9],
Calvin Klein [10], Amoena [30], and Eva's Intimates
[31]... all use bust and underbust circumference to
determine the size of bras.

Therefore, this research uses bust girth and
underbust girth to determine the sizes for Vietnamese
female bras. These two variables hold the highest
value in the first factor, indicating their strong
influence on the sizing system. Moreover, these
measurements can be easily obtained by the wearers
themselves, ensuring convenience and accuracy.
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Table 4. Result of factor analysis with Varimax rotation.

Component
Factor name Variables ABBr
1 2 3
Full bust girth Vn .925 -.012 221
Underbust girth Vcen .925 .005 .083
Upper bust girth Vnt .908 .057 157
Underbust arc width Ren .862 -176 -.002
1: Girths and widths of the | Upper bust arc width Rnt .841 -.066 .073
upper torso Bust arc width Rn .835 -177 232
Waist girth Veo .816 .284 .283
Waist arc width Reo .816 .285 .284
Bust cup length Dcv .560 -114 147
Bust point to bust point Rdn 454 -.109 276
Side neck to waist Cc-e .046 .900 .343
2: Distance from waist to Shoulder to waist Cv-e .057 .888 .237
extreme points of the upper | Bust point to waist Cdn-e -.044 .886 -.327
torso Underbust to waist Ccn-e 043 .861 -.255
Upper bust to waist Cnt-e -.235 .720 -.065
) ] Side neck to bust point length Dc-n .281 -.054 .869
gijsﬁica)itrlgr;snh(;pngslivﬁ?r?tsthe Side neck to under bust-length Dc-cn 135 110 .789
Neck hollow point to bust point Dh-n 313 -.139 770
Factor loading (%) 37.742% 21.861% 15.115%
Histogram
100 Heanonoar Normal Q-Q Plot of Vn
N i
(a) (b)
Figure 2. The standard distribution test of bust girth; (a) bell-shaped; (b) Q_Q plot.
Ven
1o I Normal Q-Q Plot of Ven
- = " C:: e - - K K Observ7:d Value K "
(a) (b)

Figure 3. The standard distribution test of underbust girth; (a) bell-shaped; (b) Q_Q plot.
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The standard distribution test shows that the Mean of
bust girth, at 86.47, is approximately equal to its
Median of 86.47. The Mean of underbust girth, at
73.11, is roughly equivalent to the Median of 72.87.
The Sk value is close to zero for bust and underbust
girth, with values of 0.001 and 0.14, respectively. The
distribution charts of these two measurements,
shown in Figures 2a and 3a, exhibit a is bell-shaped
curve. The Kolmogorov-Smirnov test yields
significant results for bust and underbust girth, with
values of 0.2 and 0.68, respectively, exceeding the
threshold of 0.05. The standard probability Q-Q plots,
in Figures 2b and 3b, demonstrate a linear
relationship, indicating that the measured values of
the bust and underbust girth adhere to the standard
distribution rule.

Determine the average size, size interval,
and size number of the bra size system

Bra size including two parts band size and cup size
[15]. The first crucial step is determining the average
band size, following by selecting the size intervals for
the band and the cup for the adjacent sizes. In
Vietnam, the Metric system in centimeters (cm) is
widely used and familiar, making it the unit of choice
for the band size measurements. Cup size, on the
other hand, is determined by the difference between
bust girth and underbust girth [15]. According to the
statistical results, the average underbust girth is
73.11 cm. The frequency chart of underbust girth in
Figure 3a illustrates that an underbust girth of 70 cm
to 75 cm (Vcn) has the highest frequency. Moreover,
round numbers are more advantageous for
communication purposes, also 73.11 leaning toward
75. Therefore, the primary dimensions for underbust
girth with a value of 75 cm, will serve as the
foundation for developing a bra size system in this
research.

In previous research on sizing system for Vietnamese
women, various intervals have been proposed for the
bust size. Some studies suggested a 5 cm interval
(Tran, MK [32, 33],) or 4 cm (TCVN 5782 — 2009 [34];
2010 [35]; 2015 [36]; 2019 [37]). Several famous bras
sizing systems worldwide, including those from Japan
[16], China [21], Korea [23], Britain [16], US [16],
Calvin Klein [10], and Victoria's Secret [11] also use
5 cm interval for bust and underbust size. Besides,
other bras sizing systems such as ISO 4416, Imperial,
and metrics for bras use a 4 cm interval for bust and
underbust size. In addition, Italian [16], France [16],
Spain [16], Australian [16], Triumph [9], and Amoena
[30] bra size charts use a 5 cm bust size interval and
a 4 cm underbust size interval. Considering that the
standard deviation of the underbust girth in this
research is 5.21 cm, a 5 cm interval for the bra band
size would align with be recognized as previous
studies mentioned above and be appropriate.

The statistical results describing measurement Drop:
Birth girth (Vn) — Underbust girth (Vcn) in Table 5
show that the smallest difference is 7.21 cm, and the
largest is 21.88 cm. The average difference between
these two circumferences is 13.36 cm, with the
standard deviation of 2.37. In addition, previous
researchers applied standard deviation as the size
interval [32, 38, 39]. Since the difference between
bust and underbust girth is a criterion related to breast
size, further analysis is necessary to determine the
value round standard deviation, 2 cm or 2.5 cm, which
would be the size interval between adjacent bra cup
sizes. As mentioned above, the underbust girth
determines the bra band size; therefore, 5 cm sets the
size interval for the bra band. Therefore, two sizing
models will be conducted with different size intervals
for the dominant measurement. The two ftrial sizing
models are: 85(x 2.5 cm) and 75(x 5 cm); 85(+ 2 cm)
and 75(x 5 cm).

Table 5. Descriptive Statistics of measurement Drop: Birth girth — Underbust girth.

N Range Minimum Maximum Mean Std. Deviation
Vn - Vcen 1100 14.67 7.21 21.88 13.3607 2.37103
Valid N (listwise) 1100
Table 6. The response ratio of the sizes for the two options.
System 1 System 2
'l;;\e minimum response rate for size | g5(2.5)&75(5) 85(2)&75(5)
%l Total response [%] Size quantity Total response [%] Size quantity
From 0.5% 98.27 26 96.64 29
From 1.0% 94.00 20 92.65 23
From 1.5% 90.27 17 89.09 20
From 2.0% 86.91 15 82.73 16
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Table 7a. Response ratio of size system 85 (+2.5) & 75 (£5).

Bust girth [cm]
Underbust  girth | 72.5- 75- 77.5- 80- 82.5- 85- 87.5- 90- 92.5- 95- 97.5-
[em] 75 77.5 80 82.5 85 87.5 90 92.5 95 97.5 100
65(61-65) 0.36 1.82 3.64 1.55 0.73 0.09 0.00 0.00 0.00 0.00 0.00
70(66-70) 0.00 0.82 4.09 9.27 7.91 4.27 0.55 0.00 0.00 0.00 0.00
75(71-75) 0.00 0.00 0.18 1.36 5.45 14.73 9.91 2.73 0.82 0.09 0.00
80(76-80) 0.00 0.00 0.00 0.00 0.55 2.36 6.09 9.36 2.73 1.36 0.18
85(81-85) 0.00 0.00 0.00 0.00 0.00 0.00 0.09 1.00 2.27 2.09 0.82
90(86-90) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.09 0.45
Total (%) 0.36 2.64 7.91 12.18 14.64 21.45 16.65 13.09 6.00 3.64 1.45
Table 7b. Response ratio of size system 85 (+2) & 75 (5).
Bust girth [cm]

Underbust 73- 75- 77- 79- 81- 83- 85- 87- 89- 91- 93- 95- 97- 99-
girth [cm] 75 77 79 81 83 85 87 89 91 93 95 97 99 101
65(61-65) 0.36 | 1.09 | 291 | 2.00 | 1.18 0.55 0.09 0.00 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00
70(66-70) 0.00 | 0.64 | 2.36 | 4.27 | 8.27 6.55 3.91 0.73 0.09 0.00 | 0.00 | 0.00 | 0.00 | 0.00
75(71-75) 0.00 | 0.00 | 0.18 | 0.36 | 1.55 | 4.91 11.18 | 10.45 | 4.82 155 | 0.18 | 0.00 | 0.09 | 0.00
80(76-80) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.55 155 | 455 | 6.45 6.00 | 2.00 | 1.27 | 0.27 | 0.00
85(81-85) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.45 0.82 | 209 |173 | 073 | 045
90(86-90) 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 0.00 0.00 | 0.18 | 0.09 | 0.27 | 0.27
Total (%) 0.36 | 1.73 | 545 | 6.64 | 11.00 | 12.55 | 16.73 | 15.73 | 11.82 | 8.36 | 4.45 | 3.09 | 1.36 | 0.73

Previous studies have suggested that the optimal
sizing system is the one that can satisfy the majority
of wearers while having the smallest number of sizes,
achieved by selecting the response ratio of the
measurements in the system [40]. The minimum
response ratio for each size was 1.53% in Gupta’s
study [41], 1.6% in Park’s study [42], and 1% in Tran,
MK’s study [ 33]. The results of the trials, presented
in Table 6, provide details on the response rates of
sizes when considering minimum response levels
from 0.5%, 1.0%, 1.5%, and 2.0%, respectively. The
response rate indicates the percentage of people who
fit into each bra size.

Table 7a illustrates the number of sizes for the
Vn&Vcn size of 85(+ 2.5) & 75(x 5) when taking the
response level of 0.5% or higher. Although the other
rates have significant total response rates (94.00 with
1.0%, 90.27 with 1.5%, 86.91 with 2.0%), they serve
more than 80% of the subjects. However, choosing
these rates will remove many sizes that have a high
frequency of occurrence. For example, selecting the
1% response rate would eliminate five sizes, the 1.5%
response rate would remove eight sizes, and the
2.0% response rate would discard ten sizes.
Therefore, the study selected the 0.5% response rate
to establish the numerical size system, which resulted
in a total response rate of 98.27% and included 26
numerical measures. Table 7b illustrates the number
of sizes for the Vn&Vcn size of 85 (x 2) & 75 (+ 5)
when taking the response level of 0.5% or higher.
When comparing the data dispersion between Tables
7a and 7b, a difference in concentration of the highest
response rate is evident. Table 7a shows that the
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average number for a 75 cm underbust girth and an
85-87.5cm bust girth reaches 14.73%, while table 7b
only reaches 11.18%. A higher concentration of
individual sizes is preferred for the size system.

From the results in Table 6, it can be seen that the
combination 85 (2.5) & 75 (5) achieved better results
for bra sizing systems. Among the two options tested
with response rates of 0.5%, 1.0%, 1.5%, and 2.0%,
the size factor 85 (2.5) & 75 (5) archived the highest
total response rates and the smallest number of
sizes. Therefore, the study selected the number 85
(5) & 75 (5) systems as the basis for developing a bra
size numbering system for Viethamese women. Table
7a describes the response rates for each size, taking
response levels from 0.5% or higher to 1.0%, 1.5%,
and 2.0%.

Labelling the size for the Viethamese bra
size system

The cup sizes in the international bra numbering
system are assigned alphabetically starting with AA,
A, B, C, and D. These are numerical sizing systems;
other bras are widely applied in the manner of names
and shown as above [14]. The difference between
bustline and underbust circumference for Cup A is
10cm [14, 16]. Cup sizes AA, B, C, D... there are
differences with cup A with corresponding size
intervals. This study has determined that the optimal
size interval for the Vn-Vcn difference of adult
Viethamese women is 2.5 cm.
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Table 8. Bra cup sizes classified by the range difference between bust girth and underbust girth.

Difference [cm)]

<10.0 10.0-12.5 12.5-15.0 15.0-17.5 17.5-20.0 >20.0
(Vn-Vcn)
Bra cup sizes AA A B C D E

Table 9. The range of difference between bust girth — underbust girth corresponding to the range of size.

i Difference bust girth — underbust girth [cm] .
Underbust girth . Range of size
Min Max
65(61-65) 9.92 20.48 A-D
70(66-70) 7.59 21.36 AA-E
75(71-75) 7.21 21.88 AA-E
80(76-80) 7.29 20.73 AA-E
85(81-85) 7.36 16.73 AA-C
Table 10. Viethamese bra size system.
Underbust girth BRA CUP SIZE
BRA BAND SIZE
[cm] AA | A | B [ D E
Bust girth [cm]
65 61-65 - 75-77.5 77.5-80 80-82.5 82.5-85 -
70 66 - 70 75-77.5 77.5-80 80-82.5 82.5-85 85-87.5 87.5-90
75 71-75 80-82.5 82.5-85 85-87.5 87.5-90 90-92.5 92.5-95
80 76 - 80 82.5-85 85-87.5 87.5-90 90-92.5 92.5-95 95-97.5
85 81-85 90-92.5 92.5-95 95-97.5 97.5-100 | - -
Table 11. Conversion between Band size and Underbust girth[16].
UNDERBUST GIRTH [cm] 60-65 65-70 70-75 75-80 80-85
This research 65 70 75 80 85
International 60 65 70 75 80
BAND SIZE | Japan, Korea 60 65 70 75 80
UK, USA 28 30 32 34 36
France, Spain 75 80 85 90 95
Table 12. Bra cup size comparison between several size systems.

DIFFERENCE BUST-UNDERBUST VN-VCN [cm] <10 10-12 12-14 14-16 16-18 | 18-20 20-22
This research AA A A/B B/C C/D D E
International AA A B C D E

glg'; Japan, Korea AA A B BIC | C D E
UK, USA AA A B B/C C D E/DD
France, Spain AA A B C D E

Moreover, the results in Table 5 show that the minor
cup size corresponding to the Vn-Vcn difference is
7.21 cm, the giant cup size corresponding to the Vn-
Vcn difference is 21.88 cm, and the average cup size
corresponding to the mean Vn-Vcn difference is
13.36 cm. Considering, the 14.67 cm range difference
between bust and underbust girth, it is possible to
identify six cup sizes, namely AA, A, B, C, D, and E.
These results are shown in Table 8.

Table 9 shows the difference between bust girth and
underbust for each bra band size group. This table
allows for the identification of smallest and largest cup
size as well as the cup size range for each belt size

group. Combining the results from Tables 7, 8, and 9,
the bra sizing system proposed in this study is
determined and presented in Table 10.

The results in Table 10 show the Viethamese bra
sizing system, which consists of a total of 26
numerical sizes, divided into five groups based on five
bra band sizes: 65, 70, 75, 80, and 85. The smallest
band size is 65 with 4 cup sizes, the most prominent
band size is 85 with 4 cup sizes, while the other
average band sizes have more cup sizes. These 26
sizes can meet 98.27% of Vietnamese women aged
18 to 55 years. From the bra sizing Table 10, the
wearers can determine their bra size. Customers

39



NGUYEN T.T., ET AL.: DESIGN A BRA SIZING SYSTEM FOR VIETNAMESE WOMEN BASED ON 3D SCAN DATA

collate the underbust circumference in the first and
second columns to select the band size; then collate
the bust girth to fit their bust cup size.

Table 11 shows the similarities in bra band sizes
between this study and other sizing systems,
particularly in Asian countries such as Japan and
Korea. This table also provides a comparison of band
sizes between this study and sizing systems used in
UK, USA, France, and Spain. Table 12 compares the
cup bra sizes in this research to those used in several
countries' bra sizing systems. The results indicate
that the relationship between the cup size name and
the difference between bust and underbust
measurements in Japanese, Korean, British, and
American sizing systems has no difference with the
findings of this study. For instance, a difference range
of 10-12 cm corresponds to a cup size of A, which
aligns with the AA cup size in France and Spain. In
the survey, bra size is closely resemble the
dimensions used in Japan and Korea, both in terms
of band size and cup size. The number size in the
study is similar to that of Japan and Korea. This result
also demonstrates the practical significance of the
study.

CONCLUSION

The breast area is a sensitive part of a women'’s body.
Choosing a bra suitable for the bust size is one of the
critical factors that help support and protect the bust
area, creating confidence and comfort for women
when using it. In this study, the bra size system for
Vietnamese women builds on 3D measurements
taken from 2017 to 2022, of 1100 adult Viethamese
women living in Hanoi, Vietnam, aged 18-55. Using
principal component analysis and crosstabulation,
the author has established a system of bra sizes for
Viethamese women, meeting 98.27% of the
population in the study age group. The parameter set
includes 26 different sizes, including the system of 5
band sizes and 6 cup sizes.

This research will be a valuable database in industrial
garment manufacturing practices when designing
patterns for mass-customization, applied in teaching-
related subjects on women's bra design, and
contributing to the section that proposes options for
adjusting the fit of the bras to the Vietnamese body.
The limitation of the topic is that the size of bras for
bigsize women with bust size greater than 100 cm
has not been determined yet.
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ABSTRACT

The paper is devoted to the resource-saving technologies of cleaning the textiles in the aquatic environment.
As a resource-saving technology the use of biosurfactant compositions replacing traditional detergents was
chosen. These technologies are characterized by high quality cleaning the textile garments, reduced time of
operations, reduction of the costs of chemicals and energy, improvement of environmental safety of the
process and and also allow to extend the shelf life of products.

Resource-saving cleaning technologies (washing, aqua cleaning) have been improved and
recommendations for their application have been developed, considering changes in the operational
properties of new generation textiles, which will extend the service life of new generation textiles, save
operational properties, enable their eco-recycling (reuse) and reduce the impact on the environment and
human health through the use of biosurfactant compositions. Innovative compositions of biosurfactants with
a synergistic effect in micelle formation were elaborated. Steric factor associated with the rational packaging
of biosurfactants molecules in mixed micelles, as well as the possibility of forming micelles of optimal
composition can influence synergistic effect. The use of elaborated compositions of biosurfactants in
washing processes offers several environmental and health advantages.

The complex research of influencing parameters of chemical-technological processes and properties of
washing compositions on the basis of correlations the products of new generation were developed that
provides improvement of quality of removal of contaminations from textiles and process safety. It is proved
that the application of the developed resource-saving technologies saves 10 liters of water per cleaning
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cycle, 0.0348 kWh of electricity, and 0.142 hours of working time.

KEYWORDS

Resource-saving technologies; Cleaning; Wet cleaning; Laundry; Textiles; Bio-surfactants.

INTRODUCTION

Textile products are an integral part of people's
routine life. During the use of textile products, the
human body has direct contact with textile materials
during the whole life. Therefore, today the issue of
safety of textile materials and clothing is particularly
important in manufacturing and exploitation. Modern
textile materials and products, in terms of their impact
on human health, are a source of potential exposure
to a range of factors: the nature of raw materials, the
characteristics of their production processes, and
finishing agents [1, 2]. In recent years, there have
been significant changes in the range of products,
and we can witness a tendency towards the
manufacturing of new generation textile materials
with additional properties, which in most cases are
considered by consumers as the main arguments in
favour of purchasing goods [3, 4]. At the same time,
a large amount of textile waste is generated every

year due to the wear-out, deterioration of consumer
properties of textile products during their usage and
frequent laundering. In addition, there are substantial
difficulties in choosing a cleaning technology for new
generation textiles, as existing technologies are not
effective enough for such products.

Currently, the textile industry is rapidly developing,
the range of textile products is changing, new
products for their cleaning are emerging, the cost of
energy and material resources is growing,
environmental and consumer requirements and the
quality of cleaning services are getting higher.
Therefore, the existing technologies for cleaning
textiles in the aqueous environment need to be
updated and improved in accordance to the modern
requirements and consumers' demands [3-6].

Textile cleaning processes consist of sequential
operations: washing, extraction, drying and ironing.
Washing is the main operation in the technological
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cycle that restores the physical
properties of products.

When choosing technological processes for cleaning
textile products, it is necessary to take into account
the specifics of their range and processing modes,
which will ensure high service quality for consumers,
save the operational properties of new generation
products, and extend their service life. Currently,
textile cleaning technologies provide a wide range of
services to consumers: washing, cleaning clothes,
removing stains, ironing, garment repair, preserving
fur products, and treatment of garments to prolong
the cleanliness of products and protect them from
pathogenic bacteria. High-quality cleaning of textile
materials and products is achieved through the use of
the latest technologies combined with effective
detergents [7-9].

Synthetic detergent is difficult to be degraded by
bacteria in water, so detergent waste remains in the
water; therefore, the accumulation of the amount of
detergent in water occurs. The accumulation of
detergent in water can be a source of pollution in the
water stream. Concerns over the persistence of
detergent chemicals in the environment and possible
contamination of groundwater, other surface water
sources also their subsequent health-related issues
have raised speculation over biodegradability. The
shift to an era of more environmentally friendly
products has encouraged the industry to create
environmentally friendly detergents. The solution to
this problem can be overcome by using surfactants
made from oleochemicals and other bio-based
products.

That is why this paper deals with replacement of
synthetic detergents by biosurfactants. Innovative
compositions of biosurfactants with a synergistic
effect in micelle formation were elaborated. Steric
factor associated with the rational packaging of
biosurfactants molecules in mixed micelles, as well as
the possibility of forming micelles of optimal
composition can influence on synergistic effect. The
use of elaborated compositions of biosurfactants in
washing processes offers several environmental and
health advantages. Biosurfactants are generally
considered to have lower toxicity than synthetic
surfactants. This can be beneficial for both
environmental and human health. Biosurfactants tend
to have lower ecotoxicity, making them less harmful
to aquatic organisms when discharged into water
bodies. Biosurfactants exhibit versatile properties and
can be effective in various washing processes,
including laundry detergents and household cleaners.
Innovative compositions of biosurfactants can be
produced from renewable resources, such as plant
oils, contributing to sustainability.

The main goals of this research are to improve
resource-saving technologies for cleaning textile
products of the new generation, which are based on
the creation of innovative highly effective detergent

and hygienic
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compositions using biosurfactants. This will allow to
improve the quality of product processing,
environmental safety of the process, extend the
service life of products, and reduce the cost of
cleaning industry services.

The technological characteristics of the technologies
for cleaning products in an aqueous environment are
shown in Table 1.

Thus, textile cleaning processes are characterized by
multifactoriality and complexity. An analysis of
modern textile cleaning processes has shown that
they have a number of disadvantages, including
possible damage to products, the risk of chemical
contamination of wastewater, expensive services,
and significant electricity and water consumption [4,
6, 8, 10]. Therefore, the development of resource-
saving technologies for cleaning textiles is an
important task for the textile industry, the cleaning
and service industry, and solving it will help improve
the quality of the new generation of products
cleaning, extend their service life, reduce the
environmental impact and the cost of services.
Resource-saving technology refers to innovations
and practices that aim to minimize the use of
resources such as energy, water, raw materials, and
time, while maximizing efficiency and reducing waste.
These technologies play a crucial role in sustainable
development and environmental conservation. The
implementation of resource-saving technologies is
crucial for achieving sustainable development goals,
mitigating environmental impact, and creating a more
resilient and efficient global infrastructure.

EXPERIMENTAL PART
Materials used

Studies of the efficiency of chosen biosurfactant
compositions for cleaning the textile garments in the
aquatic environment were performed on specimens
of cotton, polyester and mixed fabrics, which are
presented on the market of Ukraine (Table 2).

The experimental samples were treated with the
developed compositions containing biosurfactants
[11, 12]. The composition and basic colloidal and
chemical properties of the developed biosurfactant
compositions are given in Table 3. CMC is critical
micellar formation concentration, was determined by
plotting the equilibrium surface tension against the
surfactant concentration, o - surface tension was
measured by capillary rice method, 6 is wetting edge
angle evaluated by the static (sessile) drop contact
angle (it is defined geometrically as the angle formed
by a liquid at the three-phase boundary point where a
liquid, gas, and solid intersect), H is the foam height,
S is foam stability established by the Ross-Miles
method according to ASTM D 1173. Barvamid 2K
according to TU U24.1-32257423-118:2005 is an
acetic acid salt of the product of the interaction of the
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Table 1. Technological characteristics of product cleaning technologies in an aqueous environment.

Washing Aqua-cleaning
Recommended only for underwear and hospitality products Recommended for garments, textile products for the household
Drum rotation speed when washing textiles
Fixed 36 or 40 revolutions per minute Adjustable from 5 to 40 revolutions per minute
Drum rotation speed when extracting textiles
Fixed 400 or 500 revolutions per minute, Adjustable from 400 to 1000 revolutions per minute,
rigid fixation of the drum drum on springs and shock absorbers
Drum rotation/stop time when washing textiles
Fixed rotation time 12 s or 20 s, stoptime 3sor4 s | Adjustable rotation time from 0.1 s to 90 s, stop time from 0.1 st0 90 s

Water temperature when washing textiles

Varies from cold to 90°C ‘ Varies from 27°C to 40C

Water level

Varies gradually (from ml to 1),
from high to low

Varies between high and low

The amount of textile washing

From 1to 3 | Typically 1, for highly contaminated products 2
Duration of washing in one bath
5 min to 20 min (without heating) | 4 min to 10 min (with heating)
The number of rinses
3 or more rinses | 1rinse

Drying temperature for textile products
From 50°C to 110C ‘ From 40°C to 60°C

Detergents used in the process
Washing powders, soaps, bleaches | Liquid detergents, softeners

Table 2. Parametrs of the studied textiles materials.

i Density Warp, Weft Areal
The nggr? COf the \/[\gg:]r] Weft [wefts/ Warp [warps/ Yarn linear Material Weave density
. 2
cm] cm] density [tex] composition [9/m’]
Fabric 1 in-
1505 22 41 30 (CeH1005)n plain 180
100 % cotton weave
Fabric 2 80 % (CoH100s) ]
80% cotton, 150+2 22 41 30 o (MeMioPsh, | plain- 220
20 % (C1oHgO4)n weave
20 % polyester
Fabric 3 65 % (CeH100s) i
65 % cotton, 15042 22 41 30 o Aero s plain- 220
35 % (C1oHsO4)n weave
35 % polyester
Fabric 4 15042 22 41 30 (C10Hg0s) plain- 220
100% polyester - 1orTealn weave
Table 3. Composition and basic colloidal and chemical properties of the developed biosurfactant compositions.
Biosurfactant Composition, W, [%] CMC, [M] g, [mN/m] 6,[°] H, [mm] S, [%]
S - o —
Composition 1 67 % DEA Coczm'.de'.?’?’ 7 biguanidine 25104 38.18 1915 | 14 56
erivative
Composition 2 80 % barvamid 2K. 20 % sulphonol NP-3 4-10* 32.15 15.98 13 92
Composition 3 67 % barvamid 2K, 33 % stearox 920 1.0-10* 35.63 35.75 14 85
Table 4. Initial data for the five-factor experiment according to the Hartley plan.
Levels
The name of the factor The factor
-1 0 +1
Solution concentration of compositions biosurfactants, [g/l] X4 1 3 5
The liquid module X2 8 10 12
Temperature, [C] X3 20 30 40
Processing time, [min] ) 2 5 8
Extraction [revolutions per minute] Xs 400 700 1000
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cubic residue of B-oxyethylethylenediamine and
higher fatty acids of coconut oil and stearox 920 is a
mixture of polyoxyethylene glycol esters of stearic
acid.

Research methods

In order to mathematically describe the dependences
of the technological parameters of the process of
cleaning textile products and to rationally conduct
research, the method of planning experiments was
applied Hartley plan. The determination of the most
significant factors on the operational properties ow
washing process (using biosurfactants) was carried
out using the five-factor experiment according to the
Hartley plan [13, 14]. The coded values of the factors
that have the most impact on the finishing process
and their levels are given in Table 4. For this
experiment the biosurfactant marked Composition 1,
Composition 2, Composition 3 was used.

The homogeneity of the dispersions was checked by
the Cochrane criterion: the dispersions for each
experiment are homogeneous. The adequacy of the
obtained mathematical models was checked by
Fisher's criterion.

Analysis of the results of the experiment made it
possible to obtain the coefficients of a polynomial that
establishes the correlation between all factors of the
technological process of cleaning textiles and the
detergent (biosurfactant) effect. The analysis of the
obtained coefficients allows us to exclude from the
final expression the coefficients with values less than
the critical ones. Accordingly, the regression
equations of detergent action for the studied fabric
samples in coded values were obtained. The washing
effect regression equation for the investigated tissue
samples in coded values Y (X7, X2) was obtained:

Fabric 1: 100% cotton:

Y=79.952-0.163X7-0.059X2+0.052X3-0.374 X+?-
0.121X2?-0.144X1X2

Fabric 2: 80 % cotton, 20 % polyester:

Y=79.952-0.163X1-0.059X2+0.052X3-0.374 X1?-
0.121X2%-0.144X1X2

Fabric 3: 65 % cotton, 35 % polyester:
Y=74.009-0.183X7-0.044X2+0.067 X3-0.347 X+?-
0.115X22-0.205X1X>2

Fabric 4: 100% polyester:
Y=76,112-0,185X3-0,016X2+0,046X3-0,361X7?-
0,178X2%-0,107X1X2

(1)

()

®)

(4)

Analysis of these equations allows us to come to
several conclusions. This polynomial is a paraboloid.
Considering the signs of the coefficients before Xi
and Xz, this paraboloid is directed down the Z-axis,
and with the growth of Xs, the maximum value is
continuously increasing. Moreover, as Xs increases,
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the value of the maximum detergent action Y
(washing effect) will also increase. According to the
results of the optimization, it was found that the
factors that affect washing have different effects on
the cleaning process of cotton, polyester and mixed
fabrics. When washing cotton fabrics, all three
investigated factors were found to be significant. On
the other hand, when washing PES fabrics, only two
factors were found to be significant: the concentration
of the composition in the solution and the modulus of
the bath. In general, cotton materials are washed
better in an aqueous environment from hydrophobic
contamination than PES ones. The study on the
redeposition of contaminants showed that the
concentration of biosurfactants in the solution is a
significant factor.

The washing parameters: washing ability (WA, [%])
and redeposition (RD, [%]) ability was determined by
the photometric method SNI ISO 105-C06:2010 by
fabric whiteness [15]. The white color fabric samples
were cut into 5x10 cm rectangle and each of them
was polluted by complex pollution. The fabric
samples were removed by the resource-saving
technology using different biosurfactant
compositions, see Table 3.

The washing ability (WA,
according to the equation:

[%]) was calculated

_ (K/S)a—(K/S)c
(K/S)a—(K/S)o

2
where K/S = a-R ; R — the intensity of reflection of

monochromatic light from samples; K — the coefficient
of light reflection from the fabric sample; S — the light
scattering coefficient; (K/S)o — the coefficient of light
reflection from the original fabric sample; (K/S)qs — the
coefficient of light reflection from the contaminated
fabric sample; (K/S)c — the coefficient of light
reflection from the fabric sample after cleaning in an
aqueous environment.

The redeposition capacity of biosurfactant

compositions (RD, [%]) was calculated according to
the formula:

WA x 100 %

(®)

RD = W x 100% (6)
0

where Ro — the coefficient of light reflection from the
original fabric sample; Rrer. — the coefficient of light
reflection from the fabric sample after cleaning in an
aqueous environment.

The change in mechanical properties of fabrics after
cleaning in the aquatic environment was determined
according to standard methods DSTU ISO 13938-
1:2007, DSTU ISO 13938-2:2007 [16, 17].

The assessment of the change in the mechanical
properties of cellulosic materials was carried out
according to the indicators of bursting strength Pp, [N]
and bursting distension fp, [mm].
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Figure 1. The external and schematic view of the IT-ZM-1 device.

To define the abrasion resistance of textile material
samples, we used the durability characteristic - the
number of abrasion cycles before the formation of
holes. To define the resistance of textile materials to
abrasion in laboratory conditions, the IT-ZM-1 device
was used (Fig. 1).

Elementary specimens shaped like circles with a
diameter of 27 mm were inserted into the runner
holders with the front side up. A prepared 95 mm wide
strip of overcoat fabric was inserted into the hoop, on
which a ring was placed and secured with screws. A
metal ring was placed on the fabric and the sample
was fixed on the hoop using a 25 mm diameter
abrasive wheel clip. After filling the fabric and
abrasive in the hoop, the device was switched on.
After the device was stopped, the number of rotation
cycles at which the fabric surface was destroyed was
recorded.

All measurements were repeated 10 times (n=10).
Mean values together with 95% confidence intervals
are shown to enable comparison of sample properties
after multiple washing in an aqueous environment.

In order to study the energy characteristics of modern
washing equipment, an experimental bench was used
to determine the necessary parameters of the
technological process of cleaning textile products in
an aqueous environment. A block diagram of the

study of operational indicators of the implementation
of resource-saving technologies for cleaning textile
products in an aqueous environment is shown in Fig.
2.

RESULTS AND DISCUSSION

Technological processes for textile cleaning consist
of sequential operations: washing, extraction, drying
and ironing. The results of optimizing the process of
textile cleaning according to detergent (biosurfactant)
action, antiresorption capacity, capillarity and
stiffness for samples of cotton, polyester and their
combinations made it possible to obtain optimal
values of the technological parameters of the process
of textile cleaning of various assortments:
composition concentration from 2.5 to 3 g/l; bath
module 10; processing temperature from 20 to 30 C;
processing time 8 min; extraction 400 revolutions per
minute. Three types of biosurfactants (table 3) were
applied and their effect on cleaning (washing and
aqua-cleaning) of textiles in the aquatic environment
was studied.

Tables 5-7 show different steps for washing and
aqua-cleaning of textiles using biosurfactants.

According to Tables 5 - 7, the time required for
operations is reduced from 18 to 38 minutes, as well
as the processing temperature is reduced from 10 C
to 30 ‘C by one cleaning cycle, compared to the
typical technology (Table 1) of cleaning products.

In order to evaluate the effectiveness of textile
products cleaning using biosurfactants, the washing
performance parameters (WA, RD, [%], according to:
Eq. 1, 2) of the developed compositions (Table 3)
were compared with similar indicators of detergents
(Unix Klin A, Tuono Blu, Lanadol Aktiv, Amway Home
SA8), which are widely used in product processing
enterprises and in household conditions using
technological parameters of washing specified in
Table 5. The results of the research are given in Table
8.

Voltage, 380 V

Bench

A 4
Washing machine

Computer

(b)

Figure 2. Image and flowchart for defining equipment operational parameters: (a) general view; (b) bench diagram.
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Table 5. Technological steps for washing combined fabrics.

Compositions of

The name of operation t, [C] Liquid module biosurfactants Processing time, [min]

First washing 30 10 + 8
Second washing 30 10 + 8
First rinse 30 12 3
Second rinse 30 12 3
Final processing (treatment) 30 10 + 6
Total duration

without final processing 22
with final processing 28

Table 6. Technological steps for aqua-cleaning of mixed fabrics.

The name of operation Temperature, [°C] Process/pause, [s] Rotation speeq, revolutions Processmg time,

per minute [min]

Washing with the 30 5/10 20 3

biosurfactant

Drain - 5/10 30 0.5

Rinse 30 5/10 30 3

Drain - 13/4 40 0,5

Extraction - - 400 2

Total duration 9

Table 7. Resource-saving technology for aqua-cleaning of mixed highly contaminated fabrics.

The name of operation Temperature, [°C] Process/pause, Rotation speeq, revolutions Process[ng time,
[s] per minute [min]
Washlng with the 30 5/10 30 3
biosurfactant
Drain - 5/10 30 0.5
Washlng with the 30 5/10 30 3
biosurfactant
Drain - 13/4 40 0.5
Rinse 30 5/10 30 3
Drain - 13/4 40 0.5
Extraction - - 400 3
Total duration 13.5

Table 8. Washing parameters of the developed compositions biosurfactants (washing ability (WA, [%]) and redeposition (RD, [%]) ability.

. Fabric 2 Fabric 3 .
Fabric 1 Fabric 4
c iti (100 % cotton) (80% cotton, (65 % cotton, (100% polyester)
ompositions ° 20 % polyester) 35 % polyester) o poly
WA, [%] | RD,[%] | WA, [%] | RD [%] | WA [%] | RD,[%] | WA, [% | RD, %]
Compositions 83.6 13.3 81.6 155 80.1 14.2 778 17.7
biosurfactants 1
Compositions 76.3 14.1 73.9 145 77.4 13.9 75.7 15.6
biosurfactants 2
Compositions 80.5 147 79.2 15.4 79.8 15.3 80.9 16.1
biosurfactants 3
Unix Kiin A 80.0 174 762 19.1 76.9 202 738 217
Tuono Blu 72.8 235 733 221 732 244 723 231
Lanadol Akiiv 80.1 222 758 209 78.4 210 74.4 211
Am""gxgme 79.9 25.0 76.3 193 77.2 211 73.5 22.1
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Studies have shown that the highest washing ability
was realized by Biosurfactant 1 on Fabric 1 (cotton),
Fabric 2 (80% cotton, 20 % polyester) and Fabric 3
(65 % cotton). The highest washing ability for the 100
% PES fabric was provided by Biosurfactant 3. All
traditional detergents have lowest washing ability
compared to highest washing ability performed by
Biosurfactant.

Products with a high content of cotton (Fabric 1,
Fabric 2) are best cleaned, while dirt from polyester
fabric is less effectively removed, which is explained
by the affinity of cellulose fibers to the aqueous
environment and the hydrophobicity of polyester
products. Using Biosurfactants the redeposition
capacity is significantly lower compared to usage of
traditional detergents regardless of the material
composition of the sample.

The use of the developed biosurfactant compositions
can reduce the cleaning cycle by one rinse. However,
in the presence of remaining particles of the
detergent-soiling complex, with insufficient rinsing,
greying of products is possible. Therefore, according
to Eq. 2, the redeposition capacity (RD, [%]) of the
developed compositions was additionally defined by
reducing the cleaning cycle of fabrics by one rinse [8,
15]. The results of the study are presented in Table 9.

The study of the antiresorption ability of the
developed biosurfactant compositions (Table 8)
showed that the quality of textile cleaning of various
types of fabrics does not deteriorate with a reduced
number of rinses.

It should also be considered that reducing the
washing cycle by one rinse reduces the duration of
the process, electricity and water consumption, and
wages for staff.

Previous studies have shown that the developed
biosurfactant compositions should be used for
cleaning and finishing of textile products for special
and household purposes, which contributes to the
proper care of products, removes static electric
charges, increases the efficiency of removing
contaminants from the surface of fabrics, reduces re-
contamination of products, extends their service life,
and imparts antimicrobial properties to products [11,
12].

Thus, the implementation of the developed
technologies reduces the consumption of reagents,
shortens the time of operations, the processing cycle
of products, and improves the environmental safety of
the process.

The effectiveness of the implementation of the
developed technologies for the maintenance of
operational properties was evaluated by the semi-
cycle characteristics of wear resistance. The results
of determining the semi-cycle bursting characteristics
(bursting strength, Pp, N, bursting distension, Ip, [%])
of textile material samples after multiple washing in
an aqueous environment are given in Table 10.
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According to the results of the study, the bursting
strength of the tested fabric samples after 30 cycles
of cleaning is 600 N on the warp and 225 N on the
weft for Fabric 1, 850 N on the warp and 600 N on the
weft for Fabric 2, 1200 N on the warp and 1100 N on
the weft for fabric 3, 1800 N on the warp and 1700 N
on the weft for fabric 4. After 30 cycles of cleaning in
an aqueous environment according to a typical
technology (Table 1), partial destruction and
destruction of cotton fabric occurs.

The abrasion resistance (number of cycles) on the
surface of the studied samples of fabrics made of
cotton, polyester and their combinations after multiple
cleaning in an aqueous environment is given in Table
11.

According to Table 9, a similar tendency is observed
for the wear resistance of the test samples after
multiple cleaning in an aqueous environment. For the
cotton fabric sample, partial destruction of the
material occurs after 30 processing cycles using a
typical technology. Combined and synthetic fabrics

made of polyester fibres have greater wear
resistance. Thus, the implementation of the
developed technologies achieves high quality

cleaning of products, increases the number of
cleaning cycles compared to the typical technology,
and extends the service life of products [6, 8, 10].

Acceptance and marking products

v

Sorting and assembly of batches

v

Stain removal (for products with stains)

v

A

Cleaning of products (washing, aqua cleaning)

v

Re-sorting

v

Moist-heat treatment
(drying, ironing, folding)

v

Eco-recycling of

!

Sewing

|

Delivery of

Preparation of raw materials
for the creation of non-woven

Preparation of raw materials
for the creation of technical textiles

Preparation of raw materials
for the creation of fillers for industries

|

Figure 3. The technological scheme for cleaning textile products
in an aqueous environment considering the eco-recycling
operation.
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In addition, due to the antimicrobial effect of The cost of processing products at cleaning and
composition 1 (67 % DEA cocamide, 33 % service companies depends on the cost of energy,
biguanidine derivative), disinfection and eco- ltilities, cleaning products, equipment maintenance

recycling of worn products, which are raw materials
for the creation of nonwovens, fillers, and technical
textiles, is possible [11, 18, 19]. The technological
scheme for cleaning textile products in an aqueous
environment, considering the reuse of worn textile
products, is shown in Fig. 3.

The implementation of eco-recycling of worn-out
textiles in the technological process of cleaning
products will help reduce the generation of textile
waste, processing time in the preparation of raw
materials for the reuse of textiles, and create safe
reusable textile raw materials.

costs, staff salaries, and the time required to process
products [1, 5, 19, 20].

The summarized results of the efficiency of the
implementation of the developed resource-saving
technologies for cleaning textile products in the
aqueous environment in comparison with the typical
technology are given in Table 12.

Thus, with a reduction in the number of rinses per
washing, water savings are 10 litres, working time
savings are 0.142 hours, and electricity savings are
0.0348 kWh.

Table 9. Redeposition capacity (RD, [%]) of washing using biosurfactant compositions.

. Fabric 2 Fabric 3 .
The number of rinses Fabric 1 (100 % o 0 0 0 Fabric 4 (100 %
cotton) (80 % cotton, 20 % (65 % cotton, 35 % polyester)
polyester) polyester)
Composition 1 (67 % DEA cocamide, 33 % biguanidine derivative)
3rinses 13.3 15.81 14.83 17.2
2 rinses 13.2 15.28 13.79 17.2
Composition 2 (80 % barvamid 2K, 20 % sulphonol NP-3)
3rinses 15.01 15.25 14.95 15.62
2 rinses 14.85 15.25 14.80 15.55
Composition 3 (67 % barvamid 2K, 33 % strearox 920)
3rinses 14.75 15.45 15.85 16.5
2 rinses 14.55 15.00 15.55 16.25

Table 10. Half-cycle bursting characteristics of the studied textile materials.

. Developed technology | Typical technology
The sample of material Unireated fabric 30 cleaning cycles
warp weft warp | weft | warp | weft
Bursting strength, P,, [N]
Fabric 1 (100 % cotton) 655+14.52 245+5.75 600+12.7 225+5.55 Partial fabric destruction
Fabric 2 870+19.29 630+13.6 850+18.8 600+11.71 800+17.7 590+13.07
(80 % cotton, 20 % polyester)
Fabric 3 1235+27.3 1140+£25.3 1200+20.3 1100+24.4 950+21.1 1050+23.28
(65 % cotton, 35 % polyester)
Fabric 4 (100 % polyester) 1800+39.9 1700+37.7 1800+39.9 1700+37.7 1800+39.9 1700+37.7
Bursting distension, I, [%]
Fabric 1 (100 % cotton) 14+0.35 28,5+0.71 18+0.45 11+0.28 Partial fabric destruction
Fabric 2 25+0.63 41+1.03 25+0.63 39+0.98 20+0.50 32+0.80
(80 % cotton, 20 % polyester)
Fabric 3 33+0.83 46.5+1.16 32+0.80 43+1.08 30+0.75 40+1.00
(65 % cotton, 35 % polyester)
Fabric 4 (100 % polyester) 45+1.12 47.5+1.19 50+1.25 48+1.20 48+1.20 47+1.18

Table 11. Abrasion resistance of the studied samples, cycles.

. Untreated Developed technology Typical technology
The sample of material fabri |
abric 30 cleaning cycles
Fabric 1 (100 % cotton) 4550 4000 Fabric destruction
Fabric 2 (80 % cotton, 20 % polyester) 5200 5000 4500
Fabric 3 (65 % cotton, 35 % polyester) 8200 8000 7500
Fabric 4 (100 % polyester) 8600 8500 8000
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Table 12. Summarised results of the efficiency of implementation of the developed resource-saving technologies for cleaning textile

products.
Costs Typical washing technology Resourci-ssiiglr;?o\évfrsfggg;;chnology Cost savings
Water consumption 48 | 381 101
Energy consumption 0.2205 kWh 0.1857 kWh 0.0348 kWh
Time commitment 1.085 hours 0.943 hours 0.142 hours

CONCLUSION

The article proposes optimal conditions for the
implementation of resource-saving technologies
using biosurfactants to improve the efficiency of the
technological processes of washing, aqua-cleaning,
and finishing of textile products. The developed
resource-saving technologies for cleaning textile
products are characterised by reduced time of
operations, reduced cycle of cleaning products,
reduced consumption of reagents, and improved
environmental safety of the process.

It was proved that the usage of biosurfactant
increases washing ability and at the same time
decreases the redeposition capacity of all tested
samples compared to usage of traditional detergents.
The biosurfactant marked Compositon 1 offers the
highest wasthing ability of cotton based textiles even
in mixture with polyester. Biosurfactant marked
Composition 3 provides the highe washing ablitity for
100 % PES fabrics.

It has been confirmed that due to the efficiency of the
developed biosurfactant compositions Table 3 [11,
12], it is possible to reduce the cleaning cycle by one
rinse without compromising the quality of cleaning of
textile products of  various assortments.
Recommendations for the use of the developed
biosurfactant compositions Table 3 [11, 12] in the
technological processes of textile processing are
given. It is substantiated that it is not recommended
to exceed the working concentrations of the
developed compositions more than in the range from
2 to 3 g/l for effective use in the cleaning process. The
implementation of the developed technologies
ensures a reduction in the time of operations from 18
to 38 minutes, as well as a decrease in the processing
temperature from 10 °C to 30 °C, compared to the
typical technology of cleaning products, by one
processing cycle, respectively. The energy
parameters of the equipment are determined, it is
proved that by reducing the number of rinses per
washing, water savings are 10 litres, working time
savings are 0.142 hours, and electricity savings are
0.0348 kWh.

The implementation of eco-recycling of worn-out
textiles in the technological process of cleaning
products will help reduce the generation of textile
waste, reduce processing time when preparing raw
materials for the reuse of textiles, and create safe
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textile raw materials for nonwovens, technical textiles,
geotextiles, and the needs of various industries.
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ABSTRACT

The purpose of this research is to develop specific recommendations for optimizing the adjustment of the
thread take-up mechanisms of typical chain stitch sewing machines based on the analysis of the thread
take-up process. These recommendations are intended to help manufacturers and machine operators
achieve maximum productivity and increased product quality, while taking into account the specific techno-
logical parameters of the operations performed on these machines. The research is aimed at increasing the
efficiency of the sewing process, reducing machine setup time, and improving the overall result of the
technological process in the sewing industry. The research uses an analytical method of determining and
investigating functions of the actual thread take-up as the instantaneous sum of sections of the take-up
contour when adjustable parameters of the mechanisms are changed, taking into account accepted
assumptions. In the research, an analytical method was used to determine functions of the actual thread
take-up as the instantaneous sum of sections of the take-up contour, taking into account the change in
regulated parameters of the mechanisms. At the same time, assumptions were made that has simplified
analysis and modelling of this process with sufficient accuracy of calculation results. The scientific novelty
of this research lies in discovery of new relationships and establishment of regularities that determine
influence of adjustable parameters on the nature and scope of the thread take-up function in chain stitch
machines. Further re-search in this area can be aimed to the development of more efficient methods of
adjustment and optimization of needle thread take-up mechanisms, as well as to the implementation of new
technologies in pro-duction to improve productivity and quality of sewing operations. The obtained results
became basis for the development of nomograms for determining the optimal values of adjustable
parameters for needle thread take-up mechanisms of typical flat chain stitch machines, taking into account
technological parameters of specific operations. These nomograms allow operators and manufacturers of
sewing machines significantly simplify adjustment of these mechanisms when using operational equipment
or when switching to other technological operations. The obtained results can be applied directly in
production during adjustment or repairing of specified ma-chines to increase their productivity by reducing
adjustment time and for improving the quality of the technological process.

KEYWORDS

Thread take-up mechanism of sewing machines; Sewing machines; Chain stitch; Thread take-up functions
of sewing machines.

INTRODUCTION

Chain stitch sewing machines have significantly lower
values of maintainability indicators comparing with
corresponding indicators of shuttle machines. This is
explained by the peculiarity of their structure
(preferred location of main shaft in the platform,
complexity of trajectories and laws of movement of
loopers comparing to shuttles, preferred using of
differential transport mechanisms, presence of such
working tools as expanders and spreaders, etc.).

These factors lead to complexity of their design and
increase cost of maintenance. However, despite this,
their share in general nomenclature of sewing
equipment in production is constantly increasing,
which is explained both by well-known advantages of
chain stitches compared to shuttle stitches, and by
great diversity of the structure of their stitches [1].
One of the main reasons is that repairability of the
chain stitch sewing machines, at least several times
higher than repairability of the shuttle sewing
machines, is that the significant difficulties in setting-
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up thread take-up mechanisms, particularly needle
ones.

Unlike shuttle machines, where needle thread take-
up mechanisms [2] have only a few structural
varieties with practically no adjustable parameters,
the NTTM of the chain stitch machine has dozens of
structural options, both purely mechanical and with
electronic elements [2]. At the same time, usually,
they have several adjustable parameters that affect
the value and law of the effective take-up (P(¢)) of the
thread [3-6]. However, in literature and instructions for
the operation of specific machines, there is a
complete lack of information about the quantitative
effect of changing these parameters on nature of
actual thread take-up function. Some sources
mention possibility of more precise adjustment in
case of using highly elastic threads [3] by changing
the size of the thread receiver strokes.

In the works [7-10], the influence of thread tension
during its unwinding from the bobbin on the quality of
the stitch is examined. The authors in these works
suggest equipping the existing thread feeding
mechanisms with an additional system for monitoring
thread tension during stitch formation.

The provided methodology for geometric modeling of
chain stitches of type 406 [11] and type 504 [12]
allows for the precise determination of thread
consumption required to create a specific type of
stitch, which eliminates the need for specific machine
adjustments in accordance with the technological
process of stitch formation.

Furthermore, in the study [13], the authors present
the results of research on the impact of tension
regulator settings on the quality of type 301 and 401
stitches, depending on material thickness and stitch
length parameters. The  authors provide
mathematical relationships that enable achieving
high-quality chain stitches by ensuring the
appropriate tension on the thread regulator.

Additionally, there is no information about the
separate effect of each parameter of the NTTM, on
function of valid thread take-up, which complicates
the process of their design and adjustment.
Therefore, in practice, adjustment of NTTM is
reduced to random selection of values of variable
parameters, which significantly increases duration of
this process.

STATEMENT OF THE TASK

In works [14-17] obtained analytical definitions of
function of necessary and valid take-up of needle
threads of typical flat chain sewing machines,
including sewing machines with a simple kinematic
chain, which have only one thread receiver, that is
fixed on the needle guide and regulation system of
thread guides. At the same time at work [17] was
conducted research of the effect of adjustable
parameters on the value and law of ideal thread, and
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in [18-19] was performed comparative analysis of
various structures of NTTM with a branched
kinematic chain [2] in an example of sewing machines
W562-05BB cl. of the company «Pegasus» [3] and
CF 2300M-164 M class. of the company «Uamato»
[4] and determining their advantages over take-up
mechanisms formed by a simple kinematic chain. In
works [15-16] was established that in order to achieve
a high-quality stitch, it is necessary to ensure the
correspondence between values of functions P(¢)
and P'(¢) and this cannot be achieved only by
stretching the threads. At the same time, in the paper
[20] it is noted that the tension of the threads depends
not only on the radius of curvature of the thread
guides, but also on the type of threads, which also
affects the actual thread take-up law P(¢). This leads
to the need of re-adjustment thread take-up
mechanisms for all needles. The results of these
works were taken as basis for conducting this study.

The main task is to identify influence of the values of
the adjustable parameters on value and law of the
valid thread take-up under various technological
parameters, such as length of the stitch - t, thickness
of the materials - m and type of thread, for the
development of specific recommendations in form of
nomograms for adjusting the NTTMs of typical chain
stitch machines.

RESEARCH RESULTS

NTTMs formed by branched kinematic chain [2],
unlike those formed by simple one, contain larger
number of adjustable parameters. Their main
characteristic is that they have thread receiver with
separate mechanism and system of thread guides
(Fig. 1). At the same time, compliance with laws of
valid thread take-up P(¢) to necessary one P’(¢p) for
each specific needle is achieved by different positions
of thread guides G11.13 (Fig. 1(a), Fig. 2 (a,b)). In most
cases, adjustment is performed vertically (Fig. 2(a)),
or according to two coordinates (Fig. 2 (b)), which,
usually, is recommended by  equipment
manufacturer. More precise accordance of
configuring is achieved by using other adjustment
parameters (Fig. 2, 3). Among them, it is worth
highlighting positions of U-shaped (Fig. 2(c,d)) and I-
shaped thread guides (Fig. 2 (e)) in relation to thread
receiver T2, which is fixed on the needle guide.
Parameters of the thread receiver T4, in turn, include
its length R and its horizontal position - ao (Fig. 3).

Calculation of the parameters influence on law and
value of needle thread take-up is for a group of
sewing machines of leading manufacturers Pegasus
and Yamato. To compare the laws of valid P(p)
thread take-up and necessary P’(¢p) thread take-up
law for the left needle is chosen, for the same purpose
we choose the initial position of the thread guides G11.
As described in works [14-17] max value of the
function P’(¢@) has left needle, which is located lowest
to the needle plate.
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Figure 1. Scheme of the thread take-up contours: (a) typical pattern of thread take-up for sewing machine of 600 class (1 — needle threads,
2 —loop thread, 3 — threads of the spreader); (b) calculation diagram of the NTTM'’s «take-up contour».

G2-G3

(d)
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Screw 1
()

Figure 2. Parameters of thread guides Gji: (a) vertical adjustment, (b) both X and Y coordinates, (c,d) U-shaped thread guides of the
W562-05BB «Pegasus» machine, (e) I-shaped thread guides of the CF 2300M-164M «Uamato» machine, (f) thread guides G, (Gy)

adjustment parameters.

Figure 3. Adjustment parameters of thread receiver T1.

Calculation schemes of the contours of machine
thread take-up contain i-th quantity of j-th types of
thread receivers and thread guides, which are shown
on Fig. 1(b) (where i-th types of j-th thread guides and
thread receivers are marked accordingly by symbols
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G;ji and Tji()), and their construction is shown on Fig.
2, 3.

General diagram of thread filling ("take-up contour")
of sewing machines W562-05BB "Pegasus", CF
2300M-164M «Uamato» are shown on Fig. 1, the
difference is the parameter values and the type of
thread guide applying [2]. Accordingly, following
adjustable parameters can be defined. Thread guides
Gi1-13 of the W562-05BB "Pegasus" machine are
adjustable only vertically Y1113 (Fig. 2, @), and thread
guide of the CF 2300M-164M «Uamato» machine has
adjustment by two coordinates Xae11-13 and Yg11-13
(Fig. 2, b). Sewing machine W562-05BB "Pegasus"
uses U-shaped thread guides G2-Gs (Fig. 2 (c, d)),
and CF 2300M-164M «Uamato» machine uses rod-
shaped thread guides - Gz, (Fig. 2(e)). CF 2300M-
164M «Uamato» which have adjustable vertical
parameter relatively to extreme lowest position (ELP)
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of the thread receiver Tz, respectively - Ya2-3 (Fig. 2,
f), and thread guide Gs (Fig. 1(b)) is fixed motionless
and has corresponding coordinates of Yas and Xas.
For the calculation location of the thread guides Ga-
43, which close thread take-up contour and have their
own coordinates (Fig. 1 (a)) are chosen to match
projection of the needle guide axis and are located at
the Y4 coordinate. Thread receiver T1 of W562-05BB
«Pegasus» and CF 2300M-164M «Uamato» sewing
machines has two adjustable parameters: slope
angle to the abscissa axis at its extreme lowest
position (ELP) - ao and length of thread receiver - R
(Fig. 3).

Values of adjustable parameters ranges selected
from possible design parameters for a specific
machine are given in Table 1. Selected reference
points are similar to the adjustment guidelines of the
considered machines. As the start of G2-G3 thread
guide coordinates countdown is selected coordinate
of the thread receiver T2(@) (Fig. 1, b) at its lowest
position. For thread guide G: of both sewing
machines, the Yg11 value is taken as zero, specified
in the regulation manuals [3, 4]. As the origin of
coordinates is taken point O - oscillation center of
thread receiver T1. ao=21r is taken as zero at ELP of
thread receiver T4, in order to determine max effect of
parameter oo during its variation, max value of the
parameter R is taken, and values of the rest of the
parameters are taken in the middle of variations
range of value of the rest of the parameters of
adjustment range.

Since actual thread take-up function P(¢p) depends on
rotation angle of the main shaft - ¢ and three or four
other variable parameters, in order to investigate the
effect of each parameter on the value of P(¢p) function,
sequential variations of these parameters were
performed, while fixing values of others (P(¢, ao), P(¢,
R), P(o, Ya1), P(®, Ys2).

The calculation of the values of actual thread take-up
function P(p) was performed according to the
formulas given in works [14-19] depending on the
type of thread take-up mechanism of sewing
machines.

Table 1. Ranges of adjustable parameters changing.

According to the calculation results, when varying one
of the adjustable parameters spatial charts was build,
for changes of the values of actual thread take-up
function P(@, ao), P(¢, R), P(p, Ys1), P(p, Ysz2) for
each NTTM of W562-05M, class «Pegasus» and CF
2300M-164M class «Uamato» sewing machines.
Along with this, diagrams to display values of these
functions in parameters adjustment range with certain
step were obtained (position 2 on Figures 4 and 5),
and these values were compared with charts of the
required needle take-up function P’(¢@) (position 2 on
Figures 4 and 5) for the left needle of the relevant
sewing machines.

The effect on P(¢p) of the final position of the thread
receiver T+, which is determined by parameter ao, is
shown on Fig. 4, 5(a). It can be seen from it that in the
range of variation of parameter ao, with negative
values, take-up value changes insignificantly, and,
vice versa, with positive values, take-up value
increases significantly according to a nonlinear law.

As aresult of varying values of the parameter R, given
on Fig. 4, 5(b), it was discovered that when parameter
R is decreased, the value of thread take-up
increases, and, vice versa, when R is increased, it
decreases. At the same time, changing of maximum
of P(@) function is directly proportional to the
changing of R parameter with an insignificant change
in thread take-up law for both variants of NTTM of
sewing machines.

RESULTS

The result of varying values of parameter Yg7 is
depicted on Fig. 3, 5(c), it shows that changes of the
maximum P(¢) is directly proportional to changes of
parameter Yes. At the same time, take-up law (in
specified adjustment range) changes insignificantly.

At the same time, varying values of parameter Ys2-3
(Fig. 4(d)) leads to significant effect for both value and
law of thread take-up. So, for instance, with
parameter value Ye2-3=1mm, chart horizontal section
(Fig. 4(d), curve 1) of actual thread take-up function
is observed, and with negative values, a significant
change in values is observed and chart of the function
becomes "saddle-shaped".

W562-05M, class, CF 2300M-164M, class,
Adjustable parameter «Pegasus» «Uamato»
Adjustment range
R [mm] 55+75 50+70
Y1 [mm] -20+20 -20+20
Ye2-3 [mm] -10+10 -10+10
ao [*] -20+20 -20+20
Relative coordinates of the uppermost | X 62 148
position of thread receiver T relative to the
center point O of the thread receiver T [mm] | Y 90 85
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Figure 4. Spatial charts and diagrams of values of the actual P(p) and necessary P'(¢) thread take-up when varying the adjustable
parameters of the W562-05BB class «Pegasus» sewing machine: (a) ao, (b) R, (¢) Ye1, (d) Yes-2.
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Figure 5. Spatial charts and diagrams of values of the actual P(¢) and necessary P'(¢) thread take-up when varying the adjustable
parameters of the CF 2300M-164M class «Uamato» sewing machine: (a) do, (b) R, (c) Ya1, (d) = Ye2.
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(d) (e) ®
Figure 6. Charts of the maximum values of the actual thread take-up function P(¢p) for W562-05BB class «Pegasus» sewing machine,
when varying the parameter: (a) ao and R; (b) ao and Ys1; (c) aoand Yez3; (d) R and Yes; () R and Yez3; (f) Yoz and Yer.
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Figure 7. Charts of the maximum values of actual thread take-up function P(¢) for CF 2300M-164M class «Uamato» sewing machine,

when varying the parameter: (a) ao and R; (b) ao and Ys1; () ao and Yez; (d) R and Yes; (e) Rand Yoz (f) Yezand Yer.
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Figure 8. Nomogram that determines value of NTTM parameters adjustment for sewing machines: (a) W562-05BB class «Pegasus»
(a0=0 degr., Ys2.3=0 mm), (b) CF 2300M-164M class «Uamato» (ao=0 degr., Ys2=-4 mm).

The impact of parameter Y2 for CF 2300M-164M
class «Uamato» (Fig. 5 (d)) is also similar to the
impact of parameter Yez3 for W562-05BB class
"Pegasus" machine (Fig. 4 (d)). However, the impact
of parameter Yz (Fig. 5 (d)) is less important, since
thread receiver with I-shaped thread guide forms only
one new branch of thread take-up circuit in a certain
period. An increase of horizontal linear part on P(¢p)
function chart is observed (Fig. 5 (g)) at the maximum
values of Ys2 parameter.

The certain parameter value was determined by its
varying, at which the greatest matching between
values of function P(¢) and values of required thread
take-up function P"(¢) was observed.

For investigation purposes of the impact of two
selected parameters (with fixed values of other
parameters), the actual thread take-up function P(¢)
was analyzed for its maximum value Pmax at ¢@=rr.
Pairwise influence of parameters on maximum value
of the function P(¢) was performed for this purpose,
which is illustrated by maximum response surface
(Fig. 6, 7) accordingly W562-05BB class «Pegasus»
and CF 2300M-164M class «Uamato» sewing
machines models.

Parameters values were chosen as ao=Tr, Yc2-3=0 mm
and Ye2=0, respectively, for W562-05BB class
«Pegasus» and CF 2300M-164M class «Uamato»
sewing machines, with such values, the thread take-
up law is closer to the values of required thread take-
up function (Fig. 4 (a,d) and Fig. 5 (a, d)).

Analysis of the combined impact of a0 and R
parameters (Fig. 6(a), 7(a)) shows that the value of
parameter ao has greater impact on maximum of P(¢)
function than value of parameter R, while certain
regularity is observed for NTTMs of both sewing
machines. Thus, when varying parameters ao and Yer
(Fig. 6(b), 7(b)) and a0 and Yez-3 (Fig. 6(c)) and ao and
Y2 (Fig. 7(c)) more significant change in function
maxima is observed. At the same time, pairwise
changing of parameters Y23 and Ysz with other
parameters (Fig. 6(c,e,f)) and (Fig. 7(c,e,f)) on
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function maxima retains the weight of its influence,
thus the variation of its values leads to significant
increase or decrease in values of function maxima.
Pairwise variation of Yss parameter values with ao
parameters (Fig. 6(b,d), 7(b,d)), R (Fig. 6(a,d,e) and
Fig. 7(a,d,e)) is more significant than the individual
impact of these parameters. Thus, the greatest effect
on function maxima is observed when varying
parameters Yez3, Yez, ao, slightly smaller effect is
observed when varying the parameter Ys1, and weak
effect has R parameter.

As a result, for each needle thread take-up
mechanism of sewing machines, the optimal range of
adjustment of its parameters was established.

Based on conducted analysis, nomograms (Figure 8)
were developed, by using them it is possible to
quickly and efficiently adjust needle thread take-up
mechanisms of machines investigated in the work,
depending on the technological parameters of
technological process operations, particularly
material thickness, stitch length and thread type.

Considering the fact that properties of «kapron»
elementary and «kapron» complex threads are
similar, parameters for these threads are selected
accordingly to the «kapron» curve. Thus, when
selecting adjustable NTTM parameters, the type of
thread is taken into account by changing take-up
amount of the thread for specific needle using
adjustable parameters according to G11-13.

The procedure of nomograms usage is following.

Determining P'(m, t) function maximum by given
value of material thickness m depending on stitch
length t (Figure 8). For this, firstly it is necessary to
determine value of the parameter R, at which P'(m, )
function maximum value is reached for both uttermost
needles, then to determine value of the parameter
Ys11-13 for each needle. This approach relates to the
fact that thread receiver T7 is shared between all
needle threads and value of the parameter R will be
the same for all of them. The obtained point, which
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corresponds to the maximum value of P'(p), is
transferred parallel to abscissa axis on the curve of
function P(G1) maximum of the corresponding thread.
Based on the obtained value of function P(G1)
maximum, the parameter G+ is determined. To set the
parameter R, it is necessary to transfer obtained point
to R(G+1) curve, and determine parameter R from it. In
the case when value of the parameter R is outside
nomogram’s range, its value is accepted as maximum
or minimum. The values of parameters ao, Y623, Yoz
are set individually for each machine.

CONCLUSIONS

1. As a result of the conducted research, it was
established that the control parameters can be
divided into those that are responsible for changing
the law of thread take-up Y2, Ye23 or the amount of
thread take-up Ys1, R and ao. Varying of parameter
ao of the thread receiver T1 leads to a change in both
amount of thread take-up and law of the actual thread
take-up function P(¢).

2. It was found that nature of the thread take-up law
is influenced by the type of thread guide, at the
position of U-shaped (Ys2-3) thread guide within the
thread receiver T at its extreme position, that allows
to reach horizontal section with certain length of the
P(®) function curve. At the same time, in order to
achieve this value when using an I-shaped thread
guide, the Ys2 parameters must be significantly
larger.

3. The developed nomograms allows to set
adjustable parameters values of the thread take-up
mechanisms, which provide optimal conditions for the
process of stitch formation, depending on the given
technological indicators.

4. The application of these recommendations in
production will significantly reduce the time spent on
machine reconfiguration for other technological
operations.

5. The proposed method can be used at development
of similar recommendations for chain stitch sewing
machines of other classes and purposes.
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AIMS AND SCOPES

“Vlakna a Textil” is a peer-reviewed scientific journal serving the fields of fibers, textile structures and fiber-based pro-
ducts including research, production, processing, and applications.

The birth of this journal is connected with three institutions, Research Institute for Man-Made Fibers, Svit (VUCHV),
Research Institute of Chemistry of Textiles (VUTCH) in Zilina and Department of Fibers and Textiles at the Faculty of
Chemical Technology, Slovak Technical University in Bratislava, having a joint intention to provide, utilize and depo-

sit results obtained through the research, development and production activities dealing with the aforementioned
scopes. ,Vlakna a Textil* journal has been launched as a consequence of a joing of existing magazines ,Chemicke
viddkna* (VUCHV) and , Textil a chémia® (VUTCH). Their tradition should provide a good framework for the new journal
with the main aim to create a closer link between the basic element of the product - fibre and its fabric - textile.

Since its founding in 1994, the journal introduces new concepts, innovative technologies and better understanding of
textile materials (physics and chemistry of fiber forming polymers), processes (technological, chemical and finishing),
garment technology and its evaluation (analysis, testing and quality control) including non-traditional applications,
such as technical textiles, composites, smart textiles or garment, and nano applications among others. The journal
publishes original research papers and reviews. Original papers should present a significant advance in the under-
standing or application of materials and/or textile structures made of them.
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