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MODELING OF TECHNOLOGICAL
PARAMETERS OF FILAMENT JOINTS OF
CLOTHING PARTS FOR PROFESSIONAL
SPORTS FENCING
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1. Introduction

Competitive activity and the motor structure of the
technical and tactical actions of fencing athletes require
certain physical, psychological and intellectual abilities and
skills [1, 2]. Training speed and endurance is the basis of
the physical training of the fencer [3, 4]. The main means
of individual protection of fencing athletes from the possible
traumatic effects of weapons during fights is clothing [5].
With strict observance and implementation of safety and
control measures provided by the rules [6, 7] for weapons,
equipment and clothing, fencers are practically exempt from
the danger of severe pain and power confrontation. However,
the mismatch of the linear dimensions of the clothes to
the dimensions of the surface of the fencer’s body during
sports movements leads to stresses in individual sections
of the clothing and contributes to the seam breaking.

The issue of the quality of the thread connected during
the design of the range of fencing clothes becomes especially
relevant when choosing structural and technological solu-
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tions, depending on the properties of the materials used
and the characteristics of the equipment. After choosing the
processing modes and adjusting the corresponding equip-
ment, strict quality control of operations is necessary for
the maximum deviations from the nominal dimensions of
the finished products. Differences in size with a satisfac-
tory quality of processing should not exceed the range of
permissible deviations or tolerances, it is a condition to
ensure that the clothes correspond to the size and age-
specific group, as well as the so-called «protective zones».

It is known that the main functions of fencing clothes are
facilitated by the use of knitted fabrics, the essence of which
is aimed at improving (except for protective) operational
and technological indicators [8, 9]. However, when stitching
parts made of synthetic materials, which include knitted
fabrics for the manufacture of fencing clothes, deformation
of the material along the seam line is observed, especially
when connecting parts with curved contours. Therefore,
the object of this research is the technological process
of manufacturing clothes for professional sports fencing.
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The aim of research is to develop recommendations on
the selection of rational technological parameters of the
filament joints of fencing clothing to be connected while
maintaining the achieved tensile strength and a certain
level of longitudinal deformation, which does not exceed
the permissible deviations of the main measurements ac-
cording to the time sheet.

2. Methods of research

An analysis of scientific publications shows that the
requirements for filament joints ones depend primarily on
the type and purpose of clothes, and their quality is a com-
prehensive indicator that covers aesthetic, operational,
mechanical and economic groups of properties [10, 11].

Typically, to obtain filament joints with predetermined
properties, researchers solved complex multifactor problems
in order to establish optimal technological modes for their
implementation [12].

The factors that affect the quality of the filament joints are
considered in more detail in [13, 14] and divided into groups:

— by type of weaving and stitch structure;

— by type and properties of the joined materials;

— by type and properties of sewing threads;

— according to the manufacturing technological condi-

tions (number of stitches, tension of sewing threads,

stitching speed, diameter of the sewing needle, pressure
of the foot on the material);

— according to the seam parameters (the number of

joined layers of material, the width of the seam, the

number of thread lines, the seam thickness).

To assess the quality indicators of the filament joints,
organoleptic, measuring, registration and calculation me-
thods are usually used [15]. When predicting the quality
level of the filament joints by an overwhelming majority
of scientists, the influence of one factor or another on the
breaking strength and elongation at the time of breaking
is studied [12—14]. A number of authors in [12, 14] found
that the strength of joints is affected by:

— damage caused by improperly selected modes of ope-

ration of the transport mechanism;

— tension of sewing threads by wet-heat treatment or

by the location of the seams relative to the warp and

weft threads of the applied materials of the connected
parts of the product.

The possibility of improving the previously known cal-
culation methods appeared on the basis of the strength
loops made by the authors in depth studies [16—18]. The
geometric models obtained by the authors of [19, 20] for
the dependence of optimizing factors on the parameters of
the filament joints allow one to choose modes that provide
the expected weld properties and can be used as opera-
tional cards. As it is known, modeling the process of joining
parts of garments using classical methods of mathematical
modeling is quite complicated due to the need to take into
account a large number of factors and establishing quantita-
tive relationships that will determine the expected quality
of the products as a whole [21, 22].

In order to determine the effect of the number of stitches
per 10 mm of stitch on the breaking strength and the lon-
gitudinal deformation of the filament joints of the clothes
for fencing, the authors use mathematical modeling of the
technological process of making step-by-step seams of trouser
stitches using the experimental design method. To achieve

the stated aim, methods are used to determine the breaking
strength and extended deformation of the joints.

3. Research results and discussion

Considering the fact that for a mathematical descrip-
tion of the object of research with the required accuracy
of linear approximation is not enough, the authors ap-
ply rotatable second-order planning (Box plan) [23]. The
breaking strength of the thread connection (y1) is chosen
as the optimization criteria, the factors are the number of
stitches per 10 mm of stitching-sewn stitches (x; — stitch
code 401.504) and the number of stitches per 10 mm of
finishing stitch (xy — stitch code 301). Using the algo-
rithm of actions according to Box plan, a working matrix
is constructed (Table 1, 2), after the implementation of
which the necessary experimental data are established.

Tahle 1
Values of factor levels and variation steps
Variation levels Variation
Factars
-1.414 -1 0 +1 +1.414 steps
X 3.5 4.1 5.5 6.9 7.5 1.4
X2 2.7 2.8 3.3 3.8 4.0 0.5
Table 2
Planning matrix and experiment results
No. of |Planning matrix | Working matrix Breaking Longitudinal
experi- strength of the | deformation of
ment X1 X2 t h seam P, N joints I, %
1 + + 6.9 3.8 1052.0 4.5
2 - + 4.1 3.8 1001.5 -0.5
3 + - 6.9 2.8 948.0 3.0
4 - - 4.1 2.8 928.2 -1.0
5 -1414| O 3.5 3.3 956.7 -1.5
6 |+1414| O 7.5 3.3 987.5 6.0
7 0 [-1414| 55 2.7 937.2 0.1
8 0 |[+1.414| 55 4.0 1068.0 1.0
9 0 0 55 3.3 982.5 0.5
10 0 0 5.5 3.3 982.5 0.6
11 0 0 55 3.3 983.5 0.6
12 0 0 5.5 3.3 983.0 0.5
13 0 0 5.5 3.3 980.2 0.5

To determine the breaking strength and longitudinal
deformation, samples of the knitted fabric of the StM trade-
mark (Kyiv, Ukraine) are prepared, which is used for the
manufacture of fencing clothing of the 2nd level of protection.
The samples are prepared taking into account the direction
of the position of the looped posts and rows in the joined
parts of the step seam of the trousers and using the same
sewing equipment. The number of parallel experiments m=4.

For a full factorial experiment, the selected type of
regression equation corresponds to the dependence:

y(20,2,)=by+b -2+ by 2y +byy - xy x5 +

+ by xf + by - X3,

(1

where by, by, by, byy, byy, by
equation.

— coefficients of the regression
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The experimental results are processed using the
Mathcad software and the dispersion homogeneity
is checked using the Cochran’s criterion (with sig-
nificance level ¢=0.05). In this case, the condition
Gr>Gp is satisfied (0.2880>0.2453). So, the process
is reproducible.

Based on the calculation results, a mathemati-
cal model is developed for the dependence of the
breaking strength on the number of stitches in the
seam-sewn and finishing stitches, which is described
by the regression equation in encoded form:

Tensile strength of the seam P, N

i (201, 20,) =982.588+14.091- v, +45.141- 20, +

+7.938 x,-x,—7.265-x7 +7.982- x3. (2)
The regression equation for natural factors takes
the form:

Ji(t,h)=1070.68+13.412-t —182.798- h +

+11.339-h-t—-3.706-t> +31.926 - h?, 3)
where f; — breaking strength of the seam P, N; ¢ —
the number of stitches in the seam-sewn stitch;
h — the number of stitches in the finishing line.

The regression equations, which are obtained by
approximating the data, adequately describe the de-
pendence that is given above (verified using the
Fisher criterion). The table value of the Fisher test
Fr=2.34. The calculated value does not exceed the
tabular Fr>Fp, i. e. 2.34>1.58 — the model is adequate.

A similar approach is used to obtain equations
describing the dependence of the longitudinal defor-
mation of the seams y, on the number of stitches
in the seam-sewn and finishing stitches with the
same parameters:

— for coded factor values:

Longitudinal deformation of the seam, %

Yo (%1,20,) = 0.550+ 2.467 - x, +

+0.405-x,+0.263- x, - x, +0.887 - x7, (4)

Fig.
— for the natural values of the factors:
/>(t,h)=8.684—4.458-t —1.253-h+
+0.375-ht +0.453 12, 5)

where f, — longitudinal deformation of the joints, %;
t — the number of stitches in the suture-sewn stitch; 2 —
the number of stitches in the finishing line.

At the same time, the process is reproducible: Gr>Gp
(0.2880>0.1142) and is confirmed by the adequacy of the
Fr>Fopoger, 1. €. 2.34>2.31.

Using the obtained regression equations, let’s build the
response surfaces of the developed models of the dependence
of the breaking strength and longitudinal deformation of
the seam on the number of stitches in the lines forming
the step seam of the trousers (Fig. 1, 2).

The obtained mathematical models clearly demonstrate
that an increase in the number of stitches, both in the
seam-sewn stitch (¢) and in the finishing (%), leads to
an increase in the breaking strength of the seam. But
this tendency to improve strength is accompanied by an
increase in the longitudinal deformation of the seams, and
at a certain stage — cutting of knitted fabrics, which ulti-
mately leads to a loss of strength.
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Fig. 1. The diagram of the tensile strength of the seam from
the number of stitches in the lines

25 3

2. The diagram of the dependence of the longitudinal deformation of the seam
on the number of stitches in the lines

It is established that the number of stitches in the
finishing stitch is a significant factor influencing the break-
ing strength of the studied seams, while the longitudinal
deformation of the seams with the same seam parameters
is more affected by the number of stitches in the sewing-
sewn stitch.

To select the optimal parameters, the main optimiza-
tion criterion remains the breaking strength of the knitted
joints, the normative level of which is >970 N.

Since the frequency of the stitch in the finishing stitch
is regulated by technical documentation and is within
(3.0+3.5) stitches per 10 mm, it is advisable to deter-
mine the values of the stitch parameters (¢, £) at which
the longitudinal deformation (5) will correspond to zero.

For h=const=3.3, two values of the number of stitches 7,
are determined at which the longitudinal deformation (5)
is zero: tp1=1.9 and ¢y=5.2.

By substituting the parameters ¢y; and tyy in the equa-
tion for the dependence of the breaking strength on the
number of stitches (4), let’s obtain:

1) h=const=3.3; tp1=1.9: fi(¢, h)=900 N;

2) h=const=3.3; t»=5.2: fi(¢, h)=979 N.
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Since the ultimate strength value is 2970 N, the stitch
parameters according to the first embodiment do not satisfy
a certain condition of the weld strength.

At h=3.3 and fy»=>5.2, the seam strength meets the
requirements and such parameters can be recommended
as optimal.

However, it is practically impossible to achieve exact
observance of the indicated line parameters at the tech-
nological level of modern equipment. It is advisable to
establish rational parameters of the seams that would
satisfy the conditions of the seam strength and the per-
missible deviation of the main measurements according
to the time sheet. Rational parameters of the number of
se in the seams for the materials under study are those
in which the tensile strength of the seam corresponds
to 2970 N, and the longitudinal deformation does not
exceed £2.0 %.

Using the above algorithm for determining the parameters
of the seam, according to equation (5), let’s determine the
number of stitches ¢ at A=const=3.3 and a strain level of
2.0 %: t1=0.9 and »,=6.2.

4. Conclusions

In the course of the study, rational parameters for
the number of stitches in the suture-sewing and finish-
ing stitching lines for the studied materials of fencing
clothes are proposed for which the tensile strength of the
seam is =970 N and the longitudinal deformation does
not exceed +2.0 %, namely: t—(5.0+6.5) stitches/10 mm,
h—(3.0+3.5) stitches/10 mm.

The obtained results prove the possibility of using
mathematical modeling methods to predict the quality
of knitted joints of clothing parts for professional sports
fencing. This approach is of practical importance and can
be applied both at the stage of designing the technology
of manufacturing clothes for professional sports fencing
when choosing processing modes for new materials, and
at the stage of manufacturing and quality control of per-
formed operations.
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