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Abstract. The relevance of the research lies in the need to develop accurate and effective methods for designing
swimwear bras, considering the elastic properties of modern knitted fabrics, which will enhance the comfort and
quality of the products. The purpose of the study was to develop a method of adjusting the size of the bra cup
to the amount of stretching using the method of geodetic parallels. The study employed methods of mathematical
modelling for the development and optimisation of swimsuit bra cups design and analysed the mechanical properties
of knitted materials. The study identified representative groups of elastic knitted fabrics based on the analysis of their
tensile characteristics. Two primary groups of fabrics were identified based on their fibrous composition: the first
group consisted of polyamide threads blended with elastane, while the second group comprised polyester threads
combined with elastane. Anthropomorphic factors affecting the inaccuracies in the unfolding of the hard surface
of the cup have been identified. Recommendations have been developed for transforming the rigid unfolding into
a soft shell of moulded cup parts, considering discrete elongations of knitted materials. The soft-shell construction
method was based on recalculating the main dimensions of the cup, taking into account the deformation
coefficients of the materials. The effectiveness of the proposed method was confirmed by comparing the deviation
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areas of the moulded cup sweeps of the basic design. The deviation of the area of 3.56% indicated the compliance
of the rigid sweep with the breast surface. Mathematical models of modification methods for four types of bra
cup separation have been developed. The practical value lies in the use of an effective method of designing
swimwear bras that ensures precise fit and comfort by considering the elastic properties of knitted materials

Keywords: knitted fabric; bathing suit; fibrous composition; tensile characteristics; cup articulation; modification

methods

Introduction

Modern trends in consumer behaviour and the high
competition in the swimwear market require new ap-
proaches to traditional design technologies that consid-
er the relationship between the consumer’s body shape
and the corresponding bra model. The development of
swimwear bras is a challenging task due to the wide
variety of materials used and the structural require-
ments for the parts, which must provide comfort, sup-
port,and enhance the aesthetic appearance of the body.
The trend of using object dimensional control methods
discussed in the study by Y. Tian & R. Ball (2020) ex-
panded the possibilities for accurately reproducing the
top part of the bra based on a moulded cup proposed
by Z. Zhong et al. (2023). A strong correlation between
the dimensional features of the cup and the product
size, according to Y. Zhao (2024), allowed the use of a
measuring bra to create a three-dimensional geometric
model and simulate the material properties.

Apromising area for creating arigid shell of a mould-
ed cup was the use of adaptive 3D printing technolo-
gy, which was based on the principle of layer-by-layer
growth of a solid object (Polishchuk et al., 2023). The
study by M. Riabchykov et al. (2023) proved that the use
of 3D body scanning allowed creating accurate digital
copies of the body, which significantly improved the
process of developing clothing, ensuring accurate con-
sideration of anatomical features.

The widespread use of three-dimensional scanning
to build three-dimensional clothing was analysed in the
study by H. Xie & Y.Zhong (2019). Replacing the contact
measurement with scanning simplified the technology
of virtual reproduction of the body surface by introduc-
ing it into the mesh frame. A plausible model for pre-
dicting and controlling the levels of clothing fit based
on neural networks with the definition of tolerances in
clothing for pressure parameters and mechanical prop-
erties of fabrics measured in a 3D-virtual environment

were considered in the study Z. Wang et al. (2021). The
model predicted the quality of free and tight fit from
the position of the silhouette. However, the comparison
with classical models of linear regression and reference
vectors was not persuasive.

3D models of women’s swimsuits were used as a
database to illustrate the effectiveness of a clothing
design system based on the interactive genetic algo-
rithm (IGA) and the fuzzy clustering method (FCM) in
the study by T. Zarezade & P. Payvandy (2019). The ap-
plication of the FCM method simplified the sorting of
the model range by comparing the similarity of compo-
sitional features according to style decisions, however,
the modelling effect of shaping body parts significantly
depends on both the design and the materials, as prov-
en by A. Slavinska et al. (2020).

The comfort of a swimsuit required specific mate-
rials due to being in both the water environment and
outdoors. The social determination of the attributes of
using a swimsuit also affected gender differences in
women’s attitudes towards the uniqueness of swimsuit
items both in material and design. The purpose of this
study was to develop a method for adjusting the size of
a bra cup to the amount of stretch using the geodesic
parallel method.

Materials and Methods

For experimental studies of the fibrous composition
of knitted fabrics for bathing suits, 300 samples from
well-known manufacturers have been analysed. Two
groups of ratios of fibrous composition of cloth were
revealed: Group 1 was the combination of polyamide
threads of RA with elastane EA (86%); Group 2 was the
combination of PE polyester yarns with EA elastane
(14%). Fibrous composition of RA 80+ 5; EA 20+ 5 oc-
cupied 36.4% of the sample. Type of weave and surface
density in the ratio groups were given in Table 1.

Table 1. Structural characteristics of knitted fabrics for bathing suits

Surface density, g/m? Total frequency of occurrence of weaves
Type of weave

155%5 165%5 175%5 1855 195#5 2055 pcs. %
rib knit fabric 0 8 47 43 98 32.7
interlock stitch structure 8 33 90 49 8 0 188 62.6
others 2 3 6 3 0 0 4 4.7

total surface pc. 10 36 96 60 55 43 300 -
density % 33 12 32 20 18.4 14.3 100

Source: developed by the authors
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The weight distribution of different weave types
within the fabric groups, categorised by surface density,
was illustrated in Figure 1. This graph highlighted the
predominance of the interlock stitch structure across
the tested samples, which constituted 62.6% of the total
fabrics. Rib knit fabrics made up 32.7%, while other less
common weaves account for only 4.7%. The figure clearly
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demonstrated that fabrics with interlock stitch structure
dominate in surface densities ranging from 165 g/m?
to 185 g/m?, indicating their prevalence in materials
designed for swimwear applications. In contrast, rib knit
fabrics were primarily concentrated in the higher density
range of 195 g/m? to 205 g/m?, which may be attribut-
ed to their increased durability and structural stability.
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155%5 1655 175%5 185%5 195#5 205%5
Surface density, g/m2
——rib knit fabric = interlock stitch structure others generalised

Figure 1. Graph of the distribution of the type of weave in the structural characteristics of a knitted fabric

Source: developed by the authors

Statistical characteristics of the distribution curve:
arithmetic value = 175.5 g/m?; standard deviation
S =8.81; Pearson coefficient y? = 3.78; the asymmetry
coefficient y, = 1.13, and the coefficient of variation
Y, = 1.43 determined the choice of the base fabric for
standard studies of the physiological properties of the
swimsuit bra (DSTU 2319-93, 1995). This is a knitted
fabric with a weave of interlock stitch structure and a

surface density of 175.5 g/m?; fibrous composition -
PA 80 EA 20; number of looped columns - 230 (horizon-
tally), 270 (vertically); height looped step - 0.43, height
looped row - 0.43; thread length in the loop - 1.93 mm.
The classification features of a bathing suit are the
completeness of the items, the established names of
the swimsuits, the construction of the bra, the presence
of divisions in the details (Fig. 2).
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Figure 2. Classification of bathing suits by bra construction

Source: developed by the authors

According to the standard method of research
on the explosive machine RT-250 used samples
of 100 x 50 mm with a different surface thickness
(DSTU 3045-95,1996). The recommended duration of the
ripping of the strips was 45-75 s, depending on the struc-
tural characteristics of the materials and their fibrous

composition. The results presented in Table 2 summa-
rised the statistical characteristics of discontinuous
elongation along the looped columns and rows. Specifi-
cally, the table provided data on the magnitude of elon-
gation, standard deviation (S), coefficient of variation
(Cv),and margin of error (ME) for each tested fabricgroup.
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Table 2. Statistical characteristics of the discontinuous elongation of knitted fabrics

2 . Magnitude of the discontinuous elongation
5o Fibrous Surface
&3 composition, %, | Weave type density, g/ Along the looped columns Along the looped rows
2 5 m, £5 Tmm | Smm | O | ME% | ¥ mm | Smm | O | ME%
1 PA70 interlock stitch 155 955 | 247 | 258 | 174 | 16125 | 286 | 177 | 202
EA 30 structure
2 PA70 interlock stitch 165 11247 | 348 | 31 | 220 | 17787 | 324 | 182 | 205
EA 30 structure
3 PA 80 interlock stitch 175 15658 | 264 | 169 | 187 | 15508 | 324 | 209 | 229
EA 20 structure
4 PA 80 interlock stitch 185 18207 | 254 | 139 | 161 | 15287 | 294 | 192 | 186
EA 20 structure
5 Eﬁ 38 fib knit fabric 195 15217 | 206 | 135 | 146 | 1380 | 201 | 146 | 142
PA 90 o
6 e fib knit fabric 205 11047 | 327 | 296 | 207 | 17807 | 333 | 187 | 211

Source: developed by the authors

Analysis of the graph of variation of the coeffi-
cient of variation Cv (Fig. 3) showed that the largest
deviations of the discontinuous elongation from X base
density have 1, 2, and 6 groups of surface density. This
indicated the heterogeneity in the elongation properties
of these fabric groups, likely due to differences in their
fibrous composition and structural characteristics.

Figure 3 illustrated the relationship between the
coefficient of variation Cv and the surface density

=

groups of knitted fabrics. The data pointed on the graph
represent the values of Cv for each tested group, high-
lighting the variability within the samples. Groups 1
and 6 exhibited higher Cv values, which corresponded
to a broader dispersion of elongation data, indicating
less uniform behaviour under tensile stress. In contrast,
Group 3 demonstrated a nearly normal distribution,
as evidenced by the low Cv, making it the most stable
group in terms of elongation characteristics.
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Figure 3. Dependence of the coefficient of variation Cv on the group of knitted fabrics under study

Source: developed by the authors

To determine the change in the size of the parts on
the threads of the loop columns and rows was used the
coefficient of proportional elongation Cp.el:

Cp.el= & 1)

Lo’

where L, - index of strength elongation for the first
group of fabric; L, - indicator of strength elongation for
the base group of the fabric. The coefficient of change
of the sizes of a pattern considering the structural
characteristics of a knitted fabric was given in Table 3.

Table 3. Coefficient of change in the size of the pattern depending
on the structural characteristics of the knitted fabric

Number of fabric group

Value of the coefficient, Cp.el
1 2 3 4 5 6
by looped columns 0.61 0.72 1.0 1.16 0.97 0.71
by looped rows 1.04 1.15 1.0 0.99 0.89 1.15

Source: developed by the authors
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Evaluation of strength characteristics for compli-
ance with the requirements of elasticity in ensuring the
physiological and hygienic properties of the swimsuit
(Table 2) was performed using the triangle method,
built on three axes located at an angle of 120° (Fig. 4).
The plotted points represent the values of the elasticity
parameters for each fabric group, and their positioning
within the triangular field indicates the balance of ten-
sile deformation in these directions. Fabrics that exhib-
it balanced elasticity properties fall closer to the centre
of the triangle, while those with pronounced anisotropy
(higher elasticity in one direction compared to others)
deviate towards the triangle’s edges.

e 165%5

175%5

e 1855

e )05%5

Lrow, % Lcol, %

Figure 4. Determination of complex elasticity of six
groups of knitted fabrics by the triangle method
Source: developed by the authors

A comprehensive study of the elasticity of knitted
fabrics from Groups 2, 3,5, 6 confirmed their belonging
to the fabrics with a deviation of elastic deformation
within 2... 5% in relation to Group 3. The state of skew
before the appearance of folds in the fabric is called
critical, and the angle between the loop rows and col-
umns is called critical angle ¢. The smaller the angle ¢,
the higher the ability of the fabric to shape.

Engineering methods based on the approximation
of unfolded surfaces with a sufficiently high degree of
accuracy in the shell, which was strictly coordinated
on the surface, take into consideration two principles
(Kdmmerer, 2024):

» methods of Chebyshev scans from mesh materials
for the formation of the surface lining;

* replacement of the unfolded surface with unfold-
ing sections.

Since the shape of the cup surface was set by a
rigid model of the shape of the breast, the equilibrium
state of the lining provided a method of geodetic par-
allels (Fig. 5), which preserved the changed network
angle during the transition to the state of UV-grids
(Fan et al., 2024).
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Figure 5. Reproduction of the shape of the breast
by the method of geodetic parallels
Note: a - geodetic coordinates of points in the shell of a spherical
surface; b - change in the area of the scan during the skew
of the fabric threads
Source: developed by the authors

The property of changing the network angles when
converting flat knitwear into a lining state was called
moulding. It was accepted to estimate formation not by
a networking angle ¢, and an additional angle fmax:
Bmax=90°- ¢. fmax depended on the structure of the
material and the type of equipment. The non-uniform-
ity of the change of ¢_, as the tensile deformation in-
creases both along the loop rows and along the loop
columns was illustrated in Figure 6.
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Figure 6. Change in the ability of the canvas to skew
Note: a - in a transverse; b - in a longitudinal tension

Source: developed by the authors
The process of warping the fabric was described by
equation (Bobrova et al., 2018):
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1 1
cos¢p = 2oz

()

1

(1£Ey)?

A+E)* -1,

where ¢ - angle between the loop rows and columns,
deg; Ex - relative deformation of the fabric along the
loop rows that accompanies the skew; Ey - relative
deformation of the fabric along the looped columns,
which accompanied the skew; Eg - relative deforma-
tion of the web in the diagonal direction, when the
fabric was skewed. Consideration of the pressure on
the body and changes in the wear resistance of the
web to assess the moulding properties of practical im-
portance were tensile deformations Ex from 0 to 0.3,
Ey from 0 to 0.15.

If the error of the corners in the shells of knitwear
was assumed to be permissible+1.5° based on the ac-
curacy of the calculations, the intervals of indifference
of the forming indicators will be equal to: AB =% 1.5%,
AC=%6.0°, Aux=Au==0.07. These average values of

the formed indicators were used to characterise all the
fabrics of the group. Therefore, when designing knitted
products by the method of shells, it was advisable to
obtain a shape skewed in combination with uniaxial
transverse tension of the fabric.

Since the bathing suit was made on the basis of un-
derwear, the initial data for the construction were simi-
lar to corsetry. The construction of the swimsuit bra was
based on the construction of the general-purpose bra,
which ensured the formation of the breasts. As the bra
determines the shape and location of the breasts, its
construction was closely related. Classification features
of the construction formation of the moulded cup as a
prototype of the breast were the indentation and in-
ternal divisions, which determined the model decisions
of the cup relative to the neckline. The results of the
analysis of structural types of the top of the moulded
cup were presented in Table 4.

Table 4. Analysis of the construction features of the moulded cup top

Sketch of a model of the moulded cup top
type 1 type 2 type 3 type 4
Quantitative indicator @ @ ® Q 5
pcs. 38 72 71 65 246
Total val
ot vaide % 15 30 29 26 100

Note: type 1 - vertical relief; type 2 - vertical or horizontal indentation; type 3 - horizontal relief; type 4 - drapery

Source: developed by the authors

The most common types of cup divisions were verti-
cal relief and indentation - 45%, horizontal relief — 29%,
drapery at the bottom of the bra - 26%. Model of mould-
ed bra cup, size 75B corresponded to size 158-88-96
according to DSTU ISO/TR 10652:2006 (2009) and
hemispherical shape of the breast. In the direction of
division, the original deployment lines, in order to re-
duce the values of skew angles, should be allocated in
the form of geodetic lines: the X axis passed through
the point O (convex point of the nipple) parallel to the
neckline, the Y axis - through the point O perpendicu-
lar to the X axis. Thus, the bra cup was divided into four
structural zones within a Cartesian coordinate system,
which characterised the anthropometric correspond-
ence to the shape of the breast: the upper part of the
cup -1 and Il zone, the lower part of the cup - Il and IV
zone, the front part of the cup - Ill and IV zone, the side
part of the cup - | and Il zone (Fig. 7).

neckline Y

Figure 7. Constructive zones of the bra cup

in the Cartesian coordinate system
Source: developed by the authors
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The accuracy class of deployment was determined
by the step of the location of geodetic lines relative to
the original axes of deployment, which in study was
equal to 10 mm. To build a scan with a vertical relief
(type 1), it should connect the cells in the form of trans-
verse stripes relative to the axis B, starting from the arm-
hole of the cup in zone Il — with the transition to zone IV
and respectively in zone Il - with the transition to zone
| (Fig. 8, a). For vertical indentation (type 2), the construc-
tion of the scan can be started from the vertical geodetic
line (Y axis) in the directions of the cup edges (armhole,
front), connecting the cells in transverse strips (Fig. 8, b).

Figure 8. Drawing of a cup scan with a vertical
articulation of the top
Source: developed by the authors

For horizontal division, the construction of the
scan started from the horizontal geodetic line (X-axis),



connecting the cells in the form of longitudinal strips.
To scan the horizontal relief (type 3) longitudinal
strips of zones were formed by connecting cells from
the neckline to the geodetic line of the X axis, longitu-
dinal stripes of zones Il and IV were obtained by con-
necting cells from the X axis to the edge lines relative
to the Y axis (Fig. 9). The option of forming a geodetic
indentation (type 2) considered the minimum devi-
ation of the contours of the zone from the geodetic
lines of the X, Y axes.

Figure 9. Drawing of the cup sweep with a horizontal
division of a bra top (type 3)
Source: developed by the authors

To form draperies in a certain area, the construction
should be started on the opposite side of the cup from
the location of the drapery, using techniques for con-
structing a scan with vertical relief for draperies from
the armhole (Fig. 10, a), techniques for modelling hori-
zontal relief - for draping from the bottom (Fig. 10, b).
Figure 10 illustrated two approaches to constructing
draperies on the cup top. On Figure 10 (a), the method
for creating draperies starting from the armhole was
demonstrated. The scan was formed by connecting
cells in vertical stripes, ensuring a smooth transition of
relief folds across the cup surface. This approach was
particularly suitable for designs emphasising vertical
symmetry and structural stability. Figure 10 (b) showed
a technique of forming the horizontal drapery, where
cells were connected longitudinally, starting from the
lower edge of the cup. This method created a softer
visual effect and was commonly used for aesthetic en-
hancement in the lower section of the cup.

Slavinska et al.
37

Figure 10. Drawing of the sweep of the cup top
with drapery (type 4)

Note: a - from the armhole; b - from the bottom
Source: developed by the authors

The presented data and graphical illustrations
comprehensively highlight the structural and mechan-
ical characteristics of the tested fabrics, emphasising
the relationship between surface density, weave type,
and elasticity parameters. The developed drawings of
the bra cup design with different types of division (ver-
tical, horizontal, drapery) provide flexibility in choosing
design solutions, in particular, considering the charac-
teristics of the fabric and anthropometric parameters.

Results and Discussion

The results focused on identifying optimal fabric char-
acteristics, analysing deformation properties, and cre-
ating mathematical models to ensure precise fit and
comfort. The interlock stitch structure fabric was se-
lected for approbation of the engineering method of
the construction in the sample, which belongs to the
third group of elasticity (L 2 100 mm). According to the
set of combinations Ex, Ey using the graph of skew lines
(Fig. 8) determined the relative deformation of uniaxial
transverse Ex and longitudinal tension Ey. The coordi-
nates of new points were found using the equation:

Xi = Xoi(1 £ Ex),Yy = Yoi(1 £ E)), ©)

where X, Y, - new coordinates of points; X , Y, - initial
coordinates of the points.

The results of calculations Ex, Ey, Xi, Yi were given
in Table 5.

Table 4. Results of calculations Ex, Ey, Xi, Yi

Zone number Ex; X, mm Ey, Y, mm E
| -0.016 0,=0; Xlxj 2%% =98 0.05 vl E o, 79.2°
I -0.009 070X =35 %, = 88 0.03 v -~ \\((31: 2. 97.20
1 -0.012 0= 0295 X =85 0.04 Y(23==3(.)§;Y\?==0;5 80.0°
v -0.043 0,=0;X,=9.3;X,= 0 0.14 0,=0;Y,=0;Y,= 81 109.1°

Source: developed by the authors

The resulting points, calculated based on the
relative deformations Ex and Ey, were connected
by smooth lines to form the contours of the top de-
tails of the moulded cup. These contours accurately

reflect the deformation characteristics of the fabric
under transverse and longitudinal tension, ensur-
ing a precise fit of the moulded cup to the body. The
data presented in Table 6 summarised the calculated

Commodity Bulletin, 2025, Vol. 18, No. 1
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coordinates X, and Y, for each zone of the cup, derived
from the base measurements and adjusted for the ma-
terial’s deformation properties. The drawing of the soft
scan, illustrated Figure 11, highlighted the adjusted
contours, which ensure the cup maintains its intended
shape and fits comfortably. By incorporating deforma-
tion coefficients into the design process, the resulting
scan achieves a balance between aesthetic appeal and
functional performance, particularly in terms of elas-
ticity and comfort. This approach enhanced the overall
quality and precision of the moulded cup construction,
making it suitable for applications in swimwear and
other garments requiring complex 3D shapes.To test
the resulting construction in the sample seam allow-
ances were added to the templates, the details were
cut out, the parts were sewn together and placed on
the moulded cup, checking the conformity of the con-
tours and the shape of the top of the moulded cup sur-
face. To determine the limit values of the parameters

of the forming elements, namely the indentations, the
obtained scans of the elementary sections were ori-
ented in the basic grid of drawings of the basic struc-
ture relative to the lines passing through the nipple
point. Slice lengths were measured along these lines
in the base structure and rigid scan structures (Ta-
ble 6) to within*1 mm.

Figure 11. Drawing of the modified cup construction
Source: developed by the authors

Table 6. Determination of the sections’ lengths of the of the divisions of the cup in the base construction (BC)
and the matrix construction (MC) of the rigid scan of the moulded cup

Cut length, cm Deviation of the length of sections of
Name of the scan option BC MC RSS BS, %
X y X y y
Scan of the cup top with vertical relief 18.8 14.7 18.8 14.7 0 0
Scan of the cup top with horizontal relief 18.8 14.7 18.4 13.8 2.1 6.1
Scan of the cup top with a dart 18.8 14.7 18.5 14.5 1.6 1.2
Scan of the cup top with drapery 18.8 14.7 19.2 14.5 2.1 1.2

Source: developed by the authors

The error in determining the length of the curve,
when replacing it with a broken relative to the original
horizontal was determined by the equation:

_ lpc—Xlmc 0
b, = T X 100%

: (4)

where [, - horizontal length of the BC at the level of the
nipple point, cm; [, . - length of the matrix construction
at the level of the nipple point, cm. The error 6, for rig-
id scans of the matrix structure was respectively 0.75%,

which does not exceed 2%. The rationality of the con-
struction was investigated by comparing the areas of
deviation of the darts formed on the surface and shown
in Table 7. The deviation of the sum of the areas of de-
viation of the darts was determined by the equation:

8¢ = SBe-LSME 10004, 5)
SBC
where S, - area of the base structure,cm?; S, - area of

the matrix structure, cm?.

Table 7. Determination of the divergence areas of the cup darts in the matrix construction of the scan

Basic construction (BC) of knitted fabric, sm?

Matrix construction (MC) of the scan, sm?

Deviation of areas, %

16.85

16.27

3.56

Source: developed by the authors

The sum of the areas of darts in the MC was less
than the area in the BC within 5%, which does not
exceed the value of the error established for light in-
dustry. Therefore, MC was more rational for transfor-
mation into a model construction The results of the
study using a rigid shell to build a matrix structure
of the moulded cup of the breast confirmed the con-
formity of the original surface, and the soft shell was
built by recalculating the control measurements by

Commodity Bulletin, 2025, Vol. 18, No. 1

the values of tensile strain coefficients. According to
the results of the analysis of modified rigid scans in
the corresponding type of model construction of the
cup top, the corresponding mathematical models of
MM were obtained, which described the analytical
dependences of a general look on the values of de-
sign parameters. Examples of mathematical models
describing the modification functions of 4 types of
construction were given in Table 8.
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Table 8. Mathematical models for modifying (MM) the types of design solutions on the top of the moulded bra cup

F16 - design of vertical division

Modifying function Conversion scheme Mathematical model
Pud = Co + A
P ,=Cl+A
Type 1 ldA =5A

P, - the slope of an upper dart
P, — the slope of a lower dart

F16 - design of horizontal division

Type 2
F13 - distribution of the slope of the darts C1=C1+A
in a typical place of formation
Pfd=C0+A
P=Cl+A
Type 3 MA=2A.

P - the slope of a forefront dart
P, — the slope of a lateral dart

Type 4
F14 - conical extension of the part
for draping

&) DN

C1=1,=C,+A

L4 - the slope ofaI lateral dart

Note: C1 - the value of the i-th section of the structure obtained by transforming the BC; Co - initial length of the contour of the i-th

section of the BC; A - the slope of the dart
Source: developed by the authors

The use of modern digital tools for developing
computer-based 3D models of moulded bra cups ac-
cording to gradation parameters significantly reduces
the preparation time for 3D printing of inserts, ensuring
an aesthetic breast shape. Additionally, digital technol-
ogies enable the creation of a graphical representation
of the modification process for four types of moulded
bra cup designs, followed by simulation fitting on a 3D
model, which facilitated the optimisation of structural
solutions. This process provided a comprehensive un-
derstanding, of how different materials and design fea-
tures interact, allowing designers to achieve superior
results, while minimising errors and material waste.

In the study by H. Han et al. (2020), a method for de-
signing swimwear patterns based on the anthropometric
characteristics of the consumer was proposed. However,
the material properties, which were crucial for ensur-
ing proper fit and comfort, were not considered in their
approach. The study by E.D. Kocak et al. (2024) focused
on analysing the properties of fabrics used for swim-
wear, highlighting their mechanical and elastic char-
acteristics. Nevertheless, the design and construction
aspects of swimwear products, such as bra cups, were
left unaddressed, limiting the practical application of
their findings in comprehensive garment development.

The authors Y. Sun et al. (2019) proposed a person-
alised modelling system for bra cups and the human
body using the finite element method. While their re-
search offered valuable insights into the geometric and
structural aspects of bra cup design, it does not take
into account the material properties, which significant-
ly influence the deformation and wearability of the final
product. X.Wen et al. (2022) analysed the visual percep-
tion of bras based on their main structural elements,
focusing on aesthetic and perceptual characteristics

without addressing technical and functional properties.
In contrast, this study focused on adapting the design
of swimsuit cups to the elastic properties of knitted
materials to ensure fit accuracy and comfort.

B. Baidak et al. (2023) discussed the use of 3D body
scanning to create customised bras, focusing on the
use of digital technology to improve design accuracy.
In contrast, this study focused on adapting the design
of swimwear cups to the elastic properties of knitwear
materials, which ensured comfort and precise fit. The
study by J. Zhou et al. (2023) explored the relationship
between the design attributes of sports bras and the
perception of their comfort among elderly women, fo-
cusing on social and anatomical aspects without ad-
dressing the technical aspects of design. In contrast,
this study emphasised the adaptation of swimsuit cup
constructions to the elastic properties of knitwear ma-
terials to ensure precise fit and comfort.

In the study by J.C.L. Lépez et al. (2024), a method
for classifying swimsuit fit on the body was presented,
with a focus on utilising artificial intelligence to ana-
lyse fit parameters. In contrast, this study emphasised
the adaptation of swimsuit cup designs to the elastic
properties of knitted materials to ensure precise fit.
Both papers aimed to optimise garment design; howev-
er, the researchers focused on Al tools, while this study
highlighted the physical and mechanical properties of
materials. C.Malbon et al. (2020) investigated the impact
of breast size and bra type on the comfort of female
police officers in the UK, while wearing body armouir,
focusing on ergonomics and comfort in specific oper-
ational conditions. This study focused on adapting the
design of swimsuit cups to the elastic properties of knit-
ted materials to ensure a precise fit and comfort with-
out addressing the broader technical aspects of design.

Commodity Bulletin, 2025, Vol. 18, No. 1



Adaptive method of designing a swimsuit bra
40

The study by A. Yu et al. (2022) considered the de-
velopment of a bra cups made of three-dimension-
al knitted material based on full fashioned knitting
technology, which allows the cups to be manufactured
seamlessly in one step, starting with yarn. The main
focus was on optimising the production process and
using innovative materials to create a structured and
comfortable cup shape. Both papers were aimed at op-
timising the cup design, but A. Yu et al. (2022) focused
on improving production methods and technologies,
while this paper emphasised on the physical and me-
chanical properties of materials and their impact on
the final fit of the garment.

This study stood out because it focused on adapt-
ing swimwear cup design to the elastic properties of
knitwear materials to ensure a precise fit and comfort,
unlike other papers that emphasised different aspects
of garment design. By placing a strong emphasis on
the interaction between material science and garment
construction, the study provided valuable insights into
the role of fabric stretchability and deformation in
achieving an ideal fit. It highlighted the importance of
integrating materials science into practical design pro-
cesses to achieve optimal fit, comfort, and functionali-
ty, particularly for swimwear, which requires a delicate
balance between support, durability, and flexibility. Fur-
thermore, the research underscored the significance of
precision in the design of moulded bra cups to meet
diverse consumer needs, setting a new benchmark for
the innovative application of engineering principles in
textile design. This approach not only enhanced user
satisfaction, but also introduced a methodology that can
be extended to other categories of functional apparel,
demonstrating the potential for interdisciplinary collab-
oration in advancing garment design technologies.

Conclusions

Classification features of knitted fabrics for bathing
suits are fibrous composition, surface density of loop
rows and loop columns, type of weave. Evaluation
of the complex indicator of elasticity to ensure the
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physiological and hygienic characteristics of the
swimsuit confirmed the feasibility of using as a base
fabric canvas of the third group with a fibrous com-
position of PA 80.5%, EA 20.5% (36.4%) weave inter-
lock stitch structure with a surface density 175.5% g/
m?, with the coefficient of elongation on the loop row
and column Quid = 1. The results of the study ade-
quately characterised the elastic deformation of 4
from 6 groups of fabric samples.

Construction of details’ scans of the top of a
formed bra cup by an engineering method of geodetic
parallels considered types of divisions of bra models
on a sign of reflection of fashion tendencies and ob-
servance of the conditions of preserving the aesthetic
functionality formulated by leading manufacturers. To
verify the morphological features of the shape of the
breast in the configuration of the divisions of the top
of the moulded cup, an experimental test of mathe-
matical models describing four types of internal di-
visions of the cup construction by a rational route of
modification of a rigid scan constructed by a grid of
geodetic parallels. The swerving of the deviation areas
of the darts of the matrix construction of the moulded
cup and the base structure for the knitted fabric was
3.56%. The soft shell was built by recalculating the
main dimensions of the cup according to the values of
the coefficients of tensile strain.

Prospects for further research include the devel-
opment of integrated digital platforms for automating
design processes and optimising designs based on in-
dividual anthropometric data and fabric characteristics.
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AHoTauif. AKTyanbHICTb LOCNILXKEHHS 3YMOBNEHA HEOOXiAHICTHO pO3pPOOKM TOYHMX | ePEKTUBHUX METOAIB
NPOEKTYBAHHA 61OCTranbTePiB A8 KYNanbHUKIB 3 YypaxyBaHHAM €1aCTUYHMX BNACTUBOCTEN CYHYaCHUX TPUKOTAXKHUX
TKAHWH, WO CNpUATUME MiABULLEHHIO KOMDOPTY Ta SKOCTi BUpo6iB. MeTo pocnigxeHHs byna po3pobka metony
KOPUIyBaHHS pO3Mipy 4allku 6OlocTranbTepa BiANOBIAHO A0 CTyMeHs pO3TAryBaHHA 3a A0MOMOroK MeTomy
reofesnyHux napanenen. Y [OCNIOXEHHI BUKOPUCTOBYBANMCA METOAM MATEMATUUYHOrO MOLENOBAHHSA A4
po3pobKM Ta ONTMMI3aLii KOHCTPYKLiT Yalwok OrCTranbTepa KynaibHUKA, @ TAKOX aHaNi3yBalMC MeXaHiuHi
BNACTMBOCTI TPUKOTAXHMX MaTepianiB. BUsHaueHo penpeseHTaTUBHI rpynu enacTMYHUX TPUKOTAKHUX TKAHMH Ha
OCHOBI aHani3y iXHIX PO3TMKHUX XapaKTepuUCTUK. BuaineHo ABi OCHOBHI rpynu TKaHWH 3@ iXHIM BONOKHUCTUM
CKNaAoM: mepla rpyna cknaganacs 3 noniaMigHUX HUTOK Y MOEAHAHHI 3 enacTaHoM, Apyra — 3 noniectepoBux
HWUTOK Y NOEAHAHHI 3 enactaHoM. BussneHo aHTponoMOpdHi YNHHUKMU, L0 BMIMBAKOTb HA HETOYHOCTI Y PO3ropTaHHi
YKOPCTKOi MOBepxHi Yawku. Po3pobneHo pekoMeHaauii Woao TpaHCHOpMaLii KOPCTKOTO pO3ropTaHHS y MKy
06010HKY HGOPMOBaHMX AeTanewn YalKu 3 ypaxyBaHHIM AUCKPETHUX NOAOBXKEHb TPUKOTAXKHUX MaTepianis. MeToa
nobynoBM MIKOT 060N0HKM I'PYHTYBABCS Ha NepepaxyHKy OCHOBHMX PO3MipiB YaLlKK 3 ypaxyBaHHAM KoedilieHTiB
nedopmauii MaTepianie. EQeKTMBHICTL 3aNpONOHOBAHOIO MeTOAY MiATBEPMXKEHO LWASXOM MOPIBHAHHA MOLL
BiAXMNEHHS POPMOBaHMX PO3ropTOK Yallku 6a30BOi KOHCTPYKLUii. BiaxuneHHa nnowi Ha 3,56 % cBigunno npo
BiANOBIAHICTb XOPCTKOTO pO3ropTaHHs NoBepxHi rpyaei. Po3pobneHo MaTteMaTUyHi Mogeni MeToaiB Moaudikauii
L0199 YOTUPbOX TUMIB NOAINY YalKK BrocTranbTepa. [TpakTUYHA LiHHICTb pobOTH NONArae y 3aCTOCYBaHHI ePEKTUBHOMO
MeToAy NPOEKTYBaHHSA BlOCTranbTepiB ANs KynanbHUKIB, WO 3abe3neyye TOHYHY NOCaAKy Ta KOM(OPT, BpaxoByum
enacTUYHi BNACTUBOCTI TPUKOTAXKHMX MaTepianis

KniouoBi cnoBa: TpMKOTaXKHA TKAHWHA; KyMaJibHWUIM KOCTHOM; BOMOKHUCTWUIA CKNaA; PO3TSKHI XapakTepuCTUKM;
YNeHyBaHH$ YallKu; MeToan Mmoamdikauii
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