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Abstract:

The article concerns the study on multidirectional drape and bending rigidity of six wool (clothing) fabrics with two
types of adhesive inserts. The aim of research was to investigate the effect of joining woolen fabrics with
“Freudenberg Vilene” adhesive inserts on the bending rigidity and multidirectional drape. The adhesive inserts
were differentiated according to mass per square meter, while the fabrics were differentiated according to thickness,
weave, and mass per square meter. Based on the scientific literature, the issues related to the methods of testing the
bending rigidity and multidirectional drape coefficient were discussed. All the conducted tests were aimed at the
proper selection of adhesive inserts for the designed clothing products. The use of adhesive inserts affects
the bending stiffness and multidirectional drapeability of clothing material. The fabric weave significantly affects
the values of bending rigidity and drapeability. As the thickness of adhesive inserts increases, the overall bending
rigidity increases. The greater the fabric mass per square meter, the stiffer the fabric. As the mass per square meter
and thickness increase, the multidirectional rigidity of fabrics increases. The value of bending rigidity for the plain

fabric is higher compared to twill fabric.

Keywords:

adhesive inserts, multidirectional drape, bending rigidity, clothing materials

1. Introduction

The bonding of garment components with adhesive inserts has
been indispensable in the practice of the apparel industry for
many years. Over the years there has been noticed a develop-
ment and specialization in all fields related to gluing (in the
production of adhesive inserts, thermoplastic agents, and tech-
nical equipment). The technology of gluing requires knowledge
of basic relationships between the parameters of gluing and the
properties of glued parts. Manufacturers pay special attention
to the selection of appropriate adhesive inserts for the type of
assortment produced and the type of material used. The basic
factors determining the quality of the adhesive joint, and con-
sequently, the finished clothing product are the selection of the
right type of adhesive insert for the surface material, the selec-
tion of optimal parameters of gluing process, and good tech-
nical condition of gluing presses [1].

Adhesive inserts are understood to be flat textile products, to
which a thermoplastic agent has been permanently applied in
one of the possible ways, making it possible, when heated to an
appropriate temperature and under appropriate pressure, to
adhere to the surface material [1]. The basic properties of adhe-
sive inserts depend primarily on the properties of the outer
material, the type of thermoplastic agent, the geometric distri-
bution, and the shape of the glue dots on the adhesive insert
surface.

Materials combined with adhesive inserts vary in terms of raw
material composition, manufacturing technology, mass per square

meter, construction, and surface finishing. Outerwear inserts are
the most diverse group. They can be produced by weaving, knit-
ting, or nonwoven techniques with different masses per square
meter depending on its purpose. Synthetic adhesives of a thermo-
plastic nature are the most useful for clothing [2]. The ideal ther-
moplastic agent must be inexpensive, suitable for all application
methods and all face materials, and provide good bonds resistant
to maintenance treatments. Such a universal agent has not yet
been invented. Fabrics made of natural silk or with the addition of
silk yarns, materials with unstable shrinkage, materials that are not
resistant to the pressures used in the bonding process, materials
printed or dyed with dyes that are easily sublimated, and materials
with a very loose structure are not suitable for backing [3].

Flexural stiffness is an important property of textile materials,
especially regarding the comfort of the clothing wearer. In addi-
tion, it influences the aesthetic effect of the garment’s use and,
most importantly, its fit to the wearer’'s body [4]. In the case of
clothing fabrics, their stiffness (rigidity) is strongly related to the
fabric’s ability to make folds [5]. The bending properties of fab-
rics are determined by the bending yarn behavior, the fabric
weave, and the finishing method [6].

Kim and Takatera [7] conducted research on the effect of adhe-
sive means on the shear stiffness of laminated fabrics bonded
with the adhesive fleece. They studied the shear rigidity of face
fabrics with different weave densities and adhesive inserts. It
was observed that the value of shear rigidity of adhesive inserts
and the laminated fabric increases with the increase of adhe-
sive insert mass per square meter.
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Testing fabric bending rigidity is a complex issue due to the
mechanical properties and the interaction between the compo-
nent yarns [8,9]. The fabric bending rigidity is one of the very
important parameters that influence comfort of wearing clothes.
Starting with Peirce’s research [10] in 1930, the bending beha-
vior of fabrics was studied very thoroughly. However, bending
rigidity is one of the most important fabric properties and is an
important factor influencing hand [11]. Moreover, it signifi-
cantly affects the fabric deformability resistance to wrinkling
and crushing [12]. Bending knowledge is very useful, when
trying to automate out-of-plane manipulation processes.
Abbott et al. [13] found that due to the pressures at the inter-
section points, the yarn is composed of alternating flexible and
stiff sections. Therefore, they assumed that the yarn was
arranged in straight lines [13—15]. Grosberg et al. [15,16]
found that the behavior of fabric during bending is non-linear
and that it is divided into two components: frictional resistance
and bending rigidity.

Sadeghi et al. [11] also carried out a survey about the influence
of fabric weave on bending rigidity. They studied the bending
rigidity of woven fabric with different twill (1/2, 1/3, 1/4, 1/5) and
plain structures using an energy method. The obtained results
of bending rigidity show that the plain weave causes the higher
values of bending rigidity compared to twill samples, because
of very close yarn intersections.

Table 1. Characteristics of selected fabrics

Matusiak [4] studied and evaluated the bending rigidity of Seer-
sucker fabrics. She tested nine variants of seersucker fabrics,
which differed primarily in the type of weft yarn (different linear
density of weft yarn). Flexural stiffness was measured using two
measurement methods: the Peirce method (fabric stiffness tester)
and the MOOGSF digital pneumatic stiffness tester. Based on the
results, an analysis of the effect of weft yarn linear density on stiffness
parameters determined by the two methods was carried out. The
obtained results confirmed that the linear density of weft yarn affects
the bending rigidity of fabrics determined by both test methods used.

The purpose of the research carried out was to study the effect
of combining wool fabrics with different adhesive inserts from
“Freudenberg Vilene” on the bending rigidity and multidirec-
tional drape (the properties important, when the clothing is
designed). The adhesive inserts were differentiated by the
mass per square meter only, while the wool fabrics were differ-
entiated by the mass per square meter, thickness, and weave.

2. Materials

Six fabrics were selected for the study. All fabrics used in the
tests were made of 100% wool. They differed in surface weight,
thickness, and weave. Their parameters are given in Table 1.

Name Fabric |

Fabric Il Fabric Il

Photo

Mass per square meter (g/m?) 345 316
Thickness (mm) 1.80 1.30 112
Weave Twill Plain Twill
Name Fabric IV Fabric V Fabric VI
Photo

Mass per square meter (g/m?) 261 236
Thickness (mm) 0.78 0.69 0.72
Weave Plain Twill Plain
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Two adhesive inserts were selected for testing. The first was
designated BVM 60, while the second was BVM 80. The adhe-
sive inserts for testing were provided by “Freudenberg Vilene
Sp. z 0. 0.” (Lodz, Poland). The adhesive inserts used differed
in mass per square meter and thickness. BVM 60 had a mass
per square meter of 66.80 g/m? and a thickness of 0.30 mm,
while the BVM 80 adhesive insert showed a mass per square
meter 84.00g/m? and a thickness of 0.32 mm. Both inserts
were made with the plain weave from polyester yarns: they
were characterized by a black color, the spread of adhesive
points was 52 d/cm? (dots/cm?), and the raw material of adhe-
sive points was polyamide.

The parameters for fixing adhesive joints are: temperature —
124°C, time — 14.0 s, and pressure — 0.3 MPa.

3. Methods

3.1. Determination of drape coefficient according to PN-
1ISO 9073-9:2008 [17]

The instrument shown in Figure 1 consists of movable plate 6, a
support plate 1, pressure disc 2, movable pin 4, light source 8,
lens 7, test specimen 3, screen 5, and frame 9. To carry out the
test, three specimens with a diameter of 200 mm each are cut
from the fabric at a distance from the edges of the fabric. A
circle with a radius of 70 mm is marked on the right sides of
the samples. The sample center and the circle center must
coincide.

8

Figure 1. Device for the multidirectional drape measurement (own
source).
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A measure of multidirectional drape is the drape coefficient Ku.
It is calculated as the quotient of the difference between the
sample area and its projection area and the overhanging
sample area. The Ku coefficient is expressed as a percentage
and can range from 0 to 100%. For rigid products, it will be
closer to 0%, while for flexible products, it will be close to
100%. After the measurements are taken, the following data
are calculated:

S=->S, (1)
1

1
n;

where: S;is the planimetric projection area of the ith sample, m?
and n is the number of samples.

Mutidirectional drape coefficient K,:
Ky = 7r-100%, (2)

where: ry is the radius of the support disc, m; ris the radius of
the specimen, m; S is the mean value of the projection area of
tested samples, m2.

3.2. Determination of the bending rigidity — Peirce’s
method

The bending length was determined for each fabric by Peirce’s
method (Figure 2) according to PN-ISO 9073-9:2008 [17]. Five
samples were tested for each fabric. The samples were cut
from the fabric in the longitudinal and transverse directions.
The strips were (30 mm wide and 300 mm long) [18].

Measurements were taken for the right and left sides of the
sample in two directions — weft and warp. Then the bending
rigidity B in the one direction was calculated according to
formula (3); C bending length was determined according to
formula (4), whereas the general bending stiffness B; was cal-
culated according to formula (5). The test was conducted under
normal climate conditions.

As a result, the final formula for determining bending rigidity
took the form:

Figure 2. Scheme of measurement by the Cantilever Stiffness Tester:
L is the length of overhang; 1, gauge, 2, fabric sample [own source].
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Figure 3. The values of fabric drape parameter.
B=W-C%g, (3)  The obtained results of the drape coefficient for the six selected

where: g is the earth acceleration, and W is the fabric mass per
square meter.

L
C=2. (4)

where: C is the bending length, and L is the overhang length of
sample, mm.

The general fabric bending rigidity (5) is calculated as follows:
B, = {BuBo, (®)
where: B,, is the bending rigidity in the weft direction and B, is
the bending rigidity in the warp direction.

4. Results and discussion

Experimental tests were aimed at determining the bending
rigidity and multidirectional drape for six fabrics. These para-
meters were determined for fabrics without and with two adhe-
sive inserts. The fabrics were combined with adhesive inserts in
such a way that the fabric warp was parallel to the adhesive
insert warp.

450
400
350
300

General bending stiffness [MNmm]

fabrics in the version without adhesive inserts and the use of
adhesive inserts (designated BVM 60 and BVM 80) are shown
in Figure 3.

It can be seen from the above chart that among the fabrics
without adhesive inserts, fabric VI has the highest value of
drape coefficient, and fabric | — the lowest one. Among fabrics
with BVM 60 and BVM 80 underlining, fabric VI has the highest
value of drape coefficient, and fabric | also has the lowest. From
the results, it can be concluded that the value of the drape
coefficient decreases with the fabric thickness increase. The
fabrics characterized by the greatest thickness obtain the
lowest values of the drape coefficient. As the thickness
increases, the value of the drape coefficient decreases, and
the same relationship occurs for the fabric mass per square
meter — the higher the value of mass per square meter, the
lower the value of drape coefficient.

The obtained results of general bending rigidity for the six
selected fabrics in the version without adhesive inserts and
with the use of adhesive inserts (marked BVM 60 and BVM
80) are shown in Figure 4.

The highest value of bending rigidity was shown by fabric |, and
the lowest by fabric VI in all tested variants, i.e., without and
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Type of fabric

Figure 4. Comparison of all values of general bending rigidity.
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Figure 5. Relationship between the general bending rigidity and a drape coefficient for fabrics without the adhesive inserts.

with adhesive inserts in both variants. The use of an adhesive
insert causes an increase in bending rigidity values. The
greater the mass per square meter and thickness of the adhe-
sive insert used, the higher the value of unit bending rigidity.

Figures 5 and 6 show the relationship between the general
bending rigidity and the drape coefficient for fabrics without
and with the use of BVM 60 and BVM 80 adhesive inserts.

Figure 5 shows that as the general bending rigidity increases,
the drape coefficient decreases. Only fabrics IV and V show
slight differences in the value of the drape coefficient. Fabric
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Figure 6. Relationship between the general bending rigidity and drape
coefficient for the adhesive inserts: (a) BVM 60 and (b) BVM 80.
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V shows a lower value compared to fabric 1V, although fabric
V has a lower general bending rigidity value. This is due to
the lower thickness and mass per square meter of fabric V
(236 g/m? and 0.69 mm) compared to fabric IV (261 g/m? and
0.78 mm).

The presented results confirm that as the general bending
rigidity increases, the drape coefficient decreases. This state-
ment is true for all variants of adhesive inserts. As visible in the
graph (Figure 6), the large difference in the drape coefficient
occurring between fabrics 1l and IV is due to the significant
difference in thickness and surface weight of the fabrics. It
should also be considered that fabric Il is characterized by a
twill weave, while fabric IV has a plain weave.

5. Conclusions

Tests were carried out to determine the multidirectional drape
coefficient and bending rigidity for six fabrics with and without
the adhesive inserts BVM 60 and BVM 80. The following con-
clusions were drawn out:

1. With the use of thicker and thicker adhesive inserts, the
general bending rigidity increases.

The value of general bending rigidity depends mainly on
the fabric mass per square meter. The greater the fabric
mass per square meter, the stiffer the fabric. The same
relationship occurs for the thickness.

3. As the mass per square meter and thickness increases,
the multidirectional drape of fabrics decreases.

Type of fabric weave affects the bending rigidity and drape
coefficient. For plain fabrics, the drape coefficient is lower
compared to the twill fabric with the same mass per square
meter. The value of bending rigidity for the plain fabric is
higher compared to the twill fabric.

The market offers a very wide range of fabrics. Parameters of
multidirectional drape and bending rigidity are particularly
important to determine the fabric behavior in each clothing pro-
duct. Knowledge about these parameters is important in the
phase of material designing of clothing.
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Clothing production requires the use of adhesive inserts in
places exposed to deformation or requiring stiffening, e.g., in
cuffs and pockets. The adhesive insert should be selected
appropriately to the material used, the intended use of the pro-
duct, and the design assumption.

The purpose of combining material with adhesive inserts is to
increase the bending rigidity in specific places of the clothing
product. As a result, using such a product is more comfortable
and it will look better, which is translated into overall human
satisfaction with the use of such clothing.
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