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Abstract: The purpose of this work is to determine an efect of the raw material content of an
elastic knitted fabric on its stiffness. Experimental knitted fabrics were produced using three weft
yarn differ by raw materials and with five repeat of elastomeric threading into guide bar. It was
established that both the weft yarn type and set of elastomer changed significally the stiffness of
elastic warp knitted fabric. The obtained results showed that an increase in the set of elastomer
from 50% to full increased the bending rigidity of fabric two times for fabric with cotton weft yarn
and five times for fabric with polyester weft yarn. For the fabric with the same set of elastomer (2
in, 1 out) the one with linen weft yarn got the highest bending regidity value. Within this study
mathematical dependence of bending regidity on the set of elastomer and on mass per sq.meter
were eatablished.
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1. INTRODUCTION

Elastic knitted material is widely used in apparel production due to its ability to
maintain its shape and linear dimensions for a long time. In addition, it is an
indispensable material in the manufacturing of compression clothing, especially for
medical purposes. Such products prevent or slow down the progression of the disease.
They are used to compensate the lost functions, to fix, support or unload certain body's
parts or even to create the desired position of human body. The therapeutic and
preventive effect occurs indirectly by creating the pressure on the body's parts with the
greatest curvature. This pressure has to be dosed to avoid a pain or even damage of
the human body. Pressure dosage delivered and mechanical properties (stiffness,
elasticity and hysteresis) are determined by material nature, stitches structures,
fabrication technology and delivery modes. A special significance of stiffness was
defined for elastic textiles in compression therapy [1].

Stiffness is traditionally used as a term to indicate fabric’s bending resistance
guantitatively measured by bending length, flexural rigidity and bending modulus,
which is one of the earliest properties to be objectively measured to assess the
subjective handling quality of textile materials [2]. The increased fabric's stiffness
complicates technological stages of cutting and stitching as well as wet-heat treatment.
It leads to the reducing of the equipment productivity. The stiffness of textiles is
affected by such factors [3] as the fibers stiffness; the structure of yarn and thread; the
type of an interweaving or an interlooping, namely the number of intermeshed points
between the threads; etc. There is a gap in stiffness investigation of elastic fabrics
used for medical compression clothes. The elastomeric threads are mostly used to
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ensure the necessary functional properties, as stretch ability and elasticity [4]. The
properties of elastic materials depend on raw materials types and their composition in
fabric [5]. Last decade there is the tendency to use the natural yarn because of greater
hygienic properties and the sustainability in textile production. The novel elastic warp
knitted fabrics for medical products were developed in order to improve comfort
properties and reduce elastomer consumption [6]. The purpose for this study is to
determine the influence of the raw material of the weft yarn and the elastomer
threading on the stiffness of elastic knitted fabrics.

2. MATERIALS AND METHODS

The 11 variants of warp knitted fabrics with the pillar stitch from 16.7 tex polyester
yarn as the ground were produced on 15 gauge Crochet knitting machine by T.C.H .
Five variants of elastomer threading (1 in, 1 out; 2 in, 1 out; 2 in, 2 out; 3 in, 1 out; full)
and three variants of weft yarn (33.4 tex polyester yarn, 29 tex cotton yarn and 29 tex
linen yarn) were used. The 0.8 mm diameter elastomer was introduced walewise into
structure. The two complex weft yarn in 4 ply each are located at two sides of fabric to
cover the elastomer. All fabrics® samples were produced with the same technological
setup of knitting machine: the number of used needles; the tensions of ground and weft
threads; the take down forces of the fabric. All fabrics got a stabilization moisture-heat
treatment after knitting. The standard test methods were used for this research. The
ASTM D3776 standard [7] was used for the determination of the mass per unit area
(per square meter). 10 parallel measurements were done for each fabrics variant and
mean value was used for an analises. A form of the cantilever stiffness test is often
used as a measure of a fabric's stiffness as it is an easy test to carry out. The research
was carried out on the PT-2 device in accordance with the GOST 10550-93. 5
speciments were studied walewise (the direction of elastomer laying) for each fabric
variant and mean value was used for future calculation. The bending rigidity was
determined as following [8]:

El = 42046 * (m / A), 1)

where m — the total mass of 5 specimens, g;
A — the function of the relative sagging that determined from the table [8].

3. RESULTS AND DISCUSSION

The fabric characteristics and study's results are presented in table 1 and in
Figure 1. It was observed that weight and stiffness of studied elastic warp knitted
fabrics depends on both raw materials of weft yarn and the set of elastomer threaded
into guide bar.

The obtained results (Table 1) show the effect the raw material of weft yarn on
fabric’s stiffness. The bending rigidity of fabric with cotton weft yarn is smaller then
fabric with polyester weft yarn for almost all variant of elastomer threading repeat exept
those with half set of elastomer. The bending regidity of fabric with cotton weft yarn and
repeat of elastomer threading 1 in, 1 out or 2 in, 2 out is two times more than fabric
with polyester weft yarn and same repeat of elastomer threading. The bending rigidity
of fabric with linen weft yarn is highest among fabrics with same repeat of elastomer
threading 2 in, 1 out. This is due to the natural stiffness of flax fibers contained lignin.
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Table 1: Production data and properties of elastic warp knitted fabrics

Set of .
| Mass per s . Bending
. Elastomer | © asto- unit area againg rigidity
Variant Weft yarn . mer
threading 3
E, % ms, g/m? sm El, 10
' ' N*sm?2
| PET 1in, 1 out 50 749+ 10 | 4.94+018 | 429
Il PET oo 2in, 1 out 67 811+ 8 | 3.08+055| 113.8
Il PET 3"3yjstt£(r 21in, 2 out 50 741+ 6 | 495+029 | 424
IV PET ' 3in, 1 out 75 842+ 8 | 2.95+0.70 | 130.1
V PET full 100 95711 | 2.30£0.47 | 200.1
| COT 1in, 1 out 50 698+ 10 | 3.45+021 | 823
Il COT cott 2in, 1 out 67 767+ 2 | 350+£022 | 888
Il COT 23 t‘;‘( 2in, 2 out 50 691+ 9 | 3.44+013| 821
IV COT 3in, 1 out 75 809+ 8 | 360£029| 955
V COT full 100 918+ 10 | 2.73+0.33 | 156.1
Il LIN Linen 2in, 1 out 67 723+ 7 | 263+046 | 123.3
29 tex

The research results and plots in Figure 1 indicate that the bending rigidity of
elastic fabrics depends on the repeat of elastomer threading and therefore on set of
elastomer. The increase the set of elastomer from 50% to 100% leads to almost five
times increasing in bending rigidity for fabric with the polyester yarn as weft. The
bending rigidity for fabric with the cotton yarn as weft increases only two times. It is due
to difference of the structure: polyester yarn is multiflament and cotton is staple fiber
yarn.

EI10°, pN*cm?
250

EI103,uN*cm?

250
200

200
150
150 . S
*
100 . s 100
50 50

0 0
40 50 60 70 80 90 100 110 650
Setof elastomer, %

950

m, g/m?
PET  * Cotton N

a b

750 850

*PET ® Cotton

Figure 1: Effect of set of elastomer (a) and of mass per unit area (b) on stiffness of
elastic warp knitted fabric

Mathematical processing of experimental data made it possible to establish the
following dependences of the bending rigidity (El) on the set of elastomer (E) and mass
per square meter (ms):

- for fabric with 33.4 tex polyester yarn as weft (R?=0.986+0.973)

()
®3)

El = 3.2 E — 110.7 [103 pN*cm?;
El = 0.75 ms — 505.9 [103 uN*cm?];
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for fabric with 29.0 tex cotton yarn as weft (R?=0.863+0.826)
El =1.4 E + 5.3 [103% uN*cm?]; (4)
El =0.31 ms—139.4 [10% uN*cm?].  (5)

The obtained dependences allow with high accuracy to determine the bending
rigidity of elastic warp-knitted fabrics in case of changing the repeat of elastomer
threading and the use of complex ratios.

4. CONCLUSIONS
The research results of bending rigidity of elastic wsrp knitted fsbric shows the

following:

e the fabric's stiffness depends on both raw matirials of weft yarn and the elastomer
threading into guide bar;

o elastic fabric with elastomer in each wale has got highest stiffness;

e the bending rigidity decriases with decrising in set of elastomer;

¢ the bending regidity of fabric with linen yarn as a transverse weft has got highest
value at the same set of elastomer;

o the dependence of bending regidity on mass per sg.meter of fabric were
established.
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