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Effect of Inlaid Elastic Yarns and Inlaid Method on Compression Behaviour of

Weft-knitted Spacer Fabric

Annie YU

Kyoto Institute of Technology Faculty of Fiber Science and Engineering
T 606-8585 Matsugasaki, Sakyo-ku, Kyoto

1. Research Background and purpose

Spacer fabrics are commonly used as cushioning materials. It is a three-dimensional (3D) structured knitted
fabric that consists of two surface layers joined together by filament yarns forming a connective layer. This 3D
structure allows the fabric to have good compression resilience and air permeability which can provide better
wearing comfort comparing with conventional cushioning materials such as polychloroprene, polyurethane and
polyethylene foam, etc. In order to suit different applications such as shoes, backpacks, bras, bedding, car seats,
wound dressing, medical padding, etc., spacer fabrics having different compression properties are needed.
Changing the monofilaments or the linking pattern of the connective layer can directly alter the compression
deformation of spacer fabrics [1]. Using thicker connective monofilament can increase the compression resistance
but also results in a piece of rigid and hard spacer fabric [2]. Besides, the change of yarns can be time-consuming
as adjustments in stitch density and machine settings are required. Therefore, an alternative method that can
conveniently change the compression behaviour of spacer fabric while keeping its comfort of touch is essential.

Inlaid knitting is a technique that adds an extra yarn into a knitted structure. The inlay yarns are not essential
in the construction of a knitted fabric but enhance the mechanical behaviour of the fabric. In weft knitting, inlaid
yarns can be brought to the knitted structure in the course direction as miss and tuck stitches. Inlay knitting method
has been used in the fabrication of composites to apply high-performance materials such as aramid, fibreglass,
basalt, carbon, etc. for improving the mechanical properties [3]. When elastic yams are inlaid in a plain knitted
structure and certain tension is given to the yarns during knitting, the long float elastic yarns would hold the knitted
structure tighter and thus increase the density of the fabric after it released from the knitting machine. Incorporating
elastic inlay knitting in the surface layers of spacer fabric can be a feasible method to change the fabric properties.

This study aims to find a new method to vary and manage the compression properties of spacer fabrics
quickly and conveniently. A new fabrication method by applying inlay knitting in the surface of weft-knitted spacer

fabric is proposed to increase the flexibility and variation of spacer fabric materials.

2. Methodology
2.1 Samples
Weft-knitted spacer fabric samples were produced by a 10-gauge v-bed flat knitting machine
(SWGO091IN210G, Shima Seiki, Japan). All of the samples have single jersey surface layers knitted by using 450D



100% polyester 3-ply drawn textured yarmn and the connecting layer formed with 100% polyester monofilaments
with a diameter of 0.08 mm. 100% spandex yarn was used as the inlaid yarn. The inlaid yarn was fed into the
knitting machine by using a special yam feeding device to control the yam feeding amount at a constant rate of
50% of the knitting width, Fig. 1. The samples consisted of three different connective structures, three different
inlay patterns and three different yarmn counts of inlaid elastic yarn, Table 1.

Two rollers that control the fed
quantity of yam

Fig. 1. Feeding device of the elastic inlaid yarn

Table 1. Weft-knitted spacer fabric samples

Inlay
Sample no. Connective structure
YesNo ~ Yamecountof Tuck Patter®
spandex

A01 No NA NA

A02 Yes 140D Every 2™ needle
A03 hAL_A!LﬂL!L}L_,sLJLALEJLL Yes 140D Every 39 needle
A-04 < . _ Yes 140D Every 4" needle
A-02-70 RERARARAAS Yes 70D Every 2 needle
A-02-360 A: linking distance of 6 needles Yes 360D Every 2™ needle
B-01 No NA NA

B-02 Yes 140D Every 2™ needle
B-03 Yes 140D Every 39 needle
B-04 Yes 140D Every 4" needle
C01 No NA NA

Cc02 Yes 140D Every 2% needle
C-03 OV o T o Yes 140D Every 39 needle
C04 C: linking distancle of I neflles Yes 140D Every 4" needle

ALALASALS AL DAL IAD S AL DI AL DI I
| CTTTTTT TTTTTTTT
‘ ‘ !nlaid elastic yarn ‘ | | Inlaid elastic yari ‘ Inlaid el!astic yarn ‘

% tuck in every 2" needles tuck in every 3 needles tuckin every 4" needles



2.2 Compression properties evaluation
A KES-G5 compression tester based on the Kawabata fabric evaluation system (Kato Tech Co., Ltd., Japan)
with a flat circular indenter that has a surface area of 2 cm” was used to evaluate the compression and measure the

fabric thickness. The compression speed was 12 mm/min up to a maximal compression stress of 49kPa.

3. Research outcomes
3.1 Effect on fabric thickness and connective structure
With an elastic yarn inlay, the wale density is increased while the course density is decreased. This is because
the elastic yarn is held in each course which holds the wales together tighter. Hence, the weight and thickness of
the spacer fabrics increase, Fig. 2. The samples with inlay tucking in every third needle are significantly heavier
and thicker than those with tucking in every second needle. However, the
thicknesses of samples with tucking in every third needle and every forth
needles are similar. The 140D spandex yam used in this study may not be
strong enough to further tighten the surface stitches by further increasing
the number of miss stitches and the length of the float yarns. Looking at
the cross-section in the wale-wise direction, the inclination angle between
the monofilaments and the fabric increase with the presence of inlaid
elastic yam. The inclination angle further increases with the increase in
the thickness of elastic yarn. It can also be observed that the monofilament
yarns are not straight when connecting the front and back surface layers

for the fabric samples with inlaid elastic yam. The monofilament yarns

show irregularity in the sample with inlay and the variation in
compression behaviour can be foreseen. Fig. 2 Change in fabric cross-section in
the wale-wise directions
3.2 Effect on compression properties

The samples with an elastic inlay require higher compression stress to reach the plateau stage of the
compression. When the spacer fabric is inlaid with a thicker elastic yarn, a higher compression force is needed for
the spacer fabric to reach the plateau stage of compression. With different inlay patterns, the shape and the slope at
different stages of the compression curve and the compression strength at which the spacer fabrics enter the plateau
stage are also changed. The inlay pattern and the yarn count of spandex yarns have a significate correlation with
the Young’s modulus at the elastic stage. The elastic inlay brings a significant increase in the Young’s modulus.
The samples with inlay pattern tucking in every third needle are stiffer and have higher Young’s modulus at the
elastic stage than those with tucking in every second needle. However, when the inlay pattern changes from tucking
in every third needle to fourth needle, the Young’s modulus shows a decrease in fabrics made of Spacer Structures
A and C. The inlay pattern with too many miss stitches could increase the irregularity of the spacer structure with
larger variation in inclination angles and hence reduce the compression stiffhess. Apart from changing the elastic
yarm with different yarn counts, changing of the elastic inlay patterns can also significantly adjust the compression

stiffness of the spacer fabric. Spacer Structures A and B samples showed a substantial increase in the compression



energy (WC) with the presence of an elastic inlay. The WC of Samples A-02 and B-02 is increased by 84.2% and
74.2% respectively in comparison to Samples A-01 and B-01 where no yarns are inlaid. The WC of the samples
with inlaid yamns that form tuck stitches in every fourth needles increase to more than twice that of the samples
without an inlay. The elastic inlay not only increases the thickness and stiffhess of the spacer fabric but also the
compressibility. The spacer fabric can withstand higher compression stress and absorb a larger amount of
compression energy. The elastic inlay method can be used to fabricate spacer fabric with different compression
behaviour without changing yarns or machinery settings. The increase in miss stitches in the inlay pattern can

increase the compressibility of the spacer fabric.
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Fig. 3 Compression stress-strain curves of spacer fabric samples: (a) Samples A-01 to A-04, (b) Samples B-01 to B-04,
(c) Samples C-01 to C-04 and (d) Samples A-02, A-02-70 and A-02-360




4. Further prospects

The method of inlaying elastic yarn in the surface layer of spacer fabric can help to control the fabric properties
in a flexible way. By changing the inlaid pattern, different thickness, compression stiffhess and compression energy
at different parts of fabric can be realised. This allows the same fabric to have different levels of compression to
suit different end-uses. In the future study, the development of textile products with pressure mapping function by
using the spacer fabric with elastic inlay will be carried out. Moreover, the possibility of using elastic inlaid to
control the curvature of spacer fabric is discovered during this study. Further investigation on the relationship
between the inlaid pattern and the fabric curvature will be conducted.
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