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I Introduction

The important and promising uses of
shape memory polymer materials mainly
concern biomedicine, textiles and ap-
parel, toys, packaging, national defence
and industrial fields. The shape memory
materials used in apparel, bandages and
so on are in the form of fibre, yarn and
fabric. The uses of shape memory poly-
mer in textiles include the finishing of
fabrics by shape memory polyurethane
emulsion, film, powder or resin and fab-
rics woven or knitted by shape memory
fibre or yarn.

Study on the Properties of Core Spun Yarn
and Fabrics of Shape Memory Polyurethane

Abstract

Core spun yarn with shape memory fibre and cotton were developed using a ring spinning
frame and friction spinning machine. Shape memory fabrics were woven from two kinds of
shape memory core spun yarns, and the mechanical and shape memory properties of the
yarns and fabrics were examined. The yarns have a good weave ability, and the yarns and
fabrics have a good shape memory fix and recovery properties. This paper also introduces
the application of shape memory yarns and fabrics in protective textiles and compares the
shape memory properties of two kinds of shape memory core yarn and woven fabrics weft

wise and warp wise.
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shape memory fabric.

However, patents and literature have
mainly focused on woven fabric or non-
wovens where the shape memory fibres
are bonded with an adhesive. A US patent
concerns woven fabrics of shape memory
yarns with different functions depending
on the glass transition temperature of the
shape memory polymer in the fabric. Wo-
ven fabric with a low Tg does not wrin-
kle nor deform and can be applied in the
crease of slacks and pleats of skirts. Wo-
ven fabric with a high Tg can be applied
to collars, cuffs and the shoulder pads
of utility shirts. Woven fabric made of
shape memory polymer with a Tg high-

Table 1. Mechanical properties of the shape memory filament.

Linear density,
tex

28.7

Type

Shape memory filament

Breaking tenacity, Breaking elongation,
cN/tex %

5.0 280.0

Table 2. Characteristics of the shape memory core yarn.

Number | Linear density ' Linear density of Twist, Content of shape
Type . . . o
of rovings | of roving, ktex | core yarn, tex tm.p memory filament, %
Ring spun 1 1.01 50 494 48
core yarn
Friction spun 6 3.00 50 460 48
core yarn

Table 3. Specification of the shape memory fabric.

Type Linear density of Warp density, Linear density Weft density,
warp, tex thread/5 cm of weft, tex thread/5 cm
1 55 x 2 100 50 x 2 50
2 55 x 2 100 50 x 2 50

Table 4. Properties of the shape memory yarn and fabrics.

Tenacity,
Type cN/tex

Ring spinning core yarn 2.3

Friction spinning core yarn 1.6

. Warp sense 500
Fabric 1

Weft sense 170

. Warp sense 360
Fabric 2

Weft sense 90

Elongation at

Shape memory | Shape memory

breaking, % fixity, % recovery, %
260 97.5 86.0
260 94.5 87.0
60 77.0 47.4
230 96.0 70.8
60 78.0 40.4
275 84.7 71.5
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er than the normal temperature (20 °C)
gives a hard hand at a normal tempera-
ture. A nonwoven fabric has been pro-
posed which is composed of fibres of a
resin with a shape memory property and
adhesive of a resin with a shape memory
property. However, it tends to be uneven
in thickness; it is difficult to distribute the
adhesive uniformly, and its cost is high
owing to the expensive adhesive.

In this paper, shape memory textiles
mean a fabric which is made of shape
memory polymer filaments and yarns.
These kinds of shape memory yarn and
fabric not only have good shape memory
properties but also improve current de-
fects of shape memory polymer textiles,
such as large shrinkage in hot water and
hot air, and the hard-hand feel when used
below the glass transition of the shape
memory polymer.

Yarn sample preparation
and testing

Materials and the machine

A shape memory core yarn was made
using the ring spinning and friction spin-
ning methods separately, with shape
memory fibre as the core material and
cotton roving as the covering material
(Table 1). Shape memory fibre was spun
by the wet spinning method at a switch
temperature of 58 °C.

Friction spun core yarn was spun on a
Dref-3 friction spinning machine. Five
carded cotton slivers of 3.0 ktex linear
density were used as the sheaths. One of
these slivers and a shape memory fila-
ment were used as the core.

Ring spun core yarn was spun on an SKF
ring frame lab. The shape memory fibres

were sent to the front roller on the ring
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Figure 1. Stress-strain curve of the shape memory core yarn.

spinning frame, were stable at the cent-
er of the spinning triangular space and
could be covered with cotton fibres com-
pletely. Cotton fibres were first drafted
from the back roller through the middle
roller and were then drafted from the
middle roller through the front roller on
the ring spinning frame. The shape mem-
ory fibres were covered and twisted with
polyester staple fibres in the spinning
triangular space to form core spun shape
memory yarn, which was then taken-up
on a ring bobbin by a spindle. Table 2
lists the characteristics of these two kinds
of shape memory core yarn.

Fabric weaving

Twill fabrics were woven using cotton
yarn as the warp and shape memory core
yarn as the weft. Fabric 1 was woven
with ring spun core yarn as the weft and
fabric 2 with friction core yarn as the
warp. Table 3 lists the specifications of
these shape memory fabrics.

Testing

The tenacity of the shape memory fibre
and core yarn were tested on an Instron
4466 material testing machine in a stand-
ard atmosphere environment. The testing
velocity was 10 mm/min.

The breaking strength and elongation of
the shape memory fabrics were tested on
an Instron 4466 material testing machine
in a standard atmosphere environment
using the ravelled strip test. The length of
the sample was 20 c¢cm, the width - 2 cm
and the testing velocity was 30 mm/min.

The shape memory properties of the fi-
bre, core yarn and fabrics were tested on
the Instron 4466 material machine with
temperature control equipment by the
method in reference [3]. The shape mem-
ory recovery temperature was 70 °C, and
the shape memory fixity temperature was
21 °C.

I Results and discussion

Table 4 shows the properties of the shape
memory yarn and fabrics.

Figure 1 shows stress-strain curves of
two kinds of shape memory core yarn.
Table 4 and Figure 1 shows that the
elongation at break of the shape memory
fibre is larger than that of the two kinds
of core yarns because of some extraction
of shape memory fibre during spinning.
There are some differences in the me-
chanical properties of the two kinds of
shape memory core yarns. As Figure 1
shows, the tenacity of the ring core yarn
is larger than those of the friction core
yarn, but the elongation is the same. The
difference in the properties is more de-
pendent on the difference in core spun
yarn structure.

In comparison with other yarns, ring
spun yarn is the strongest and has the
shortest failure zone length at longer
gauge lengths. The interlocking of fibres
provided by better migration of fibres in
ring spun yarn in comparison with other
yarns [3] enhances the gripping of the fi-
bre bundle; hence, ring yarn is the strong-
est at longer gauge lengths.

Friction spun yarn appears similar to
ring spun yarn visually, but its internal
structure differs from that of ring spun
yarn. The internal structure of friction
spun yarn is characterised by its inferior
fibre orientation, looped and buckled fi-
bre configuration, as well as by the loose
packing of fibres, associated with low
tension during yarn formation. This yarn
has a significantly larger number of dif-
ferent types of hooks that are very long;
therefore there is a large reduction in the
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Figure 2. Tenacity-strain curves of the shape memory fabrics; a) warp sense, b) weft sense.
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Figure 3. Diagrammatic sketch of the
shape memory tensile test curves.

proportion of straight fibres and average
fibre extent in the yarn, which is due to
the buckling of fibres as they reach the
spinning drum. Friction spun yarn exhib-
its a layer type of structure because the
fibres are fed to the yarn tail in a differ-
ent position along its length without ten-
sion. Therefore, the fibres lie along the
yarn tail at necessarily different radial
positions, such that their radial positions
increase along the yarn-take-up direc-
tion. As a result, some fibres appear on
the yarn surface and others closer to the
yarn centre. The average number of fi-
bres in the friction spinning was lower in
comparison with the other yarns, in spite
of this yarn being coarser than the other
ones. The average helix angle of fibres
in this yarn was 30.3°, which is substan-
tially higher than others. This higher he-
lix angle of fibres is responsible for the
low number of fibres in the yarn cross-
section. Friction spun yarn is bulkier, and
fibres in this yarn are the most loosely
packed.

When tense, the internal tight fibre of
friction yarn and shape memory fibre
mainly bear the strength, and the outer
loose fibre has low strength due to slip-
page. Ring spun yarn has an average
structure and can bear the strength at the
same time, presenting higher strength
than friction spun yarn. Under tension,
the out fibres break or disintegrate when
the strength is low. After the cotton fibre
disintegrates, the shape memory fibre
undergoes a tensile load. Figure I also
shows that shape memory fibre is the
main part taking the load. In Figure 1,
there is a yield point on the stress-strain
curves. The yield point stress has a larger
influence on the fabrics than the break-
ing tenacity when they are woven. Under
the same woven parameters, fabric with
friction core yarn has wrinkles and an
uneven surface, whereas fabric with ring
spun yarn has a flat surface.
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Figure 2 shows the tenacity-strain curves
of the fabrics in the warp (Figure 2.a)
and weft (Figure 2.b). The two kinds
of fabrics have the same warp density.
The warp wise tensile strength presents
the properties of cotton yarn. From Fig-
ure 2.a, the two kinds of fabrics have
the same breaking tenacity and breaking
elongation. Figure 2.b shows that the
fabric with ring spun yarn has a higher
tenacity and lower breaking elongation
because ring spun yarn has a higher te-
nacity than that of friction yarn, as pre-
sented in Figure 1.

Table 3 shows the shape memory fixity
and recovery of shape memory yarn and
fabrics obtained by the method in refer-
ence [3]. The shape memory yarn speci-
men was 10 threads of yarns parallel to
one another. The shape memory fabric
specimen was 1 cm wide along the warp
and weft. The test gauge was 25 mm. The
experimental apparatus comprised a ten-
sile machine with a constant temperature
control chamber. The elongation of the

specimen was measured by the displace-

ment of the crosshead. The clamping por-

tion of the fixture for the specimen had

a wavelike surface to prevent slippage.

Details of the test process are as follows

and presented in Figure 3:

1) At a temperature of 70 °C, which was
higher than the switch temperature of
the shape memory fibre, the maximum
strain ey, was applied at a constant rate
of 10 mm/min;

2) maintaining &, the specimen was
cooled to 21 °C. After holding at
21 °C for 5 min, the specimen was un-
loaded and the crosshead returned to
its initial position.

3) it was heated from 21 °C to 70 °C un-
der no load condition, and the second
tensile cycle was started.

According to the experiment, the ten-
sile cycle has the same curve shape after
the second cycle. Hence, there is only
the first cycle and the second test cycle
curve in the shape memory curve figures.
The shape memory fixity R and shape
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Figure 4. Shape memory curves of SM core yarn; a) friction spun, b) ring spun, and of the
fabrics in the warp direction (c, d) & in weft direction (e, f); ring spub yarn as warp (c) &
as weft (e), friction spun yarn as warp (d) & as weft (f).
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Figure 5. Shape memory curves of the cot-
ton fabric.

memory recovery R, were calculated by
the formulas in Figure 3 (see page 41).

The shape memory effect is relevant to
the shape deformation when tested under
the same shape memory fixity tempera-
ture. In this paper, the testing elongation
adopts the maximum strain when the cot-
ton fibre does not slip when under ten-
sion, the strain being 8.5%. Because of
the crimp contraction, the shape mem-
ory fixity elongation of the fabric goes
to10%.

Table 4 and Figure 4.a &4.b (see page
40 and 41) show that the shape memory
fixity and shape memory recovery are
satisfactory. The fixity of ring spun core
yarn is better than friction core yarn. The
shape memory recoverability is the same.
The twist of friction spun yarn is a func-
tion of the fibre space to the core i.e. the
hyperbola function. Hence, the inner fi-
bre of the friction yarn is tighter than the
outer shell fibres. The elastic recovery
force is high when tinseled, hence it af-
fects the shape memory fixity of the core.

Figure 4.c &4.d (see page 41) shows
that there are also some shape memory
effects in the warp, which does not have
shape memory yarn. Under tension, the
weft yarn interlaced among warp yarn
was stretched and fixed in a new place.
After being heated to 70 °C, the weft yarn
tried reverts to its original shape, and the
force restored drove the warp yarn over
frictions to recover a little. The recovery
ability of ring spun core yarn is better
than that of friction core yarn. The shape
memory fixity is the same.

Figure 4.e &4.f (see page 41) shows that
the shape memory fixity and recover-
ability is high for the fabrics in the weft.
The fixity of ring spun core yarn is better
than that of friction core yarn. The shape
memory recoverability is the same. The
shape fixity and shape recovery of the
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fabric in the weft are distinctly higher
than those in the warp, which means that
the shape memory fibre in the weft works
and adds new properties to common fab-
rics.

As a comparison, Figure 5 shows the
shape memory curve of cotton fabrics
with the same structure as shape memory
fabric. The extension of cotton fabric re-
mained fixed due to the friction among
yarns, but it did not recover under high
temperature, hence cotton does not have
the shape memory effects that shape
memory fabrics have.

Conclusions and potential
application in textiles

1) Shape memory core spun yarn has as
good shape memory effects as pure
shape memory fibre.

2) The fabrics with shape memory yarn
as weft has better shape memory ef-
fects in the filling-direction, but in
the warp-direction without shape
memory yarn also shows some shape
memory effects.

3) Ring spun core shape memory yarn
has a higher breaking strength and
looming effects.

4) Fabrics with ring core shape memory
yarn in the weft have better shape
memory effects than those of fabrics
with friction shape memory yarn.

As discussed above, shape memory fi-
bres, shape memory yarns and fabrics
have good shape memory effects. For
many functional textiles and fashion de-
sign aspects, shape memory fibres will
have more applications.

Shape memory fibres and shape memo-
ry core yarn can be set as a curl shape
originally then set as a straight shape.
When heated higher than the switch tem-
perature of the shape memory fibres, the
core fibre shrank, presenting a curl shape.
When cooled to a temperature below the
switch temperature, the core yarn kept its
curl shape, and vice versa.

This kind of shape memory core yarn can
be used in protection garments for ex-
treme conditions. For example, a spacer
fabric was knitted from shape memory
core yarn with an originally curl shape as
spacer yarn to link the face and ground
fabric. When heated to the switch tem-

perature, the shape memory core yarn
became straight and the fabric became
thick. The switch temperature can be
designed according to the end use, such
as 60 °C, 90 °C etc. Spacer fabrics with
shape memory yarn can also be used in
shoe linings and padding. It not only pro-
vides good elasticity and buffer protec-
tion for the ankle and sole when the user
is doing sport, but it also does not stave
after a period of time, because it can re-
cover to its original shape after being
heated.

This paper studied shape memory yarn
and plain shape memory fabric, as well
as introduced some shape memory pro-
totypes made of shape memory yarn.
In the future, we will further study the
properties of textiles with different shape
memory contents, spinning methods and
more products.
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