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Low-stress characteristics of polyester-cotton MVS yarn fabrics
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The effects of so me jet spinning parameters on the low-stress characteristics of scoured and finished fabric s woven
with polyester-cotton jet-spun yarns have been studied. It is observed that the compressional energy , shear energy and
coefficient of friction of MVS yarn fabrics decrease initially when the twi sting jet press ure is increased from 4 kg/cm 2 to 5
2
kg/cm and increase thereafter with the further increase in twisting jet pressure. An increase in nozzle distance on the MVS
spinner, on the other hand, causes a significant decrease in these properties. Furthermore, the use of fine yarns decreases
compressional energy and coefficient of friction, and the fabrics made from yarn spun with higher jet pressure and wider
nozzle distance have higher bending rigidity. The chemical fini shing signifi cantl y decreases the compressional energy, shear
energy. coefficient of friction and bending rigidity.
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1 Introduction
The concept of engineering principles is being
increasingly explored as an aid in designing textile
fabrics with desirable aesthetic characteristics. The
low-stress characteristics of textile substrates are
known to be important in determining tailorability and
fabric handle l -2 and numerous studies have been
undertaken with a view to understand the effect of
yarn characteristics on fabric handle. In almost all the
papers published so far on low-stress properties 3-S, the
translation of yarn properties and fabric constructional
parameters to fabric behaviour has been studied.
Recently, M/s Murata Machinery introduced
Murata Vortex Spinner (MVS 810), a modified
version of the established jet spinning system.
Though there are some references overviewing 6 - 8 the system and the MVS yarn and
fabric characteristics, no report is available on the
role of spinning process parameters in influencing the
low-stress properties of the jet-spun fabrics. This
paper aims at investigating the low-stress response of
the scoured and finished fabrics woven with
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polyester-cotton MVS yarns produced by varying
twisting jet pressure, nozzle distance and deli very
speed. This study has been undertaken as the earlier
experiments have demonstrated an alteration in
structure pattern of yarn segment with change in MVS
process variables 9 .

2 Materials and Methods
2.1 Fabric Samples

The MVS yarns of 19.6 and 14.7 tex were spun from
two different blends of polyester and combed cotton
fibres on Murata Vortex Spinner according to the
experimental plan as per the Box and Behnkan 10 design.
The actual values of three variables corresponding to the
coded levels (Table 1) are given in Table 2. In view of
the improved mechanical properties, evenness and
liveliness of the plied yarns as compared to the single
yarns of the same count, the yarns were plied on a Star
Volkman two-for-one twister and used as filling.
Approximately 4.3 and 4.9 turns/cm were imparted to
19.6 tex and 14.7 tex yarns so as to produce R39.2/2 tex
and R29.4/2 tex yams respectively.
Experimental MVS yarns were separately used as
fillings in weaving \12 twill fabric on a plain loom. The
construction of the two sets of fabrics was kept
constant at 26ends/cm (66 ends/inch) and 22 picks/cm
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Table 1 -Experimental plan for MVS machine variables used for
yarn samples
Twisting jet
pressure

Combination
No.

Delivery
speed (X2)

(XI)

-1
2

-1

0

-1

0

-1

3

0

4

-1

5
6
7

Nozzle
distance"
(X3)

-1

1

0

0

-1

0

-1

10

0

-1

-I
-1

11

0

-1

12

0

I

13

0

0

0

14

0

0

0

15

0

0

0

"Di stance between twisting jet and nip of front delivery roller.
Table 2 -Actual values corresponding to coded levels
Actual value

Coded
level
Twisting jet
pressure (XI)
kg/cm1

The scoured and finished MVS yarn fabrics were
tested for low-stress characteristic, viz. compressional
energy, shear energy and coefficient of friction, using
Instron universal tester according to the method
suggested by Pan and Zeronian J2 • The bending
rigidity of these fabrics was measured using Shirley
stiffness tester as per BSI test method (BS:3356).

3 Results and Discussion

0
0

2.2.2 Fabric Parameters

0

8

9

There were 100 and 40 tests respectively conducted
for yarn diameter and flexural rigidity for each yarn
sample.

Delivery speed (X2) Nozzle distance (X3)
m/min
mm

-I

4

250

20

0

5

270

21

6

290

22

(56 pickslinch) for R39.212 tex yarns, and 30ends/cm
(76 endslinch) and 26 picks/cm (66 picks/inch) for
R29.4/2 tex yarns. For a given set of fabric, the warp
and filling yarns were of the same size; however, the
warp yarns were ring-spun yarns having the twist
levels of 5.6 and 6.4 turns/cm for R39.2/2 tex and
R29.4/2 tex yarn fabrics respectively. Greige fabrics
were scoured, washed, heat set, finished with micro
aminosilicon finish and finally decatized. The scoured
and finished fabrics were tested for the low-stress
characteristics, namely
compressional energy,
bending rigidity, coefficient of friction and shear
energy.
2.2 Test Methods
2.2.1 Yarn Parameters

Yarn diameter was measured on a projection
microscope and yarn flexural rigidity on a weighted
ring yarn stiffness tester, using the ring loop method J J.

3.1 Statistical Analysis

The experimental results for the various properties
of different MVS yarns and fabrics were fed into a
computer, and the response surface equations for each
property were obtained using forward step regression
procedure. These equations and the squared multiple
correlation coefficients are given in Tables 3 and 4.
The negative coefficient of a variable in a response
surface equation indicates that a particular
characteristic decreases with the increase in that
variable while positive coefficient of the variable
indicates that the characteristic increases with the
increase in that variable. But the trend is modified
with the sign and magnitude of the coefficient of the
squared terms and the interaction between two
variables. This is shown in the spatial diagrams (Figs
1-4) drawn from the response surface equations. Since
the fibre composition does not have any effect on the
trend in general, the effect of process variables on
various responses has been shown for the scoured and
finished fabrics produced from 80:20 polyester-cotton
blend.
3.2 Yarn Parameters
3.2.1 Structural Analysis

An assessment of the contribution of process
parameters to the structural parameters of polyestercotton MVS yarns 9 revealed following information:
(i) With the increase in jet pressure, the tight regular
wrappings (class-I) and wrapper fibres increase.
However, at higher jet pressure of 6.0kg/cm2 , these
change into irregular wrappings (class-III) and wild
fibres. The unwrapped sections (class-IV) decrease
continuously with the increase in jet pressure.
(ii) Increase in nozzle distance causes increase in
long regular wrappings (class-II) and wrapper fibres
and decrease in class-IV structures.
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Variation in co mpressional energy of MVS yarn fabrics with twisting jet pressure and nozzle di stance [(a) R39.2/2 tex, scoured;
(b) R29.4/2 tex, scoured; (c) R39.2/2 tex, finished; (d) R29.4/2 tex, finished]

Variation in bending rigidity of MVS yarn fabrics with twisting jet pressure and nozzle distance [(a) R39 .2/2 tex, scoured; (b)
R29.4/2 tex, scoured; (c) R39.2/2 tex, fini shed; (d) R29.4/2 tex, finished]

Fig.3- Variation in frictional coefficient of MVS yarn fabrics with twisting jet pressure and nozzle distance [(a) R39.2/2 tex, scoured;
(b) R29.4/2 tex, scoured; (c) R39 .2/2 tex, finished; (d) R29.4/2 tex, finished]

(iii) Increase in delivery speed results in the increase
in irregular wrappings (class-III), unwrapped sections
(class-IV) and wild fibres.
3.2.2 Yarn Characteristics

The response surface equations for yarn diameter
and flexural rigidity of various MVS yarns are shown
in Table 3. As would be expected, twisting jet
pressure has a marked effect on yarn diameter. The
higher the twisting jet pressure, the smaller is the yarn
diameter due to an increase in the incidence of

wrapper fibres and tight regular wrappings 9 . However,
the twisting jet pressure above 5 kg/cm2 leads to an
increase in the yarn diameter on account of increased
9
number of wild fibres and irregular wrappings . As
shown in Table 3, the nozzle distance also proves to
be an important factor affecting yarn diameter. Wider
nozzle distance reduces yarn diameter but increases
its flexural rigidity . The MVS yarns spun with higher
twisting jet pressure are about 6-15% more rigid than
the equivalent yarns produced with lower twisting jet
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Fig.4- Variation in shea r energy of MVS yarn fabr ics with twisting jet pressure and nozzle distance[(a) R39.2/2 tex, scoured; (b)
R29.4/2 tex , scoured; (c) R39.2/2 tex, finished; (d) R29.4/2 tex, finished]

Table 3--Response surface equations for yarn characteristics
C haracteristic

Yarn linear
dens ity, tex

Diameter, mm

B lend ratio
(Polyester/cotton)

R39.2/2

R29.4/2

F lexural

R39.2/2

ri g idity x lO)
>

g.c m-

R29.4/2

Response surface equation

Squared mul tiple
2
regression coefficient(R )

S0120

0.236+0.0 lSx,- 0.006x)+0.029x I2

0.90

65/35

0.247 +0.021x ,- 0.007X3+0.035X 12

0 .92

S0120

0.200+0.022x ,- 0.006x)+0.034x 12+ 0.0 1OX2 z

0 .S9

2

65/35

0.202+0.020X I+0.03SXI

0.6S

S0120

3.74+0 . 17xl- 0.05xz+0 .07x3+0.07xI 2

0 .S5

65/35

3.77+0.19x ,- 0.06x2+0.12x, 2

0.S7

S0120

2 .65+0. 12xl- 0.047xz+0.053xr 0.066x2 z

0.S4

65/35

2.7 1+O. ll x l- 0.03xz+0.04x)+0.04xI 2

0.S4

Tab le 4-Respo nse surface equations for characteristics of scoured and fini shed fabrics
Characteristic

Yarn li near
density tex

Blend rati o
(Polyester/
cotton)

Scoured fabric

Response surface equation

Finished fabric

Sq uared
mU ltiple

Response surface equation

coefficient

Squared
multiple
regression
coefficient

(R')

(R')

regression

Compressional

R39.2/2

80/20

2. 11 8+0.039xl+0.029xl'

0.81

1.460+0.0Ilx l+0.020xl '

0.47

65/35

2. 123 +0.026xl - 0.0 13x,+0.042x I'

0.80

1.4 77 +0.0 15xl- 0.009x,+0.035xl '

0.79

80/20

1.97 1+0.04I xl +0.05Ixl'

0.82

1.454+0.022xl+0.028xl'

0.45

65/35

1.972+0.025x l-0.016x,+0.06Ixl'

0.74

1.454+0.0Ilx l+ 0.037xl'

0.62

R39.212

80/20

2.503 +0.064x l+0.0 16x3+0.038xl '

0.90

1.607+0.015xl

0.40

65/35

2.608+0.05Ixl +0.0 14x3+0.029xI2

0.90

1.671 +0.009xl+0.006x,

0.54

R29.4/2

80/20

2. 102+0.054xl+0.0 13x3

0.77

1.348+0.024xl- 0.027x I'

0.41

65/35

2. 183+0.060XI+0.0 15x3

0.88

1.3 85+0.029x l+0.020x lx,

0.53

80/20

0.427+0.036xl- 0.0 13x3+0.069x I2

0.92

0.309+0.0 16xl- 0.006X3+0.029X I'

0. 87

65/35

0.462+0.042x 1- 0.0 17x3+0.065xl'

0.92

0.335+0.0 19xl+0.025xl'

0.56

energy, g. mm

R29.4/2

Bending
rigidity, g. mm

Coeffi cient of
frict ion, )l

R39.2/2
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pressure due to the difference in the structure of two
yarns. Increasing spinning speed leads to a decrease in
yarn flexural rigidity.
3.3 Fabric Characteristics
3.3.1 Compressional Energy

Response surface equations (Table 4) show the
nature of variations in MVS yarn fabrics with the
change in process variables. The three-dimensional
response surface maps (Fig. I) reveal that the twisting
jet pressure is a critical factor associated with the
difference in compressional energy of the fabrics.
Table 4 implies that the nozzle distance has
significant effect only in case of fabrics woven from
65:35 polyester-cotton fibre mix. However, the
delivery speed of Murata Vortex Spinner, in general,
has no influence on compressional energy of these
fabrics. The value of R2 indicates that in general about
79% and 58% of the variations in compressional
energy of scoured and finished fabrics respectively
can be explained by these responses. The
compressional energy of the scoured fabrics woven
from MVS yarns spun with 5 kg/cm2 twisting jet
pressure is quite low. For the fabrics woven from
yarns spun with 6 kg/cm2 twisting jet pressure,
however, the compressional energy is generally
higher. At higher twisting jet pressure, the yarn
diameter increases because the yarn structure
becomes loose on account of the increased irregular
wrappings and wild fibres 9 and consequently the
compressional energy of these fabrics is higher. The
results again demonstrate that the compressional
energy of scoured fabrics is also affected by the
nozzle distance and yarn linear density . Invariably,
the fabrics woven with a yarn spun using a short
nozzle distance on Murata Vortex Spinner exhibit
higher compressional energy and it can be further
increased if the fabric is woven with a coarse yarn. On
the other hand, the chemical finishing results in 2532% reduction in compressional energy of MVS yarn
fabrics on account of the increased compactness.
3.3.2 Bending Rigidity

Table 4 shows the response surface equations and
correlation coefficients for the bending rigidity of
scoured and finished MVS yarn fabrics . Both twisting
jet pressure and nozzle distance play a key role in
influencing the bending rigidity of the scoured
fabrics. The process parameters that tend to produce a
rigid yarn cause increase in bending rigidity of woven
fabrics (Fig.2). Expectedly, the bending rigidity
values for the fabrics woven from MVS yarns spun
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with higher tWIsting jet pressure and wider nozzle
distance are considerably higher than that for the
fabrics woven from the yarns spun with lower values
of twisting jet pressure and nozzle distance due to the
influence of yarn structure. Both these factors
increase the wrappings and the incidence of wrapper
fibres which impede the freedom of core fibres,
resulting in higher yarn rigidity. Furthermore, the
MVS yarn fabrics woven from coarse yarns display
higher bending rigidity, as expected. The chemical
finishing causes a significant reduction in bending
rigidity of the MVS yarn fabrics. This reduction in
bending rigidity of the fabrics is obviously caused by
relieving of internal stress due to heat setting.
Besides, the use of silicon finish also lowers the
bending rigidity. Though the influence of nozzle
distance was significant at the scoured stage, it has
been eliminated from the response equations for the
finished fabrics . The influence of twisting jet pressure
on the bending rigidity of the finished fabrics is
reflected in a similar manner.
3.3.3 Coefficient of Friction

Table 4 indicates that the twisting jet pressure has a
greater effect on the coefficient of friction of MVS
yarn scoured fabrics than does nozzle distance. Fig.3
shows the results of fabric friction. Generally, the
fabrics woven using coarse yarns with higher cotton
content have consistently higher coefficient of
friction. The fabrics having yarns spun with higher
twisting jet pressure exhibit lower coefficient of
friction due to an increase in tight regular wrappings
and wrapper fibres, which result in a compact yarn
with reduced diameter. However, for fabrics woven
from yarns spun with 6 kg/cm2 twisting jet pressure,
the coefficient of friction increases. This is due to the
increase in irregular wrappings, leading to a bigger
yarn diameter and hence a large contact area.
Furthermore, the coefficient of friction of MVS yarn
fabrics decreases with the increase in nozzle distance,
which, in turn, decreases yarn diameter resulting from
increased long regular wrappings. The effect of
chemical finishing on coefficient of friction of MVS
yarn fabrics is also along the expected lines. There is
about 22 - 36% reduction in frictional coefficient of
these fabrics after finishing. The results in Table 4
also show that the bending rigidity of the finished
fabrics, except woven with R39/2 tex 80:20
polyester/cotton fibre mix, exhibits insignificant
change in coefficient of friction with the increase in
nozzle distance.
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3.3.4 Shear Energy

The response surface equations for shear energy of
MVS yarn fabrics along with the correlation
coefficients are given in Table 4. The correlation
coefficients between shear energy of scoured fabrics
and twi sting jet pressure and nozzle distance are very
high. The result implies that the strong dependence
exists between shear energy and two process
variables. FigA shows the variations in shear energy
of MVS yarn fabrics with different process variables.
When twisting jet pressure is increased from 4 kg/cm2
to 5 kg/cm2, the shear energy of the fabrics decreases.
The decrease in yarn diameter that reduces the shear
energy is obviously caused by an increase in
incidence of wrapper fibres and tight regular
wrappings. However, for the twisting jet pressure
above 5 kg/cm2, the shear energy of the MVS yarn
fabrics increases significantly because the yarn
structure becomes loose on account of an increase in
irregular wrappings and wild fibres . Nozzle distance
also appears to have a marked impact on the shear
energy of the fabrics, irrespective of the fibre
composition and yarn linear density. Due to the long
regular wrappings and hence a relatively more
compact yarn structure, the wider nozzle distance
obviously has the most favourable effect on the shear
energy of the MVS yarn fabrics. As the mobility of
the warp/weft threads in the fabric is significantly
increased after chemical finishing, there is
approximately 28 - 45% decrease in the shear energy
of MVS yarn fabrics after finishing . This can again be
accounted for by the smoothening effect of silicon
finish .

4 Conclusions
4.1 Low-stress behaviour of polyester-cotton MVS
yarn fabrics is markedly influenced by the nozzle
distance and twisting jet pressure. Generally , the
fabrics made from fine MVS yarns yield considerably
lower compressional and shear energies than the

fabrics woven from the coarse yarns using the same
process parameters. Both compressional and shear
energies initially decrease with the increase in
twisting jet pressure and then increase on further
increase in jet pressure from 5 kg/cm2 to 6 kg/cm 2.
The compressional energy seems to depend on the
nozzle distance, and the fabrics made from the yarns
spun with wider nozzle distance display lower
compressional
energy.
Furthermore,
both
compressional energy and shear energy of MVS yarns
fabrics exhibit a marked decrease after finishing
treatment.
4.2 Both the twisting jet pressure and nozzle
distance are the most predominant factors
contributing to fabric friction, and any increase in
these parameters leads to a decrease in frictional
coefficient of the MVS yarn fabrics. However, the
fabric friction increases significantly as the twisting
jet pressure is increased above 5 kg/cm 2 . The increase
is highly dependent on fibre composition and yarn
linear density. Additionally, a finer yarn, lower
twisting jet pressure and a short nozzle distance are
needed to reduce the bending rigidity of MVS yarn
fabrics. Both bending rigidity and frictional
coefficient significantly reduce after finishing.
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