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I Introduction

Knitted fabric usage has been increasing
all over the world because of the simple
and quick production technique, lower
production costs, being more comfort-
able, softness of the fabric structure, as
well as being appropriate to fashion and a
variety of products. The quality of a gar-
ment is determined by the characteristics
of each of its components, from the fibre
and fabric to the very last finishing detail.
Many properties help to determine fab-
ric quality and, consequently, the quality
of apparel or other products in which the
fabrics are used. Textile testing proce-
dures are often used for quality control.

The physical and mechanical properties
of knitted fabrics are very important in
many ways. Among these properties, the
bursting strength is extremely important.
Bursting strength is the force or pressure
required to rupture a textile by distend-
ing it with a force that is applied at right
angles to the plane of the fabric. As the
force increases, the fabric distorts and
forms a bubble until it finally ruptures or
tears apart [1].

Among the fabric parameters that affect
pilling, fabric type seems to be the most
important one. We know that knitted
fabrics pill more because of their loose
structure since this causes easier fibre
migration. Pilling is a fabric surface fault
characterised by little balls or “pills” of
entangled fibres clinging to the fabric
surface. Unsightly pills are formed dur-
ing the use and laundering of the textile

62
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Abstract

We studied the structural properties, bursting strength and pilling properties of single jersey
knitted fabrics made from OE rotor spun yarns. Raw material of 100% cotton of the Urfa
region of Turkey was specifically handled in the study. The yarns were produced with dif-
ferent nozzle types with a yarn of linear density of 19.67 tex. Five different ceramic nozzles
were used in yarn production. These nozzle types are known as K4KK, K4KS, K6KF, KSKK
& KSNX. Fabrics were produced by a 28 gauge 32 inch diameter circular knitting machine.
The yarns were processed to single jersey knitted fabrics by adjusting the yarn loop length
between 14 - 17 cm on the machine as they were the minimum and maximum values lim-
ited by the yarn type, machine and commercially accepted conditions. The purpose of this
paper was to investigate the effect of fabric density and nozzle type on the structural and
performance properties of single jersey knitted fabrics investigated in both a grey and dyed
state. In addition, results were interpreted statistically and regression equations obtained.
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product, and most often are seen in the
areas of a garment [2].

In literature many studies [3 - 7] have
been made on the effect of nozzle type
on yarn structure, yarn surface proper-
ties and yarn quality in rotor spinning. A
number of these studies were made with
100% cotton. As a result of these studies,
it was found that nozzle types without
grooves have an improving effect on yarn
irregularity, hairness and strength.

Many researchers [8 - 13] investigated
the influence of the spinning system,
yarn count, raw material and other relat-
ed subjects on the structural properties of
knitted fabrics. According to the results
of these studies, the strength and elon-
gation of weft knitted fabrics increased
with increasing density. In addition, im-
proved softness and smoothness were
observed. By increasing the weight of the
fabric and the loop length, the pilling re-
sistance and bursting strength increased.
Other researchers studied [14, 15] pilling
measurement systems developed using
an image processing technique. Rotor
spun yarn is widely used in knitted fab-
ric production and rotor spun yarn char-
acteristics are influenced by nozzle type
within a wide range. Nevertheless in the
literature there is a lack of information
about the effect of nozzle type on rotor
spun yarn knitted fabrics. In this study
the effect of fabric density and nozzle
type on the structural and performance
properties of single jersey knitted fabrics
were investigated for both the grey and
dyed state. In addition, results were inter-
preted statistically and regression equa-
tions obtained.

@ Material and method

In this study, 100% Urfa region cotton
was used as raw material. The properties
of cotton were tested using an Uster HVI
900 test device and evaluated on the basis
of Uster statistics [16]. The fabrics, be-
fore and after the sanforisation process,
were conditioned for 24 hours prelimi-
nary to testing and measurements at the
standard relative humidity 65 + 2% and
20 + 2 °C temperature in accordance with
Standard EN ISO 139 [17]. Fibre proper-
ties are given in Table 1.

During the production, five different noz-
zle types were used. In this study 100%
Urfa cotton was converted into 5.91 ktex.
Slivers were fed through rotor spinning
units and produced on a rotor spinning
machine. Spinning conditions and pro-
duction parameters of the machine are
given in Table 2.

100% cotton yarn suitable for knitting ro-
tor groove types S and D in a diamond-

Table 1. Fibre properties.

Uster
classification

Measured

Parameters
values

Upper half mean

14.33 .
length, mm Medium long
Mean Lenght 29,35.(mm)
Microneire, ug/ 49 Medium fine
inch
Uniformity, % 48.8 Very good
Strenght, cN/tex 24.83 Medium
Elongation, % 9.9 Very high
Yellow grade (+b) 9.47
Brightness 76,60 White cotton
Color Grade 21-4
Number of
contamination, 551
cont/g
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Table 2. Yarn and machine production parameters.

Yarn count, tex

Yarn production Sliver number, ktex

parameters
Twist factor, ap,
Rotor type
Rotor diameter, mm

Machine production Rotor speed, m/min

parameters Opening roller type

Opening roller speed, m/min

Nozzle types

Table 3. Test results of yarn properties.

Parameters of yarn tested

K4KK
Uniformity, Um% 12.67
Mass variation of coefficient, CVm% 15.95
Thin places, (-50%)/km 70.3
Thick places, (+50%)/km 111.8
Neps, (+280%)/km 22.8
Strength, cN/tex 10.22
Breaking strength, cN 201.3
Breaking work, cNxcm 264.3
Elongation, %, 4.86
Uster hairiness index (H) 5.16

Number of twist, twist/m

19.67
5.91
840
118
328D
32
102,360
OB 20
7,700
K4KK,K4KS,K6KF,K8KK,KSNX

Nozzle types

Table 4. Yarn loop length on machine for fabric production (50 needle).

Density notation 1
Yarn loop length adjusted on the 14
machine Ly, cm
Fabric classification according to | very high
yarn loop length density

coated form on rotor spinning machines
was used. In order to minimise variations,
yarm production was pre-determined on
the rotor unit simplyby changing the noz-
zle type; all other machine production
parameters were kept constant.

For yarn evenness, faults and hairiness
an Uster Tester 4SX test device was used
and the results evaluated according to
Uster statistics [18]. Yarn strength was
tested in accordance with EN ISO 2062.
Test results of yarn properties are give in
Table 3.

Table 5. Knitting machine production pa-
rameters.

Machine diameter, inch (cm) 32 (78.4)
Machine fineness, gauge 28
Number of system 102
Machine speed, m/min 26 - 28
Total number of needles on the 2808
machine

Feed type Positive
Coil position Side
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K4KS K6KF K8KK KSNX
12.72 12.79 12.75 12.29
16.03 16.13 16.08 15.51
79.5 77.3 66.3 59
117.5 115.3 113 76.8
63.8 21.0 243 10.8
8.69 11.47 10.14 10.04
1711 225.9 199.7 197.8
208.2 306.3 251.5 261.4
4.47 5.04 4.74 4.96
7.12 4.99 5.30 5.34
2 3 4 5
14.8 15.5 16.2 17
high medium low very
density density density low density

Knitting machine production parameters
are given in Table 5. A Mayer & Cie.
Relanit 3.2. type circular knitting ma-
chine of 28 gauge and 32 inch diameter
with positive feed systems was used. OE
rotor spinning yarns were produced in
five different yarn loop lengths for sin-
gle jersey knitted fabrics. The yarn loop
length on the machine for production is
given in Table 4.

The yarn loop length was determined in
accordance with Standard EN 14970[19].
Course and wale density values per cm
were taken into account for the study in
accordance with Standard EN 14971[20].
Similarly the mean fabric weight per
square-meter was determined in ac-
cordance with Standard EN 12127 [21].
The bursting strength of grey and dyed
samples were tested using a James Heal
TruBurst bursting strength tester (UK)
according to Standard EN ISO 13938-2
[22]. The pilling properties of grey and
dyed samples were tested in accordance
with EN ISO 12945-2 using a Martindale
pilling tester, starting with cycles from

125 to 7000 r.p.m. In the evaluation of
pilling tendency, scale 1 means very se-
vere pilling, 2 severe pilling, 3 moderate
pilling, 4 slight pilling and 5 means no
pilling [23]. The dyeing recipes of the
sample fabrics, given in Table 6, were
used in the same conditions. An HT 11
Jumbo dyeing machine with a 1/6 rate of
the dyeing process was used with liquor.

I Results and discussion

Effect of adjusted yarn loop length on
fabric structural parameters

Figure 1 shows the yarn loop length of
grey and dyed single jersey knitted fab-
rics measured in relation to the adjusted
yarn loop length on the machine. In the
equations, x is the adjusted loop length
on the machine for fabric production and
y is the measured loop length in cm.

It can be seen from Figure 1 that there is
a linear relationship between the adjusted
and measured yarn loop length values, as
expected. The following expression was
constructed in order to give a better un-
derstanding of the variation in yarn loop
length in the grey and dyed fabric.

For grey fabric; regression Equation 1
was obtained from the regression analy-
sis

Lpir=1.0002L4 +0.0268 |,
R2=0.9979

The absolute relative difference was cal-
culated from the measured and predicted
(Lry) values by the following Equa-
tion 2

L,—-L

1w ~ L x 100,% (2)

LM

For dyed fabric; regression Equation 3
was obtained from the regression analysis

Lpy=09948L, +0.1329 o
R2=0.9962

The absolute relative difference was cal-
culated from the measured and predicted
(Lrpy) values by the following Equa-
tion 4

Table 6. Dyeing recipe.

Dyeing recipe Unit Quantity
Yellow Dexf % 0.0015
Red Dexf % 0.018
Salt g/dm3 20
Soda g/dm3 15
Temperature oC 40
Colour - pink
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Ly, measured length of loop yarn, cm

18

17 4

16 1

15 1

14

13 1

12

Lry = 1.0002L, + 0.0268
R? = 0.9979

Lry = 0.9948L, + 0.1329
R? = 0.9962

14 14.8 15.5 16.2 17 14 14.8 15.5 16.2 17

Very High |Medium| Low Very Very
high | density| density density | low high
density density | density

High | Medium| Low Very
density| density | density | low
density

Grey fabric,
single jersey 19.67 tex x 1

Dyed fabric,
single jersey 19.67 tex x 1

K4KK

K4KS

K6KF

27V x KKK

KSNX

Adjusted length of loop yarn on the machine L,, in cm, and course density, C, in course/cm.

Figure 1. Yarn loop length of sample fabrics.

Cy, measured course density, course/cm

22

20

Cry = -1.7447L, + 42.983
R?=0.9729

Y
Cry = -1.9284L 5 + 46.622
R2 = 0.9841

14 14.8 15.5 16.2 17 14 14.8 15.5 16.2 ’ 17

Very High Medium| Low Very | Very
high | density | density | density | low high
density density | density

High |Medium| Low Very
density | density | density | low
‘density

Grey fabric,
single jersey 19.67 tex x 1

Dyed fabric,
single jersey 19.67 tex x 1

K4KK

(50 KAKS

K6KF

K8KK

KSNX

Adjusted length of loop yarn on the machine L, in cm, and course density, C, in course/cm.

Figure 2. Course density of sample fabrics.

Wy, measured wale density, wale/cm

16

15 1

14

13

12

11
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Wgy = -0.2462L, + 17.828
R2 = 0.9508

x

Wgy = -0.0893L, + 13.861 X

R2=0.8193
A
W

14 148 | 155 | 16.2 17 14 148 | 155 | 16.2 17

Very High |Medium| Low Very | Very
high | density | density| density| low high
density density | density

High 'Medium Low Very
density| density| density| low
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Grey fabric,
single jersey 19.67 tex x 1

Dyed fabric,
single jersey 19.67 tex x 1

K4KK

K4KS

K6KF

K8KK

KSNX

Adjusted length of loop yarn on the machine L, in cm, and course density, C, in course/cm.

Figure 3. Wale density of sample fabrics.
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Ly L |
Bpy="——F——x100.%  (4)

M

Absolute relative differences for differ-
ent yarn loop lengths were calculated us-
ing Equations 1 and 2. According to ab-
solute relative difference values, the grey
fabric regression equation can predict
with 99.11% accuracy. Similarly abso-
lute relative differences for different loop
yarn lengths were calculated using Equa-
tions 3 and 4. According to absolute rela-
tive difference values for the dyed fabric,
the regression equation can predict with
99.15% accuracy.

It is seen from Figure 2 that there is a
linear relationship between the adjusted
and measured values.

For grey fabric regression Equation 5
was obtained from the regression analysis
Cry=-1.9284L,+ 46.622

R2=0.9841 %)

The absolute relative difference was cal-
culated from the measured and predicted
(Crp) values by following Equation 6

‘CM - CRII ‘
C

M

By = x100,%  (6)

For dyed fabric regression Equation 7
was obtained from the regression analy-
sis

Crur=-1.7447L 4 + 42.983
R2=0.9729 (7)

The absolute relative difference was cal-
culated from the measured and predicted
(Crm) values by following Equation 8

‘CM - CRM ‘

Bry= x100, % (8)

M

Absolute relative differences for differ-
ent yarn loop lengths were calculated us-
ing Equations 5 and 6. According to ab-
solute relative difference values, the grey
fabric regression equation can predict
with 95.4% accuracy. Similarly the abso-
lute relative differences for different loop
yarn lengths were calculated using Equa-
tions 7 and 8. According to the absolute
relative difference values for dyed fabric,
the regression equation can predict with
95.65% accuracy.

Figure 3 shows the wale density meas-
ured for the single jersey,grey and dyed
fabrics. Wale density changes of grey
fabrics were between 12 - 13 wales/cm,
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Gy = -8.8331L, + 260.84

100 R? = 0.9668

Gy, measured fabric weight, g/m?

K4KK

Gry = -9.3032L, + 275.2 '

R?=0.9727
K4KS

K6KF

K8KK

80
14 14.8 15.5 16.2 17 14
Very | High Medium| Low | Very | Very

high | density | density | density  low
density

Grey fabric,
single jersey 19.67 tex x 1

high | density| density density| low
density| density

14.8 15.5 16.2 17

High | Mediu Low Very
KSNX

density

Dyed fabric,

single jersey 19.67 tex x 1

Adjusted length of loop yarn on the machine L,, in cm, and course density, C, in course/cm.

Figure 4. Fabric weight of sample fabrics.

while changes of dyed fabrics were be-
tween 13 - 15 wales/cm.

For grey fabric regression Equation 9
was obtained from the regression analy-
sis

Wi =-0.0893L 4 + 13.861
R2=0.8193 )

The absolute relative difference was cal-
culated from the measured and predicted
(Wgp) values by the following Equa-
tion 10

‘WM - WRII ‘

x100,% (10)

Brpp=
M

For dyed fabric regression Equation 11
was obtained from the regression analy-
sis

Wy = -0.2462LA + 17.828

R2=10.9508 (b

The absolute relative difference was cal-
culated from the measured and predicted
(Wgap) values by the following Equa-
tion 12

w, -Ww,
BFM:MVVMWXIOO, %

M

(12)

Absolute relative differences for dif-
ferent loop lengths were calculated us-
ing Equations 9 and 10. According to
absolute relative difference values for
grey fabric, the regression equation can
predict with 97.27% accuracy. Similarly
absolute relative differences for different
loop lengths were calculated using Equa-
tions 11 and 12. According to absolute
relative difference values for dyed fabric,
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the regression equation can predict with
97.4% accuracy.

Figure 4 shows the fabric weight of
sample fabrics in relation to the adjusted
loop length on the machine. It can be
seen from Figure 4 that there is a linear
relationship between the adjusted and
measured weight values, as expected.
Because the calculation results from the
regression equations are well fitted, these
equations may be used to predict the fab-
ric weight of grey and dyed single jersey
fabrics produced from 19.67 tex x 1 rotor
spun yarn.

The following expression was construct-
ed in order to give a better understanding
of the variation in grey and dyed fabric
weight.

For grey fabric regression Equation 13
was obtained from the regression analy-
sis

Grpy = -8.833L 4 + 26084

(13)
R2 =0.9668

The absolute relative difference was cal-
culated from the measured and predicted
(Grp) values by following Equation 14

‘GM - GRH ‘

Bry= x100,%  (14)

M

For dyed fabric regression Equation 15
was obtained from the regression analy-
sis

Grar=-9.3032L 4 +275.2

R2=0.9727 (15)

The absolute relative difference was cal-
culated from the measured and predicted
(Grwm) values by following Equation 16

‘GM - GRM

Bry= x 100,% (16)

M

Absolute relative differences for dif-
ferent loop lengths were calculated us-
ing Equations 13 and 14. According to
absolute relative difference values for
grey fabric, the regression equation can
predict with 96.23% accuracy. Similarly
absolute relative differences for different
loop lengths were calculated using Equa-
tions 15 and 16. According to absolute
relative difference values for dyed fabric,
the regression equation can predict with
96.42% accuracy.

The experimental results were statisti-
cally evaluated using Design Expert
Analysis of Variance (ANOVA) software
with F values at a significance level of
a = 0.005 with the intention of explor-
ing whether there is any statistically sig-
nificant difference between the variations
obtained. We evaluated the results based
on the F ratio and the probability thereof
(prob > F). The lower the probability of
the F-ratio, the stronger the contribution
of the variation and the more significant
the variable.

Table 7 summerises the statical signifi-
cance analysis for loop length as well as
course, wale and fabric weight, evaluated
separately. In the Table 7 variables are
the nozzle type as well as the adjusted
loop length and interactions of these two
parameters.

As a result of this study, we can state that
the type of nozzle (NT), measured for
grey and dyed fabrics, loop length (L,
L), course density (Cypsg, Crpng), Wale
density (W, Wang), and fabric weight
(Gym> Guy) did not have a significant
effect. Loop length was determined to
have a significant impact on the proper-
ties of the fabric measured. Fabric char-
acteristics of bilateral interactions of the
factors did not have a significant impact.

Bursting strength variation

Figure 5 shows the bursting strength
of fabric samples, and linear regression
equations are also given.

For grey fabric regression Equation 17
was obtained from the regression analysis

Spy = -20.976L 4 + 796.76

R2=10.9979 a7
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The absolute relative difference was cal-
culated from the measured and predicted
(Sgp) values by following Equation 18

‘SM - SRH ‘

Bru

= x100,%  (18)

M

For dyed fabric regression Equation 19
was obtained from the regression analy-
sis

Spar=-23.363L, +810.65

R2=0.9776 (19)

The absolute relative difference was cal-
culated from the measured and predicted
(Sgup) values by following Equation 20

‘SM _SRM ‘

Bry= x100,%  (20)

M

Absolute relative differences for dif-
ferent loop lengths were calculated us-
ing Equations 17 and 18. According to
absolute relative difference values for
grey fabric, the regression equation can
predict with 91.08% accuracy. Similarly
absolute relative differences for different
loop yarn lengths were calculated using
Egquations 19 and 20. According to ab-
solute relative difference values for dyed
fabric, the regression equation can pre-
dict with 93.43% accuracy.

Figure 5 illustrates that an increase in
fabric weight or course density has an
increasing effect on the fabric bursting
strength. In addition, the yarns examined
were produced under the same conditions
with the same fibres. Test results of yarn
strength are given in this paper (7Table 3),
which show that the K6KF nozzle type
produces the strongest yarn strength.
Hence, as shown in Figure 5, the strength
of yarns produced form the different noz-
zle types was also an important parem-
eter determining fabric strength. Table 8
summarizses data obtained from the sta-
tistical significance analysis for bursting
strength.

As a result of this study, we can conclude
that the type of nozzle (NT), loop length
(L), and bursting strength measured
(Syr and Syg) werefound to have a sig-
nificant impact on grey and dyed fabric.
Fabric characteristics of bilateral interac-
tions of the factors did not have a signifi-
cant impact.

Pilling resistance

The pilling resistance of samples was test-
ed using a Mardindale Pilling&Abrasion
Tester usingthe standard (ISO 12945-
2:2000) “Textiles - Determination of
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Figure 5. Bursting strength of sample fabrics.

Table 7. Statistical significance analysis for structural properties of sample fabrics; F-V: F
value, P-V: P value, C % is the contribution in percent.

Fabric Nozzle type (NT) Machilne aﬂj;usLted loop i“Bt‘I::;‘e:triaC:n Undetermined
properties ength (La) NTxLa effect, %
F-V P-v C, % F-V P-v C, % C, %
Lmn, cm 0.53 | 0.7143 | 0.038 1395 | 0.0001 | 99.34 0.17 0.45
Lym, cm 0.095 | 0.9832  0.011 | 854.6 | 0.0001 | 99.02 0.25 0.72
Cwmn, course/cm | 5.92 | 0.0017 = 1.65 | 344.0, 0.0001 | 95.56 1.06 1.74
Cnmm, course/cm | 0.75 | 0.5684 @ 0.21 342.2 | 0.0001 | 97.25 0.76 1.78
Wpn, wale/cm 1.14 1 0.3522 | 8.92 3.44 | 0.0706 7.29 5.07 78.72
Wnm, wale/cm 0.041 | 0.9967 @ 0.22 30.81 | 0.0001 | 42.94 17.31 39.52
GmH, 9/m?2 7.72 | 0.0003  1.66 446.2 | 0.0001 | 95.67 1.33 1.34
Gmm, g/m?2 14.85 | 0.0001 | 0.89 1631 | 0.0001 & 97.81 0.93 0.37

Table 8. Statistical significance analysis for bursting strength of sample fabrics.

Machine adjusted loop . Bilater.al
Fabric Nozzle type (NT) length (L) interaction | yndetermined
properties NTxLa effect, %
F-v P-v C, % F-v P-v C, % C, %
SmH 206.36 | 0.0001 | 50.45 | 191.72 | 0.0001 | 46.87 1.27 1.41
Smm 158.80 | 0.0001 | 26.58 | 426.08 | 0.0001 | 71.33 1.05 1.05

fabric propensity to surface fuzzing and
to pilling - Part 2: Modified Martindale
method”. The pilling standards used
for rating the fabrics had the following
scales: 5 - no pilling, 4 - slight pilling,
3 - moderate pilling, 2 - severe pilling
and 1 - very severe pilling. These assess-
ments were carried out under D65, artifi-
cial daylight, using EMPA Standard pho-
tography as a pilling assessment viewer
(Figure 9).

The results (Figure 9) of these ex-
perimental studies were evaluated by
a Design-Expert 6.0.1 statistical soft-
ware package with one-way analysis of
variance (ANOVA), where for factor F
a level of significance of a = 0.05 was
preferred. Table 10) gives the statisti-
cal significance analysis for the pilling

data. The nozzle type and loop length
have no significant influence on pilling
properties. Hence in this study they are
considered as minor factors. The higher
the pilling cycles, the more severe or
very severe the pilling is for the fabrics.

@ Conclusion

The following conclusions can be drawn
from the results of this experimental
study.

1. For grey and dyed samples the yarn
loop length can be treatedas one of the
decisive and main machine param-
eters determined.

2. For grey and dyed samples the ad-
justed loop length has a significant ef-
fect on the loop length, course density,

FIBRES & TEXTILES in Eastern Europe 2014, Vol. 22, No. 1(103)



Table 9. Pilling resistance of sample fabrics; GF: grey fabric, DF: dyed fabric. Abbrevia-
tions: pilling cycles of grey and dyed fabric measured (Py, Pyy).

Pilling Yarn loop length adjusted on machine L cm
Nozzle
types cycles, 14 14.8 15.5 16.2 17
r-p.m. GF  DF | GF | DF | GF | DF | GF | DF | GF | DF
125 5 5 5 5 5 5 5 5 5 5
500 4-5 5 4 5 4 4-5 4 4 4
1,000 4 4-5 4 4-5 | 3-4 4 3 3-4 3 3-4
K4KK
2,000 3 3 4 3 3-4 3 3-4  2-3 3
5,000 2 3-4 2 3-4 2 3 2 3 2 2-3
7,000 2 3-4 2 3 2 2-3 2 2-3 2 -
125 5 5 | 4-5| 5 | 4-5| 5 5 5 5 5
500 4-5 5 4 5 4 5 4 4-5 4 4-5
1,000 4 4-5 | 3-4 | 4-5 | 3-4 | 4-5 | 3-4 4 3-4 4
K4KS
2,000 3 4 3 4 3 4 3 3-4 3 3-4
5,000 2-3 3 2-3 3 2-3 3 2-3 3 2-3 3
7,000 2 3 2 3 2 3 2 2-3 2 2-3
125 5 5 5 5 5 5 5 5 5 5
500 4-5 5 4 5 4 5 4 4-5 4 4-5
1000 | 3-4  4-5 | 3-4 | 4-5 4 4 3-4 4 4 4
K6KF
2,000 3 4 3 4 3-4 4 3 4 3 3-4
5,000 2-3 | 3-4  2-3 | 3-4 3 3-4 | 2-3 3 2 2-3
7,000 2 3 2 3 2 3 2 3 2 2-3
125 5 5 5 5 5 5 4-5 5 4-5 5
500 4-5 5 4-5 5 4 4-5 4 4-5 4 4-5
1,000 4 4-5 | 3-4  4-5| 3-4 4 3-4 4 3 4
K8KK
2,000 3-4 4 3 4 3 4 3 3-4  2-3 3
5,000 3 3-4  2-3 4 2 3 2 3 2
7,000 2 3-4 2 3 2 3 2 2-3 | 1-2 -
125 5 5 5 5 5 5 5 5 5
500 4-5 5 4-5 5 4 4-5 4 4-5  4-5 | 4-5
1,000 4 4-5 4 4-5 3 4-5 | 3-4 4 4 4
KSNX
2,000 3-4 4 3 4 3 3-4 3 3-4 3 3-4
5,000 2-3 | 3-4 | 2-3 | 3-4 2 3 2-3 3 2 3
7,000 2 3-4 2 3 2 2-3 2 2-3 1 1-2 | 2-3
Table 10. Statistical significance analysis for pilling resistance of sample fabrics.
i Machine adjusted loop | Number of pilling cycles
Fabric Nozzle type (NT) length (L) (PC) | L
propery
F-V P-v C, % F-v P-v C, % F-V P-v C,% C% C%
Py 12.10 | <0.0001 | 0.61 | 30.94 | <0.0001  1.56 | 1486.73 | <0.0001 | 93.81 | 0.62
Pm 13.59 | <0.0001 | 1.00 | 104.46 | <0.0001 | 7.65 | 900.04 |<0.0001 | 82.39 | 1.24 | 2.60

fabric weight and bursting strength
measured but an insignificant one on
the wale density.

3. On the other hand, the nozzle type has
an insignificant effect on the yarn loop
length, course density, wale density
and fabric weight measured for grey
and dyed samples, while it has a sig-
nificant effect on the bursting strength.

4. The nozzle type and loop length do
not have a significant influence on
pilling properties. Hence in this study
they are considered as minor factors.
The higher the pilling cycles, the more
severe or very severe the pilling is for
grey and dyed sample fabrics. As the
number of pilling cycle increases from
125 to 7000, the pilling of dyed and
grey fabrics increases.
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It was observed that the dying process
has a significant effect on the bursting
strength and pilling resistance.
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