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Abstract: High-bulk worsted yarns with different shrinkable and non-shrinkable acrylic fibers blend ratios are produced and
then single jersey weft knitted fabrics with three different structures and loop lengths are constructed. The physical properties
of produced yarns and compression properties of produced fabrics at eight pressure values (50, 100, 200, 500, 1000, 1500 and
2000 g/cm®) were measured using a conventional fabric thickness tester. Then, weft-knitted fabric compression behavior was
analyzed using a two parameters model. It is found that at 40 % shrinkable fibre blending ratio the maximum yarn bulk,
shrinkage, abrasion resistance and minimum yarn strength are obtained. It is also shown that high-bulk acrylic yarn has the
highest elongation at 20 % shrinkable fibre blend ratio. The statistical regression analysis revealed that the compression
behavior of acrylic weft-knitted fabrics is highly closed to two parameter model proposed for woven fabrics. It is also shown
that for weft-knitted structure, there is an incompressible layer (V') which resists against high compression load. Acrylic
weft-knitted fabrics with knit-tuck structure exhibit higher compression rigidity and lower sofiness than the plain and knit-
miss structures. In addition, at 20 % shrinkable fibre blend ratio, the high-bulk acryiic weft-knitted fabrics are highly com-

pressible.
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Introduction

One of the most important geometrical aspects of the
knitted structure is the dimension normal to the plane of the
fabric, or the fabric thickness [1,2] which manifests the
compressional properties. Compressional behaviour of fabrics,
along with bending, tensile, shear, and surface characteristics,
is strongly related to fabric handle, drape, tailorability [3,4],
sound and infrared transmission properties [5]. Thus, the
measurement of the compressional properties of fabrics forms
an integral part of the objective measurements [6-8].

Bulk characteristics of knitted fabrics have been studied
by a number of research workers [1,2,9-14]. Postle [1,2]
indicated that bulk density or compressional properties of
knitted structures are related to the effective diameter of the
yarn inside of the fabric and also to the curvature of the loops
out of the fabric plane. Ajayi and Elder [9] investigated the
effect of fabric compression on frictional properties of woven,
knitted and nonwoven fabrics. It is shown that as the fabric
compression increases, the difference between the static and
kinetic friction forces increases. Punj e al. [11] studied the
compressional properties of acrylic and viscose ring and air-
jet spun yarn plain knitted fabrics in two dry and fully
relaxed states. It is found that acrylic spun yarn knitted fabric
shows higher thickness, compression, compressibility and
lower thickness loss percentage than viscose in the relaxed
state. Aliouche and Viallier [10] measured the compressibility
and coefficient of friction of knitted, nonwoven, technical
filament cloth and a PVC film under the low load pressure. It
is concluded that the hairiness is an important point of tactile
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feelings and compressibility is a good way to explain fabric
frictional coefficient. Taylor and Pollet [12] used the equation
proposed by van Wyk [15] to approximate static low-load
compression curves of both woven and knitted fabrics and
concluded to a three-parameter model which was initially
proposed by de-Jong er al. [16]. The thickness and specific
volume of knitted fabric have been analyzed in relation to
yarn type (air-jet textured/flat), stitch length and relaxation
treatments by Mukhopadhyay ef a/. [13]. The results showed
that the thickness of air-jet textured yarn knitted fabric is
independent of stitch length in fully-relaxed state, whereas
the specific volume of the fabric increases with the increase
in stitch length. Recently, a theoretical model is proposed by
Soe et al. [14] and the compression properties of plain
knitted fabrics are predicted from yarn properties and fabric
geometry. It is assumed that plain knit compression can be
obtained from a combination of piled layer yarn compression
and single layer yarn compression with a contribution factor
depending on the fabric geometry [14].

In recent years, several research works have been done on
compressional behaviour of fibre [17-21], filament [22],
nonwoven assemblies [23-25], and woven and knitted
structures [12-14,26-28]. Previous studies by the author [29]
investigated the effect of blend ratios of un-relaxed and
relaxed acrylic fibers on physical properties of high-bulk
yarns. The high-bulk acrylic yarns are mainly utilized in weft
knitted fabric structures. However, there is no published work
to investigate compression properties of high-bulk acrylic
weft knitted fabrics consisting of shrinkable and non-shrinkable
acrylic fibre at different blend ratio. In the present study,
high-bulk worsted yarns with different shrinkable and non-
shrinkable acrylic fibers blend ratios are produced and then
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single jersey weft knitted fabrics with three different structures
(plain, knit-miss and knit-tuck) and three different loop
lengths (high, medium and low) are constructed. The objectives
of present research work are to analyze single jersey weft-
knitted fabric compression behavior using a two parameters
model and to investigate the relation between the shrinkable
acrylic fibre blend ratio and bulk characteristics of high-bulk
acrylic yarns as well as single jersey weft knitted fabric
compression properties.

Experimental

Spinning and Bulking Processing

In this work, two different shrinkable and non-shrinkable
acrylic fiber tops with linear densities of 26.48 and 34.74
ktex were respectively used. Table 1 shows the raw material
specifications.

The shrinkable and non-shrinkable acrylic tops were then
blended with shrinkable fibre blending ratios of 0/100, 20/
80, 40/60, 60/40, 80/20 and 100/0 on a blender gilling
machine. The produced blended slivers passed through
standard worsted spinning preparation machines and thus 6
samples of acrylic roving with average linear density of 0.80
Ktex were produced. Finally 6 samples of two-fold worsted
acrylic yarns were produced using standard worsted ring
spinning and two-for-one twister machines [30]. The yam
count and twist level for these 6 blended acrylic worsted
yarns were constant at the measure of 30/2 Nm and 210
T.PM respectively. These 6 sample yarns were then subjected
to steaming process and 6 samples of high-bulk yarns were
produced. The bulking process was carried out using Superba
continuous bulking system [30]. The steaming temperature
was at a measure of 94 °C and steam pressure was at a value
of 1 bar. To compare the produced yarn properties with
conventional produced yarn, a commercial high-bilk acrylic
yarn (61.3 % shrinkable fibre in 3.33 dtex, 32.6 % non-
shrinkable fibre in 3.33 dtex and 6.1 % non-shrinkable in
5.55 dtex fineness) was also produced with the same
specification.

Fabric Processing

To produce weft knitted fabrics, a double jersey flat knitting
machine (A.R.S.D, R88-96 Model) was used. The machine

Table 1. Raw material specifications (Average values)*

. Tensile .
Material Fzgf::)s s strength Elor(loga)tlon sz:it)h
(cN/dtex) o
. 2.83 3.29 1384 1189
Shrinkable fiber (10.05)  (1428) (1629) (33.22)
. 3.51 2.33 31.68 86.1
Non-shrinkable fiber g5y (1163)  (11.63)  (39.66)

*The CV% values are indicated in brackets.
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gauge was 8 (needle/inch), the fabric width was 50 cm (163
needles) and the cam setting numbers for different loop
lengths were adjusted at 15, 16 and 17. The single jersey weft
knitted fabrics were produced with three different structures
including plain(p), knit-miss(m) and knit-tuck(t) and three
different loop lengths (high, medium and low). Figure 1
shows these three fabric structures. As shown in Figure 1(a),
the plain structure is a basic structure of single jersey fabric
which is produced by the needles knitting as a single set,
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Figure 1. Single jersey weft-knitted fabrics with (a) plain, (b) knit-
miss, and (c) knit-tuck structures.
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Table 2. Construction parameters of fabrics tested
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Table 2. Continued

Course per Wale per

Stitch  Mass per

Course per Waleper  Stitch Mass per

FTS’C centimeter centimeter density unitarea Weave Fz;l]))rxc centimeter centimeter density unitarea Weave
(CPC) (WPC) (ecm™® (gmd) (CPC) (WPC) (cmD) (gmd)
1pl5 5.75 4.88 28.03 145.0 Plain 1t16 7.20 2.83 20.34 127.0  Knit-tuck
2pl5 5.90 4.90 2891 173.5 Plain 2t16 7.30 3.15 23.00 150.5 Knit-tuck
3pls 6.05 4.75 28.74 193.0 Plain 3tl6 6.60 3.08 20.30 175.0 Knit-tuck
4p15 5.90 4.70 27.73 190.5 Plain 4t16 6.60 3.20 21.12 172.0  Knit-tuck
5pls 5.90 4.80 28.32 179.5 Plain 5ti6 6.80 3.25 2210 166.5 Knit-tuck
6pl5 6.00 5.00 30.00 193.5 Plain 6t16 7.20 3.08 22.14 172.0  Knit-tuck
Tpl5 5.84 4.64 27.10 180.5 Plain 7t16 7.10 2.95 20.95 178.0  Knit-tuck
Ipl6é 4.65 438 20.34 119.5 Plain 1t17 7.50 2.29 17.16 120.0  Knit-tuck
2pl6 5.05 435 21.97 153.5 Plain 2t17 6.55 2.84 18.59 137.0  Knit-tuck
3plé 5.05 4.20 21.21 164.0 Plain 3t17 5.90 2.98 17.55 149.0  Knit-tuck
4pl6 478 450 21.49 146.5 Plain 417 5.40 3.13 16.88 143.0  Knit-tuck
S5plé 4.85 4.50 21.83 153.0 Plain 5t17 5.60 3.05 17.08 146.0  Knit-tuck
6pl6 475 4.75 22.56 170.5 Plain 6t17 6.40 2.88 18.40 159.5 Knit-tuck
pl6 4,70 4.35 20.45 152.5 Plain 7t17 6.10 2.80 17.08 149.5  Knit-tuck
1p17 4.25 3.75 15.94 98.5 Plain *Fabric ID explanations: The numbers 1,2, 3,.., 7 are referred to
2p17 4.15 4.08 16.91 135.0 Plain yarn type, p, m and t are referred to fabric structures (plain, knit-
3pl7 425 4.10 17.43 148.5 Plain miss, and knit-tuck respectively) and numbers of 15, 16, and 17 are
4p17 435 4.08 17.73 150.0 Plain referred to cam setting values or low, medium and high loop
5p17 4.35 3.78 1642 1435  Plain lengths respectively.
6pl7 425 4.18 17.74 149.0 Plain
17511175 2;(5) §?§ ;ggg Eig Krifrl:iss drawing the loops away from the technical back and t(?war.ds
mis 7‘30 4'90 35'77 194'0 Knif-miss the technical face side of the fabric [3.1]. In a kmt—npss
) ’ ) ) N structure, the float or welt stitch is the missed yarn floating
3ml5 7.55 4.73 35.67 208.0 Kn?t'@ss freely on the reverse side of the held loop which is the
2212 7/;2 :;2 gggg ;g?g IIZEIEZZ technical back of single jersey structures (Figure 1b) [31]. In a
) ) ) ) o knit-tuck structure, a tuck stitch is composed of a held loop,
6ml5 7.30 303 36.68 224.0 ant'm%ss one or more tuck loops, and knitted loops (Figure 1¢) [31].
7ml3 7.35 4.40 3234 1950 ant'mTSS A summary of the fabric-constructed parameters for three
Im16 645 4.35 28.06 134.5 Kn%t'm?ss fabric structures at three different loop lengths is presented
2mlé6 6.25 4.30 26.88 163.5 Knit-miss in Table 2.
3mlé 6.55 4.30 28.17 183.5 Knit-miss
4ml6 6.55 4.50 29.48 176.0  Knit-miss Yarn Physical Properties
Sml6 6.35 4.45 2826 1785 Kni.t-mi.ss The tensile strength and breaking elongation, percentage
6m16 6.30 4.55 2867 190.0 Knit-miss of shrinkage, and specific volume were measured using the
7ml6 6.40 4.15 26.56  181.5 Knit-miss standard test methods [32,33] as explained elsewhere by the
Im17 5.35 4.05 2167 123.0 Knit-miss author [29]. The yarn abrasion resistance was investigated
2m17 3.45 428 2330 1425  Knit-miss by using a Shirley yarn abrasion tester [33]. The abradant
3ml7 540 4.10 22.14 156.0  Knit-miss paper was P800. Ten yamn specimens were tested simultaneously
4ml17 3.30 4.15 22.00 164.0  Knit-miss and the initial tension exerted on each yarn was 0.5N. The
smi7 525 420 22.05 1520 Knit-miss experimental results of yarn physical properties are shown in
6ml17 5.35 4.28 22.87 169.0  Knit-miss Table 3. All experiments were performed under the standard
Tml7 5.40 4.00 2160 163.0 Knit-miss conditions of 22 + 2°C and 65 + 2 % RH. The experimental
115 8.65 3.23 2790 153.0  Knit-tuck results of yarn physical properties were statistically analyzed
215 8.00 345 2760 1695 Knittuck  y5ing ANOVA and Multiple Range Test methods [30].
3t15 7.90 333 26.27 187.0  Knit-tuck
4t15 8.20 3.35 27.47 195.0  Knit-tuck Fabric Compression Test Procedure
SIS 8.30 3.25 26.98  181.0  Knit-tuck First, the fabric samples were conditioned and fully dried
6t15 8.10 3.35 27.14  203.0  Knit-tuck relaxed under the room temperature and humidity conditions
713 775 3.30 2558 1840 Knit-tuck of 20+£2°C and 65+2 % RH. for 72 hours. In order to
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Table 3. Yarn properties results (Average values)*

M. Bakhtiari et ai.

Shrinkable fiber blend ratio 0/100 20/100 - 40/60 60/40 80/20 100/0 C"“;‘:;“"a'
Twisted yam 13.22 11.97 13.35 14.21 15.38 18.04 16.57
Tensile strength (10.04) (5.64) (5.62) (7.58) (5.35) (5.43) (5.62)
(cN/tex) Bulked yarn 13.57 8.95 8.22 8.94 10.81 13.11 10.48
(7.30) (5.94) (6.43) (5.91) (5.76) (5.39) (7.51)
Twisted yamn 21.28 14.40 13.25 12.25 12.24 12.34 15.25
Elongation (6.56) (7.15) (5.15) (5.12) (4.39) (3.96) (3.41)
(o) Bulked yar 23.40 34.04 28.87 28.23 25.28 27.11 30.27
(6.23) (6.85) (4.42) (4.03) (5.10) (5.41) (3.85)
Twisted yarn 12.30 13.70 16.10 14.80 13.20 13.00 14.00
Abrasion (7.71) (11.44) (26.59) (22.92) (16.29) (14.95) (12.60)
resistance Bulked yarn 17.00 20.50 26.10 25.90 22.40 25.90 22.70
(26.45) (24.36) (15.27) (21.42) (17.38) (21.42) (17.63)
Specific volume Bulked varn 7.69 11.09 12.03 11.16 9.73 7.98 11.92
(cm’/g) y 4.14) (3.90) (3.58) (8.32) 4.02) (4.06) (3.03)
Yarn shrinkage Bulked yarn -2.74 15.66 20.04 24.00 20.40 19.62 22.00
(%) (~1935.54) (15.31) (11.51) (7.16) (12.10) (17.66) (6.66)
*The CV% values are indicated in brackets.
investigate fabric compression properties, we used a Shirley 2500
digital thickness tester [34]. By using this thickness tester, it
was possible to measure fabric thickness at different pressure
including 20, 50, 100, 200, 500, 1000, 1500 and 2000 g/cm’ 2000
(corresponding to 2.039, 5.097, 10.194, 20.387, 50.968, '
101.937, 152.905, and 203.874 kPa pressure respectively). § 1500 o — —
The first compression reading was taken 30 seconds under S { e Compression
the pressure of 20 g/cm’. So, thickness at 20 g/cm? pressure g L. .m--- recovery
was recorded as the initial thickness (7). Subsequently, the g 1000 S
pressure was increased from 20 in steps to 50, 100, 200, 500, &
1000, 1500 and 2000 g/cm? and the corresponding compression 500
readings were recorded using the same procedure. Fabric
thickness under the maximum pressure of 2000 g/cm* was
registered as maximum thickness (7},). The first recovery 0
reading was taken after removing corresponding load and 0 0.2 0.4 0.6 0.8 1 1.

allowing the fabric sample to recover for 30 seconds. The
subsequent recovery readings were taken using the same
procedure. The final fabric thickness under the recovery
condition was registered as Tj,. 5 tests were conducted for
each fabric sample. Thus, the compression and recovery
readings were recorded and then plotted.

Compression Parameters Investigated

A typical compression curve of acrylic weft knitted fabric
is shown in Figure 2. It may be considered that the
compression curve of weft-knitted structure consists of three
zones. At low pressure, the protruding hair fibers from the
outer surface of the fabric are compressed and compression
characteristic in this first region is presumed to be elastic.
Increasing the pressure overcomes the internal fiber and yarn
friction and fiber slippages takes place. Thus in this second

Fabric thickness (mm)

Figure 2. A typical compression and recovery curve of weft-
knitted fabric.

region, the fabric thickness decreases nonlinearly with
increasing pressure. Further increasing the pressure compressis
the fibers laterally and in this third region, a highly packed
fiber assembly can be considered.

To analyze the compression behavior of knitted structures,
we used the two parameters model proposed by de-Jong er
al. [16] with the following equation type:

p=—2 _
v-vy
where:

(h
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3

a= K'YU—V) )

p

P is pressure, a is a constant, V'is fabric volume or thickness,
V' represents the limiting fabric volume (thickness) at large
pressure, K’ is a dimensionless constant which depends on
fiber orientation and crimp, Y is fiber Young’s modulus, p is
the density of the fibers and ¥ is the mass of fibers assembly.

After rearrangement of equation (1),

47

V="VV-+ ;ﬁ 3)
it may be considered that plotting the fabric thickness V'
against the inverse cube root of the pressure 1/P'” should
result in a straight line with intercept ¥’ and slope a'”. In
order to verify the validity of this model for the weft-knitted
fabric structures and to determine constants a and V7, the
individual fabric sample thickness (}') was plotted against 7/
P'” and then linear statistical regression analysis was
performed. A typical weft-knitted fabric thickness and pressure
relationship (plotted as the inverse cube root of the pressure
1/P'®y is represented in Figure 3. Considering the linear
statistical regression analysis for individual fabric sample for
both compression and recovery states, the constants of a,, a,,
V., and V,’ are calculated accordingly (where, suffix ¢ refers
to the compression and suffix r refers to the recovery state).

In order to evaluate the compression behavior of fabrics,
we used different parameters similar to those introduced by
Kawabata [6] in KES-F system. The compression parameters
include the work of compression WC, the work of recovery
from compression W'C, the dissipated compression energy
E,, the resilience of the fabric RC, relative compressibility
EMC, linearity of compression LC and fabric compression

1.2
- y = 2.2069x + 0.1543
¢ Experimental >
1 ) R® = 0.9962
~—— Theoretical
model
£
& 0.8
a
1%}
g
j‘E‘_) 0.6
£
2
s 04
w
0.2
0
0 0.1 0.2 0.3 0.4

Pressure, cN/cm?

Figure 3. A typical weft-knitted fabric thickness and pressure
relationship (Plotted as the inverse cube root).
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deformation or fabric surface thickness AT as follow:

7, 7, 7, a
= n = " = "< .dt 4
wC ITM P.dv jroc P. dt, ITOC Ty . 4)
Integrating equation (4),

wWC =

a_z{ L 1,2} )
UL,V (L= V)

WC= [p,.dy = [P, d= ﬁr—LE “di,  (6)
T T, T (V-V)
Integrating equation (6),

Wi = f’_r{ L1 2} Y
2UT,- V) (To,-V))
E,=WC-W'C
w'cC
RC =— 8
wC ®)
T
EMC=1--2Z 9
™ ©9)
LC = ;__lc__ (10)
_ﬂ(TOC_Tm)
2 (11)
AT = Ty,-T, (12)

where, in these equations suffix ¢ refers to the compression
and suffix r refers to the recovery state.

Results and Discussion

Yarn Properties

As shown in Table 2, at 40 % shrinkable fibre blending
ratio the maximum yamn bulk, shrinkage, and abrasion
resistance and minimum yarn strength are obtained. It is also
shown that high-bulk acrylic yarn has the highest elongation
at 20 % shrinkable fibre blend ratio. In general, these results
are in agreement with previous investigation results obtained
by the author [29].

Weft-Knitted Fabric Compression Model

As shown in Figure 2, the behavior of acrylic weft-knitted
fabrics in compression and recovery of compression is
highly closed to that of model proposed by [16]. The
regression coefficient (RZ and R.?) for both compression
and recovery of compression were obtained at the following
values respectively:

0.9715 <RZ<0.9997
0.9891 < R2<0.9982
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It is shown that for weft-knitted structure, there is an
incompressible layer (V') which resists against high com-
pression pressure. It is deduced that the compression behavior
of weft-knitted fabrics are attributed to effective diameter of
the yarn inside of the fabric, the curvature of the loops out of
the fabric plane [1,2] and yarn compression properties at the
unit cell of weft-knitted structure [14].

Effect of Shrinkable Fiber Blend Ratio on Fabric Com-
pression Properties

The average values of fabric compression properties at
different shrinkable fiber blend ratio are shown in Table 4
and Figures 4 and 3. It is shown that with increasing the
shrinkable fibre blend ratio up to 40 %, the fabric compression
energy (WC) and surface thickness (A7) significantly increase.
Further increasing the shrinkable fibre blend ratio results in a
decrease in AT, and WC. The variations trend of these
compression parameters with shrinkable fiber blend ratio is
Polynomial with the order of 3 similar to that of yarn

Table 4. Fabric compression parameters results

M. Bakhtiari et al.

specific volume (Figure 6). As shown in Figure 6, at 40 %
shrinkable fiber blend ratio, the highest high-bulk yarn
specific volume is obtained. This results in a significant
increased of fabric surface thickness and compression
energy and hence fabric compression toughness. Furthermore,
it is also shown that at 20 % shrinkable fiber blend ratio, the
maximum dimensionless EMC parameter or compressibility
was obtained for all fabrics and weft-knitted fabrics with
higher loop length and knit-tuck structure exhibit highest
compressibility values.

It is also shown that weft knitted fabrics with knit-tuck and
knit-miss structures exhibit higher A7, and WC values than
with plain structure. This is because in knit-tuck structure, tuck
loops reduce fabric length and length-wise elasticity [31] and
increase course density (Table 2). It is deduced that the
higher yarn tension on the tuck and held loops causes them
to rob yarn from adjacent knitted loops making them smaller
and providing greater stability and shape retention [31]. As
the loops come closer to each other due to increased of course

wC

wC

Em

F"fl’)m (eNem/ CV% (cNem/ CV% IE/C v EMC evey Nemy cves AT cvee Low  cve
o) ) %) %) o) (mm)
Ipl5 2036 2039 752 3334 3463 1686 6720 2.3 1285 1305 065 631 3166 2273
2pl5 3777 1685 1070 2088 2729 1381 6964 187 2707 1176 103 269 3658 1641
3plS 4485 2503 1225 4102 2556 1687 6557 200 3260 1910 103 324 4348 2475
4pl5 4344 873 1170 1415 2677 526 6315 093 3173 674 095 255 4596 9385
5pis 3341 1767 1057 30.19 3059 1226 6399 265 2285 1188 087 471 3841 1503
6pl5 3285 4635 1412 9633 3279 4242 6301 295 1873 1323 079 264 4177 4594
7p15 3971 1487 1147 3097 2794 1413 6566 159 2824 836 101 218 3942 1333
Ipl6 1584 1206 665 2648 4042 1550 6923 110 919 168 065 335 2451 1387
16 2707 609 987 1214 3623 599 7058 090 1720 265 098 198 2751 550
3pl6 3872 2136 1196 3986 2890 1893 6830 228 2676 1322 103 279 3738 20.19
4pl6 3420 2677 1140 5452 2911 2882 6716 LIl 2281 1388 096 396 3610 30.12
5pi6 3161 3107 1148 6469 3133 3047 6518 157 2013 1328 089 205 3587 3328
6pl6 2733 1756 911 3321 3218 1344 6306 167 1822 980 080 491 3450 20.72
7p16 3716 1162 1056 2186 27.87 993 6639 133 2660 758 098 342 3781 1259
Ipl7 1586 1373 569 2565 3490 1217 6648 201 1017 714 056 605 2867 1677
2p17 3287 3532 1217 7271 2940 3881 7224 316 2069 1587 097 531 3422  37.00
3pl7 3508 1537 1045 3010 2868 1397 6929 113 2474 922 106 382 3346 1843
4p17 3474 1450 1016 28.52 2821 1428 6802 079 2458 875 100 485 3511 1874
5p17 2694 1477 907 3210 3224 1681 6781 164 1786 6.12 091 246 2959 1431
6pl7 2579 1182 904 2301 3432 1083 6607 141 1675 585 081 195 3181 1075
7p17 3446 1571 1044 3247 2897 1650 6877 125 2402 857 103 224 3363 1653
Iml5 2118 2321 896 8624 3204 5805 6992 221 1221 2590 094 1022 2300 3347
ami5 4117 787 1123 1824 2689 1045 7360 126 2993 404 136 423 3027 921
3ml5 4488 781 1207 1565 2682 804 7005 099 3271 491 136 309 3299 874
aml5S 4740 2591 1397 5284 2593 2782 6805 208 3343 1557 129 340 3672 2655
5ml5 3740 1941 1131 4233 2780 2344 6754 169 2609 1005 120 273 3127 2011
6ml5 3564 1290 1002 2482 2740 1194 6685 168 2561 826 113 367 3144 1267
Tml5 4023 1152 1116 2614 2674 1566 7057 182 2907 601 134 403 2993 1076
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Table 4. Continued
. wC w'C Em
Fabric  Neem/ CVo% (@Nem/ CV% RO cvee MO oy @avem cvee T ovee Low  ove
D 2 2 (%) (%) 2 (mm)
cm”) cm’) cm’)
iml6 1836 1235 7.34 3247 3755 2155 6935 1.78  11.02 293 083 7.62 2231 16.72
2ml6 3474 11.07 1092 2237 3054 13.05 74.26 0.83 23.82 5.94 1.28 1.56  27.18 1232
3ml6 4224 7.01  12.03 1428 2823 7.16 7121 0.77 3020 4.13 1.33 3.04 31091 9.25
4ml6 4030 1333 1191 2587 2858 13.65 69.13 045 28.39 8.10 1.23 523 3306 17.83
5ml16  32.14 2316 1130 5872 3120 30.85 68.66 0.74  20.83 5.06 1.09 394 2984 2773
6ml6 2995 7.62 9.70  16.17 32.00 8.60 66.30 1.12  20.25 3.54 1.00 454 2994 10.96
7mlé  37.56 8.67 9.55 1656 26.70 8.68 7433 136 28.02 6.37 1.39 578  27.09 11.57
Imt7 1646 20.13 7.61  66.13 39.14 4161 6895 0.90 885 2095 0.71 5.17 23,53 25.08
2ml7  29.98 6.73 9.53 1843 31.23 11.58 7389 291 2045 1.55 .15 1337 2656 17.01
3ml17  36.26 8.99 1089 19.58 2949 1075 7237 093 2537 4.54 1.25 143 28.96 8.91
4ml7  36.12 989 1062 21.77 2879 1169 69.76 2.06  25.50 5.11 1.16 6.61 3136 1239
5ml17  31.14 1044 933 21.10 2923 11.89 69.09 1.48  21.81 5.93 1.04 488 3009 1233
6ml7  26.66 541 8.65 1264 32.19 7.18 6763 1.30  18.01 1.98  0.96 479 2780 8.93
7ml7 3420 2.59 9.67 725 2936 452 7346 0.51 2453 0.76 1.27 275 27.00 5.40
1t15 2430 7.59 7.51 1936 3032 11.93 6940 0.64 16.79 2.38 1.03 388 2367 1081
2t15 4362 12,02 11.05 2139 2478 1048 69.62 0.66 3257 8.86 1.27 2.05 3431 13.62
3tl5 52.16 1027 13.25 1771  25.06 8.00 6828 1.07 38091 7.74 1.32 217 3947 1058
4t15 5095 23.00 13.77 4435 2479 22.08 6834 .53 37.19 15.22 1.32 6.73  39.01 28.04
5t15 43.59 654 11.12 11.76 2537 525 6847 030 3247 4.75 1.24 1.44  35.24 7.81
6t15 3990 1791 1227 31.06 2933 1499 66.71 1.36  27.63 12.17 1.17 263 3419 1949
715 4696 17.15 11.68 3291 2354 1745 6940 1.62 3528 11.96 1.32 2.04 3548 1741
1tl6 2091 18.25 743 6640 29.89 4429 6893 1.77  13.48 10.03  0.95 637 2228 22.65
2t16  40.07 7.82 1091 1691 26.83 9.54 7331 041 29.16 4.46 1.39 3.01 2889 1038
3tl6 4850 1021 11.76 22,10 2372 11.59 7123 0.76  36.74 6.42 1.45 243 3359 1164
416 4312 1463 11.53 3346 2542 1849 7111 .02 31.60 8.07 1.36 4.65 3181 19.11
5t16 37.64 1470 1061 36.19 26.62 20.61 71.56 1.62  27.03 6.51 1.29 411  29.15 1624
6t16 3528 1408 1024 3271 2764 1831 6988 0.56 25.04 6.68 1.21 345 2938 17.11
7tl6 4283 993 1090 2511 2472 1475 74.15 1.37 3193 4.89 1.45 3.28 2951 9.91
1t17 18.72 7.64 632 2149 3297 1399 7322 .10 12.39 089  0.93 340  20.15 8.98
2t17  36.00 14.05 1053 3893 2720 2444 7682 0.65 2547 438 1.45 654 2505 20.64
3t17 4051 1167 11.08 2810 2634 1644 73.89 1.20 2943 5.58 1.41 468 2884 1455
4117 38.07 1376 10.13  37.12 25.09 22,14 73.12 1.80 27.94 5.65 1.34 221 2828 1195
5t17 3536 10.33 9.79 2936 26.73 1741 7255 1.17 2557 3.17 1.29 3.68 2746 12.07
6t17 31.47 7.88 892 2122 2773 13.09 71.10 1.36 2255 2.74 1.23 438 2572 9.75
Tt17 3522 6.77 945 2032 2625 13777 7723 1.05 2577 2.03 1.55 3.60 22.69 7.78

density, overlapping of loops takes place, which enhances
the higher fabric thickness. On the other hand, in knit-tuck
structure, the fabric width is increased [31] and hence the
wale density is decreased (Table 2). This is because tuck loops
pull the held loops downwards causing them to spread outwards
and making extra yarn available for width-wise elasticity [31].
In addition, in knit-miss structures that incorporating float
stitches tend to exhibit fain horizontal lines, there are narrower
because the wales are drawn closer together and the held
loop robs yarn from adjacent loops thus reducing width-wise

elasticity and improving fabric stability [31]. This in turn
results in an increased of course density and hence the fabric
thickness. In general, the knitted fabric with knit-tuck structure
is more compressible than with knit-miss and plain structures.
On the other hand, statistical analysis results show that
loop length has no significant effect on resilience of the
fabric RC. From Table 4, we see that the RC value ranging
between 23.5 % and 40.4 % (average value=29.15 %) for
all weft-knitted fabrics tested in this research and weft-
kitted fabrics with knit-tuck structure exhibit lower value
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Figure 4. Effect of acrylic shrinkable fibre blend ratio on the fabric compression energy (WC) and fabric surface thickness (T) for (a,b):

plain, (c,d): knit-miss and (e,f): knit-tuck weft-knitted structures.

of compression resilience. Another compression parameter
is the linearity of the compression LC. It is shown that all
fabrics compress nonlinearly have LC value between 20 %
and 45 % in which at 40 % to 60 % shrinkable fiber blend
ratio, the maximum LC is obtained. de-Jong et al. [16] found
a similar values for the linearity (LC=22 %~50 %).

Conclusions

The aim of this paper was to investigate compressional
properties of weft knitted fabrics consisting of shrinkable
and non-shrinkable acrylic fibers with different blend ratio
on. In this work, high-bulk worsted yarns with different

shrinkable and non-shrinkable acrylic fibers blend ratios are
produced and then single jersey weft knitted fabrics with
three different structures and loop lengths are constructed.
The physical properties of produced yarns and compression
properties of produced fabrics at eight pressure values (50,
100, 200, 500, 1000, 1500 and 2000 g/cm?®) were measured
using a conventional fabric thickness tester. Then, weft-
knitted fabric compression behavior was analyzed using a
two parameters model and compression parameters including
the compression energy (WC), energy of compression recovery
(W'C), dissipated compression energy E,, compression
resilience (RC), relative compressibility (EMC), linearity of
compression (LC) and fabric compression deformation or
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Figure 5. Effect of acrylic shrinkable fibre blend ratio on the fabric
compressibility (EMC%) for (a) plain, (b) knit-miss, and (c) knit-
tuck weft-knitted structures.

fabric surface thickness (AT) were investigated.
The experimental results show that at 40 % shrinkable
fiber blend ratio, the highest high-bulk yarn specific volume
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Figure 6. Eftect of shrinkable fiber blend ratio on yarn specific
volume.

and hence maximum compression energy and fabric surface
thickness are obtained. In addition, the statistical regression
analysis revealed that the compression behavior of high-
bulked acrylic weft-knitted fabrics is highly closed to that of
two parameters model proposed by de-Jong et al. [16]. It is
also shown that for weft-knitted structure, there is an incom-
pressible layer (F') which resists against high compression
load. Acrylic weft-knitted fabrics with knit-tuck structure
exhibit higher compression rigidity and lower softness than
the plain and knit-miss structures. In addition, at 20 %
shrinkable fibre blend ratio the high-bulked acrylic weft-
knitted fabrics are highly compressible.
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