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Abstract:

Fur is the soft, thick hair that covers the skin of certain animals, and is often used in clothing, while the cut pile loop
(faux fur) knitted fabrics are produced to simulate the natural fur. The production process of these fabrics was
explained in detail, and the effects of fabric construction parameters (ground loop length (L), ground count (G),
and pile yarn count (F)) on the geometrical, thermal, and abrasion resistance properties were investigated. The faux
fur knitted fabric samples were produced at three levels of ground loop length (3.3, 3.5, and 3.7mm), two different
ground count (100 and 150 den), and three levels of pile yarn’s count (200, 300, and 400 den). The Tien Yang circular
knitting machine settings, feeders, cams and yarns’ arrangements were illustrated. It can be concluded from the
evaluated results that the fabric construction parameters had significant effects on the faux fur fabric’s properties. By
increasing the pile yarn count from 200 to 400 den; the fabric weight, thickness, thermal resistance, and weight loss
due to abrasion were increased approximately 75, 78, 56, and 61%, respectively.
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1. Introduction

Faux fur is considered as a friendly alternative to real furs and
its price is also much lower than natural furs. Faux fur was
introduced in the fashion industry in 1929. It is produced from
synthetic fibers like acrylic, polyester, and modacrylic fibers by
using weaving or knitting technology [1]. Faux fur offers several
advantages, including being animal-friendly, widely adopted in
the fashion industry as a stylish and ethical alternative to real
fur [2]. Most studies related to fur apparels were about the
consumption behavior or growth strategies based on economic
reports instead of the apparel design itself [2].

The main aim of the faux fur knitted fabric (FFKF) production is to
give them all the properties of natural fur “naturalization of fur knitted
fabrics” [3]. Knitted fur fabrics have a composite fibrous structure
made of two layers, namely, plait layer and pile layer [4]. During the
production process, three sets of yarns are used during its produc-
tion, namely, the ground yarn, the binder yarn, and the pile yarn.
The fur yarn in this process is perpendicular to the fabric’s surface.
The ground and binder yarns compose the plait layer, and the pile
yarn composes the pile layer, as shown in Figure 1.

Therefore, each set of yarns is characterized by its special proper-
ties, which give the fur fabric the advantage in specific end-use, as
these fabrics are used in winter clothes, which are characterized
by providing warmth to the wearers and permitting the transfer of
water vapor to feel comfort. The pile knitting structures have dif-
ferent functional and mechanical properties [5,6].

In industry and market, there is the plush fabric produced on a
single jersey circular knitting machine with a special sinker, by

which loops are made on the vertical surface of the fabric where
the sinker height defines the pile height. These fabrics are used
with loop pile or cut pile, which are prepared on shearing
machine rather than the knitting machine. Meanwhile, the
FFKF is produced on a derived double circular knitting machine
(cylinder and dial)which has several pressure discs that ensure
the pile cutting process during the fabric production, as illu-
strated in Figure 2. The distance between the cylinder and
the dial in this machine is differently opened rather than the
regular double machines, in order to enable the production of
high pile height, and also allow for greater opportunities for the
use of cut pile loop yarns of different count. The FFKF is char-
acterized by high thickness compared to the plush knitted
fabrics.

Huong [7] studied the effect of pile loop length on dimensional
changes after three washing cycles of the cut pile knitted
fabric. Four single pile fabric samples were produced with four
different values of pile loop length 7.58, 7.88, 8.03, and
8.37mm and with the same ground loop length, pile yarn count,
and ground yarn count. It was concluded that the fabric
thickness decreased with the increase in pile loop length with
the first three loop length values, and then it reached the
maximum thickness of 2.45mm with the pile loop length of
8.37mm. The fabric thickness slightly increased after three
washing cycles [7].

Abd El-Hady and Abd El-Baky [5] studied the effect of knit
structures (Fleece and plush weft knitted fabric) on bursting
strength, air permeability, absorption, and thermal insulation
properties. It was concluded that thermal resistance depends
on raw material, fiber quality, type of knitting structure, and pile
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height, and the structural parameters of knitted fabric had a
significant effect on the air permeability [5].

Uyanik [8] investigated the effect of structural parameters on
loop pile and FFKF properties. It was found that the higher pile
height increased the fabric weight and thickness, and improved
the abrasion resistance of the fabrics. The thicker pile yarn
decreased the air permeability of the fabrics. Pile loop knit fab-
rics had higher abrasion resistance and lower air permeability
compared to FFKF [8].

Uyanik et al. [9] investigated the effect of structural parameters
on the dimensional stability and spirality of the FFKF. Results
summarized that the higher pile height increased fabric shrinkage,
decreased spirality in pile loop fabrics, and increased spirality in
FFKF. The FFKF had better dimensional stability and less spirality
than pile loop fabrics [9].

Patyk and Korliński [10] investigated the mechanical parameters
of fur fabrics such as permanent deformation, squeezing suscept-
ibility, and elasticity of natural fur and man-made fur knitted fabric
based on a new layer model for compression of furs. Six outer fur
materials (three natural and three knitted) were used. The fabric
thickness was around 10mm and fabric weight ranged between
200 and 1,200 g/m2. The results showed that the minimum
apparent densities of fabric samples had the best elasticity and
permanent deformation; moreover, the fabric weight of natural furs
was 2–3 times higher than the FFKF.

Korycki and Wiezowska [3] investigated the relation between
construction parameters of FFKF and the heat transfer, resis-
tance of heat conduction, and heat transmission. Eleven single
fur knitted fabric was selected, the fabric thickness ranged

between 4.05 and 18.60mm, and the surface mass ranged
between 199.7 and 708.5 g/m2. The results concluded that
the heat conduction coefficient decreased with the increase in
the fabric thickness and weight, and the heat conduction resis-
tance increased with the fabric thickness and weight
increase [3].

El-hady et al. [11] studied the effect of raw materials on the
quality and functional performance properties of produced cut
terry/velour and fur fabrics, which are used in car seats. They
illustrated that the type of materials, stitch length, pile length,
and needle arrangement played important roles in the air per-
meability, abrasion resistance, and bursting strength [11].

The model of heat transfer within the FFKF was presented
using a second-order differential equation and a set of
boundary and initial conditions of the plaited and pile layers
[4]. Artificial neural network, fuzzy logic, and multiple linear
regression models were applied to predict the air permeability
of pile knitted fabric. So, the pile knitted structure with different
weights was produced at four counts of filament fineness. The
results showed that the artificial neural network model had
superior performance compared to the fuzzy logic and multiple
linear regression models [6]. After the survey of previous
research, there is limited information regarding the production
process and properties of the FFKF. So, the main aims of the
proposed work are to:

(a) Explain in detail the production process of the FFKF.

(b) Investigate the effect of fabric construction parameters on
the geometrical, thermal, and mechanical proper-
ties [12,13].

Plait layer

Cut pile layer

Ground yarn

Binder yarn

Cut pile loop yarn

Figure 1. 3D structure of fur knitted fabric.

Pressure disc

Fur pile

Cylinder needles (knives)

Dial needles

Figure 2. The process of opening (cutting) the fur stitches.

AUTEX Research Journal, Vol. 25, No. 1, 2025, 20250051, DOI 10.1515/aut-2025-0051

2



2. Materials and methods

Eighteen FFKF samples were produced from 100% polyester
fibers for ground, binder, and pile yarns with same pile loop
length, same binder loop length, and three levels of ground
loop length. The number of fibers in ground yarn cross-section
was 144 for two yarn counts 100 and 150 den. The binder yarn
had the same count and number of fibers in cross-section of the
ground yarn. The number of fibers in pile yarn were 288 with
three counts 200, 300, and 400 den as shown in Table 1, on
Tien Yang circular knitting machine with gauge 22, diameter 30
inch, 50 feeders, and 2,064 needles, Model 2004.

2.1. Production process of FFKF

2.1.1. Arrangement of feeders and yarns

To produce FFKF, the machine is fed with six yarns (two
ground, two binder, and two pile yarns) to compose a unit cell
of the cut pile loop structure as follows:

– The first yarn is the ground yarn 1, which is fed to all the dial
needles to make the plain knitting stitch that appears on the
back of the fabric (plait layer), as shown in Figure 3.

– The second yarn is the pile yarn 1 and it usually has a
different count and properties than the ground yarn. It is

fed to short needles of the cylinder and dial needles A
and B, as shown in Figure 4.

– The third yarn is the binder yarn 1. It is fed to the dial
needles A and B, and it is behind the short cylinder needles
during their lifting.

– The fourth yarn is the ground yarn 2, and its feeding is the
same as the ground yarn 1.

– The fifth yarn is the pile yarn 2. It is fed to long needles of the
cylinder and the dial needles C and D, and it is behind the
cylinder needles during their lifting, as shown in Figure 3.

– The sixth yarn is the binder yarn 2, and it is fed to the dial
needles C and D.

2.1.2. Needles’ arrangement

For the dial, the latch needles are used, whereas for the
cylinder, special hook needles without a latch and with an addi-
tional part are used to cut the pile and form fur, as demon-
strated in Figure 4. These types of needles are commonly
known as knives. The dial needles were investigated, and
they are arranged according to the butts, respectively, as A,
B, C, and D. While the cylinder needles (knives) are short
and long needles and are arranged inside the cylinder grooves
(one by one) so that one groove contains a needle and the
other is empty.

2.1.3. Cam arrangement

– The cam 1 in the dial’s cams is a knit stitch cam to form the
fabric ground (plait layer), as illustrated in Figure 5a, and
the cam 1 of cylinder’s cams is a miss stitch cam, as shown
in Figure 5b.

– The cam 2 of cylinder’s cams works only with short needles
to feed it with the pile yarn. At the same moment the dial’s
cam 2 works with A and B needles to feed them with the fur
and binder yarns.

– The dial’s cam 3 and cylinder’s cam 3 have the same move-
ment of cam 1 for both dial and cylinder, respectively.

– The cam 4 of cylinder’s cams works only with long needles,
as demonstrated in Figure 5b, and at the samemoment, the
dial’s cam 4 works with C and D needles, as shown in
Figure 5a.

– As for the cylinder’s cam 5, it is a knit stitch cam that raises
all the cylinder needles to perform the clearance process
and cut the pile loop. The pressure disc is installed at this
cam to press on all the stitches while the cylinder’s needles
rise to ensure the process of cutting all stitches correctly.

– The dial’s cam 5 is a miss stitch cam, so that the dial nee-
dles do not rise and collide with the pressure disc.

Table 1. Construction parameters of faux fur knitted samples

Sample
No.

Ground
Count 144
fibers (den)

Pile yarn
Count 288

fibers
(den)

Ground
loop
length
(mm)

1 100 200 3.3

2 100 200 3.5

3 100 200 3.7

4 100 300 3.3

5 100 300 3.5

6 100 300 3.7

7 100 400 3.3

8 100 400 3.5

9 100 400 3.7

10 150 200 3.3

11 150 200 3.5

12 150 200 3.7

13 150 300 3.3

14 150 300 3.5

15 150 300 3.7

16 150 400 3.3

17 150 400 3.5

18 150 400 3.7
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– The FFKF structure and loop notation diagram is illustrated
in Figure 6, to enhance the clarity of fabric structure.

Thermal conductivity, resistance, absorptivity, and fabric thick-
ness were measured by Alambeta instrument [14] according to
the standard ISO 8301 [15]. Fabric water vapor resistance was
tested by Permetest instrument, the so-called skin model that
simulates dry and wet human skin in terms of its thermal feeling
[16,17] according to ISO11092 [18]. Fabric linear density (weight
per unit area – gram per square meter [GSM], g/m2) was

measured according to the standard ISO 3801 and the weight
loss percent due to abrasion was measured on the Martindale
abrasion tester, according to AATCC TM 93-2011 [19,20].

All the experimental results were evaluated using the analysis
of variance statistical method, at 95% confidence level to opti-
mize the FFKF properties. According to the results of variance
analysis given in Table 2, the pile yarn count (F) had a signifi-
cant effect on all fur fabric properties except for thermal absorp-
tivity, the ground yarn count (G) was a significant factor

1
6

5

4

3

2

Figure 3. Feeders and yarn arrangement, 1 and 4: ground yarn; 2 and 5: cut pile loop yarn; 3 and 6: binder yarn.

Figure 4. Cylinder and dial needles of different butts.

(a) (b)

D

C

B

A

Long Needle

Short Needle

Figure 5. Dial cams (a) and cylinder cams (b) arrangement.
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affecting all fur fabric properties except water vapor resistance,
and ground loop length was a significant factor affecting all
FFKF properties except thermal resistance.

3. Results and discussion

3.1. Effect of fabric construction parameters on fabric
weight

Figure 7 demonstrates the effect of ground yarn’s loop length
and its linear density on the weight of fur knitted fabrics at three
different counts of pile yarns. The figure illustrates that
increasing L from 3.3 to 3.7 mm decreased the fabric weight
(GSM) of fur fabrics by a maximum of 12.5% for the samples
produced with ground and pile yarns 100 and 400 denier,
respectively, that may be relay to the fact that with the increase
in stitch length, the density of stitches per cm2 decreases, which
reduces the GSM. By increasingG from 100 to 150 den, the GSM
increased up to 25%atF 200 den and L 3.3mm.With increasingF
from 200 to 300 den, and from 300 to 400 den, the fabric weight
increases 35 and 29%, respectively, at G 100 den and L 3.3mm,
because the two pile yarns had the same number of fibers in yarn
cross-section (288 fibers), i.e., the diameter of the fibers increases
with the increase in yarn den, that increased the GSM. The sta-
tistical analysis showed that the pile yarn count, ground yarn
count, and ground loop length had a significant effect on the fabric
weight, as listed in Table 2.

3.2. Fabric thickness

The FFKF thickness decreased with increasing L from 3.3 to
3.7 mm by 7.5% at G 100 den and F 200 den. Also, by
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Figure 6. Notation of FFKF.
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increasing G from 100 to 150 den, the knitted fabric thickness
increased by approximately 13% at F 200 den and L 3.5mm.
The knitted fabric thickness increased by 78% when F
increased from 200 to 400 den at G 100 den and L 3.3mm,
because the yarn diameter increases with the increase in pile

yarn count; therefore, the fiber bending rigidity and fabric thick-
ness were increased (Figure 8).

3.3. Effect of fabric construction parameters on thermal
conductivity

The thermal conductivity coefficient (λ) presents “the amount of
heat which passes from 1m2 area of material through the dis-
tance 1 m within 1 s and the temperature difference 1 K” [21],
see equation (1) [22]. It is the fabric ability to transfer heat from
anybody to environment and vice versa depending on the tem-
perature difference between the body and environment [23].

λ
Q h

A T
=

×

× � × 1,000
, (1)

where λ is the thermal conductivity coefficient (Wm−1 K−1),Q is
the amount of heat (W), h is the fabric thickness (mm), A is the
subjected area (m2), and TΔ is the temperature difference (K).
The thermal conductivity slightly increased with increasingG by
3% at F 200 den and L 3.5mm, as shown in Figure 9. Also, it
increased when F increased from 200 to 400 den by up to 14%
atG 100 den and L 3.3mm, which might be due to the increase
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Figure 7. Effect of ground yarn count (G), loop length (L), and cut pile
loop yarn count (F) on the fabric weight.
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Figure 8. Effect of ground loop length (L), ground yarn count (G), and
pile yarn count (F) on the fabric thickness.
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Figure 9. Effect of ground loop length (L), ground count (G), and pile
yarn count (F) on the fabric thermal conductivity.
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count (F) on the fabric thermal resistance.
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Figure 11. Effect of ground loop length (L), ground (G), and pile yarn
count (F) on the fabric thermal absorptivity.
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in fiber diameter with the counts increasing at the same number
of fibers in yarn cross-section. While it decreased slightly with L
increasing from 3.3 to 3.7 mm by 4% at G 100 den and F 400
den due to the decrease in number of fibers per unit area [24].
These results recommend that adjusting fabric construction
parameters can impact thermal conductivity, which could be
important for applications where temperature regulation is cru-
cial [21,25].

3.4. Thermal resistance

Figure 10 illustrates the effect of ground loop length, count, and
pile yarns’ fineness on the thermal resistance, and the results in
Figure 10 and Table 2 concluded that the effect of L is not
significant, while G has a slightly weak positive correlation,
whereas the effect of F on the thermal resistance is significant.
By increasing F from 200 to 400 den, the thermal resistance
increased 56% at L 3.3mm, due to the increase in fabric thick-
ness (78%), which matches with the heat transfer through con-
duction theory [26,27], as in equation (2)

⎜ ⎟
⎛
⎝

⎞
⎠

R
h

λ
=

× 1,000
, (2)

whereR is the thermal resistance (Km2W−1), and h is the fabric
thickness (mm).

3.5. Thermal absorptivity

Thermal absorptivity is “the objective measurement of the warm
cool feeling of a fabric” [25,28], which could be calculated by
equation (3)

b λρc= , (3)

where b is the thermal absorptivity (Ws1/2 m−2 K−1), ρ is the
fabric density (kg/m3), and c is the specific heat of the fabric
(J/kg K).

The thermal absorptivity decreased with L increasing while
thermal absorptivity increased with G increasing, as shown

in Figure 11. This may be due to an increase in the fabric
density with the increase in G as shown in Table 3. The
statistical analysis showed that L and G had significant effects
on the thermal absorptivity, and F had a nonsignificant
effect [29,30].

3.6. Relative water vapor permeability (RWVP)

The RWVP is determined according to equation (4):

q

q
RWVP = ,

s

o
(4)

where qs is the heat flow with sample, and qo without sample.
It could be summarized from Figure 12 and Table 2 that
the effect of G is nonsignificant and distinguished. While, the
effect of F and L is significant on the RWVP of the faux
fur fabric, where by increasing F from 200 to 400 den, the fur
fabric RWVP decreased by up to 18% at L 3.3mm and G 100
den, because an increase in F means an increase in the
yarn diameter; therefore, the pore size between yarns
decreased and RWVP decreased. Generally, the RWVP
increased when the L increased due to an increase in the
pore size [31].

Table 3. Fabric density of fur knitted samples

Fabric density (kg/m3)

Ground
yarn
count
144

fibers

Pile
yarn
count
288

fibers

Ground loop length (mm)

3.3 3.5 3.7

100 200 57.34 57.13 57.97

300 59.28 57.65 53.89

400 56.27 49.78 51.83

150 200 67.52 61.86 67.25

300 64.51 61.07 59.99

400 64.25 58.47 60.55
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Figure 12. Effect of ground loop length (L), ground (G), and pile yarn
count (F) on the RWVP.
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Figure 13. Effect of ground count (G), loop length (L), and pile yarn
count (F) on weight loss due to abrasion.
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3.7. Weight loss due to abrasion

Generally, the weight loss due to abrasion decreased with
increasing L from 3.3 to 3.5 mm, and then it increased with
increasing L from 3.5 to 3.7 mm, as shown in Figure 13. The
weight loss increased with increasing F from 200 to 400 den by
61% at L 3.3 mm and G 100 den, and with increasing G from
100 to 150 den by 47% at L 3.3 mm and F 200 den. This may be
due to an increase in the fabric weight and yarn thickness.G, F,
and L had a significant effect on the weight loss due to abrasion
[8,32,33], as shown in Table 2.

4. Conclusion

This study highlights the crucial role of fabric construction para-
meters in determining the properties of FFKFs. By optimizing
these parameters, manufacturers can produce high-quality
faux fur fabrics that meet specific performance and aesthetic
requirements, ultimately enhancing their applications in various
industries. The 18 FFKF samples were produced on Tien Yang
circular knitting machine, and the effect of fabric construction
parameters, namely, ground loop length, ground yarn count,
and pile yarn count on the geometrical, thermal, and mechan-
ical properties were investigated. The results concluded that:

– The fabric weight and thickness increased with increasing
ground and pile yarn counts.

– Thermal conductivity and resistance increased with the
increase in pile yarn count.

– Thermal absorptivity decreased with the increase in ground
loop length, and increased with increasing ground yarn count.

– RWVP decreased with the increase in pile yarn count, and
increased with the increase in ground loop length.

– Weight loss due to abrasion increased with the increase in
ground and pile yarn count.
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