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Abstract—The mechanical, wear-resisting properties and air
permeability of a kind of novel jacquard fabrics with
differential warp density for tents were studied. The results
showed that the strength of the filament and warp density
took a great role on the broken strength of thefabric and the
order of tensile strength for different part is as follow:
C>D>A>B. The bending stiffness of tinsel thread and tensile
strength in radial direction played a great role on the
burgting strength of the tent. After friction for 3200 times,
the weight loss in Part A is only about 2.5%, showing an
excellent wear-resisting property. However, the wear-
ressting property in Part C and D is very poor. For all parts
of the fabric, the air permeability is no more than 140mm,
and that in Part C and D is less than 120mm, displaying a
better warm and windpr oof property.
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In recent years, outdoor sports in our country as a new
way of movement, got the interest of many sports fans, is
no longer the rights of the professional [1]. With the
advocacy initiatives of "Decompression, release"”, the
outdoor sports has become a kind of social fashion, is more
accepted by the people of different age, class, occupation.
The characteristic of outdoor sports such as popularization,
adaptation, is more significant. Outdoor sports that is
engaged in outdoors in all kinds of sports, is a personal
hobby with the combination of sports and tourism and its
content is very wide, such as mountain climbing, camping,
rock climbing, horse riding, rafting, skiing, gliding,
parachuting, bike, independent hostels and backpackers
hostels, etc [2]. Outdoor sports clothing and shelter has
become the main outdoor sports equipment [3].

Due to the two features of outdoor and sports for tent
fabrics, the requirement is also relatively strict and
demanding [4-8]. When we take part in outdoor sports, a
heavy down jacket or vest may cause you to overheat and
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these activities will make you sweaty, which need the
fabric with good heat dissipation and ventilation
performance. Outdoor sports inevitably encounter rain or
snow fog, and the fabrics for tents with waterproof
properties [9]. It's considerably windier and colder, which
the fabrics for outdoor need warmth retention properties.
The washing conditions in outdoor is limited and the
fabrics for outdoor should have the antibacterial and self-
cleaning functions [10, 11]. Outdoor activities such as rock
climbing, the tensile, tearing resistance and wear resistance
properties of fabrics are higher [12].

In conclusion, the requirements for outdoor sports fabric
and tent fabric should have more functions. However, it is
very demanding from the perspective of textile technology
and even some indicators are conflicting. In this paper, the
mechanical properties, wearing resistance and air
permeability of the fabric, which is a kind of novel
jacquard fabrics with differential warp density for tents,
are studied and the experimental and theoretical basis will
be provided for the application as tents.

II.  EXPERIMENTAL

A. Experiment Materials

The jacquard fabrics with differential warp density are
made of PET filament, tinsel, fancy yarns and colored
thread. According to the warp density, the jacquard
fabrics can be divided into four parts. The appearance of
the novel jacquard fabrics is shown as Figure 1.

B. Characterization

Measurement of tensile properties
All the treated samples were beforehand placed in
constant temperature and humidity room (T 20 C,
Humidity 65%) for 24 hours, and then the tensile
properties of the industrial yarn of PET were conducted
using an electronic universal tensile test device at a tensile
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speed of 50 mm/min on the samples with an initial length
of 100 mm.
Measurement of bursting strength
Firstly, put the specimen onto the ring and then the
billiard would move perpendicular to the sample at a
certain speed. When the central of the fabric surface was
under vertical concentrated load, the yarn would be
breaking within weak area which showed smaller
deformation ability and lower strength. The diameter of
sample was 60 mm and the speed of billiard was
100mm/min.
Measurement of wear-resisting property
The fluff experiments were carried out with one side
of the nylon brush by YG501 pilling machine. Then, the
nylon brush was changed into a ball with fabric and
pilling test was experimented. According to national
standard GB/T 4802.1-2008, the degree of wear-resisting
property for jacquard fabrics will be shown by comparing
the standard sample.
Measurement of pilling resistance
The pilling experiments were carried out with one side
of the nylon brush by YG501 pilling machine. Then, by
taking photos with a digital camera the degree of pilling
property for jacquard fabrics will be shown to assess the
pilling resistance of each part.
Measurement of air permeability
All the treated samples were beforehand placed in
constant temperature and humidity room (T 20 C,
Humidity 65%) for 24 hours, and then measurement of air
permeability was carried out by YG461 digital air
permeability instrument. The size of the sample is
40cmx40cm.

Figurel: the appeafa-m-ce of the novel jacquard fabrics
II. RESULTS anD DISCUSSION

Fig .2 shows the tensile properties of the jacquard
fabrics in different parts. It showed us that the order of
tensile strength for different part is as follow: C>D>A>B.
It was found that the basic weave structure is same for
four parts, and there is some tinsel thread used in Part C
and Part D. On the one hand, the tensile strength of tinsel
is larger than that of PET. More the content of tinsel is,
the larger the strength of the fabric is. On the other hand,
the tinsel thread increases the density of the fabrics. The
density in Part C is denser than that in Part D, resulting
that the tensile strength in Part C is maximum. In Part A,
it is found that there are some fancy yarns. Due to the
present of fancy yarn, the original tightness of fabric is
destroyed and the contact point between fancy yarn and
basic weave makes the original fabric loose. Therefore,
the tensile strength in Part B is much lower. In design
fabrics for tents, it is found that the strength of the
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filament and warp density take a great role on the broken
strength of the fabric.
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Figure 2: the tensile strength of the jacquard fabrics in
different parts

Fig .3 shows the bursting strength of the jacquard
fabrics in different parts. As can be seen from Fig.3, it is
found that the bursting strength in Part A shows the
maximum value. Part A is made of soft filament PET,
there is not tinsel thread and fancy yarn and the structure
of fabric is tight, showing the largest bursting strength.
The bursting strength in Part B is less than that in Part A,
because of the present of the a few fancy yarns. The
tensile strength and bending stiffness of the PET is better
than that of the fancy yarn. What is interest is that the Part
C shows the minimum bursting strength. It is because that
the tinsel has a great tensile strength, but the bending
stiffness of tinsel thread and tensile strength in radial
direction is poor. As a consequence, Part C shows the
poor bursting strength. Thus, the bending stiffness of
tinsel thread and tensile strength in radial direction play a
great role on the bursting strength of the tent.
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Figure 3: the bursting strength of the jacquard fabrics in
different parts

Wear refers to the repeated friction between fabrics or
with other substances and fabric will be destroyed by the
gradually wear phenomenon. Smaller the weight loss is,
the better the wear-resisting property of the fabric is.
Figure 4 shows the wear-resisting property of the jacquard
fabrics in different parts. As can be seen from Fig .4, with
increasing the number of friction, the weight loss for all
parts increases. After friction for 3200 times, the weight
loss in Part A is only about 2.5%, showing an excellent



wear-resisting property. However, the weight loss in Part
C and D is more than 30% and 40%, respectively,
indicating that the wear-resisting property in Part C and D
is very poor. This phenomenon illustrates that the tinsel
and yarns used in Part D shows a worse wear-resisting

property.
[ .

—m— 8
oo B
o
4 - + C .
D
F .
S 5k
2
-PE" -
o - =
= 3
10 |- R
-f'-AI!- Y
ot o —n
a R . S 1 : I R I . I
u] 50 RRET] 1R 2090 2500 A0
Numibser of friction
A5
3200 thmes
FIs
an
ES |
o ot
=
]
w BF
]
E 0|
L
=
g °f
i
ok
o b2
)

Part

Figure 4: the wear-resisting property of the jacquard
fabrics in different parts
For further study the wear-resisting property, the
pilling resistance of the jacquard fabrics in different parts
were analyzed and the results as shown in Fig .5. There
are many factors which can influence the pilling
performance of the jacquard fabrics, such as fiber, yarn
structure, fabric structure, finishing condition and dressing
condition. As can be seen from Fig .5, Part A is made of
soft filament PET and there is not tinsel thread and fancy
yarns. It is found that there is a little of hairiness, different
size and density of the hair ball covering on the surface of
the jacquard fabrics. Part B is made of soft filament PET
and there are some fancy yarns. As shown in part B, the
pilling performance of the jacquard fabrics is no obvious
deterioration. Part C contains the soft filament PET, tinsel
thread and more fancy yarns. It shows that the more
hairiness and hair balls are present on the surface of the
Part C, displaying that the pilling performance of the
jacquard fabrics is obvious deterioration. Part D contains
most fancy yarns and the pilling performance in Part D is
worst. This phenomenon illustrates that the content of the
fancy yarns play a great role on the pilling performance of
the jacquard fabrics. The more the fancy yarns is, the
worst the pilling performance is.
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Part D
Figure 5: the pilling resistance of the jacquard fabrics in
different parts
Heat conductivity, wettability, moisture and air
permeability are important factor of evaluating the hot-
wet comfortability of the fabric. Air permeability is the
performance of the gas molecules through the fabric,
which decides the warm and windproof of the tent. There
are many influence factors on the air permeability of
fabric, such as porosity of fiber, pore between fibers or
threads and moisture absorption of fiber. Fig .6 shows the
air permeability of the jacquard fabrics in different parts.
For all parts of the fabric, the air permeability is no more
than 140mm, and that in Part C and D is less than 120mm,
displaying a better warm and windproof property. There
are many factors which can influence the air permeability
of the jacquard fabrics, such as fiber, yarn structure, and
fabric structure. The reason is that the structure in Part C
and D is tighter and moisture absorption of tinsel is poor.
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Figure 6: the air permeability of the jacquard fabrics in
different parts

IV.  CONCLUSIONS

The mechanical, wear-resisting properties and air
permeability of a kind of novel jacquard fabrics with
differential warp density for tents were studied. The results
showed that the strength of the filament and warp density



took a great role on the broken strength of the fabric and
the order of tensile strength for different part is as follow:
C>D>A>B. The bending stiffness of tinsel thread and
tensile strength in radial direction played a great role on
the bursting strength of the tent, and the bursting strength
in Part A made of PET filament showed the maximum
value. After friction for 3200 times, the weight loss in Part
A is only about 2.5%, showing an excellent wear-resisting
property. However, the weight loss in Part C and D is more
than 30% and 40%, respectively, indicating that the wear-
resisting property in Part C and D is very poor. For all
parts of the fabric, the air permeability is no more than
140mm, and that in Part C and D is less than 120mm,
displaying a better warm and windproof property.
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