Iman Fatahi,
A. Alamdar Yazdi

Department of Textile Engineering,
Yazd University,

Yazd, Iran
E-mail: iman_fatahi@yahoo.com

B Introduction

Air permeability is an important prop-
erty of fabrics and has a decisive influ-
ence on the utilisation of fabric for some
technical (filters, parachutes, and sails)
and clothing applications [1]. The main
structural parameters which have an in-
fluence on fabric air permeability are the
fabric density, warp and weft linear den-
sities and the weave [2]. This property is
defined as ‘the rate of air flow through
a material under a differential pressure
between the two fabric surfaces’ and is
expressed in cubic feet per square foot
per second (cubic centimetre per square
centimetre per second) [3]. In fact, the
ease with which air can pass through a
fabric depends upon the air channels ex-
isting between the two surfaces of the
fabric [4, 5]. Naturally the number, shape
and size (dimensions) of the channel af-
fect the ratio of air flow of the fabric. The
air channels inside woven fabric (poros-
ity) can be classified into the following
groups [6]:
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1. Those which represent the void space
contained within the fibre walls (In-
tra fibre porosity) and are dependent
upon the structure of the fibre.

2. Those which represent the void space
contained between fibres in the yarn
(Inter fibre porosity) and are depend-
ent upon the fibre fineness, cross-sec-
tion shape, surface contour yarn twist
and spinning methods.

3. Those which represent the void vol-
ume contributed by interstices be-
tween the yarns (Inter yarn porosity)
and are dependent upon the weave
structures (weave type and fabric
tightness) [7].

Concerning this, Burleigh etal [7] stated
that the inter yarn and inter fibre porosity
mainly contributes to the effective poros-
ity. They also mentioned that the inter fi-
bre and inter yarn porosity depends upon
the fibre fineness, fibre shape, type of
weave number of the thread density and
yarn twist.

Table 1. Improvements in air permeability modelling.

Order | Researcher

1 Robertson [8]

N 1-A of yarns
2 Hoerner [9] Ap = a pUug air flow and pressure drop
3 Saidenov [10] AP = aU + bU2 viscosity of air, density of fabric,

4 Milasius [12] '
@ = _FT] \J

5 Ogulata [13]

6 Fatahi [14]
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Parameters

pore space between cross-over

yarn counts, fabric density

air flow velocity, cross-section and
perimeter of pore
fabric weave, yarn densities, and
fabric densities

Undoubtedly, predetermination of the air
permeability in woven fabric is vital, and
modelling the effective parameters shows
the role of the factors as well as the pre-
diction of the property. Therefore, many
efforts have been made to model wo-
ven fabric air permeability. The primary
model to analyse fabric air permeability
is given by Robertson [8]. He considered
a wire mesh as a simplified model of a
fabric and each pore space between the
cross-over of the warp and weft to be a
nozzle with an equal discharge coeffi-
cient. His work was continued by Hoern-
er [9], who used wire mesh for his model
too, assumed that the wire mesh and a
screen fabric both behave similarly under
the same conditions and argues that the
pressure drop is due to friction between
the air and contact surface area of the me-
dium, as well as to the speed of flow. Ac-
tually he believed that the airflow through
a fabric is similar to that through a tube,
but with the effect of a greater aspect ra-
tio. As a result his model was simple but
not accurate enough. Saidenov [10] sug-

Weakness
too much error

not accurate enough

limited to filament plain weave fabric

complicated calculations

just useable for plain weave
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gested a two term equation for the pre-
diction of fabric air permeability under a
pressure drop, in which the viscosity of
air, the density of fabric, the void geom-
etry and air velocity were the main model
parameters. However, his model was suit-
able for predicting the air permeability of
plain weave filament cloths only. Actual-
ly his model can be used for filament fab-
rics with a plain weave [11]. R. MilaSius
[12 - 14] worked on the dependency of air
permeability on various integrated fabric
firmness, such as fabric density and yarn
counts. In fact, he brought structural pa-
rameters into account. Naturally the weak
point of the model predicted was the de-
pendency of the prediction on too many
parameters. In addition the model could
not be used for 2/2 rib fabrics. Afterwards
Ogulata [15] used a capillary model of
porous systems on Darcy’s law and in-
vestigated theoretical values to establish
a simple theoretical model. His model is
just useable for plain weave, hence its use
is limited. Table 1 shows a summary of
works that have been done on woven fab-
ric air permeability.

However, in this experimental study we
modelled the air-permeability of woven
fabrics based on 8 manufactured fabric
samples in which the fabric weave (CFF
& FYF), yarn densities (dr& d,,) and fab-
ric densities (py & p,,) were varied. The
model shows the relationship between
air permeability and the fabric structural
parameters mentioned above. The model
given has the advantage of simplicity and
can be used for all weaves.

B Experimental

The yarns were 20 tex viscose/polyester
for the warp and 30 tex viscose/polyes-
ter for the weft. We chose eight fabric
samples with different weave struc-
tures, including a plain weave, 2/2 twill
weave, 2/6 twill weave, crape weave, rib
weave, warp rib weave, basket weave,
and dice weave. All the samples were
gray woven fabric in which only the tex-
tile structure changes and withthe same
yarn and weave densities (24/cm warp,
22/cm weft). The weave designs and
their features are shown in Tables 2
and 3, respectively. The plain weave, 2/2
twill weave, and dice weave are three
fundamental textile weaves with the fol-
lowing characteristics: Plain weave has
much interlacing of warp and weft yarns;
2/2 twill weave shows ridges on the fab-
ric surface, and the dice weave has a lot
offloating yarns. The other woven fabrics
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are derivatives of these three weaves. In
other words, the crape weave is a deriva-
tive of the plain weave, and the 2/6 twill
weave is a derivative of the twill weave.
Therefore, these textiles include mixed
features of the three foundation weaves.

Definition of the parameters
for the weave structure

Crossing-over Firmness Factor (CFF)

This factor was originally defined by
Ogawa [17], but the definition is obscure
and cannot be used for further investiga-
tion. He proposed the factor based on the
type of crossing conditions of two warp
and two weft yarns within ten warp and
ten weft yarns. The type he proposed is
not authentic and cannot be applied to

Table 2. Various designs of textile weaves.
Textile weave Complete repeat
Plain weave .

ot
=

2/2 twill weave

2/6 twill weave

Rib

Table 3. Specifications of the fabrics.

e |Nterlacing point

P Crossing over line

b—"|nterspace of weave

Figure 1. Complete repeat of plain weave

[18].

more complicated structures with more
than ten warp and ten weft yarns. There-
fore, Morino [18 - 20] redefined the
crossing-over firmness factor as follows.

The plain weave structure is shown in
Figure 1. The crossing-over line number
is counted as 1 when the interlacing point
changes e.g. the warp yarn changes from

Textile weave Complete repeat

Warp rib E

Basket weave

Dice weave

Crape weave

Sample index | Warp setting | Weft setting = Textile weave Weft count, Warp count,
tex tex)
1 Plain
2 Crape
3 Warp rib
4 Rib
24/cm 22/cm - 30/1 20/2

5 2/2 twill
6 Basket
7 2/6 twill
8 Dice

Floating

Design E!

- 08 0

Type | 1] 1] v \% \Y| i Vil IX

Weight 0 1 2 4 5 6 7 8

(=Type 4« - 1)

Figure 2. Nine types and weights of floating yarns [18].
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Figure 3. Relationship between air permeability and: a) FYF, b) CFF and agreement of air permeability (c).

over to under the weft yarn, or vice ver-
sa in the warp direction. The number is
summed up in the complete repeat. In the
case of the plain weave, there are eight
crossing-over lines in the complete re-
peat and four interlacing points. There-
fore, the CFF becomes 2.0.

Floating Yarn Factor (FYF)

First we chose the floating yarn type,
shown in Figure 2, and then we decided
each weight, also shown in Figure 2. The
floating yarn factor is defined as follows
[18 -20]:

Measuring mechanical properties

Air Permeability was measured by shi-
erly apparatus under high sensitivity
conditions. The temperature was 20 °C +
0.5 °C and the relative humidity - 65%
+5%.

@ Results and discussion

The results of the CFF and FYF calcu-
lated are shown in Table 4. The CFF be-
comes bigger if the frequency of interlac-
ing yarns is larger. Therefore, the plain
weave has the largest CFF and the Dice

Table 4. Results of the CFF and FYF cal-
culated.

Textile weave CFF FYF
Plain weave 2 0
2/2 twill weave 1 1
2/6 twill weave 0.5 1.5
Warp rib 1.5 0.5
Basket weave 1 1
Dice weave 0.5 1.5
Rib 1.25 0.75
Crape 1.67 0.33

Table 5. Correlation coefficients between
the air permeability and weave structure
parameters.

Fabric property CFF FYF

Air Permeability 0.81 0.87
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weave the smallest for the same warp and
weft yarn densities.

On the other hand, the FYF becomes
larger with a longer floating length.
Therefore, the Dice weave has the larg-
est FYF and the plain weave the smallest.
We assume that the CFF becomes larger
with a smaller FYF.

First we determine the correlation coeffi-
cients between the air permeability prop-
erty of the fabrics and the parameters of
the weave structures, CFF and FYF, the
results of which are shown in Table 5.
The significance level for all is 5%. We
found that the air permeability is influ-
enced by both the CFF and FYF; hence
we can declare that the air permeability
property of the fabrics has a relationship
with the CFF and FYF. Both the CFF and
FYF are strongly related to the air perme-
ability. As an example, the result between
the air permeability and FYF is shown
in Figure 3.a. There is a clear positive
correlation, and the FYF becomes larger
with a larger air permeability, meaning
that the fabric becomes softer with a
large FYF.

On the other hand, the results of the rela-
tionship between the air permeability and
CFF shown in Figure 3.b give a negative
correlation with the CFF, becoming larg-
er with a smaller air permeability. This
means that the fabric becomes harder
with a large CFF. According to these re-
sults, air permeability is considered to be
related to both the CFF and FYF. There-
fore, we conducted a multiple regression
analysis [21, 22] using those parameters
as predictor variables. The result of the
multiple regression equation is

Air permeability = 13.24x(CFF) +
+24.01x(FYF) —20.55

Here, if we compare the absolute values
of the partial regression coefficient, the
FYF value (24.01) is bigger than the CFF

value (13.24), meaning that the effect of
the FYF is larger than that of the CFF on
air permeability. If we can determine the
values of CFF and FYF, it is possible to
predict the value of air permeability by
the multiple regression equation.

For example, in the case of the Dice
weave, if we enter 0.5 into the CFF and
1.5 into the FYF, the value of air perme-
ability of the weave is predicted by this
equation, which is 22.1. On the other
hand, the air permeability value of the
weave measured is 20.9. This difference
is only 5%, meaning there is no practi-
cal difference between the two fabrics.
The regression accuracy is shown in
Figure 3.c. The multiple correlation co-
efficient is high - +0.91, and the values
predicted nearly agree with the values
of the air permeability system measured
(5% significance level).

M Conclusions

The Air permeability of fabric is one of
the most important properties of techni-
cal fabrics. The Air permeability depends
on the shape and value of pores and in-
terthread channels, which are dependent
on the structural parameters of the fabric.
In order to predict the air permeability
property of fabric from the parameters
of the weave structure, we defined the
weave structure parameters and studied
the relationship between them. We con-
clude that we can define the crossing-
over firmness factor (CFF) and floating
yarn factor (FYF) as the parameters of
the weave structure for predicting air
permeability. From this experimental re-
search the following conclusion can be
drawn.

Fabric air permeability is dependent
upon the fabric structure and parameters
defined from the weave structure.

The relationship between the param-
eters and air permeability is modelled to
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contain the highest number of effective
parameters and reveal a correlation of
above 90%.

The equations extracted from the mod-
els will be helpful in designing woven
fabrics as we can determine the fabric
air permeability even before a fabric is
produced.

The differences

in weave structures

mainly affect the fabric properties. Multi-
ple regression equations of air permeabil-
ity are derived from the weave structure
parameters, and the values predicted al-
most exactly agree with the values from
the measurement system measured.
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The Laboratory is active in testing fibres, yarns, textiles and medical products. The usability and physico-mechani-
cal properties of textiles and medical products are tested in accordance with European EN, International ISO and Polish

PN standards.

Tests within the accreditation procedure:
mass per unit area using small samples,

linear density of fibres and yarns,

tion of fibres, yarns and medical products,

textile and medical products

loop tenacity of fibres and yarns,

elasticity of yarns,
bending length and specific flexural rigidity of

breaking force and elonga-

Other tests:
for fibres: m diameter of fibres, » staple length and its distribution of fibres, = linear shrinkage of fibres, ™ elasticity and initial
modulus of drawn fibres, = crimp index, = tenacity
for yarn: m yarn twist, ® contractility of multifilament yarns, = tenacity,
for textiles: m mass per unit area using small samples, = thickness
for films: = thickness-mechanical scanning method, = mechanical properties under static tension

for medical products: = determination of the compressive strength of skull bones, = determination of breaking strength and
elongation at break, = suture retention strength of medical products, = perforation strength and dislocation at perforation

The Laboratory of Metrology carries out analyses for:
research and development work, = consultancy and expertise

Main equipment:
Instron tensile testing machines,
type C, m lanameter

electrical capacitance tester for the determination of linear density unevenness - Uster
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