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L-Abstract: )

In this paper a new scientific method 1s developed to measure the thickness of any
three-dimensional limp structure such as fabrics whatever their type (woven, non-
woven, knitled, etc ), paper, and so on. The necessary condition is that these structures
are very easy to bend. This method depends on mathematical relations and physical
interpretations which are used to replace direct thickness measuring by fabric weight
measuring after shaping (corruganing) it round light circular straight 1aentical wires
placed in one plane in a jamming situation. A formula is derived to obtain fabric
thickness as a function of weight of corrugated fabrc, wire diameter, and number of
wires used. The result obtained for fabric thickness may be considered as an average
value of a number of readings equal to the number of wires. Corrugating plane is
preferred to be inclined to the vertical direction to aveid fabric compression Wire
diameter roust be proportional to both fabric thickness and fabac flexural rigidity.
This means that, to make bending and therefore corrugating easier, wire diameter and
angle of inclination, must be properly chosen. The idea of a new fabric thickness
meter called HFTM is explained.
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2- Introduction:

Fabric thickness measurements are involved directly in a wide range of
technological investigations related to milling or raising, heat transmission and
insulation, tactile judgment, design of specific fabric, or studying fabric geometry.
Thickness at low pressure is useful in applications for bulk and heat insulation
whereas thickness at considerable pressures is useful in applications such as armature
winding. The relation between pressure and thickness is useful in studying softness of
handie and fabnic compressibility, Fabric thickness measurement needs suitable
pressing feet, dial gauges, and pressures [1]. Macdonald (2] designed an instrument
that could apply pressures as low as 0.001 /b/in’ . Kawabata [3), and Shirfey [4] used
different fabnic thickness meters but their results are highly correlated [5]. CSIRO [5]
developed a series of instruments that are inexpensive, robust, and simple to use and
their refated test methods. This series is called FAST (Fabric Assurance by Simple
Testing). FAST-1 gives a direct reading of fabric thickness over a range of loads with
micrometer resclution. The FAST-1 compression meter measures fabric thickness
over a circular area of 10 cm’ at 2 g/cm®and 100 g/cm®. Surface thickness is
defined as the difference between the two measured thicknesses. De Jong, S., and
Tester, D. H. [6] regard a fabric as consisting of an incompressible core and a
compressible surface layer They state that the degree of fabric compression affects
the thickness of the fabric surface layer and consequently the appearance and handle

CSIRO (5] defines very flexible fabrics as those having a weight less than 200
g/m”and having therefore low bending rigidity. NING PAN et al. [7] used data on
selected fabrics of different fibre types, weave constructions, and fabric thickness to
“fingerprint” or characterize fabrics. They state that fullness and softness as well as
finish stability are all related to fabric compressional properties They used the Instron
to measure compression and fabric thickness by providing a suitable compression cell
and maintaining optimum compression load. Kawabata [8] measured fabric thickness
at 0.5 g/cm”and defined fullness and softness as a feeling which comes from bulky,
rich and well formed feeling. He stated that springy property in compression and
thickness accompanied with warm feeling are closely related wath this feeling.

Yam diameter shares the weave structure in determining thickness of woven
fabric. Fabric thickness could be determined under different pressures. Vitro, L. and
Naik, A. [9] found that fabric thickness ¢ is related to normal pressure £ according to
the relation P% =a, where @ and # are constants depending on fabric details
Ebraheem [10] assumed that thickness of a fabric woven from a warp and a weft at
nght angle 1s simply equal to the sum of warp yarn diameter and weft yarn diameter

The same problem as in measuring yarn diameter ansed during measuring fabric
thickness But the problem was more difficuit and complicated as we have not only
one varn but two different yams i.e. warp and weft, and we have a new structure i.e.
fabric. Tt is not easy to measure fabric thickness as it is neither visually determined
nor dimensionally stable. Tt is also difficult to be calculated because the calculation of
fabric thickness depends on fabric volumetric density which depends on fabric
structure, and yam volumetric density. Ebraheem [11] expressed volumetric density
of plain square woven fabric as a function of yarmn cover ratio and yam volumetric
density. Trials have been made to develop instruments that measure fabric thickness
under specific pressures [9]. These pressure values don’t distinguish the differences
between different fabrics as the same pressure is used for a variety of fabnes.

Yigit [12] developed a computer model to estimate fabric resistance to heat
transter depending on fabric resistance data and fabric thickness data for clothes.
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MecCullough [13] discussed factors affecting insulation and evaporative resistance of
cloth. These factors included fabric thickness, fabric density, body surface area
covered by garment, evenness of fabric distribution on body, the increase in surface
area for heat loss due to clothing, the looseness of tightness of fit, person’s body
position (sitting or standing), body motion, and wind. McBride [14] studied the
microstructure in dry plain weave fabric during large shear deformation in terms of
yarn width, yarn spacing and fabric thickness. Klein [15] described analysis and
characteristics of fabric used as an electrode separator. Effects upon cell performance
resulting from changes in separator fabric thickness were analysed. Stylios [16]
prognosed seam pucker based on a mathematical model developed from extensive
sewing experiments and on the measurement of fabric thickness and flexural rigidity.
Take-uchi-M et al [17] described the heat transfer experiments and theoretical
predictions of cylinders covered with “knicker hose', "camel underwear’, bedy lights’
and ‘nylon stocking' respectively. They stated that heat transfer behaviour depends
primarily on the fabric thickness and the state of contact with the cylinder

firom previous introduction it is clear how fabric thickness is important and how its
measuring is difficult. Fabric thickness at low pressure is difficult to be measured but
it has many applications. In this paper a new strategy is planned. This strategy fulfils
achieving three decisions. The first decision is avoiding the problems of mimimum
oressure. The second is avoiding the problem of presser foot dimensions. The third is
avoiding the problem of dial gauges compatibility This strategy depends on weight
measurement, counting and calculating to measure fabric thickness and determine
fabric volumetric density.

3- Deriving Mathematical Relations:

If a strip of fabric interlaces with straight circular wires according to the rule of
plain weave in such a manner that wires reach the jamming state without compression
and occupy one plane, then the fabric-wires assembly will produce a geometrical
model. This model can be analytically defirned in terms of fabric thickness, wire
diameter, and number of wires. If

D :wire diameter {(snm)
N -number of wires
1 fabric thickness {(mm)

then the length of fabric strip which makes complete interlacing repeats with wires
can be determined from the following refation:

avi{D 1

; - AD+1) M
2

{, . length of fabric strip lapping around wires (rmm)

To express wetght of fabric strip lapping around wires, two other informations must
be given: strip width and fabric weight per unit area. If

b ~width of fabric strip ()
@ : fabric weight per unit area . (g/m?)
then
W=1bw (2)
W weight of fabric strip lapping around wires (g)
From (1) and (2)

W= aNb (D +£) 3)

2%10°
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From (3)
2#10°W
i=———-D 4
aNbw )

Equation {4) shows that fabric thickness can be expressed in terms of parameters of
the foregoing geometrical model besides an intrinsic property of the fabric (fabric
weight per unit area). These parameters are wire diameter, number”of wires, strip
width, and weight of fabric strip lapping around waires.

Fabric volumetric density can be expressed in terms of fabric weight per unit area
and fabric thickness as follows:

@
P = o001 )
o, .fabric volumetric density (glcm?)
From (4) and (5)
w
Spy R E————————— (6)
221°% 000D
 Nbo

From (6) fabric specific volume v (cm®/ g) can be expressed as follows:

[2+10'W
[ - ~1000D
WNbw

v A e (7
@

4- Building on Scientific Basis:

Simply, we can say if you wani to determune the thickness of a fabric without
going into problems of suitable pressure, suitable presser foot diamerer, or dial gauge
accuracy, please corrugate a rectangular stop of this fabric by lapping it around
identical cylinders of suitable diameter according to the rule of plain weave This
means that lapping must be in an alternative manner It is also required that cylinders
lie in one plane and reach the jamming state This makes lap angle around cach
cylinder equal to 1807 It is then required to remove fabric outside the lapping zone
This needs cutting the fabrc protruding outside this zone.

5- Developing a New Fabric Thickness Meter:
The idea of this new fabric thickness meter which is called HETM is based on the
previous mathematical analysis. The device consists of :
- abase plate with two fulcrums 30 cm in between,
- two slotted straight bars each with a possibility to be fulcrumed with base
plate,
- a rectangular straight bar to connect slotted bars is needed to be mounted
between them at a suitable distance from fulcrum,
- 2 pairs of clamps with a possibility to be mounted on the crosswise bar,
- a number of cylinders of a diameter proportional to fabric thickness and fabric
bending stiffness, and of ends suitable to pass through slots,
- asharp cutter.
The height of the device depends on the class of fabrics tested (thin, medium, or
thick). The bar frame can be tilted and fixed at a suitable angle with vertical to
facilitate the corrugating process. A digital electroruc balance which measures to the
nearest milligram 1s suitable for weighing corrugated fabnic sample.
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6- Test Procedure:
6-1- Preparing Fabric Specimen:

A strip of fabric 1s cut in a rectangular form with a sufficient length and a suitable
wadth for corrugating (lapping process).

6-2- Lapping;

Fabric strip 15 clamped by two pairs of clamps in its two extremities. One pair of
clamps is fixed to the crosswise bar on the bar frame. The other clamp is gripped by a
hand and a cylinder is inserted gently by the other hand through the two slots tll it
reaches the fixed clamp as shown in Fig. (1). The first hand is meved {with clamp) to
the other side of the bar frame to cover the previous cylinder and another cylinder is
inserted by the other hand as shown in Fig. (2). This procedure is repeated till a
considerable length of fabric is lapped around a suitable number of cylinders.

=
:.:_HI_F N L ;

Fig, (1): One pair of clamps on base plate and first cylinder is inserted on fabric
strip after passing through the two slots (not shown)

-

Fig. (2): The second pair of clamps is moved to the other side and another
cylinder is inserted on fabric strip after passing through the two slots
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6-3- Cutting;

Strip parts outside lapping zone are removed by cutting it at a two corresponding
points: one just before the first cylinder, and cne just after the last cylinder in such a
manner that complete lapping repeats are cbtained

6-4- Weighing:
Corrugated fabric strip is accurately weighed.

7- Data Obtained ¥rom The Test:
Data obtained from this test are strip width &, weight of corrugated fabric strip W .
cylinder diameter D, and number of cylinders N .

8- Determining Fabric Thickness:
Substituting for fabric weight per unit area and data obtained from the test in
equation (4) fabric thickness is determuned.

9- Determining Fabric Yolumetric Density:
Substituting for the same previous data in equation (6) fabric velumetric density is
determined

10- Conclusion:

By this test method real fabric thickness and fabric volumetric density can be
determined This method can be used to test any flexible 3-dimensional structure
irrespective of whether it is a fabric (woven, non-woven, kniited, etc.) or another
material like paper etc The philosophy behind this new method for fabric thickness
measurement 1s that we do not deal mathematically with fabric thickness in a direct
way Woe deal mathematically with neutral plane of the fabric Length of fabric neutral
plane is the actually measured value or property. This length is not affected by fabric
flatiening if it occurred Fabric flattening occurs in a neighbourhood of fabric napping
point between cylinders. We don’t measure this length directly but we weigh the
fabric strip corresponding 10 it (length of test specimen which makes complete
lapping repeats with cylinders). This weight is divided by fabric weight per unit area
to give the area of the weighed fabric strip This area is not affected by flattening
Dividing this area by strip width gives straight length of weighed fabric strip This
length is a pure function of cylinder diameter, number of cylinders used, and fabric
thickness without flattening i.e. real fabric thickness. This i1s the vaiue of fabric
thickness under zero pressure. Thus the HFTM can solve the problem of measuring
fabric thackness and can besides measure fabric volumetnc density.
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