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ABSTRACT — In this work, a guantitative method for messuring fabric handle
based on changing the diameter of a cylindrical hole of sponge accarding to
fabric weight per unit area was tested. Also, a method of expressing object—
ive test results relating to the handle of woven fabric has been developed.
This methaod involves the area of polygon area. Also, a simple apparatus has
been designed and constructed for measuring coefficient of friction of Fabrics
using the inclined plane method. Therefore, fabric handle was assessed for
fourteen dressing fabrics by several methods such as fabric withdrawal force
{by the cylindrical ring method), (by the nozzle method), (by the spongy hole
method) and polygon ares method. The experimental results show the high cor—
relation between the messurement by the suggested methods and the other known
methods. Several empirical equations are fitted to the measured withdrawal
force values by the different methods using multiple regression analysis.
These empirical relatiaonships ate shown to predict the withdrawal force (fab—
ric handle) accurately.

1— INTRODUCTION

In considering textile products, the handle property 1s the one most
widely used by both 1industry and the caonsumer in determining the acceptability
of gaods for theit end use. However, when attempts are made to define the
term (handle), the complexity of this term becomes apparent and 1ts compon—
ents does not vet exit.

In previcus studies an Fabric handle [ 1—12 ]several definitions for fab—
ric handle have been given from which it 1s clear that it 1s difficult to
define fabric handle in words. Trying to generalize all the parameters which
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are gathered to express the fabric handle in one defimtion the fal%awing
definition has been proposed: "The fabric handle 1s the translation of the
reaction aof the fabric praperties on human hand, by means aof the nervous
system and assessed by the brain, when the fingers make the action on the
fabric by compressing, bending and rubbing 1t or handle 1t".

Subjectivity of fabric handle leads ta a variety of assessments dep—
ending on the perceiver. Many people still cans:der gualitative analysis
as the final judge af fabric nandle. Several approaches ta subjectively
measure fabric handle are used at present. Evaluations perfarmed by an
expert finisher require a carefully selected format and are time consuming

{13].

Quantitative analysis aof fabric hand is desirable to allaw mare accur—
ate camparisons between all types of fabrics. Among the objective methods,
the most sophisticated is the Kawagbata Evaluation System for Fabrics or KESF
10—121: However, the KESF procedures are time—consuming and the instrum—
ents are expensive. The KESF measures up to seventeen fabric mechanical
properties such as tensile, bending, shear, surface friction, compressional,
welght and thickness. The disadvantages of cost, complexity and effort rem—
ain with any KESF evaluations. Therefore, simple and quick objective tech—
niques would be useful far quality contral. Attempts have been made along
lines similar to KESF to overcome these limitions. There still exists a
need far a simple, inexpensive and reliable abjective methad to screen diff—
erences 1n fabric handle.

Sultan, Soliman and Sheta [5-9 ] have been developing a test method Lo
measure fabric handle based on measuring the farce generated when withdraw—
ing a fabric specimen through a cylindrical ring. This work found good
agreement between the withdrawal forces and their subjective handle ranking
for fabrics in the same end-use cateqgory. Also, in these works, the authars
deduced that to make packing fraction, B, (the ratio of material volume to
the hole volume) constant for all the test, 1t 1s necessary to change the
radius af the disc hole for each fabric weight which 1s not practical ar
this a reasonable range of (B) was taken. Thus for each range of Ffabric
welghts a suitable hale radius has been used. Thus, 1t 1s necessary to dev—-
elop the previous method to obtain a changable hole diameter suits a wide
range of fabric weight per unit area. Behery (131 alsa investigated the
relatianship of withdrawal force measurement with KESF measurements and
Alley [147] method using a nozzle with conical geometry. He found that his
withdrawal farce measurements correlated with KESF handle values and dedu—
ced that there 1s a fairly good agreement between the quantitative values
obtained. Pan et al (157 have altempted fo 1interpret the force—extraction
curves obtained by withdrawing fabric specimens through a nazzle.

The abject of this work 1s to introduce a new method far measuring the
fabric handle and ta compare the results obtained with the results obtained
by the olher methods and 1f possible, to find a means af expressing the to—
tal praopecty of handle.

2— EXPERIMENTAL WORK
2.1— Test Samplea:

A wide range of fourteen commercial dressing fabrics was obtained far
handle force measurements. Fabric weights ranged from 68 ta 300 g/m%4,
Specifications of the fabrics are detailed in Table (1).
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Table (1): Details of the Fabric Samples.

Sample | Tvpe of Yarn Count | fhreads;cm Weave
NO. Material (Nm) Design
w | f w1 f

1 100% Nylon 110 110 33 33 Plain 1/1
2 100% Cotton 107 79 34 29 Plain 1/1
3 100% Colton 55 48 23 18 Plain 1/1
4 65% P/35:1C* 70 60 35 22 Plain 1/1
5 65% P/35L 64 53 33 20 Plain 1/1
) 50% P/50%C 59 45 27 24 Plain 1/1
7 100% Cotton 56 46 28 24 Plain 1/1
8 100% Wool 29 23 24 19 Twill 2/2
9 100% Cotton 25 1 18 14 Plain 1/1
10 100% Acrylic 26 2k 26 19 Twill 2/1
11 100% Polyester 26 23 25 19 Twill 2/1
12 = 100% Wool 1Q 8 9 . 8 Plain 1/1
13 100% Catton 28 14 20 16 Plain 1/1
14 100% Waol 9 7 M 10 } Twill 5/5

*P means polyester fibres, C means cotton fibres.

2.2 Objective Test Methods:

Some mechanical and surface tests considered relevant to fabric handle were
performed on the fabrics including fabric weight, fabric thickness, fullness
{specific valume}, smoothness {(coefficient of fraiction}, extensibility, compre—
ssability, crease recovery, flexural rigidity, tensile modulus and drap coeffi—
cient.

2.2.1~ Weight per unit ares (g/mz)

By using a template measuring 250 mm X250 mm, specimens were cut from
each fabric. The specimens were then weighed and their weights per unit area
were calculated.

2.2.2— fFabric thickness (mm)

The fabric thickness was measuced by Shirley Thickness Meter. The
thickness of the fabric specimgns in millimetres when a load of 700 gf (repre—
senting a pressure of 70 gf/cm?) was applied.

2.2.3= Fabric bulk (cmjig)

This was determined 1n terms of specific volume using the reciprocal of
fabric density.

2.2.4— Fabric friction measurement:

for measuring the coefficient af friction between the samples and the
hole wall, an apparatus was designed and constructed using the inclined plane
method as shown in f1g.(1}, For tests, three specimens in both warp and weft
directions 50 mm X 150 mm 1n si1ze are cut out from the fabric to be tested and
also one specimen 1n warp direction 160 mm wide and 600 mm long. The speci—
men {160 mm X 60U mm) was fixed Lo the plane surface. A steel sled (63 mm X 63
mm) of mags 200 g was placed an the fabric surface to determine fabric—to—
steel friction. Alsp the sled was covered with the same tested specimen 50 mm
X 150 mm (in warp or weft) to determine fabric—to—fabric friction. Also the
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fig. {1): Schematic diagram of fabric frictian apparatus.

led was covered with the same material as hole material (sponge) to determine
sbric—to—sponge friction. The plane was slowly inclined until the sled began
o slide, at which the angle (B8) was measured. The coefficient of friction was
alculated as p = tan 8. [he test 1s repeated 15 times for each specamen (in
oth warp and weft direction). The first bten results for each specimen are not
aken 1nto consideratien and the mesn value of the plane inclination angle 1s
stermined by the results of the last five tests. Also five measurements were
arried out for both face and back of each specamen. Thus the mean values of
ne results were recorded for both fabric—to—fabric friction, fabric—to—sponge
riction and fabric—to-steel friction.
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2.2.5— Fabtic compressional propertféa:
(i) Compresaian, C{%):
This was determined from the following formula:

thickness at 0.5 g/cm2 ~ thickness at SO0 g/cmz Y X 100 eeeen. (1)
thickness at 0.5 g/cm?

C =

(1i) Springiness ratio, SR:
This was determined from the following formula:

5R = thickness at 1.4 g/cm2 D)
thickness at 140 g/crn2
. (iii) Normalized fgpric compressmb1lztyz ﬁ}.g -
This was determined from the foilowing formula:
T Ta
NC = ("O_T"_“') < 100 (3)
o
where T_ = fabric thickness at 0.5 g/cn?;
T, = fabric thickness at 50 g/cm”.

(iv) fabric hardness, H (gf/cmz/cm )

This was determined from the farmula:

- - —- {
N = (P2 P1)/(Y1 YZ) ....... 43
where P1 = fabric initial pressure, 70 g/cmz.
Py = fabric final pressure, 500 g/cm . 2
T1 = thickness 1n centimetcres under pressure 70 q/cmz.
TZ = thickness in centimetres under pressure 500 g/cm™.

2,2.6~ Fabric crease resistance, CR

for measuring crease resistance factor (CR) on Shirley Crease Recov—
ery Tester, a specimen 15 cut from the fasbric with a template 2 in. long by 1
in. wide. It 1s carefully creased by folding in half, placing it hetween two
. plates and adding a 2 kg weight. After 1 min the weight is remaved and the
specimen transferredto the fabric clamp on the instrument and allowed to rec—
over from the crease. After the time period allowed for recovery (1 min), the
recovery angle in degrees (B) 1s read on the engraved scale. Then crease res—
1stance factor (CR) can be determined from the following formula:

CR = (8/180) x t0C (5)

2.2.7— Fabric stiffress

The 1nstrument used was the Shirley Stiffness Tester. Three specimens
. for both waro and weft darections, measuring 6 in. x 1 in,, were cut ftrom each
! fabric sample. Then bending length, flexural rigidity and bending modulus can
be determined.
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2.2.8- Fabric tensile properties

« [he instrument, used was Lloyed Universal tester with a max load—cell
capacity of 2500 N. Three fabric specimens, measutlng 300 mm x 50 mm, were cut
with the long side parallel tn the warp yarns, and four speclmens were cubt with
the long side parallel to the weft yarns. The gsuge length between the jaws
was set at 200 mm and the crosshead speed was set at 50 mm/min during both ext—
ension and recovery. from these tests, the tensile modulus, was determined.
This was the force required to stretch a fabric specimen by 10% of 1ts original

length.

2.2.9=- Fabric dreps coefficient, DC’

The apparstus used for measuring drapeccefficient was the Drapeometer.
Three specimens, 25 cm 1n diameter, were cut fram each of the fabric samples.
A specimen was placed on the lower horizontal disc af the apparstus. The disc
had a smaller diameter (di = 15 cm) than the diameter of the specimen (dg = 25cm)
so that the specimen edges draped over the disc. Then the radial axis length
aon polar circule was read an 3 tule. The mean diameter of the sixteen measure—
ments waseobtained (d). The Leskswms carried out sit times for each fabric
sample, three times with Lhe face af the fabric and three times with the back
of the fabric. By using the values of d, d; and dg, drape coefficient (DC)
were calculated from the formula:

o ~d? ot - 225
DC = 3 3 = s vl (B)
d” — d° 400
s i
where d = the mean dia. of the sixteen measurements in cm,
d1 = the smaller disc diameter, 15 cm.
ds = the specimen diameter, 25 cm.

2.3~ Methods of Measuring Febric Hendle:
The fabric handle was measured by the following methads:

(i) Cylindrical ring method (M1)

The cylindrical ring method (M1} has been suggested by Sultan et al.
[551. This method can be explained as follows: A circular fabric specimen of
25-cm diameter is drawn, using a Lloyed Universal tensile tester (digital app—
aratus), through a cylindrical ring of steel, 2 cm 1n diameter and 2 cm 1in
height. The force needed to withdraw the fabric through the ring increases ss
more and more if the specimen 1s introduced into the ring. The maximum value
af the force occurs when the entire specimen has nearly passed through the ring.
In order to compare different fabrics, i1t is necessary ta calculate the speci-—
fic handle force. For getting the specific handle gorce, S.F., the handle for—
ce, F, (N) should be devided by the hole area A (cm”) and the packing fraction
B, as follows

S.F = F/(A.B), N/cm? (D)
where (ZR_— 1) W
S
8 = 4 . 3 PIPR (8)
: 10‘p Rh

vhere: Rg 18 the specimen radius, cm; Rh 1S the hola radius, cm; H 1s the hole
height, cm; W_is the fabric weight per unit asrea, g/m2 and p 1s fibre material
density, g/cm3.

Ry, H gnd Rnh were taken constants and equal 12.5 cm, 2 cm and 1 cm respec—
tively; giving 3
F(N) x p (g/cm”)

S.F. = N/cmz veene (D)

0.007226 W (g/m%)
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(ii) Nozzle method (Mz)

The nozzle method (M) has been suggested by Behery [13]. This method
can be explained as follows: Carcular fabric specimens of 10 cm 1n diameter were
drawn through the npzzle using & tensile tester with cross—head and chart speeds
of 50 mm/min; the nozzle had a minimum radius of 5 am, height of 24.5 mm and
one—have cone included an angle of 50°. Rg, H and R, were taken constants and
equal 5 cm, t cm and 0.5 cm respectively; giving

F(N) x_p(g/cmB)

S5.F. = . Nem® . (10)

0.0028274 W (gn’)

(iii) Spongy hole method (M3)

The spongy hole method (M3) for measuring fabric handle has been sug—
gested to meagure the withdrawal Fogce by using a cylindrical hole of sponge.
An attachment was desigoed and constrycted as shown in Fig. (2}, This methad
can be explained as follows: A circular fabric sample (25 cm in diameter) held
in the centre 1e extracted through a spongy hale. The hole had a diameter of
10 mm and a height of 40 mm, which is connected to a tensile tester (Lloyed
Universal with a maximum load—cell capacity of 2500 N) so that o losd—displece—
ment curve can be obtalned with cross head speed of 50 mm/min. For each fabric,
a circular sample 25 cm in diameter wea tested, a total of ten times alternating
between pulling the back and face of the fabric through the spongy hole.

(iv) Polygon area method (M,)

Thas method (M) involves the uae of polar diagram, which offers a
pictorisl repreaentation of the handle of the fabric. It was felt that such
a polar diagram might form the basis of a simple methed for expressing handle
completely in a numerical form.

The inclusive assessment of fabric handle could be estimsted by using
the relative characteristics method of the quality [16]. The relative charac—
teristics of fabric handle could be calculated from the following equations:

X.
K. = X L (for positive characteristics which have positive correla—
J max tions} (1
K. = “"%ig—q {for negative characteristics which have negative correla—
J i tione) (12)

where K, — relative characterastics of handle;

Xf - individual readings of each property;
X - max. value of the same property; and
max .
xmin ~ min. value of the same property.
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This method can be represented from a knowledge of number of properties (n)
in the inclusive assessment, which starts from the same point at the centre and
make an angle 2°T/n between them, And the coordinat®s can be jomeﬁ and a poly—
gon can be obtained.

For the inclusive assessment of fabric handle the area of this polygon could
be calculated from the following equation:

A= 1/2 Sin (2 TT/n)(K1K2 v KKy + K}KQ + KQKS + KSK6 + KsKw) veee (13)

where A = polygon area of each fabric;
n = é~number of the measured properties.

Alsp, an inclusive coefficient of fabric handle (1) can be calculated as
follows:

1= (A/Amax) x 100, (% .. (14)

where A ~ maximum palygon area when K1 = K
s and equal to 2.598.

3. RESULTS AND DISCUSSION
The test results for the different samples are listed in Table (2).

Table (2): Values aof Test Results,

Sample| Fabrie| Fabrie T Fabric Coeff. of friction EMDmpre—- Spring—
weight, | thick— bulk, |Fabric— | Fabric— Fabric— ssion, | iness
2 ness to~—steel | to—fabric | to—sponge , :

No. g/m ' 3 9 % ratio

m /g | P Prr Prs

i 68.3 0.100 1,464 0.335 0.672 0.794 96.3 2.64
2|2 8.1 a.100 1.135 0.254 0.574 J.859 59.8 1.50
302 89.7 0.155 1.728 0.316 0.635 7.898 48.0 1.44
4% (1004 0.109 1.086 0.2586 0.615 0.819 63.9 1.39
5. [106.9 g.115 1.076 0.241 0.629 0.804 63.6 1.50
6|5 | 146 | 0.189 1.649 0.286 0.773 0.882 59.7 1.62
715|117 0.153 1.307 0.296 0.762 0.869 61.3 1.51
8 B 178.5 0.496 2.779 0.250 0.754 0.884 71.8 2.25
9 £ 187.3 0.441 2.355 0.254 0.750 0.902 47.3 1.37
10 ~ | 189.3 0.423 2.235 0.244 0.736 0.8%4 50.0 1.33
11 1% 1966 3.300 1.543 0.240 0.695 ¢.878 50.2 1.38
12 > 196.5 0.700 3.562 0.31 0.819 1.700 53.6 1.31
13 2 198.4 0.459 2.314 0.265 0.799 0.925 53.7 1.43
14 1 | 299.8 1.062 3,542 0.310 0.791 0.838 46.7 1.37
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Sample | Fabric| Fabric Crease Flexural | Bending Tensile Sp.w.r.J Drape

compre—| hardnesas | resist— | rigidity,| modulus, modulus,

8s1b1l— 2 ance, 2
No. ity, % | gf/cm/cm % mg-cm Kg/cm (N} g/tex | Coeff.

‘ Ju f w. f o [w.f [u.f

Tl 147.3 47778 ] 90.0 63.0 755.4 34.1 4.210 0.569
2|5 65.8 215000 49.3 81.6 978.8 119.7 1.352 0.660
3413 26.3 172000 59.4 90.4 291.3 61.5 1.249 D.623
4 1% 108.3 477778 86.3 76.4 708.1 73.0 1.341 0.517
S| 69.2 122857 76.9 205.1 1618.1 117.3 0.950 0.791
612 41.9 62319 87.0 126.0 223.9 97.7 1.316 0.655
71~ 72.2 130303 45.4 130.5 571.4 137.27 1.313 8.757
8 87.0 19907 921.1 429.9 42.3 179.2 3.037 0.730
9 Té\ 40.qg 39450 57.8 253.1 35.4 106.1 \ 0.482 D.780
10 |= 33.3 34959 91.1 493.8 78.3 159.3 3.782 0.796
11 |2 45.2 56579 84.3 161.0 71.6 145.1 5,929 0.500
12 1> 54.5 22632 90.6 203.1 7.1 51.0 D.975 D.822
13 @ 40.4 33333 65.1 248.2 30.8 91.5 0.750 0.779
14 {x= 371 ‘ 16412 | 88.8 I 467.5 4.7 58.3 1.020 0.704

3.1— Comparison between the different methods of measuring fabric handle:

The fabric handle was measured by the above mentioned methods in order to
compare the reliability of the results obtained by the suggested methods.
results are given in Teble (3).

Table (3): Values of Fabric Handle Measured by the Oifferent Methods.

The

Sample Fabric Handle
N Cylindrical ring| Nozzle method Spongy hole Polygon area
a. me thod (M,‘) (MQ) method (M}) method (Ma)
N N/emé NAAAX N/em? N A 1, (%}
LN 0.78 1.802 0.84 4.959 2.38 2.322 89.376.
2|5 1.54 3.169 1.26 6.626 3.07 1.892 72.825
3la 2.12 4.285 2.24 | 11.570 3.61 1.205 46.382
4% 1.00 2.123 1.12 6.076 3.22 1.812 69,746
S|e 1.88 3.565 1.64 7.949 3.62 1.446 55.658
61 2.00 3.484 2.40 | 10.685 3.76 0.959 36.913
7~ 3.35 6.097 2.86 13.303 4,23 1.070 41.186
a . 8.681 9.629 9.25 26.438 12.54 0.513 19.746
9 S 17.26 19.640 34.19 99.425 8.90 0.487 18.745
1a g 12.99 14.625 20.39 58.668 11.71 0.473 18.206
1 - 3.47 3.434 15.46 | 39.097 4.82 0.73% 28.253
12 N 45,23 41.729 50.75 119,662 12.97 0.422 16.245
e 17.21% 14,045 44.45 92.710 7.63 0.494 19.014
13w\~ I167.13 133.025 | 224.47 |407.812 l 35.39 g.3n 11.971
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Stetistical anslyses were made by cslcuylating the correlation coefficients to
compare the various means of ageeseing fabeic handle. Correlations were examined
between fabric properties snd measured withdrawal force. The results are shown in
fasble (4). Significant and strong correlatlons were noted between withdrawal force

and fabric properties especially when using spongy hole methad as listed in Table
(4).

Table (4): Correlstion Coefficients for Withdrawsl Force Measurements Yersus
fabric Properties.

Il Withdrawal Force
Na.| Ffabric Properties <M1> (Mz) (N3)
N N/cm2 N N/cnz N

1 | Weight per unit area, g/m’ | 0.7651 | D.7818| 0.8121 | D.B44a | (D.B&31)"
2 | Fabric thickness, mu - 0.8623 | D.B8% | &.B797 | 0.9076 | (0.5402)*
3 | Fabric tulk, owd/g 0.§961 | 0.7382| 0.705%{ 0.7472 | (D.8127)"
4 Fabric—to-steel frietion, ufsy B.3268 | 0.3311 D0.2798 | 0.2626 -
5 fabric-to—fabric fraiction,uff 0.43207 D.4661 0.4699 | D.5137 | (D.5485)*
6 Fabric~to—sponge friction,ufs - - - - 0.1539
7 | Fabric compression, % ~D.3407 | —D.3623 | —0.3845 | —D.424D { (-D.B567)*
8 Springiness ratio -0.2194 | ~D.2406 | —0.2522 | —D.28B45 | —0.1B49
9 Normalized fabric compressi— ‘

bility, % 2 ~0.2769 | -D.2966 | —0.32371 { —D.4111 ~0.2186
10 fabric hardress, gf/cm ~0.2956 | —0.3184 | -D.3301 | -0.3656 | —0.4529
11 Crease resistance, % D.2598 | D.2SBG | D.23354 D.2271 D.SMW'
12 Flexural rigidity, mg/cm D.5484 | 0.5617 | D.5626 | D.5879 |(0.752D)
13 | Bending modulus, Kg/cm? ~0.3411 | ~D.3671 | —D.390B | —0.4374 | -8.4757
14 Tensile modulus, N —0.327%9 | ~0.3258 | —0.3104 | —0.2981 | —D.4D9S
15 Sp. work of rupture, g/tex —0.22%7 | —-0.245% | ~0.2138  -0.2309 | ~0.1468
16 Drape coefficient 0.1140 | 0.1380 | D.14533 | 0.1768 0.2420

»
The highest correlation cpefficients and more than 0.5

e results of this study led to a medificetion of the properties considered
to be importsnt cosponents of hendle end to be included in any polar disgrem acc—
ording to the correlztion coefficient (D D.5) betwsen handle force mnd each prope—
rty. Therefore, weight perT writ ares, fabric thickness, fabric bulk (specafic
volume), febric coefficient of friction, fsdric compression snd flexursl rigidity
were retained while the other properties were slimimsted.

The relstive velues of properties comsiderad to b2 the most 1mpoTtant were
plotted to produce the polygon disgrams Tor esch sawple Bs shown 1n Fig. (3).
Hence, the polygon ares of esch sample was determined as listed in Tmble (3).
The larger polygon ares the lower hendle force (the better fabric).

Correlstions between the different values of the febric handle which are
determined by the dafferent meihods are given 1n Taple (5). All the values of
fabric hendle were sigmificently correlsted st 0.05 level to the withdrewsl force
measuted by the suggested spongy hole method (M3}. Mare gver, determination of
the Tabric handle by using spongy hole methad has severml advantages, such &s
measuring withdtawal force (Tabtic hemdle) for eedh fsbris weight without using @
certain dismeter of the disc hole for esth fabtic weight, simplisity in 1ts evelu—
ation amd easy Lo use in the textile testing laboratory.
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S, = sample 1
1 -
54 = sample 4
55 = sample 5
W = Weight

511: sample 11
¥ = Thickness

T

S¥= Specific volume
p= Fabric friction
C
G

Compression

Flexural rigidity

Fig.(3): Polygon diagrams for tested samples

Table (5): Correlation Coefficient Between The Fabric Handle For The Different

Methods.
Method ‘ Cylandrical Nozzle Spongy hole Polygon area
| Tlng method method method method
\
Na. (M1/ (Mz) (MB) (MA)
M, - 0.9852 0.9616 -0.4814
My - 0.9551 —0.5492
M3 . -0.6116
A ‘ -

To 1nvestigate the 1interaction of selected fabric propertiés, an equation
relating the withdrawal force to the variables of weight per unit area, W(g/m2),
fabric thickness, T(mm), fabric specific volume, SV(cm3/q), fabric coefficient
of friction, p, fabric compression, C(%) and flexural rigidity, G(mg/cm) was
fitted to the experimental results using multiple linear regression analysis
[17, 187 in the following form:

6 6

2
=lo+ A\ C. X +« N C. X L 1
Y Co+ N Ci Xl + § CJ X1 (15)
1=1 1=1
where Y = specific handle force (S.F.), N/cm2 or handle force (F), N, X, = meas—

urable fabric properties and C_, C. and C. = the constant and coeffic—
1ent tecms. o ! J

* For method (Mi):

S.F. = 166.7 + 0.779 W= 10.9 T + 8.27 SV — 292.7 u — 3.152 C + 1.145 x 10 °G
~3.478 W2 + 288 12 — B.69 SVZ + 216.6 pZ + 2.192 x 10-2 €2 —1.547 x 106
(r=1.000  ...... (16)
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* For method (H ):

= 394, ae ~1.578 W + 1558. % 1 - 127.62 8V + 607.56 1 ~=10.2 C + 8.68x 10 2
2.5x 10> w2 + 19.798 12 = 27.437 sv® — 372.64 P v 6.86 x 102 ¢2 =
—2.766 x 10°% g2
(r = 1.00) ...... (17)
* For methad (HB): S
F2 <2093 +0.325 W= 38,436 | + 14.486 SV 2.565 p— 6.03 x 1072 C —
— 4.586 x 10> G = 1.06 x 107> W2 + 83.961 T2 — 3.638 sv2 ~ 7.466 p’ +
c6.57 x 0% ¢ 4 2.5 x10582

{(r = 0.9996)......(18)

The fitted regression equations were used to predict the withdrawal force
ar fabric handle for eacnh fabric. Table (6) and Fig. (4) show the comparison
between the measured and predicted withdrawal force. As can be seen, the points
fall on a straight line normally distributed with no bias, indicating that the
empirical quations (16—18) give a good fit to the experimental data. The mul—
tiple correlation coefficients between the fitted equations and the experimental
results as indicated 1in Equations (16, 17, 18) are 1.0, 1.0 and 0.9996 respecti—
vely. Thus, the empirical equations discussed above predict the withdrawal focrce
for fourteen random samples well.

Table (6): Comparison Between Measured and Calculated Values of Withdrawal Force
For The Different Methods.

Sample (M1), N/cm2 M7, N/cm2 (M}},N
No. Meas. Cal. Meas. Cal. Meas. Cal.
1 1.802 1.775 4.959 4.800 2.38 2.398
2 3.169 2.792 6.626 7.925 3.07 2.748
3 4.285 4,209 11.570 11.491 3.61 3.604
4 2.123 2.204 6.076 5.373 3.22 3.387
5 3.565 3.835 7.949 6.361 3.62 3.997
6 3.484 3.7 10.685 9.209 3.76 4,109
7 6.097 5.589 13.303 15.642 4.23 3.690
a 9.629 9.500 26.438 27.233 12.54 12.343
9 19.640 19.502 99.425 100.169 8.90 8.728
10 14.625 14.755 58.668 58.156 1.7 11.837
11 3.434 3.357 39.097 39.481 4.82 4,753
12 41.729 41,861 119,662 119.357 12.97 13.022
13 14.045 15.190 92.71 91.850 7.63 7.850
14 133.025 133.213 407.812 407.93%6 35.39 35.383

J.2- Comparison between light and heasvy weight fabrics:

Table (2) compares Lhe experimental results for both light and heavy welght
fabrics. The mechanical and surface properties values show na or very little var—
1ation with fabric weight per unit area. Figures ( 5 & 6) show the variation of
fabric handle with fabric weight per unit area for the different methods.

[t 1s nokiced that withdrawgl force values measured by the different meth—
ods are greater 1n value for heavy fabrics than for light fabrics. [he heavy
fabrics also yields greater thickness, specific volume, coefficient of friction
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Fig. (4): Comparison between measured and predicted withdrawal forces.

and flexural rigidity than for light fabriecs. These results are to be expected
when one compares the handle of winter dressings with tnat of summer dressings.

4. CONCLUSIDNS

A quantitative method for measuring fabric handle based on changing the dia—
meter of a cylindrical nole of sponge was tested.

A method of expressing objective test results relating to the fabric handle
has been developed. This method involves the area of polygon diagram which of f—
ers a representation of the handle of a fabric.

This study 1ncluded the following four different methods by which the fabric
handle could be assessed: withdrawal force (by the cylindrical ring method), (by
the nazzle methad), (by the spongy hole method), and palygon area method. We
concluded that there was a fairly good agreement between the different methods

used 1n this study and steel hole was more reliable comparing with
spongy hole.

The developed apparatus for measuring coefficient of friction wes found to
be sensitive enough to determine the coefficient of Friction between the fabric

and any other material. This apparatus 1s very useful for assessing fabric
handle.

The experimental results suggest some guidelines to maximize the handle for
bath light and heavy weight women's dressing materials. Fabric stiffress , flex—
ural rigidity) should be minimized. Smoothness should be maximized 1.e. the
sur face coefficient of friction should be minimized. The compression, campress—
10nal resilience and extensibility should be maximized. These results are phy—

sically realistic for producing soft, smooth, extensible and flexible Fabrics fgr
women's dressing materials.
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