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STRUCTURE OF NON-WOVEN FABRICS

Part. IV Compressional Properties
of Needle Punched Non-Woven
Fabrics.

By
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ABSTRACT

The compressional properties of needle punched non-woven
fabric could be predicted from the thickness-pressure relation-
ship. The thickness-pressure equaltions found by Bogaty and
Solove'ev for woven flabrics. were also found suitable for needle
punched non-woven fabrics, for pressure ranges between 0.2 and
104.2 g/em?. The final incompressibility coefficient B and the
compression energy coefficient b obtained from Solove'e's and
Bogaty's equations are well related to fabric hardness. A new
equation 1in the form of; t = 1.167 t 6—0.167 t 04.2 could be
used to calculate the thicness at ze?b pressure. ~Also 1t was
found that fabric softness and fabric compressibility are well
related to each other.

Key-Words: vy, Ep, t and a = fabric thickness {(mm), P and X =
pressure (g/cm ), A = fabric initial resistance at pressure
less than t g/em™, (g/em®/mm),,B = f?bric final incompressibi-
lity at pressure above 1 g/em™, {(mm '), 3 = compression energy
coefficient, H = fabric hardeness, (g/cm“/mm), R = fabric resi-
lience (%).

1. INTRODUCTION

The purpose of the present investigation is to examine Lhe
compressional properties of needle punched non-woven fabric,
through the study of the thickness-pressure relationship of the
fabric.

The literature of physical and mechanical properties of
non-woven fabrics show that the use of the thickness-pressure
relationship for assessing the compressional properties of the
fabric, has not been examined in detailg, and the measurment
of thickness for any particular purposel,2,3,4 and 5 hag peen
carried out at arbitrarly pressure. In addition to this no
information are available in the literature to calculate the
thickness of non-woven fabric at zero pressure, which was found
to be important in the studies of the structure of non-woven
fabricl.
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In the present investigation,the equations of thickpess
proposed by Bogaty and Solove'ev' for woven fabrics have been
selected and examined for non-woven fabrics.

2., Measurment of Thickness

The thickness of non-woven fabric was measured by the
“Shirley Tchkness Gauge" at pressyre ranges between 0.2 and
104.2 g/em”, using a foot of 50 cm

3. Specifications of Fabries
The specifications of fabrics are given in the Appendix.

4, Thickness-Pressure Relationship

Plotted in Fig. 1 examples of the relationship between thic-
kness and pressure. Generally for all fabries this form of curves
is obtained, i.e. thickness tends to decrease as pressure incre-
ases, and that the decrease in thickness 1s large at the begining
then at lower rate as pressure increases. This may be attributed
to the collapse of the protruding hairs at low pressures, then to
fabric flattening at high pressures.

To examine the suitability of Solove'evs equation, i.e.
y = bp + P-X/A+BX, the procedure described by Solove'ev has
been followed and the coefficients A and B were determined,
but a slight modification has been made in these coefficients
so that the differences between the measured and calculated
thickness are within + 10% and better. Given in Table 1 the
values of A and B in the loading and recovery cycles. The equa-
tion is also valid in the recovery cycle, but with different A
and B values.

Table 1: Values of A and B in the Loading and Recovery Cycles.

Fabric Loading Cycle Recovery Cycle
A 8 A B
Wool Waste 1.299 D.263 1.383 0.440
100% Wool 0.808 0.577 T.343 0.980
Polyproplyene (POP) 0.968 0.210 1.020 D.308
Polyacrylic 2.126  0.295 3.143 0.508
Polyester (undyed) 2.685 0.311 4.895 0.601
Palyester (PES) 1.294 0.25%6 1.839 D.428

With respect to Bogaty's equation; i.e. t = a+b/p+c the
limiting thickness "a" was measured at the maximum presgure
available in the thickness gauge meter, i.e. 104.2 g/ecm”, and
trials have been made to select the suitsble value for the pre-
ssure correction parameter C. According to Bogaty C accounts
for the fact that the fabric does not become thicker without
limit (i.e. thickness will be infinite at zero Ereasura, which
is not real) as the pressure decreases. A single C-value of
3.6 g/cm2 was choosen for all tested fabrics .
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When the value of b was calculated at each pressure 1t was
not gonstant, but fairly constant between pressures 0.2 and B.2
g/em”. But since we are looking for a single b- value for each
fabric, a slight alteration in the limiting thickness "a" was
considered, so that the differences between the calculated and

measured Lhickness are within + )10% and beller. The,average b-
value obtained at low pressures, i.e. up to 4.2 qg/fcm ,was very
close to the b- value calculated at pressure 0.6 g/em”. This

value could be used directly in any comparisons hetween fabrics,
Given in Table 2 the b- values in the lpading and recovery oyrles
and at 0.6 g/cm?, :

Table 2: Value of the Coefficient b 1n the loading and Recovery

Cycles.
b-loading b-recovery b-loading
Fabrac (at pressure = D.ﬁgfcmz}
Wool wWaste 19,30 12.18 19.11
100% Woaol 12.66 5.88 12.60
Polyproplyene (POP) 24.04 f7.22 23,94
Polyacrylic 16.70 10.50 16.38
Polyester (undyed) 14.63 9.07 1432
Polvester (PES) 20.77 12.60 20.58

From the table one may observe the large drop in the b-
value 1in the recovery cycle. According to Bogaty this value
could be used Lo represent the hairiness or fuzziness of the
surface of the fabric, or as an energy absorption caefficient,
since from it's definition it represents an area under the thic-
kness-pressure curve. In Section 9 we have shown-that the ratio
between b- value obtained in the recovery cycle and loading cycle
expressed in percentage is well related to fabric resilience.

When the b- values obtained in the loading and recovery
cycles were ranked, il was interesting as may be seen from
Table 3 that-efch fabric maintains it's position.

Table 3: Ranking of b- Values.

Fabric
an} 100% Wool Polyproplyene Polyacrylic Polyester Polyes-
waste . o :
. ter(PES)
b-loading 5 6 1 4 5 2
b-recovery 3 6 1 4 5 2 -

The rank correlation coefficient R = 1 and highly significant
at the 1% level. -
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These results indirated that the informabtion obtained from
the thickness-pressure relationship 1n the recovery-cycle would
reflect the original pature of the fabrics and kthat the original
differences in struclyre between fabrics would remain after com-
pression, and fabrics will rank ih the same order.

The above trends in the coefficients A, B and b in the loa-
ding and recovery cycles for non-woven fabrics are sgimjilar to
that obtained for a wide variety of knitted structures . n a
future publicatinn we are going te show how the coefficienks A
and B could be used Lo ealculate the compression modull of tox-
Lile structures.

5. Thickness at Zero Pressure
From the equations given in Sec. 4, using the A, B and b

values, the thickness at zero pressure “;a" was calculated for
each Fabric. Given 1n Table 4 the values of L.

Table 4: Thickness at Zero Pressure,

[hickness at Zero Pressure {to}

Fabrac : .
Lmm )
According to According to
Solove'ev's Equ. Bogaty's Equ.
Woal Waste 12.20 1251
100% Wool B.43 B.561
Polyproplyene 10.22 10,30
Polyacrylic 10.96 11.34
Folyester (undyed) B.64 9.00
Polyester (PES) 10.80 11.70

It 1s interesting to find that Lhe differences obtarned 1o
Y -values are practically of insignificant value, hence hoth equ-
afions could be used equally to calculate the thickness at zerno
pressure. This in fact showed that the determination of the cn-
efficients A, B and b was successful.

6. Relationship between Coefficients B and b and Fabric Hardness b

Platted in Figs. 2 and 3 the values of B and b versus fabr:c
hardness (H). The hardness is calculated according to Peirce's?
equation:

Pioa.2 = Po.2

Z
= g/em/mm Lo Ll
tD.? L1ﬂﬁ.2
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where € an . he thickn me ed at pressurcs
0.2 o] t10a.z are the Lthickness measured ressu

0.2 and 104.2 g/cm2 respectively.

[t is interesting to observe from the figures that B tends
to be high for hard to press fabrics, while b follows an oppos-
ite trend. This means that the final incompressibility of the
fabric at pressures above 1 g/cm™ (represented by B) will be

less for hard fabrics and vice-versa. And that the hard to press
fabrics will absorp less energy in compression (represented by
b-value) than soft fabrics. Hence both coefficients b and B

could be used equally to assess the ability of the fabric to
absorp compression energy, and the same to be said about hardn-
ess., Iherefore any of the three coefficients B, b and H could be
used egually to assess the compressional properties of the fabric.

7. Relationship between febric Softness (M), fabric Compressibi-
laty (b/c) and Fabric Hardness (H)

Solnve'ev? proposed the use of his equation to calculate
the thickness at zero pressure (t ), and from this value and
the thickness value at high pressure, i.e. t_, fabric softness
(M) could be determined. According to Saloveapv;

Moz | R e 1 (2]
e

In the present work L_ was measured at the maximum,pressure
available in the thickness-tester, 1.e. 104.2 g/cm

From Bogaty's equation, i.e. t = a + b/p+c, one can also
calculate the thickness at zero pressure (Bogaty never used his
equation for this purposel}, hence "to" will be:

b
= i 3
t, = 8 + ¢ (3)
and since a is measured at 104.2 q/cmz, then a = tc hence equ. 3
becomes:
t -t :—P— ceaafa)
0 c C

Therefore from equs. (2) and (4) one can write;

M = b/c P gl pa® (5)

Since M in equ. 2 and b/c in equ. 4 represent the amount
by which the thickness is compressed from zero pressure to the
maximum pressure used, one would expect these values to be equ-
all if the coefficients A, B, b and ¢ were determined correctly.
Given in Table 5 the values of M and b/c for various fabrics.
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Table 5: values of Fabric Softness (M) and Fabric Compressibility

{b/e). )
. M Y
Fabric Cit) Eiin)
Wool Waste 5.05% 5.36
100% wool 3.34 3.52
Polyproplyene (POP) 6.62 .68
Polyacrylic 4.26 4,64
Polyester {(undyed) 3.70 4.06
Polyester (PES) 5.40 5.77

Although the b/c,g14es are slightly higher than the M values
but the differences are practirally of insignificant value, and
have no influence on fabric ranking. Both M and b/c rank the fab-
rics in the same arder. The rank correlation coefficient R = 1

and highly significant at the 5% tevel.

Plotted in Fig. 4 the values of-ﬁ and b/c versus fabric har-
dness (H) in the loading cycle. Also shown in the figure the b-
value for each fabric.

It is clear from the figure that both M and b/c are well
related to fabric hardness, generally hard to press fabrics show
less saftenss or compressibility and vice-versa. Also that hard
to press fabrics show lower b-values than soft fabrics. Here
again it is evident that the three paresmeters M, b/c and H would
describe the fabric compressibility equally and that fabricgiwill
generally rank in the same order if amy of the three parameters
was used.

8. New Equation to Calculate the Thickness at Zero Pressure -

In Sec. 7 we have proved that;

_ M = b/c S e (&)
and since M o= to 2 tC ..... (7
then t, - te =0/ (8)

J tCI = tc-l-b/(,‘ ..... (%)

But we have prowﬁd_in.ﬁet. 4 {Table 2) that the b-value
could be directly catcdlﬂtﬁ#_nith.higﬁjﬁgﬁqrﬁby-ut pressure 0.6
a/cm®, and that the suitable c-value is 3.6, hence equ. 9 could
be written as: e L e e T
ks =K Yipe C)
tg o tc £ NN 5 SR N

¥ da:.c’_.'i{?u)
c L
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atl by oarrvanging Lls equation, the thickness al o cero pressurc
will be:-
= 1.1 - ae? ot Lo 1
L 1167 by - 0167t {11)
whore tU g F thickness measured atbt U.é6 qfcmz,
and tt = thickness measured at 104.2 g/cmz.

Given in Table & the values of thickness at zero pressure
as calculated from Bogaty's, Solove'ev's and the present work
equations.

lable 6: Values af Thickness al Zero Pressure.

Thickness (tD)

{(mm)
Fabric c.v.%
Solove'ev's Bogaty's Present Work's
Equ. Equ. Equ.
Yool Waste (I) 12.20 12.91 12.47 1.11
100% woal (11) 8.43 B8.61 B.&U 0.01
Polyproplyene(POP)(III) 10.22 10.30 10.2% 0.32
Polyacrylic (IV) 10.96 11.34 11.25 4.50
Polyester (undyed){V} B.64 9.00 8.92 1.76
Polyester (PES) (VL) 10,80 11.70 11.12 3.34

9. Fabric Resilience

The thickness measurments for non-woven fabrics could be used to
calculate the resilience (%) of the fabric. The value of tesilience 1s
used generally to assess the suitability of the fabric when exposed to
compressioun.

The following equation was used to calculate the res:lience:-

Resilience (%) = == x 100 ... (12)

where X = original thickness (in our case measured at 0.6 g/cmz).

Z
¥ = compressed thickness {in our case meaéuréd at 104.2 g/ém2}4

recoveret Lhickness (in our case measured at 0.6 g/cmz).

For the present fabrics the resilience rang
100% wool fabric) to 71.9% (for polyproplyene fab ié% is
the higher the parcentage the better is the vm".-ovéx‘?‘ rbﬂ'r compression.

b%twéen @6_7% (for

It was thaught of uaing ‘the cclmprasaim energy ‘coefficient (b)
as determined according to Sec. &4 in the loading and recovery cycles to
describe the resilience of the fabric. Since from the definition of this

.32
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coefficient, 1t represents an area under the thickness-pressure
curve, therefore the ratio of biecgyery @Nd bloading expressed
in percentage was calculated for each Fabric. It was found that
the values obtained are very rlose to those obtained for resi-
lience, and the fabrics rank in the same order. Plotted in Fig.
5 the values of the resilience (%) and the ratio b /b x
100, It is svident from the plot that the two ua1685'3r5°88g1t-
tively correlated and that fabric of high resilience has also
high b-rec./b-lpad-ratio and vice-versa. This resull indicated
that the b-valug in the loading and recovery cycles as calcula-
ted at 0.6 g/cm” is a very good indication to fabric resilience.
fherefore no need to measure the whole area under the thickness-
pressure curve to assess fabric resilience in compression.

CONCLUSIDNS

'- The equations pruprsed by Bogaty and Solove'ev Lo relate
thickness to pressure, are equally suitable to relate the
thickness of needle punched non-woven fabric to pressure,
when the thickness §s measured at pressure ranges between
0.20 and 104.2 g/em®. Alsoc applicable when the pressure is
reduced over the compressed area.

2~ The coefficient of final incompressibility B is well related
to fabric hardness, B tends to increase as fabric hardness

lncreases.

3~ The compression enerqy coefficient b is well related to fabrie
hardnesss as fabric hardness increases the compression energy
coefficient decreases, and that the compression energy coeffi-
cient in the recovery cycle is less than that of the loading
cycle. -

4- The fabriec softness as proposed by Solove'ev and the compr-
essibility as determined from Bogaty's equation are approxim-
ately equall, and both tend to decrease with the increase of
fabric hardness.

5- The thickness at 7Zero pr&ssura3(£0) could be calculated from
the equation:-

ga.z 1.167 ty. 5 - H.167 t1ua.2

where tﬂfﬁ,and F¢0ﬁ¢2-?99 thickness at the pressures 0.60 and
104.2 g/cm® pespectively.

6- tabric resilience is well related to the ratie of the compres-
sion energy coefficient as determined from the recovery and -
loading cycles, expressed in percentage. fabriec showing high
resilience also shows high b-ratio.

— e R - —
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APPENDIX
Specificaetions of faebrics.

Commerical Needle-Punched Fabrics.

Cade 1 11 111 [ Y VI
Type Randam-1a1:4d
Waste Mool POP PAN PES PLS
Fibre 100% s 8 s s
wool {undyed) (dyed)
Weirght A9 &1 60 600 480 600
kg!mz)
Punchang
Density 60 &0 100 &0 60 100

(stitches/cm2!





