IMPACT PROPERTIES OF TEXTILE YARNS
I. COTTON YARNS

BY
Dr. Mostafa Kl-Gaiar®

1. ABSTRACT

In the present investigation the work of rupture of some
ring spun and open end cotton yarns when subjected to impactload
nas been examined using & single pendulum apparatus. The results
obtained for the yarns under consideration huve shown that open
end yarn is interior to ring spun yarn of the same fibre ana yaram
variables with respect to energy absorption. This was not only
in the dry state but also in the wet state. also it was found for
both types of yarns, that heat and humidity have a remarkable eff-
ect on energy absorption, the former has & decreasing effect while
the latter has an increasing effect. N

2. REVIER OF LITERATURE

A T T L e ey U e S T A e e T S e A R

The literature of the phenomenon of Ilmpact of textile mate-
riales shows that the study of this phenomenon is not recent, but
goes back to 1910.

The early investigations concentrated on bullding instruments for
measuring the work of rupture of yarns by methods rapid than that
slow conventlonal ones, i.e. single end and leu end methods.

In 1910 Lester2 described a gravitational method for measur-

ing the work of rupture of cotton sewing threuads, using a falling
pendulum to whilch one end of the specimen wus attuched. In his
conclusions he mentloned that the balllstlc test gives the amount
of resistance of yarns to the schocks of weaving, and it gives the
resistance of cloth to those strains which most commonly cause it

to full in use.
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However in these early investigations no attention was paid to
the mechanism of yarn fallure due to impaet load, but attention
was paid towurds the finding of a substitute of the conventional
single end, and lea strength methods, and to find out if there
1s a relationship between the results obtained by these methods
and the pendulum method. |

F.T.Pierca3 puplished a series of pupers in the tensile test-
ing of fibres und yarns in which the role or the time ractor (or
rate of loading) was comprehensively explored. In the girst paper
the results of cotton fibres subjected to various rutes of load-
ing (g/sec) are given. This rate wus varied over a 1000 told
range and the average velocity was of about 0.047 cm/sec. 4lso
he found that the work of rupture is not exactly proportional to
the length of the specimen. This result was ascribed to irregul-
arity in strength along the yarn, the time requirea to stretch a
yarn to rupture, and an energy tactor. ' The weakest link theory
was introduced to.dascribe the results cbtained.

From the above 1t is evident that little attention has been
paid to the behaviour of textile puterials (fibres, yarns, and
fabrics) under impact loud, especially for the new types of yarns
produced by methods other than those conventlonal ones.

In many mechanicel applications now & duys textlle materials
are subjected to rates of straining that are many times greater
than those sncountered in ordinarly apparel or house hold uses,

It has been estimated for instant that in a regular passanger car
tire travelling at 80 kilometer/hour, the cords are repeatdly str-
&ined at rates that equlivalent to sinsoidal frequencies in the
order of hundreds of cycles per second. In termg§ ot average ext-
ension, the rate approaches or muy even exceed 1Q0&/sec, depending
on the constitution of the fabric and the conditions of use.
Calculatlons indicates that iu the brief interval hetore the
opening ot a military parachute the suspension lines are subjected

to an average rate of sraining ot about 250%/sec, with an attendant
Torce of about 1000 kg.
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Modorn high apeed stitching in the commercial manutacture of tex-
~1le articlea of all kinds, subjecta the threads to ilmpuct veloci-
~w.e5 wnich may be quivalent to even greater rates of extension.
S5one, Bhiefer, and Fox mentioned velocitliea ranging from 1lOm/sec
imposed on thread as often as 5000 times per minute.

The importance of studying the impact properties of textile
materials is not only limited to the previously mentioned applica-
tions but there are other applications such as military articles,
i.e. armor clothing, and climbing ropes which depend for their ade-
queke performance on the ability of the component‘yarna to with=-
stand the effect of shock loading.

The advent of air plane with the attendant high velocities (especi-
ally in the military operations) brough new and unprecedented
problems in areas where Textile structures Were put to use. Air
craft during landing are subjected Yo severe impact loading at the
instant of touch down. X

No doubt the military progress in thelast decade and the need
of dropping large and huge equlpments from air plane, and parstro-
opers, a4 m8, and supplies, made 1t necessury to.develop the sus-
pension J.f the parachute which will carry these loads to the ground.
These has to be capable of absorbing the sudden load without failure.
Also the parachute used in the decsleration of high speed air craft
during landing. In addition to those mentioned, there are the indu-
strial applications of textiles where impact behaviour is the cru-
cial preperty, such as safety belts and lines used by construction
workers, and the heavy ropes used in the murine and other industries.

3. Yarns Used in the Present Work
The specification of yarns used in the present investigation
is given in Table (1). These yarns were from Egyptian cotton (Men-

ufi) on a conventional ring spinning muchinesand on RED-200 open end
spinning machine.
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Table (1): Specifications of Yarns Used

17

Ring spun yarns Open end ysrns
Count T™wist factor Count Twist factor
185 500 505 - 183 2.8 5.5 4.5
228 4,5 5.0 5.5 228 2.8 3.5 4,5
2bsg 4.5 5.0 5.5 243 2.8 5.0 2.5

4. Apparatus Used for Measuring Work of Rupture of Yarn

The apparatus used in the present investigation for measuring
the work of rupture of cotton yarns 18 that falling pendulum tester
made by Goodbrand and, Ltd. company. It 1s & single pendulum appa=-
ratus and is used to measure the work of rupture of textlle mate-~
rials, i.e. fibres, yarns, and fabrics. The principle and the
theory of the apparatus 1s glven in Ref. l. The average velooclty
of the pendulum at the time of impact is 0.047 em/sec.

5.. Effect of Number of Threads on Work of Rupture (Dry)

The effect of number of threads on the work of rupture of
cotton yarns has been examined for £¢s open end, and 225 ring spun
yarn of the same fibre, and yarn varlables. 3Skeins of 50cm long
were made and tested in the dry state.

The values of work of rupture for the two mentioned yarns are plot-
ted against the number ot threads in Figs. 1, and 2. From the
figures one may observe that the relutionship is linear, and posi-
tive, 1.e. 88 the number ot threuds increases the work of rupture
increases, The correlation coefflcient is very high and highly
slgnificunt ut the 5% level. The closseness of the points to the
pest fit line indicates the high regularity of both yarnms.

Pierce4 examined the effect of number of threads on the work of
rupture of some ring spun yarns for number of threuds ranging bet-
ween 10 and 80 and found a simllar relatlonship to that obtainsd
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in the present investigation. In the present investigation the

number of threads varied between 10, and 140. Beyond this number

yarns did not break, and this seems to be the limit of the oapac-
tyof the apparatus.

In fact the above finding conoerning the relationship between
the number of threads and the work of rupture has its economical
importance, from the point of view of testing skeins with low num-
ber of threads per skein, which glves the same average worx of
rupture as the large number of threads skeins. The observed small
differences obtained in the present wWork between small number and
large number of threads is due Yo sample variation.

5.2 Effect of Twist on Work of Rupture (Dry)

The average values of work of rupture of ring spun, and
open end yarns used in the present study are given in Table 2.
und plotted against the twist factor in Pigs. 3 to 6.

Table (2): Values of Work of Rupture of Cotton Yarn (Dry)

Ring Spun , Open End
COUI].'b T.F. WOR. Coun'b T-‘Fo W.R.
18% 2.8 36.0 188 5.0 44,8
5'5 MO’ 505 46.8
4.5 51.4
22° 2.8 33,8 228 4.5 36,5
3.5 34.9 5.0 36.9
4.5 iy 4 5e5 38,6
6.0 32,3
245 2.8 25.0 268 4,5 5.8
3,0 30.8 5.0 27.53
3.5 32.5 5'5 25'5
6.0 24.?
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FProm the values given in the table, and the plotts, one can
observe that there is a general trend between the work of rupture
and the twist factor for both ring spun and open end yarns. As
the twist factor increases the work of rupture inoreases. For
228, and 26° open end yarn this trend changes for twist factors
ranging between 5, and 6. The work of rypture falls down, and the
fall is considerable. A4lso from the values obtained it 15 evident
for both yarns that, as the yarns gets finer the work of rupture
decreases remarkably. For example, at a twist of 5.5 the drop in
work of rupture for 223, end 26 open end yarns was 19%, and 46%
respectively, thie is relative to the work of rupturs of 18° yarn
of the same twist factor. From Table (2) there 1s another trend
concerning the value of the work of rupture of ring spun, and open
end yarns, and that is, in general, ring spun yarns have higher
work of rupture tham that of open end yarn. It is evident from
the table also that even with high levels of twist factors the
work of rupture values, for open end yarns are muoh less than that
of ring spun yarms. The average difference 1a Eﬂi}

5.3, Effect of wetting on Work of Rupture

The influence of immersing cotton skeins in water for
various perlods of time on work of rupture has been examined.
The skeins were immersed looseé in water for periods of time rang-
ing between ¥min, and 120 min, After this the skeins were removed
and hydro-extracted, and fixed directly in ita place in the ball-
1stic tester. Given in Table 3, the average value of work of
rupture (5 readings) for each period,

Table (3): Values of Work of Rupture of 26 Wet Ring
Spun Yam (T.F. = 5.5).

Time of immersion Work of rupture
(min) (cm. kg)
% 47
30 49
60 51
90 52
120 53
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From the table it is clear that the work of rupture of cotton yarn
increases as the time of immersion increases. The increase at any
of the above used periods of immersion is considerable compared
«ith that obtained in the dry state (34 cm.kg).

Given in Table (4) the values of work of rupture of a 22° ring
spun, and open end yarn with various twist factors befors and after

wetting.

Table (4)t Velues of Work of Rupture before and after
: wettinSo '

Count e of yarn TP | W h
un Typ yan __%nwg_gt_mp%gtm_
22° | ring spun 2.8 33.8 50. 3

| L 3.5 34.9 51.3

" 4.5 a4, 4 53,3

22® open end 4.5 36,5 ~  41.5
. 5.0 36.9 40.0

" 55 38.8 393

Prom the table one may observe the remarkable increase in the work
of rupture after wetting, for both ring spun and open end yarns,
especially at low twist factors (Table 5), and that wet ring spun
yarns (at 4.5 twist factor) have higher work of rupture, than that
of open end yarns. '

Table(5)s Percentage Increase in Work of Rupture of 228
cotton yerns after Wetting.

Type of Yarn T.F. % Increase
ring epun 2.8 48,8
3¢5 46,9
8,5 19.9
open end 4,5 13.7
5.0 B.4
95 l.2
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Also from Table (4)it is clear that the previously founded trend
setween work of rupture and twist factor in the dry state is also
valid in the wet state, i.e. as the twist factor increases the
work of rupture increases.

S.4, RBffect of Heat on Work of Rupture

The effect of heat on the work of rupture of cotton yarns
has been only examined for a 26® ring spun yarn with two twist
factors and namely 2.8, and 4.5. Skelns of 60 threads were made
and exposed to tempratures ranging betweem 50°C, and 140°C. The
skeins were left in a drying oven for ) hr, after which the skeins
were removed and tested directly by the ballistic tester. The
average values (of 10 readings) of work of rupture of yarn usegd,
at the various tempratures, are plotted in Fig.(7). Given in
Table (6) the average values of work of rupture at the various
tempratures, and the percentage drop in these values (relative to
18°C value) after exposing to heat.

~

Table (6)3 Values of Work of Rupture at Various Tempera~

tures.
Count T.F. Temperature (°C) W.Rs % drop
26° 2.8 18 36,4 -
50 30.65 15.8
80 24. 4 32.9
110 23.05 36.7
140 19.3 46.9
4.5 18 31,65 -
S0 24,1 20.7
80 22:.25 29.7
110 21.05 33.5
1“0 ;.005 5502

From the table, and the figure it is evident that the work of
rupture of cotton yarn is greatly affected by heat, and the
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largest drop occurs between temperatures 18°C, and 80°C, for the
twist factors under consideration. After 80°C and up to 140°C

tre drop although large but slow, compared with that occured bet-
w.en 18°C, and 80°C.

¢. GENERAL DISCUSSION

The results obtained in the previous sections show that the
work of rupture (or energy absorbed till rupture) of cotton yarns
spun by the conventional, and the unconventional method, generally
increazes with the increase of twist factor. This trend reverses
as the results of work of rupture have shown for open end yarn
spun with wide range of twist factors. Also it was evident from
the results obtained that, in general ring spun yarns have higher
energy absorption than that of open end yarn of same fibre and
yern variables, when subjected to impact load. The difference in
energy absorption reached in the average to 20%.

In fact the observed difference in the value of work of rup-
ture of ring spun, and open eénd yarm, when subjected to impact
load in the dry or wet state may be explained in the light of the
differences found in the structure of both yarns.

Opén &nd yurn contains meny hooked fibres, and this fibre hooking
does not always result in an interlocking structure that could
cause the yarn coherent under external load. It is surprising to
find out that the hooked fibres may reach half the number of
population of fibre7- Accordingly the work of rupture 18 expected
to be less than that of the highly arranged ring spun yarn. These
hooked fibres will reduce the number of fibres sharing in carrying
the strain generated at the impact point and that the fibres near
theimpact point will carry on loade higher than their breaking
load. This in turn will cause the fibres to reach to their full
extension early, and this will result in low work of rupture.

It is also possible to explain the difference in energy absorption
of ring spun and open end in the light of fibre packing, and fibre
migration’. Fibre migration in open end yarn is less than that of
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ring spun (1/6th). This is expected to affect work of rupture,
»ince wigration affects the degree of fibre interlocking within

.a y~rm, Which in turn would affect the property of the yarn, and
umong these properties 1s the work of rupture.

with respect to fibre paoking, opan end yarn is more open than
1ing spun yarn of the same count, and twist factor. Fibre pacing
will affect internal friction between fibres inside the yarn, and
this is expected to have its great influence in carrying the load
between fibres, or on transmitting the strain from the point of
impact to the tail of the yarm.

if one consider the strain wave genmerated at the time of lmp-
act as a sound wave, it would be possible to explain the observed
differences found between rins spun, end open end, when Subjected
to impact load.
Consider the yarn a completely elastic material, and hence follo-
wing Hooks law, then the atrain wave generated at the time of
impact may be cosidered as a sound wave., The propagation of the
sound wave depends upon material modulus of elasticity (R), and
pmaterial density (p). In other words the speed of propagation(c)
of the Btrain wave depends on both (B), end (p). The speed of
propagation (¢) is proportional to the square roof of the ratio
B/p. This ratio i1a expected to be high for ring spun yarn than
for open end yarn of same fibre, and yarn varisbles. Accordingly
the strain wave will travel faster in the former, and hence the
speed (c) will be higher. It is known that the load generated at
the point of impact will be higher for higher values of (c), and
vice versa. This will explain the higher values of work of rup-
ture obtained for ring spun yarns. 1t was observed during the
impact test that the time of rupture is less for ring spun, then
for'open end. This explain the previously mentioned point concern-

ing the time of propagation of the strain wave from the point of
impact to the tail of the yarm.

With respect to the effect of wetting on work of rupture, it
was aevident from the results, that water has a remarkable effect
on the work of rupture of cotton yarns, irrespective of the method
used in produoing this yarn. The general inc¢rease in work of
rupture after wetting for ring spun, and open end yarns 18 due to
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the increase in both breaking load, and elongation of these yarns.
Also it is due to the increase of friction because of fibre swel-
1ing. The increase of friction between fibres will increase

fibre cohesion along the length of yarn tested. Therefore the
lcad gensrated at the point of impact will be distributed over a
large number of fibres along the yarn length. 4s a result of this
the resistance of the structure as a whole will increase, and hence
will increase the work of rupture (or energy absorption).

The results obtained for the work of rupture of wet ring spun,
and wet open end yarns (Table 5) show two trends concerning the
tendency of the percentage increase in energy absorption after
wotting. The first common trend 1s that the highest perceatage
increase in work of rupture occurred at low twist factors. 8eoon-
dly that the percentage incresase in work of rupture is consider-
ably higher for ring spun yarns (at twiet factor 4.5), than for
open end yarns.

In fact this @ifference in behaviour of ring spun, 'and open end
yarn when wet may be explained in the light of the possible effect
of water on the response of the structure to water, and conseque-
ntly on carrying the load generated at the time of impact. It
seems thas’: at high levels of twist, water will not penetrate much
inside the yarn, and hence swelling would not cause much increase
in internal friction between fibres. 4s a result of thie the work
of rupture is expected not to increase much {compared with that
obtained before wetting). At low twist factor levels it seems
that water works as a lubricant, which faoilitates fibre slippage,
rather than fibre fallure. The porous nature of the open end yarn

reflected itself on the very slight increase in the work of rupt-
ure when weg,.

With respect to the effeot of heat on the ability of cotton
yara to energy absorption, it is evident from the results obtained,
that, heat had a reverse effect to water, i.e. the work of rupture
droped considerably as the tsmperature increased. As temperature
increassd the percentage drop in work of rupture increased and
reached its maximum value at 140°C. This trend could be explained
in the light of the fact that, a5 tsmperature increases the moisture
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regain decreases. This will reduce internal friotion between
fibres (also yarn elongation decreases by drying). The reduction
in friction between fibres will lead to more fibre slippage rather
than getting use of fibre strength when subjected to impact load.
Add to this the loss in elongation, hence the work of rupture will
drop considerably.

1) For strands of cotton yarns (ring spun, and open end) 8subjected
to impact load the work of rupture varies linearly with the
number of threads in the strand.

2) The work of rupture increases with the increase of twiat factor,
and reaches a maximum then falls down.

3) Open end yarm is inferior from the point of view of energy abso-
rption to ring spun yarn of the same fibre, and yarn variables.

4) The work of rupture of open end, and ring spun yirn inoreases

by wetting. The largest percentage inorease for both oocurs at
low twist factors.

5) Heat L:.3 a considerable effect in the work of rupture of cotton
yarn. As the temperature increases the work of rupture decre-
ases.
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