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1. INTRODUCTION

According to speed up of textile machinery,
yarn velocity has become larger onthe textile
process. And textile yarns are often subjected to
impact Joad. So it is important to clarify their
dynamic mechanical properties. Theauthors have
investigated the dynamic mechanical properties of
polyester multi-filament yarn usinga new impact
tensile testing apparatus and introducing the over
stress theory [1] to express their stress-strain
curves [2]. The over-stress theory well explained
stress-strain curves at Jow strain rates (less than

1002 5 1), but the calculated stress became larger
than the experimental data withincreasing strain
and strain rate at high strain rates. This seemed to
be influenced by softening with temperature rise
in filaments during extensionbecause the defor
matjon proceeded too rapidly to disperse the gen-
erated heat. There weremany reports related to
heat generated in yarn at impact tensile tests [3 -
5]. Hall [6] calculated temperature rise in fiber at
tensile test by considering thermodynamics. Sowe
introduced this effect into the constitutive equa-
tion {7] by means of estimating the temperature
rise during extensionat high strain rates and
compared the calculated stress-strain curveswith
the experimental ones. But in ourpast papers [2,
7], the only one kind of yarn is investigated. The
present report is concerned with the expansionof
data regarding this objectand the presentation of
results. Sixkinds of polyester filament yarn
specimens which differ in drawing temperature or
in spinning speed are tested at strain rates ranging
from the order of 10310 102 5- land the resuliant
stress-strain curves arecompared with the
theoretical ones,
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2. EXPERIMENTAL METHOD

Figure 1 shows the schematic diagram of the
experimental apparatus. It is mainly composedof
the cantilever typeload cell, the input bar and
base. The yarn specimen js bonded to acouple of
aluminium chips at both ends withepoxy resin. It
is placed between the load cell and input bar
througheach slit, and is elongated by pushing
down the inputbar. The mass of the input bar be-
ing 48 g, the specimen is to be pre-tensioned of 0.47
N that is not very small compared with the load of
investigated yarns. Therefore, the stress-strain
curves less than 0.47 N in load are extrapolated.
The load is measured by means of the semi-conduc-
tor gauge (KYOWA ELECTRONIC INSTRUMENTS KSP-
1-350-E4) bonded near the fixed end of the load cell.
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Fig.1 Schematic diagram of measurement system.
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Table 1 Strain rates

Velocity
Number @ @ O} @ ® ®

Tensile
Velocity{m/s)1.6x107*1. 6x107°1. 6x107%3. 3x107" 1.67 5.33

£ (s7')
(Calculated) 3.3x107°3.3x107%3.3x107" 6.7 33.3 108
1

£ (s7h)
(Observed)  3.3x1073.3x107%3.3x10°" 5.8 41.8 80

The resultant signalsobtained from this strain
gauge are taken into a personal computer (NEC
PC9801)through the bridge box, the dynamic
strain meter (KYOWA ELECTRONIC INSTRUMENTS
CVD230C) and the digital memory (IWATSU
DM7100). Elongation of yarnis obtained by mea-
suring timewhen the lower end of the input bar
crosses the photo sensors array (OMRON EE-SPZ).

Strain ratesare set up six kinds as Table 1.
The gauge length of each specimen is 50mm. At
low strain rates (velocity number® ~®), theinput
bar is pushed down by Instron-type testing m a-
chine (TOYO MEASURING INSTRUMENTS TENSILON
UTM I1I). At high strain rates (velocity number@
~® ), the input bar is impacted by falling weight
through the guide. Yarn specimens used in this
investigation are six kinds of polyester multi-fila
ment yarn. Their properties are shown in Table 2
and their static stress-strain curves atstrain rates
of 3.3%10° 3 s- Tare shown in Fig.2. Yarna, b, ¢
differ in drawing temperature and yarnd, e, f dif
fer in spinning speed. Experimentsare performed
under 20 °C and 65 %RH. after leaving the speci
mens in this condition more than 12 h.

3. THEORY

Equation considering strain rate dependencyis
as follows [2].
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Fig.2 Static stress-strain curves of six kinds of
polyester yarns investigated in this

: : 3
experiment at € =3.3x107s7,

Table 2 Properties of original yarns

Specimen a b c d e f

Filament Counts 12 12 72 35 36 36
¥et Shrinkage (%) 8.0 3% 1.5 66 118 2.1
Crystallinity (%) 14 23 32 2% 27 35
Orientation Factor(%) 90.8 92.8 93.2 86.1 90.1 94.6

g.0,9-8"]

E E K[*] (1
where ¢ is stress expressed in the force perunit
tinear density and ¢ is strain, the dot denotes
differentiation with respect totime, the bracket
[*] means the function of the argument », g[+] is
an equilibrium stress-strain at strain rate ofeg =0,
E isthe instantaneous elastic modulus and K[+] is a
material constant related to the viscousresistance.
o - g*], the deviationof the current stress from
the equilibrium stress, is called an over-stress[1].
In this investigation, the functional forms of gf=]
and K{»] are empirically determined as follows [7].

gle, 8] = g[e, 293]{ 1+ J(8-293)} (2)
E[6] = E[293]){1+ J( 6 -293)} (3)
K = Koexp{Ki[e){ o- g[e])} (4)

Ki =Py +Pi/e (3)

Where 8 is the absolute temperature and material
constants E{293], J, Py and P; for each yarn are

tabulated in Table 3. Ky is 86,4005 1 because above
mentioned constants are determined from the 24 h
stress relaxation tests[2]. gle, 293) is determined
as a series of numerical data with 0.0005 strain
intervals foreach yarn from the interpolation of
the 24 h relaxation tests.

Table 3 Material constants for each yarn specimen

Specimen a b c d e f
Po(tex/N) 526 39.6 0.1 52.7 610 88.5
P.(tex/¥) 2.49 3.38 1.5 1.8 1.72 118
E (W/tex) 6.91 6.92 563 7.78 6.41 17.06

J 0.008 0.008 0.004 0.005-0.0055 0.003
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@', temperature rise in yarn during extension,
is estimated as follows [7].

I Y(e) B(e) de
0

8 (e1) = S
1 Ber) (6)
Rt
P (ot
Y(E) = T (7)
t
Be)=exp[| B'(E) &E]
0 (8)
Be=—2—
cv' Rorpr e (9

Where p is the density of the yarn, Cv is the
thermal capacity ofthe yarn at constant volume
and Ro is the yarn radius. The values of P =1380
kg/m3: € = 1.34x103 J/(kg+K) [8] and Ro = 4.38x1 05
m are used inthis investigation. h is the heat
transfer coefficient and isassumed as a constant
value h = 38.5 J/(m2' K's) [8). s is stress expressed
in the force per unit cross sectional area. Only
elastic energy is tobe considered as internal
energy u so
dul __ g 9

€ E*p dE (10)

where E'is the initial slope of s -gcurve.
4. EXPERIMENTAL RESULTS AND DISCUSSION

In order to obtain the effect of softening with
temperature rise in filaments, tensile tests under
variousenvironmental temperature were per-

formed at the strain rate of 3.3x103 5! using the

06
E 3735
s a3K
§0-4' 313K
a == 333K
o |
x
n0.2¢ ,
0 or * 02
STRAIN

Fig.3 Stress-strain curves of yarne at & =3.3x10757
for various temperature.  Solid lines are
experimental data, dotted lines are calculated
from Eqs. (2) and (3).

03

Instron-lype testing machine (ORIENTEC TENSILON
RTMIIl) combined with the thermal bath
(YASHIMA WORKS TCF-R2). Results foryarne are
shown in Fig.3 for example. Solid lines areexper-
imental data and dotted lines are calculated from
Eqs.(2) and (3). Other yarns alsohave shown simi-
lar tendency. The value of constants J for al)
yarns tested, that express the effect of softening
with temperature rise, arelisted in Table 3above
mentioned.

Numerical results of temperature rise in yarn
during extension estimated by meansof Eq.(6) are
shown in Fig.4 for yarne. Numbers in circles
indicate the velocity number inTable 1
respectively. The curve for@®shows scarcely
temperature rise. In@, yarn extension proceeds
almost isothermally and temperature rise is less

than 10°C at 20 % strain. On the contrary,

temperature rise in® is more than 10°Cat 10 %
strain. Furthermore, extension proceeds almaost
adiabatically at higherstrain rate as shown in@,Q®
and®. In these cases, calculated temperature rises

are about 15°Cat 10 % strain and about 45 °C at 20
% strain. Results for other yarnshave been almost
same as Fig.4 except for yarnf that has shown
some smaller temperature rise because of smaller
stress at the same strain as shown in Fig.2.

Stress-straincurves of various strain rates for
each yarn obtained fromtensile experiments are
shown in Fig.5 ~ Fig.10 by solid lines. Theoretical
curves obtained from numerical calculation of
Eq.(1) considering theeffect of softening with
temperature rise in filaments during extensionby
means of Eqs. (2) ~ (10) are also shown in the same
figures by dotted lines. Both curves agree closely
in any ysrns and in any strain rates. Therefore
predictive capability of this constitutive equation
for various polyester multi-filament yarnsat
strain rates ranging from the order of 103 10102 5°1
are ascertained.

TEMPERATURE RISE(K)
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Fig.4 Estimated temperature rise during extension
at various strain rates. Numbers in circles
are the velocity number in Table 1.



5. CONCLUSION

The constitutive equation based on theover
stress theory had well explainedthe stress-strain
curves of polyester multi-filament yarn at low
strain rates. But the calculated stress had become
larger than experimental datawith increasing
strain and strain rate at high strain rates. In this
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Fig.5 Stress-strain curves of yarna at various sirain
rates. Solid lines are experimental data and
dotted lines are calculated from Eq. (1).
Numbers in circles are the velocity number
in Table 1.

study, therefore, estimating thetemperatlure rise
in filaments during extension and measuringthe
degree of softening with temperaturerise, we
proposed the dynamic constitutive equation
considering temperature. And this constitutive
equation were compared with the stress-strain
curves of six kinds of polyester multi-filament
yarn which had various mechanical properties due
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Fig.6 Stress-strain curves of yarnb at various strain
rates. Solid lines are experimental data and
dotted lines are calculated from Eq. (1).
Numbers in circles are the velocity number
in Table 1.
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Fig.7 Stress-strain curves of yarnc at various strain Fig.8 Stress-strain.curves of yarnd at various strain

rates.  Solid lines are experimental data and rates.  Solid'lines are experimental data and
dotted lines are calculated from Eq. (1). dotted lines are calculated from Eq. (1).
Numbers in circles are the velocity number Numbers in-circles are the velocity number

in Table 1. in Table 1.
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Fig.9 Siress-strain curves of yarn e at various strain Fig.10 Stress-strain curves of yarnf at various strain

rates. Solid lines are experimental data and rates. Solid lines are experimental data and
dotted lines are calculated from Eq. (1). dotted lines are calculated from Eq. (1).
Numbers in circles are the velocity number Numbers in circles are the velocity number

in Table 1. in Table 1.



