Effect of Tensile Strain Rates and Twist Number
on Stress-Strain Curves of Twisted Polyester
Filament Yarn
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Abstract

A calculation procedure for simulating the stress-strain curves of twisted polyester multi-filament yarn was
proposed. Although it needs only a little information of the yarn such as stress relaxation data and-the degree of
softening with temperature rise, it can calculate the stress—strain relations at any strain rates including high
strain rates and at any twisted number. The procedure mainly consists of two groups of calculating steps. One
is based on the over-stress model considering the effect of temperature rise during extension that shows the
effect of strain rate, and the other is based on the energy method that shows the effect of twist.

The numerical results derived from this calculation were compared with the experimental data at wide range
of strain rate from 1075 "' to 10’ s ' and wide range of twist number beyond 2.000 t/m for finess of 11.1 tex. Almost
agreement of experimental and calculated values confirms the availability of the present calculation procedure
for simulating the stress—strain curves of polyester multi-filament twisted yarn,
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Table 1 Strain Rates
Term number @ ) ® @ ® ®
Tensile speed 1.67 1.67 1.67
0.415 2.117 3.76
(m/s) x10~¢ xi0~? x107 %
Nominal 3.33 3.33 3.33
strain rate 8.30 43. 4 75.2
(s™") x10°3 x10°?2 X107




Table 2 Twist contraction

Tm Lo L, C c To
(t/m) (mm) (om) (t./m)
200 499.1 0.002 0.002 200
500 495.1 0.010 0.010 505
800 487.1 0.024 0.025 820
1000 480.0 0.04¢0 0.042 1042
1200 00 469.9 0.060 0.064 1277
1500 450.0 0.100 0.111 1667
1800 424.1 0.152 0.179 2122
2000 404.1 0.192 0.238 24175

C=(L,—L,)/ Lo, C'=(L0~L1)/L1
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Fig. 1 Schematic diagram of twisted yarn.
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Fig. 2 Cross section of idealized yarn.
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Fig. 4 Relation between a, and twist number.
Solid line is obtained from egq. (11), and solid
circles are obtained from photographing

yarn surface.
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Fig. 6 Stress-strain curves of polyester yarn for
several twist number at €= 3.33 X 107%s .
Solid lines are experimental ones, dotted
lines are calculated ones.
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Fig. 8 Stress-strain curves of polyester yarn for
several twist numberat é=333 X 10 's *.
The lines are the same as shown in Fig. 6.
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Fig. 10 Stress-strain curves of polyester yarn for
several twist number at é= 434s"'. The
lines are the same as shown in Fig. 6.
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Fig. 11 Stress-strain curves of polyester yarn for
several twist number at £= 75.2s"". The
lines are the same as shown in Fig. 6.
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Fig. 12 Relation between MD and a.. O indicates
MD at £é= 3.33 X 107°s"' and @ indicates
MD at é=75.2s"". [] and B are quoted
from papers by Treloar et al.'” and Komori
et al.'”” respectively.
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