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Photovisco-Elasto-Plastic Analysis Considering Strain Rate Effect
on Polyester under Torsion by Scattered-Light Method

Teizo HiraNo*, Yoshihiko Havyasui* and Yasufumi Imar**

Three-dimensional photovisco-elasto-plastic analysis considering strain rate effect was investigated by
a scattered-light method using polyester as a model material. In order to examine the mechanical and optical
properties of polyester, torsion tests were carried out on solid shafts under various twisting rates at 30°C and
the effects of strain rate on the shearing stress, shearing strain, fringe gradient and increasing rate of fringe
gradient were investigated. Regardless of the strain rate, it was found that the shearing stress-strain relation
can be expsessed by a Ramberg-Osgood equation and the fringe gradient-shearing strain relation was
successfully represented by a nondimensional equation. Finally, the relation between the fringe gradient and
its increasing rate was formulated as a function of strain rate. From these results, we established a method
to -estimate the shearing stress and the shearing strain in a three-dimensional model only by measuring
the finge gradient and its increasing rate. The calculated torques from the shearing stress estimated by
this photovisco-elasto-plastic analysis were consistent with the applied torques on solid and hollow shafts.
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Fig. 1. Shape and dimensions of specimen.
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Table I. Comparison between applied and
calculated torques on solid shaft.

(6=8.72X107* rad/s)

6 (rad) T (Nm) T, (Nm) T/ T
0.478 5.09 5.25 1.031
0.648 6.20 6.37 1.027
0.817 7.04 7.04 1.0
1.07 7.93 7.83 0.987
1.24 8.46 8.50 1.005
1.50 9.19 9.14 0.995

T : Applied torque.
T. : Calculated torque.

Table I. Comparison between applied and
calculated torques on hollow shaft.
(6=8.72X107* rad/s)

¢ (rad) T (Nm) Te (Nm) To/T
0.455 4.74 4.68 0.987
0.625 5.73 5.79 1.010
0.792 6.47 6.55 1.012
0.961 7.11 7.13 1.003
1.14 7.62 7.63 1.001
1.31 8.04 8.08 1.005

T : Applied torque.
T, : Calculated torque.
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