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Study on Ultrasonic Birefringence by Uniaxial Stress
in Axisymmetric Solids
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Abstract Uniaxial stress in an axisymmetric body is the simplest example of ultrasonic stress measurement.
However, the birefringence theory cannot be applied for axisymmetric solids because the axisymmetric stress field
in the body does not make any velocity difference in SH waves propagating in the axisymmetric direction.
Conventional ultrasonic technique using the time-of-flight method also needs ultrasonic lengths of the unstressed and
stressed body, which is very impractical. In this paper, the birefringence effect in axisymmetric solids under
uniaxial stress is formulated to evaluate the axial stress inside the solid without measuring the ultrasonic length.
Theoretical derivation for the birefringence characteristics in the axisymmetric solids is made using the longitudinal
and shear waves instead of two horizontally polarized shear waves. Tension test is conducted for carbon-steel
specimen to measure the birefringence coefficient and investigate the validity of the theory. It is observed from
experimental results that the velocity difference in two differently polarized acoustic waves is proportional to the
uniaxial stress in the axisymmetric solid with a good agreement with the theoretical value.
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Fig. 4 Variation of birefringence coefficient by

uniaxial stress

Table 3 Measured  acoustic  velocities  and
birefringence coefficient By for 0 =10
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Fig. 5 Linear variation of birefringence coefficient
in axisymmetric solid by uniaxial stress
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