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Equivalence of the times of flight by ulirasonic energy and phase velocites
and determination of the elastic constants of anisotropic materials

Hyun-Jo, Jeong*

ABSTRACT

The purpose of this paper is to provide the experimenters who use the oblique incidence
ultrasonic method for anisotropic elastic constants measurement with some useful relations.
In particular, the equivalence of the times of flight by the energy and phase velocities,
which is key to the oblique incidence method, is proved explicitly. This equivalence greatly
simplifies the amalysis of immersion measurement results. In order to correctly measure the
transit time of an immersed sample using the oblique incidence, the receiving transducer should
be shifted laterally, and an expression in given for this shift. A method for determining
all nine elastic constants of an orthotropic material is briefly described and the measurement
results are listed for SiC particulate reinforced Al matrix composites.

Key Words : Anisotropic materials (o] A &), elastic constants (847447, energy velocity (oA £
E), phase velocity ($J4t4%), oblique incidence (FAFEYAY, equivalence of time-of-
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Fig. 1 Schematic illustration of the deviation of
the energy velocity vector of refracted QL
or QT wave from the wave vector. (For
reason of clarity, only one refracted wave
is shown.) The receiver position RI is the
position for measuring the time of flight
without the sample and for measuring the
transit time with the sample at the normal
incidence. The receiver should be shifted
to the position R2 in order to measure
the time of flight with the sample at
oblique incidence. Y is the amount of
lateral shift required for an anisotropic
solid,
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Fig. 2 Schematic diagram showing the time of
flight along the energy vector path and
its accompanying water path is equivalent
to the time of flight along the phase
velocity path and its accompanying water
path,
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(b) for measuring Ciz and Css

(c)

for measuring Caz and Ca

Xo

Fig.3 Sample orientation for measuring the off-
diagonal stiffnesses together with the
shear stiffnesses in the oblique incidence,
immersion testing mode
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AEA Young Aggkel @4 #2509 k. x1, xa,
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Table . Ultfasonic measurement results for the
7091 Al/SiC composites

(unit=GPa)
0% 10% 20% 30%

SIC/Al | SiC/AL | SiC/Al | SiC/Al
Cu 112.9 129.5 152.0 167. 4
Caz 113.4 126.6 146.7 166. 5
Ca 112.2 123.2 138.8 156.3
Ciz 56.9 60.0 64.7 68.0
Cis 58.0 60.4 65. 2 67.6
Cos 57.7 60.6 5.1 68. 8
Cu=Gz| 26.7 31.0 37.7 45.3
Cos=Gug| 27.2 31.6 38.3 45.9
Ces=Giz| 26.4 32.2 41.1 49.0
Eu 74.2 90. 4 111. 4 127.4
Ea 74.9 87.6 106.6 125.6
Ex 72.8 84.3 99,1 116.7
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Fig.4 Comparison of shear modulf measured by
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the oblique incidence, immersion method.
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