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Temperature Profile in Heated Materials and its Application to Materials Process
Monitoring
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In this project, new nondestructive evaluation techniques of internal temperature profile in
heated materials have been developed and their application to materials process monitoring have
been demonstrated. The method provides monitoring not only internal temperature gradient but also
surface temperature gradient of heated materials. The principle of the method is based on the
temperature dependence of the velocity of ultrasonic wave propagating through a material. An



effective analysis method coupled with a finite difference calculation is developed to determine
one-dimensional temperature distributions in a heated material. To verify the practical feasibility of
the method, some experiments have been demonstrated for some industrial materials such as carbon
steel, aluminum and ceramics. A single side of a specimen of 30 mm thickness is heated by
contacting with a heater and subsequently cooled down. Ultrasonic pulse-echo measurements are
then performed for the specimen and the measured transit time of ultrasound across the specimen is
used for the analysis to determine temperature distribution in the specimen. The temperature
distribution and its transient variation determined by the ultrasonic method almost agree with those
obtained using thermocouples or an infrared radiation camera. In addition, a laser ultrasound
technique is employed to make a non-contact monitoring of surface temperature distributions of
heated steels. Thus, it is verified that the ultrasonic method has a high potential for on-line or in-situ

monitoring of temperature distributions in heated materials.
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