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Theoretical and experimental study on effect of defocusing

amount on thickness measurement based on laser ultrasound

Jia Zhongging'?, Zhang Zhenzhen?, Ji Guangrong'

(1. Department of Computer Science, Ocean University of China, Qingdao 266100 China;
2. NDT Lab, Laser Institute of Shandong Academy of Sciences, Jinan 250103, China)

Abstract: A metal thickness measurement system was presented, in which laser was used for exciting the
ultrasounds, while interferometer and piezoelectric transducer(PZT) were adopted for receiving longitudinal
acoustic waves. In accordance with mechanism of laser ultrasonic generation, the directivity model for
longitudinal acoustic beam and the influencing factors were established and determined respectively, and
formulas of two receiving modes were given as well. The effect of defocusing amount on thickness
measurement was investigated, discovering phenomena that it would first increase then decrease finally
disappear varying with increase of defocusing amount under the same laser pulse energy, consistent with
the theoretical results, confirming the effectiveness of the study results.
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Tab.1 Defocusing amount effects on spot size and

power density

Defocusing Spot area Spot radius Power density
amount d/mm /A -mm™ r/mm I/W -cm™
-25 3.974 1.125 1.668x10°
-20 3.14 1 2.123%x10°
-15 2.404 0.875 2.773x10°
-12 2.01 0.8 3.317x10°
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-10 1.766 0.75 3.775%x10°
-9 1.65 0.725 4.04%x10°
-8 1.539 0.7 4.332x10°
-5 1.227 0.625 5.433%x10°
-3 1.038 0.575 6.422x10°
-1 0.865 0.525 7.707x10°
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Fig.5 Laser ultrasound beam directivity of ablation mechanism
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Fig.6 Laser ultrasound beam directivity of thermo-elastic mode
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