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Non-contact laser ultrasonic testing of steel-plumbum
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Abstract: In order to solve the problem for the non—contact and high precision nondestructive testing of
steel —plumbum bonding structures used for radiation inhibition in nuclear industry, the laser ultrasonic
testing method was studied. The model of the steel —plumbum bonding structure was established. The
propagation of laser ultrasonic and the wave reflection and attenuation induced by the debonding defect
were analyzed. The narrowband laser ultrasonic signals were measured at the good bonding and
debonding region, and the variation of the amplitude of the interface reflected signal induced by the
debonding defect was observed. For the characterization of the debonding defects, the relation of the
reflection coefficient with the wave frequency and measuring position was analyzed. The detection and

imaging of the specimen with simulated debonding defects were realized by the laser ultrasonic C—scan
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method. The research results show that the imaging testing of debonding defects in the two-—layer steel—

plumbum bonding structure can be realized using the laser ultrasonic method, it has application prospect

in the nuclear industry for the testing of radiation protection structures.

Key words: nuclear industry;  bonding structure;
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Tab.1 Thermal and elastic properties of the materials

used in finite element calculation

Material property  Epoxy resin Plumbum Steel

p/kg-m™ 1200 11 300 7850
E/GPa 35 16.4 216

v 0.28 0.44 0.28
c/J-kg™-K™! 210 126 460
A/Wem™-K™! 1.2 35 15
a/x107 1 1.2 1.45
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Fig.1 Experimental setup for laser ultrasonic testing
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Tab.2 Number and size of the simulated

interfacial debonding defect

Number Diameter/mm Number Diameter/mm
(1) 4 (6) 10
(2) 5 @) 9
(3) 6 (8) 8
(4) 7 (9) 12
(5) 14

No.4 &7

No.3 P6

No.2 &5
No.1 ®4

Pl 2 AL E RS S5k 5 ) TR SR AA0 i e 100 R e 5 40 A
Fig.2 Epoxy resin—bonded steel—plumbum structure

specimen with simulate interfacial debonding
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Fig.3 Distribution of the wave field of laser ultrasonic

in epoxy resin—bonded steel—plumbum structure
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Fig.4 Numerical calculation of narrowband reflected

laser ultrasonic signals
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(b) Laser ultrasonic signals at debonding region
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Fig.5 Experimental measurement of narrowband reflected

laser ultrasonic signals
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Fig.6 Reflection coefficient spectra for the interaction of

laser ultrasonic with debonding interface
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Fig.7 Relation of the reflection coefficient of debonding interface

with the measuring position
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Fig.8 C—scan image of the epoxy resin—bonded steel—plumbum

structure with laser ultrasonic
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