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Detection of contacting interface-type defects using
ultrasound lock-in thermography

LLIU Hui, LIU Jun-yan, WANG Yang
(School o f Mechatronics Engineering , Harbin Institute of Technology ., Harbin 150001, China)

Abstract: In order to improve the inspection efficiency of Ultrasound Lock-in Thermography (ULT)
and to obtain optimal results, the ultrasound modulation, thermal sequence image processing and the
optimal parameter selection were investigated. The principle of ULT was analyzed theoretically, then
an inspection system was developed,and several experiments were carried out on the steel plane with
surface (subsurface) microcracks and Al alloy with defects at different depths. In inspection, the mod-
ulated ultrasonic square signals were used to excite the samples and an infrared camera to collect the
transient sequences,then the lock-in processing was taken to obtain phase images and amplitude ima-
ges. Experimental results indicate that, for given A3 steel samples, the modulation frequency of 0. 5
Hz and the pressure between sample and ultrasonic transducer about 0. 25 kN is a good choice. Fur-
thermore, the distance between the injection position and the crack has a few effects on the inspection
and appropriate injection position should be depended on the specific structure of samples. As deeper

defect can be detected with decreasing modulation frequency, the defect at 4 mm depth on the Al alloy

Y 5 B 3 : 2009-06-08; f&1T H #7 :2009-07-23.
HE4WE HEHRB 4% H (No. 60770802F-01) ; BIp T4 B 36 54 W B9 H (No. GB0O6A512)



654 e K TR

518 &

sample is detected at modulation frequency of 0. 3. Moreover, the method can also be used for detec-

ting the skin unbond on a honeycomb sandwich structure. Using the inspection system, reliable detec-

tion of contacting interface-type defects can be done for a few seconds.

Key words: ultrasonic infrared imaging; ultrasound lock-in thermography; defect detection; contacting

interface-type defect
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Fig. 1 Principle of ULT
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Fig. 2 Signal acquisition during thermal wave cycle
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Fig. 3 Sketch of inspection system for ULT
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Fig. 4 Experimental equipment of ULT
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Tab.1 Thermal properties of inspected material
Ok R L # PR YRR
(GB) o/ (kg +m*) ¢,/ (J kg™t « K™D k/(Wem '« K1) a/(mm’ « s 1)
Q235 7 854 434 60.5 17.7
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Tab.2 Experimentd parameters

mEAE FERBER fo/Hz RS p/kN

0.1~1.0/0.1 0. 25
b 0.5 0.25, 0.5, 0.75, 1.0

a, b, c
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Fig. 6 Amplitude images at various modulation frequencies
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Fig. 8 Plots of SNR versus modulation frequency
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Fig. 9 Phase image at modulation frequency of 0.5 Hz
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Phase images and amplitude images under

various contact pressure forces
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Fig. 11 Phase images on various injection positions
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Tab.3 Experimental parameters
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Fig. 13 Images at various modulation frequency
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Fig. 15 Phase images for skin unbond detection
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