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Testing surface crack defects of sheet metal with ultrasonic
lock-in thermography

Qin Lei, Liu Junyan, Gong Jinlong, Jiang Bin, Wang Yang
(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Ultrasonic lock-in thermography is a nondestructive testing method, which combines ultrasonic
excitation and infrared lock-in thermography. The detection of contact interface defects of sheet metal
was studied in this paper using ultrasonic lock-in thermography, and the selective heating advantage of
the ultrasonic excitation was analyzed. The finite element simulation model of heat transfer in sheet metal
was discussed, and the effect of ultrasonic excitation parameters on the detecting results was illustrated.
Experiments were performed on prefabricated defects of sheet metal to validate the built simulation
model. The result shows that amplitude decreases and phase is invariant when location of loading departs
from crack, amplitude increases and phase is invariant when ultrasonic excitation amplitude increases,
amplitude decreases and phase increases when modulated frequency increases. The built finite model
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accords with the experimental results. Ultrasonic lock-in thermography is fit for test surface defects of

sheet metal, and provides guidance for ultrasonic lock-in thermography testing.
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Tab.1 Thermal properties of Q235

Parameter Value
Density/kg - m-2 7 854
Poisson ratio 0.3
Elasticity modulus/GPa 210
Specific heat/J-kgt- T 465
Heat conductivity/W-m-. ! 49.8

Coefficient of linear expansion/K-? 13 7000
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Fig.2 Modulated ultrasonic wave function curve

T B SRR 7R Rl 2 RO TR I 45 R S e
XoF U TN 2 L D T e R O S 3 R T
Pl )2 ma AT oA, HOBOE I F

(1) In#RALE A BBy

WEL 3 fir s, A g A7 AR R v ] ] e IR D
IR Y e 7 A BB E x Bl ] (Y R R
SCOA L T vy 7 i R 30 4 e HC 10 9 ) AR
W 0.5 Hz , H B0z i il e 7 e i 28 i e n 4303
B L=12.5 mm .16 mm . 17.5 mm .20 mm .22.5 mm
Frort .

B
L K

Loading center

it

LR LS

S E=ADAC =N
Fig.3 Loading position sketch

(2) WIha R BT

) A P I I g A o0 7 B L=20 mm 3R AR
0.5 Hz , Ji& 5 43 551 B 10 wm 12 wm .14 pm 16 wm
18 pm 20 pm FEAF 15 ELA T

(3) VAT A EAr BT

R P R A TG L=20 mm, 4R 1N
10 wm , I #43 5IH 0.2 Hz 0.4 Hz ,0.5Hz 0.8 Hz
1.0 Hz #E47538T

2 £ I§

2.1 ERkE
52 R A R ) — B 150 mm x50 mm x5 mm f)
Q235 ¥ M, o T e A N T2, A8 b i it +p [



1126 oGk 1A

% 42 %

Ab FHZR DT EN N T —A> 20 mm K A VA SRS X
BEATHL I 9% 57 M, 16 HE A0 X1l A2 24 3 mm K1Y
W07 8, B K A BOE SR 4 iR, B 4(a)%h
T IR AR R B 4(b) A TG
WA 8% i X Bk 200 4519 CCD 85 T B A, M
B R Hal LIE H, HIFE S 28K 2.285 mm, 244
BUEE T, B0 A E LT 2 TR R I

I 4 Sgalfr
Fig.4 Specimen

22 XWKE

P 2T A A AR T A T 3 56 2B &) 5
JEoRs, TR AL LA RARAN R R TR R O
REE CHH M ETAES LAOMA R, o iy 2 oh 4
AR FH FLIR 32 [# Cedip 23 #) i SC7 000 %l 4 -
T 2T AR &, TAE I BE R 3.0~5.0 um, M 75 %5 5%
IR 2ETE 2R T 20 mK, 25 [A] 43 3 2 2 320% 240 1%
2, MR RKR IR N 1.5 kW, 8 75 i il 2
PEALRLRE ; TAE G HA 1A A b B, ol SE s g Ay
] 1) 8% 8l R = AN J7 1] (R % 20y 5 AL AR 48 ' 3 2 <
AT 4244t 0~0.5 MPa 1147 b & 1, 3% il =k & )
DR R S O RE N 1 0 R o LR W11 R R N v
m*”fﬁi%ﬁﬂﬁ%%ﬁm%%o

P 5 P LLAN AR A I R e

Fig.5 Ultrasonic infrared lock-in thermography experimental setup
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Fig.9 Front surface amplitude and phase contour
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Fig.11 Fitting phase curve at Y=29
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