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Laser ultrasonic visual imaging detection of corrosion damage
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Abstract: Corrosion damage exists extensively in material structures in the industries, such as national
defense and transportation, which threatens the safety and reliability of the structure seriously. Therefore,
it is of great significance to monitor corrosion damage in materials. In this paper, based on the theory of
laser ultrasound, an automatic laser scanner detection system was designed and developed. The laser

scanning experiments were carried out on the corrosion damage in the aluminum plate through this system,
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and the relationship among the Lamb wave energy, amplitude and corrosion was analyzed. The damage area
was visualized with the maximum amplitude according to the principle of “elastic wave energy flow
method”. Finally, the amplitude integral ratio method was proposed, which can be used to evaluate the
degree of corrosion damage. The proposed method can realize the rapid detection and evaluation of corrosion
defects with the detection results being visualized, showing a great potential in application.

Keywords: laser ultrasound; corrosion damage; LLamb waves; visualization image; damage assessment
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Fig. 1 Schematic diagram of corrosion damage area in an aluminum plate
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Fig. 2 Architecture of automatic laser ultrasonic scanning detection system

\
doaR e E




% 12 49 BB, 5 B AR B 6B AR B T AL AR AR A M 97

22 KBRMNAR

A4 A Sl O R 4 S 0 28 G0 50 BRI ol DX SR E AT RO S SE g . SR A T AN 3 TR L )
AV L AR ARE Bk b0 1 80 mm X 80 mm AYHETE DI, 78 47 48 52 9 JF AR T 4748 X BR A
AR RIS A (I 4D o DX A 1) 7 10 5208 @ 5 1) BN J7 100 R 6 05 1) o 4% B B A 3 R AR AR Ca s
b)) P EEARIAIE 10 mm, 631 9 ZR 3130 B AR B A0 M B AR B 9 Al OF BB D A EE
50 W s LA /N 52 30 B (1 A SR PR R i iR 2% . TP JAR 100 kHz Y #R Sk B8 7 451 1 DX S8 [R) 0 BE 25 24 10 em
F1% s 5 4 WA 7 A, U R RO 1 7 A5 5 30 o A 3 0 e A D A 0 A i B MR R (R S AR S R AR R AR
RGE . FHZRESER 58 UG B4 2 BIRSLEG 50 E 52 50 (Y T 5 M A AT SR

b?
8 cm
‘ 10 cm |
|
! b
L EEEEE T T 4em b,
| b
L ! 80 mm
I
X IR a, a, a, a,
B3 AMEPEXRE B4 HraAMREaE
Fig. 3 Laser scanning experiment Fig. 4 Dot map of laser scanning area
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Fig. 5 Waveform of two waves
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Fig. 8 Image of corrosion area of aluminum plate
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Fig. 9 Corrosion damage area of aluminum plate
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Fig. 13 Comparison of A,, in different paths passing through the corrosion zone

RN 13 o Bt X Y 3 4B b AL ER KN R 32221, A {19 2816 5 40 A 19 8 o 453 £
R B — 3, BIJEE Dl R AL (EBE R DL 2 SR I 2 DR R [R) B SOR BRI A R [ AR
R RE LR N — ARG 5 Y R ™ AT L R R S I R X R RS B, AL BEAE R

R T ARG AN IS LB L R 40K Fe IR S A Rk A ok DX R ok X B A IR R, R 1R RE
oy DX 355 0 o, DX 3R B ATL I A 14 O A A5 04 A ERASE B, i ot X3 1) 4 ECABE it 7E 5~50 GPa [A] 38 /N 5 J8 ok X35,
B4 [ i (64~83 GPa) . &l 14 S Ji ik X 3 i A4 R GOW 2 1A, AT 14 e DL & 9032 J68 ok IX 3l 1 3 7 £L
TR AL L0, I HMORM AR A AL . SO BT S5C7E M Ak 2 1o J 30 T B2 T v A ek A A3 B 7 2 B g i
B IFA% MR FRIE R 7 I . YOG I AE 32 hob Rk b B A CQR R Y /)N 5 BORRL 9 1 ) R B i
VI o R I P R P O 5 T A AR T T el A ) R B 2 B R M R T 2 I R AT R IR 8 (S
7 U R i AR B

F 1 KRBEHRIEHERRE0ERESR
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Fig. 14 Microstructure of the material in the corroded area under electron microscope
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