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Research on detection method of cylindrical surface defect
based on laser ultrasonic surface wave enhancement effect

XU Zhi-xiang, YANG Fan, GUAN Shou-yan, LI Lian-fu
(School of Mechanical Engineering,Dalian University of Technology, Dalian 116024 , China)

Abstract ; The surface acoustic wave excited by the laser irradiating the surface of the metal cylinder generates disper-
sion and phase shift during the propagation along the surface of the cylinder,and the amplitude at the front edge of the
surface defect is significantly enhanced,which provides a new way for the detection of surface defects. Based on the
phenomenon of surface acoustic wave excited by laser,it is proposed to determine the position of the defect by scan-
ning the detection point,and the formula of calculating the depth of surface defect and the propagation path near the
surface defect are given. Numerical research show that: (1) Compared with the pulse echo method,the scanning de-
tection point method improves the position accuracy of the detection of defect,and effectively reduces the influence of
the dispersion and frequency shift phenomenon on the position accuracy of surface defects. (2) When the defect
depth range is 1 ~2 mm, the error between the simulated defect depth and the actual defect depth is controlled within
6 % by the given formula of calculating defect depth, and the validity of the proposed formula of calculating defect
depth is verified. The above research results provide a valuable reference for applying the surface wave to detect sur-
face defects of cylindrical parts.

Keywords ; laser ultrasonic ;surface acoustic wave ;numerical research ;defect detection ;enhanced effect

BB : K TR @ e LA B 5525 % Wi 5 § (No. DUTI5ZD110) % 8.

TEEB N ARERE1965 - ) 38 i, #87, FENFEMR ST HIFARUSE . E-mail ; zxxu@ dlut. edu. cn
BIESE 4 WL(1994 —) 5 Wi, FEAFGETT M) RO GHEE 75 TR . E-mail ; 1334842846@ mail. dlut. edu. cn
Yrhs B #7:2019-11-27 ;48T H #3:2019-12-26



1184 5 RS AN

750 %

1 51 &

SR IAAEAE o T2 S AL SR, AR
a5 B G I — R A S A 7 1) o AEAR AN
(7735 WO A JC A A I BE A% S BN 12 fiph 52 ik
FELAGIN , ARG IIRS vy , R BEAE A sz 2 1)
ZE",

VEZ WIS R OGP L T30 IVBR B G
W OFHT T 2T SRR MR S A PR
JUITESI AT T 75 BT 45 468 P AR R T R P VR
HLBE, 25 ) 1 REAS 5 58 SR AL 22 T R B A R ik o X
A RO O B R SIS UE T 4 e TR i 1
JSSB i M -5 25 T 0 5 R B2 2 T A7 A P TR AR
VAT T 2 A 7 2 i 1 P P AR A 3R ke
BN , Xk A A 3% 1 ke o A 00 3 7 2k — AP 1Y
W5

PP SR AT A [P A 2 1 A4 22 77 2B S BRI A
BB 3 5 R AT AR b A LA
[, —E RO RSN R I AP A D7 BRI o BT
RN, e ARSI s PR T 3, 2 3 T e 2
TSR FTTHT IR, , A SRR ATBREE S S8 = A B i+
S (o AR B TP ) 82 A R W L ) B 2 i P B R, X
APt i S D IR UE T R RN . AR
R0 P i R 49 5 A 1 2 [P R T R R (62 8, 20 Ar
T BAE BRI B AT A9 2 1 AR A B B B TR S T3
o TSI LA, T REAS AT R = R B 1 2
AT e o 1 (57 L B R R R R TR
2 HERBEMEST
2.1 [EAE LT AL oy 2 or

ARSCE S = HE AR JLATRCRL, 1Al 1 (a) , #Ot
PAZOE IO e [ L2 i, ey 30 25T R
o 1 2 T AN T 0 B AV T DR s = A 7Y
i A 4R, e 1(b) o

(a) ZHERIRE

e

A

- — i e PR

|
|
|
| %10
|

(b) iR

BT Al B A LT

Fig. 1 Geometric model of cylinder with defects
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Tab. 1 Material properties of the aluminum

28 {1
I p/ (kg m™?) 2700
B IREL G E/GPa 70
A v 0.33
PR R B /K™ 2.34x10°°
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Fig. 3 Phase change at different detection points
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Fig. 4 Polarity change at different detection points
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Fig. 5 Time domain diagram of the angle of 45°

4.2 HHEAEN B E

FH TR T AR [ AT 2 A4 2 AR AT, A6 DU
TN S TR B o335 R B2 2% , 6 T Ik o [ 38 12
BB 07 BRI FE 2352 B — s 52 . SCH R T4
TSI R A 52, X 8 R i T ST A SRR R S S5
P BB M T WA, WR(E W] W3 K, A R T8 e
FRPEAIE . B 6 NI RIAE MA R | AT
AT HE XA ot 42 30 dRe o A 10 B, i Y 3 1S K, 1
P B e M (2 R0, PRI R DA 3 et i 1 5 AR
P ETEBPANE . B T EREARE BEUR AL 90° I [B

I 1A /ps
6 e BT ARG I A A P ]
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Fig. 7 B-scan with defective cylindrical surface
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Tab. 2 Difference between simulated defect depth
and actual defect depth
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