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Laser ultrasonic visualizing inspection of surface defect in aluminum plate

LUO Zhaoli, ZHU Bing, XU Zhiwei, WANG Bo
(School of Electronic Engineering, Xi'an Shiyou University, Xi'an 710065, China)

Abstract: Laser ultrasonic visualizing is a new type of inspection technology. Compared with traditional
detection a method, this technology has the advantages of rapid detection, long-distance, and no detection blind
areas. A detection technology based on three-dimensional maximum amplitude and three-dimensional wave field
reconstruction detection algorithm for ultrasonic signal peak-to-peak values was studied. A laser ultrasonic
visualization detection system with pulse laser excitation and piezoelectric probe receiving ultrasonic signals was
established to detect surface crack defects in aluminum plates. The results showed that the laser ultrasonic

visualization detection technology can quickly detect cracks defects on the surface of aluminum plates, and can

display the position and size information of surface cracks in 3D, as well as real-time display of the propagation and

reflection of 3D ultrasonic field.

Key words: laser ultrasonic; visualizing inspection; metal sheet; surface defect

<5 R AR TR P JCABURGHIN Ty 12k 3 A s P G
PRI 1 7 AL A . 3k 4y G i 5 4
i B IMAA SR T A TR AR A I T+ ELXT S T A/ Nk
B B ESARR R AN i, FERFBRERE T E 0%
AT AT OR o B B A4 e -5 JCA A I 2R 119
AW R 3 Y) EAT T A A b B A

PO PRI T S B A L SE S R S 0
BG4 [ PN S S 3R T e A I T 5

Y B :2023-07-14

EETA : HK A ARREEE4 (1927801)

YEE R B WIF] (1988 —) . & AW A » EEWRSE 7 17 J ik
TR St B X 52k il A

BIEEE . B HF],714116474@qq. com

FIRE IFBUS T —E sE S, R Pk | g A
2343 PR BRI T 5k . TAKATSUBO 2550 42 1 —
ol 5 T 7 A 3% 1 T e SRR AT A P AR b B
;tm%@&ﬁE#FEEPMmLﬂﬁ%Wﬂm
{55 04T Ak B S B 7 e — A D A% 4% A A T

A ST X (R P AT 1 LA TR

EAG G 1 P R B AR A LY O 7 R AL
TR A ELAT A 32 Ak 421 48 G0 3o R T 5 1 RS
R TORTI X AT AT, 43 HER R 5 ] S i
A T T R M5 A X 45 4 ARG I 5 3
TR ZIEAR K B BRI PR 4 4 L T &

O s RO AR 7 U0 7 R 0 A v ) 1 9 ot R T AR
Ak 5 T SIS I8 7 ARG 5 R Sl B 00 S 7 A A

2023 £ 4545 E 10
Pt it gl



TEH, F,

FRtR R RIS AR A T AR

IR T3 TSR B SO P A D R T 4
T IS AT L B — 4R AR S A B ARy
T X = HEE S EA PRI AN SRR R T
AT R — RO AT AL R I 2R 5 R
ik spOERR R (RS s R RO (5 55
SR P K O G2 A8 AT AT B N SR SO R 2
B R P I S | R HIE U (LA A 414 DX
PN B i P 3 PR S — i 7R g S h e
BRIFETR 1] 2 ThT SRR B B (57 B R/ R IR Y
o PN 18] -5 B T i) EEOT HE S LS I WL 7
Gyt s A, AR FOEH P A AR I B
RS H AR AR R T A BB | O ELARERS =2k i
IR RS OE B R/IME R

1 HABEHENIE

PO P ™ A AL S A R T
IO o BARARN A 2 SO 1 D R R B
HOL RS EY AR H , BOLRE L B T 51
v AR IR Sl A4 1A 3 T L T LI 1) A2 A A
7177 A P PRGSO, T B AN P 1 7 Ak
JIT 77 A 8 P o8 ) A 3 T T8 40 T 77 A 22 g
L RS S ASHEOER) D AR m I PR
JRyERAEAL AL AR AT /IR 3 W R A ok
7 AR TR T S D SRR AT 5 A P g
B BRI ARV A B4 P IR e A%k D L [
2 JI7R RN 2 0 R THT AR — 5 B4 A A {EL AT
AR AT . SCP A A REOLE A £
BB T IO A

BT BAGHAON JEBE7R

Va

|
|
- |
|
-
|
w
v

K2 beid o B R

2023 F F45% £ 104
Patiatodl

N
2 HrBEAALEN RS

WOLH A AT UL A I AR I L IN & 3 Bz A
N 2R 58 R DK RO e 5 451 40 BT RO SR A BTN
R GEEH T AR S HCROC AR, R g 3
FALIR KOG R B/ NVET R AR R B A
JROR e B AL PR S0 o BK O30T 4
K4 Fros ot s N E T A EOH % A H A
ERABCE RO I 2 O R R
iR — R AL EQ A R RIS it
S L 28 58 B Y I A A S — 1A s TR R
N, J o FEOtA# S LG N, Ny BBOEE
B (L) A AR
Jik e s B ) e B g e

.

RAE . Fi ' . :
| Ok & 4
L Pethlgs

M oo . N
ARGt FoRigab 5 HOCHY A N
P B RS
K 3 OGHE R A AR A S B
NI
woeams |

OO

R}
N, ! \|yj\l»\ .

z
@, L)Y

v {4 4§ e
L:Dﬁw®—————
0 L l,

B4 Fkepsotaimy

KPR A 1064 nm A28 Q 7S —AE
S K OGRS S WO BT RO R
B L HLOETE Q HR , FI T G2 A R k42 il 7= A=
WXFER 7 ns MIBOEHR . WOLEER R 2 m] . EBEE R
AKT 1 mm, [FERBOCR S B A% iR
FENT I 2R AR 2 A s £ 25 3R A7 4. ik
RO B G AR A e 1 R T S SO RE L
A AR = A B INVAR T . R LA SRR P B AR 3 T 422



TEH, F,

FRtR R RIS AR A T AR

WO AE S 55 2 0B ik L R M K ik K s 3 3ol vy
A/DUE/BO R R A AN KSR 5
FIT e sk 75 15 5 9l EE BT 3 B A B DA S AR i [
15 IR R s G S — 2 A 7 KR T X
B M G A aT S s AR B W AR ke i K L)
PP BB A AR Ak T 8 75 A B s ), T Bl A b R
R PR TR A T %) S B A% 0 R DA TR R b A U
YA R B .
3 KB RERSH
3.1 RERE

R AL 25 A an &l 5 s s ZE LA 4 300 mm
X100 mm X 3 mm (K X 58 X J&) i FR AR 1 i 1 —
ARSFE X )R 8 mm X 0.2 mm(C1) #y A T.34
4. R BOGE A BT R GEXZE AR TR
W, K B an1El 6 B

g H
P [ 1 B R — .
—

C1

300

B 5 eI REA2 7
T 58 AT AR E L 24 58 mm X 58 mm (F X
T RS2 K 2 MHz, R de =dy =

L0,
05}

<
& 0.0
EIE

_05 L

105 20 10 60 80

i A]/us
(a) B FEBEEES

(c) ZHFKIRIBER
K7

100

6 O R
0.198 mm, 1 4 8] B 15 5 76 68 7 I B i 1/2 LA
T ATALARTE B N OB BB N S 41 820, fik
MEOGRE R IR B 60% (0.75 m]) . LB {55 M it

R A gbe . A/D REEAR R 20 MHz, i JE
KA ASHCH 500, U PTG REERT IR 25 ps. fF
S R{E R 10 V, H 3 R 1 000 Hz,
R ) A 42 s, 8 iR A 25 4 B AR F s =Rt A 7
R, SRAERE BRI e B shfE FirEpL b, @it R
G AT R AT A ARG T 285 SR DA 5 K it P 1% L B 75 U8 30
BAAEEUR R
3.2 WNERREST

SRy T RGN 2R TR A B L A R OGR4 E AR
DX 35, 308 3 s R A SR A2 IR 75 155 » [ s ) 2 v
S 5 | A AP T P9 A SR 7 S S B A S R i A8
TRABBL. B A MR R A& TR K —H s
W55 OGRS R T 5 0 R B AR R T 3 1o e
155 PR 1 TR 75 450 1) A8 Ak ok o L SO
A B 25 AR5 AN 7 i, AR IR I 3 1 Bt

40

30

20
x/mm

0 10

(b) RAIRIEE &

£ 13000
"3@ 10 400
i@ 7800
& 5200

&
® 2600

(D) B mENFRA=ZHEIRIBER

WOLH P S 2 5

11
2023 F F45% £ 104

Te 15 )



TEH, F,

FRtR R RIS AR A T AR

N%

TR W AR5 AL 7 Ca) BT 7 o 6 SR 4R 21 4 0 B £ 5
A B SR R A H 1B 7 () il 7S 1Y 5 A H i ]
8 SR IE R AR T A = 4R T 5 H bR X
XERLAOEE . F B RS S e B A R i
AR/ 20 DX I 3R s o P £ 5 R LK BE 4
58t 5 A €0 DS 5 15 S IR/  BE RS
7 LIRS 18 B R AR LA P ™ A B B i 58
AR KR PR A BRI DT B0 . AIET 7 Fre] LA
BHIRSEHR 8 mm X< 0.2 mm Y 2 4% Bl [ b fE 2 18
(EA R 3 ] TR HA £ " R W (RS Bk
GA W AAT R RS BLR . B 7 (o) iy H AR XK
PN = 4000 AL (8 B KR W PR oy 203l s B
PR IX I ] = DA 3 R KR W - 7T L 8 s
OL A o 2L B AT 7 A 1 P A R R A A
Mo 7Cd) g S 28 o Ak PR FE R Y = dE B R AR
i R 3 s T SR ) 67 28 B RN

SRS I DX I8N R B 3] 14 1 TRl e ) P 5
BOHEHE i as ] Sl Y = 48 75 I 7 B, = 4
DtERE GNP 8 Jirzis . ol A 3 AT T 2 )

T VL FH 38 B2 27 A (] B 221 DA ) — 7 SR 91 21 G 52
st B A% T s ) 468 BB 7 s 3 8 s 46 i ) B T A
3 7 7 A B AR A 1) = 4t B AR L 2 R AR B A
A IG5 R 75 T T R S 50

Bl 8Ca)H ¢ =3.5 pus Bf e 5l i B A I Sy A% 4
FERRA B AL, 20 3 s T DN I 5 B AR AIR L
T U5 Pk R ER 00 L iR R % 5 B K, Al 8 (b)) i 7
IR 8O WL £ =10.5 ps = 4 7 1l 37388 2] e g5
Ji Wi 3 SR A Bk B T 37 A B s R Ok i B K
RS, W S(D PR, e =11.5 ps HHEREE AL I 3%
5 BE 2RI A HL B 22, AT LU 88 7 ik 37 18 2]
TR 5 AR T B e, (1 AR 24Ty LA R T
Wt E, K8 BT t=15 ps B, Ak il 8 5]
A RS A 30 R IR S i D e R
RAIEOL . TEET 207 A 5 F 3% 7 ) A A L
SR B S 30 1] ) A R 2 AR Ay I s S
[l Bl g 1, 1 8 Ced 21 i Sk T 48 o7 1 B S ikt
W, ISP ¢ =19 ps B2 5 5 45 B I
557 R E I 30 B 3 B AL R A HIGRL

(d) t=11.5 ps

(e) t=15 ps

8 =HEFyfeRkER

S 12 7 55 it U A 4% D 1 AR s EL i
NTEARZAGOL T 5 i ik i 37 w7 5 i XE LU
B PR AR R . D T S R R A K
{R MR EE L FEAS D N ] X [ — o 22 R T AT 15 5
FE . AR AT ARSI S8 U ) AR U8 vk RH AR A
[7] 2 22 733 A5 AT ARAR IR (B Ak B T3 K S IR DA 7

2023 F F45% £ 104
Patiatodl

B o B R T BR A TP AT2E 3 i 5
A8 T304 ol 5 4 S ) T 8 e T R P ) o
itk

4 it

AT — PR TR PO K 5 5 T AR %



ZEH, F,

FRtR R RIS AR A T AR

AR 5 MO S AT AR R & i R G
A A B KPR R TR = A e KRR T LA R sh 2 =
Ak G R 52 BBk BRI X R Al SR 2
HEAT AT RRARAG DU I X Bk 4 15 5 i AT R AR AR L JiE
TR AR B R . AR s A SO R S TR
ARSI 2 G Fn =4 G 7k B LU AR

(1) SRk & 58 R AL s U5 5
T O S B A O SRR A RS A R 1
TR Y R R A SC 3 3 1of 25 3 3 A I, ) 5% 4R Al
TR 8 mm A BREA A TR I I TAE A AR

(2) KRS T Y 5 KPR R AR RN = 2
e KR M A% » REA T AT SO0 00 28] ke ot 188 7 8
() ST KA S IE 0 o 2 1 43 9 340 03] 6 M 3% T 8 o7
BRI,

(3) AR i ) ol AR A 07 st 3 504 1 v L 7 3]
() =2 ShASTE AR R . BE 6% 52 I LI ) = 2 1
P AL T T 3 L B S b B R [

SE Lk

[1] LUG, L1Y, WANG T, et al. A multi-delay-and-
sum imaging algorithm for damage detection using
piezoceramic transducers [ J]. Journal of Intelligent
Material Systems & Structuress 2017,28 (9) :1150-
1159.

[2] DOMAR4KAS V,KHURI-YAKUB B T,KINO G S.
Length and depth resonances of surface cracks and
their use for crack size estimation [ J]. Applied
Physics Letters, 1978, 33(7):557-559.

[3] LEEJ R, JANG ] K, KONG C W. Fully noncontact
wave propagation imaging in an immersed metallic
plate with a crack[ J]. Shock and Vibration, 2014
(2):1-8.

(4] GURES. FREBOGEE SRS R T4 )8 Fm
ZLECKN AT LD, B At B Rt ELTOR 2, 2010,

(5] BB ETROCHESE AN 3D 4T EIb kLR A
MAFFELT]. #oe2%,2022,43(12) : 31-35

(6]  PrifEhk, R, Bk, 5. 85 9909 B4 ) i 14 2 T ke
BTN 75 R 0 [T . AL A ) i S IR 2 43 )
2022,297(01) :36-41.

(7] XRik, 22308, AR, A5, R 2S00 BE R I (Y 42
ful e R I E AR ] Ot 54050, 2021, 511D

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

NT
1403-1409.

SIS IR, E R, AR R 3R B P 1 0L
PRGN T IR FEL] . WOEA & 2022, 43(9) - 44-
49,

TAKATSUBO J, WWANG B, HIROSHI T, et al.
Generation laser scanning method for the visualization
of ultrasound propagating on a 3-D object with an
arbitrary shape[ J]. Journal of Solid Mechanics and
Materials Engineering,2007 ,1(2):1405-1411.
HIRAO M, FUKUOKA H, MIURA Y. Scattering
of Rayleigh surface waves by edge cracks: Numerical
simulation and experiment, [ J]. Acoust. » 1982, 72
(2): 602.

LIU SW,DATTA S K. Scattering of ultrasonic wave
by cracks in a plate[ J]. Appl. Mech. ,1993, 60(2);
352.

WU T T,GONG ] H. Application of transient elastic
waves to the nondestructive evaluation of plate
structure with cavity or inclusion[]]. Acoust. Soc.
Am, 1993, 94(3). 1453.

DATTA D, KISHORE N N. Features of ultrasonic
wave propagation to identify defects in composite
materials modelled by finite element method[ J]. NDT
&. E International, 1996, 29(4). 213.

CHO Y. ROSE ] L.

boundary element study for elastic guided wave

An elastodynami’ ¢ hybrid

interactions with a surface breaking defect[J]. Sol.
Struc. » 2000, 37(30): 4103.

MORI A, SUZUKI K. High-repetition-frequency
short pulses in a VHF discharge-excited slab-type
carbon dioxide laser using an ultrasonic vibrator[J] .
Elect. Eng. Jpn. . 2004, 146(3): 1.
HASSAN W, VERONESI W. Finite

analysis of Rayleigh wave interaction with finite-size,

element

surface-breaking cracks[ J ] . Ultrasonics, 2003, 41
(1) 41.

YASHIRO S, TAKATSUBO J, TOYAMA N. An
NDT technique for composite structures using
visualized Lamb-wave propagation[ J] . Composites.
Sci. Technol. , 2007,67(15) :3202.

SRIDHAR K. Theory and applications of laser

ultrasonic techniques[J] . Ultrasonic Non-destructive

evaluation,2003,11:435-494,

‘ 13
2023 4 % 15 % £ 10 9

Te 15 )



