- . .
—— Ix oru

FIXHR: ToRE , L2, REH, F A THARE 92 EHHFHER T EL RN [T]. AL H:153 K, 2022, 65(20): 54-62.
WANG Xiaochen, MAO Xing, ZHANG Jiamin, et al. Online nondestructive testing for grain size of metal materials based on laser

ultrasonic[J]. Aeronautical Manufacturing Technology, 2022, 65(20): 54-62.

-

BETHCERNERMERARTES

IRR,E B, KEHE £.%

[fAE]

"
WREFTB BRI TEAEZER. GANE T A THRIE E AR B ELZALTANRIET S, RESHT
T T R SR T, A TMERR A SR T A A ERT &, REXAFTIY 7T i IaGER 5
BFHHAT TR, FILT A THEA F 7 iked R T LA, A4 T4 3] 86% A L. #dmiEs)

TR MR A

0

G A K 52, 7% 100083)

T

=

FAE 20 mm/s VAR & SRS £7 mm BAmEE A A 0.8° VAR B, AR5 AURIEA I AR .
KRR A B RO, R, SR T LA
DOI: 10.16080/j.issn1671-833x.2022.20.054

EBRR
PRE, AR B ARFEELE
REEZUEEAR,

SRR R AE B R
PERERAE BRI Y, AT

kWA R L) @Rk, T
T IR P G A 7 B S N EL IR A
P R H IR R AR AR T
BHYEOR . BEFEFIIT & 45 Jm AR iy
RS AR IFN B: WEAROAR i
FIFELl R L AR, T AR
ZEAF CEA A O R A A5 L B s
S A5t AR R B A7 T, AT R4 T
ESH B  RE , PR AR
G JE T R, B A AR E TR B
SIPERAT 0 EEAY R S AT T
b bR IR R SRR

I ) o R ARG 7572
A A L X GRS (XRD ) 1
AR, o, Gk 2E T
PR m AR B SRR
X RO AT GE T, X AT AR
i RE G (E o A IR AR
XA GG RE B AR A, X AR

IR §Y e ) N O
PDEREIN AH X S 20 AR B —
(15, WS B it . 1550
) P Y R i T A R ORE 7R Y
ORI, FEZALHE R A F AR K
B EAMERESEA Y, B
IR ¥R EME LUAE Tolb P37 52 PR Ak
RT B AEL A

WO R 7 2 AR 38 I O TE YR
2 AT A RN B WAORE 75 i, B R
i BB A% S PR I7E 1 2R 3 R R AL | i)
D PR AR A, T EAT Tl
FHRTSEARIE A . 1963 4, White!"!
2 0 P VK ot BRS AR  1  A=
Jok iR 75 5, WOGE BOR DL
(A 0, 32 B 9 AR BRE N B T
Z % " 2008 4, Sarkar £5 1P g
TR H AR XL Mn . Mo F1 Nb
R FEA 4 Iu R PR b R

* BEWE : HEK ARBETES (51975043 ) 5 it ARl 4 B (2021M690352 ) 5 H Je i A ARl 55 3% ( FRF-TP-20-105A1 ).

54 HisshiEEEA - 202245 565 % 55 2010]



Nondestructive Testing %iﬁﬁm

B AR B JE AT TSI, AE 2012 4R,
Maalekian5:" SR F 38O 75 A0 7k
WE T Ti/ND A 4 v B ECAA f b 7
KRG A2, H A BA Y Militzer:" st
LN ARy N L S P D]
5%, 2014 4F, Sano" i F Ot
R PR A TR A AR R

AU R K TR R e
WS BN A 2010 4EJF 4, 3T 306
R P A I AR X 4 & A R RO A 4
AT T REME . 2 G55
AR 77 18T, AR I A R [ A
PR P I R ST S AL,
AR R Z B T E A 1 1
AR RS ARG T T G R R 4 R Y
TR 7 I A S AL R R 75 I ik
SO A RS s R e &R MY A9
TRT SRR " LA
PRG35 ok RUsE B2 5505
FAFRR PR THEA RS,
SR G ok RSF AR Y5 $5
T RS T DG R RER AL
it 25 D) 48 B g FH T R 7 {5
GBI RT 5504 s s T 5
T NI S PR O 1 DU B 4
W14 o ARPRAR B TSR B

MR L R L
FEET, H R R S BN 7 | I
ST AR AR LA PR G U
LHALERE S, DRI e 7 I A D
HAE R R 4 A R R A I
A BT ST OGRS
L TCAAS DU A v Y DG B AR 2 i
TEAE TCH T BT, %1z s ke
B AfRE RST SEBURE A AG , AR SCHE
R GeiO G FH R U0 R ARk T S
TR R Dk B 4 R R R A H
I3 A RAEBLIIR J A I 2R 5t 3h A Rk
IIMTREFFARE .

1 #EEE iR e R s

TGRS I 56 R 5
TR R W R R G B R
5t A5 5 REME S AL FE 4 5847,
wmE 1 R,

1.1 BEEREZRS

WO R P I Y R B R
PRI A RE ™A% JC P 0 A 2 L
RN i B A — 2 0L e il i &
B B0 24380 ik ol i) il 2 3 R A
K, A2 LA | S T & AR AS AT 336 (1 4%
A PR AR A BE 14 Pk vp i
A R DX I T, 7 A R ik
ik i e BRI B R R A A
L&A AR X R R Ry R g R #%
114 Pk AR AR B ) 5L B 3 43 A 1Y
N RS T R R P I R BL AR R BRI
NSO Rt i T MR T T
SEAE RS TCM R A 1
BRI 2 (a) FI(b) s s
24N S F P A S T 1 Ik O 1Y) R

woroes |

R R R 3 T A
[ (LS, AR U] 2 5 R A ) 2 A
AR R A R, KRR T
PRI A R, RIVGE il AL , 2 1T A1
A M 7 A B 1 VR g SO
PP mE 2 (o) #(d) B
FET TG IR, AR ORI
SRR P A 7 R, PR AIL R X i
GEJ PRI, ¥4 i
R A ), Ay fife PR X — IR, o L
1 D' W 27 3 i 8 e e ) O 1
77 368 3 R 179 5 [ 9 ) 1 1
{B 70 2 B B 7 e P A TR
2, RN HOC TR A 3 5l 7
Weo QA3 o BRI O R G
IR 28 G250 5 5L T B AGTIAE: i 14

S5t

RO A A

ERIEN

1 FHotBAET RIS RS RIEE

Fig.1 Schematic diagram of laser ultrasonic nondestructive testing experimental system
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Online Nondestructive Testing for Grain Size of Metal Materials Based on

Laser Ultrasonic

WANG Xiaochen, MAO Xing, ZHANG Jiamin, YANG Quan, XU Dong, XUE Renjie
(University of Science and Technology Beijing, Beijing 100083, China)

[ABSTRACT]

The grain size of metal materials is an important parameter for the characterization of mechanical

properties. Realizing the online detection of grain size plays an important role on improving product quality, upgrading

intelligent factories, and intelligent scheduling. Firstly, the experimental platform of laser ultrasonic online nondestructive

testing based on the thermoelastic mechanism was introduced in this paper. Then the modeling methods characterizing grain

size based on frequency domain energy attenuation, and the grain size and distribution based on spectral attenuation, were

analyzed. Finally, the experimental simulation of some environmental disturbance was carried out. The online detection of

grain size based on laser ultrasonic technology is realized, and the detection accuracy can reach more than 86%. When the

sample movement is within 20 mm/s, the out-of-plane jitter is +7 mm and the deflection angle is within 0.8°, the detection

results can be effectively ensured.

Keywords: Laser ultrasonic; Ring—shaped laser; Nondestructive testing; Grain size; Online detection
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