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Abstract: In order to develop a technology that can quickly monitor the aging state of heat-resistant

steel, it is necessary to ensure the safe operation of the equipment. Laser-induced breakdown
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spectroscopy (LIBS) was applied to the rapid evaluation of the ageing state of heat-resistant steel, and a
new method for ageing grade evaluation based on LIBS photoacoustic multimodal information fusion
was proposed. The recursive feature elimination method was used to screen the features of the LIBS
data, and the acquired acoustic wave time-domain signals were converted into spectral data by time-
frequency analysis, and the acoustic characteristics reflecting the changes of the mechanical properties
of the materials were obtained. The effects of two multi-source information coupling strategies of
"dimensionality reduction first and then fusion" and "fusion first and then dimensionality reduction"
were systematically compared, and the ageing level evaluation model was constructed by linear
discriminant analysis and support vector machine. The results show that the proposed photoacoustic
multimodal information fusion method significantly improves the accuracy of ageing assessment, and
the model accuracy is 97%, which provides a new technical path for the rapid monitoring of the service

status of heat-resistant steel.

Keywords: laser-induced breakdown spectroscopy; acoustic spectrum; T91; support vector machine;

linear discriminant analysis
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Fig.1 Schematic diagram of the experimental bench of the photoacoustic joint acquisition LIBS system
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Fig.2 Diagram of the experimental samples
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Tab.l1 Specimen dataset division table
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Fig.3 Photoacoustic coupling strategy diagram
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54 FRELK, 5. MG BOGE TG ZRIE B T il #Vi & S 900EAh 363
20 ¢
I
| Emese T3 133 )
| / — T34 T22 \
03t |l Al
5 b 7200 7600
< ! 1
= o AL - . T
o )
= — 121
|l ! 122
sl \ / / 154
1 . T3
| il Il e B ol 5.
—0.6 L e
0 0.3 0.6 0.9 1.2 0 10 000 20 000 30 000
5] /ms Fi%/Hz
(a) AR (b) Mg &l

5 AEZUERTIIFHER

Fig.5 T91 sonic information for different ageing levels

BRE S AEARDR SR 25 5% . MR TG R,
g E SRR m N E RN BIRmE, 40
AT 0~6000 Hz B, AN [ i 7 588 2 A5 1k 34
B —3; 1E 6000~25000 Hz I, A5 S i s
b i B 58, EE A D B0 P (8000~
9000 Hz, 11000~12500 Hz), 58 & 254k T 4472575
ZRELICHE; 25000 Hz Z JEom BEIE AN 0, 25 LT
W, PR RS AN B R T AN R AR B X A
BHERPE R L[] B R I 8 22 SRR O,
I, G EE G I T AR IUCE 2 SR A OG5 B .
2.3 RENEM

a. e el LSS Rl A

R VP G 58 8 2 I il SR T A 1 A
KB, o BRI RDG R BdE L Gk 8o DL S s I8
PEAS EE TO1 P2 F o IR, K BRIP4 25
RWE 6(a) Bim. Wl LUE 1, BT
B i B AL SR I A IR e ke, HERA
FAL N 52.0%( LDA ) F1 40.5%(SVM) . #HILZ T,

80
P LDA
R 71.0
L 69.25 69.75 g
70 67.0
K60t
§ 52.0
& 50|
w0l 40.5
30 ,\ Vg .
i Ui SerEmA
A&/ e
(a) EAHER R

FI RS B A SVM RS RIEUAS T d-fl p 26
BOR, WETREN 71.0%. TCig & SVM ifJ& LDA,
I B A AR RS B Y A TR — S
i . X — S5 RUESE T A A B AE A A
BIA S B 6b) K3 F B IIZ 1 SVM
TR X 00 3 A P TR 485 SR . 0 BT TR VA
ATDAR B, ARG A5 9 4 AR b 04T T TR IR
B, ARG RIA R T 100%, WFRIEEH S
Bonh, S 4 W BRIy B, Hk,
R AE G0 5 3 [ RR 2 B0 S A A 1 1R
e, P ER R 3R 96% Al 91%. K0 X K 5
MRAE F iR A E B R A TEE 1 RS 2 M
ZI], R 1 R NS 3, S 2 4%
FIRAE 4, L, G 5w AL BT SR A7
HE—E T2 1] .

b. G SER A IS FE4E

XTSRS R R A R R Ab, #
AL R e Rl A S R R PEAS AR . SR, B

Wite :
;? YER /%
L3 o 0 91 9 0 100
RS
N 75
2 0 9 0
50
1. 5 35 7 0 25
0
1 2 3 4 5
e
(b) IRVEHFE

B 6 StAEERERMERIEITM

Fig.6 Photoacoustic dimensionality reduction first and then fusion strategy evaluation
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