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Table 1 Performance parameters of PVDF and several general piezoelectric materials

WPE SRR B SE L,/

JEHL B FEXF A EL & i}
(10"°m?-N7") (1073Vm-N") (MRayl) (kg-m™)

B #1 PVDF 8.5~12.0 320 330 2.5~3.5 1780

X Yl g 4.5 15 57.8 15.3 2 650

BaTiO, 1 700 8.5 12.6 25 6 017

PZT 1 200 18 21 34 7 500

PVDF J A 3 2 DL F 500 A 5 il 1 8 1)
TCUR 5 A, T LLHE AT R R 0 R S R, Y
PVDF Hs A M 32 31 & 56 F 8% 7 AE 0 8 He Tk ol 3
Jil e, H 3 E AN AR TR AR AT & A
5 7 U ) 4 S5 R B IR A R 21 PVDF
HL S -, (O 32 30 ik gl i & AR L T3 AR R T
IE FE BN 7= A WA S R 0 A
PO o, AR R I B A AR S AT A SR S R A
0] 3% =[] By s (i) e B A, b il ek = (1) 55
DA TR B d

d = ° (1)

P Ae=T,=T, T, F1 T, 3 5 Ry 1500 4 AR <08 79 ¢ [m]
SR

H AT, PVDF Hs H v B i il 25 80K & &R % 5%
o WE 1 TR B PVDF TR A 5 2 TR 7E B S 5
W42 1 DL it 47575 s . T PVDF & L i
OB T AR A AR SR T
Tl ik, IF H o B il g T 404 T Il 45
e b2 v BT 22 P 5 ek, W S 5 2 e 1Y [ B
BT AZER

l

)l i
| R
_ R T

o=
. R

=< PYDEE S
— fRBR

WA

B1 ZHESERRENE
Figure 1 Structure diagram of flexible ultrasonic sensor
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Figure 2 Ultrasonic excitation signal
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Figure 4 Simulation modelling of flexible ultrasonic

sensors before and after acoustic matching
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Figure 5 Simulation results before and after acoustic

matching of PVDF piezoelectric film
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Figure 6 Equivalent circuits before and after matching

of flexible ultrasonic sensors
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Figure 7 Flexible ultrasonic sensor thickness

measurement experiment platform
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Figure 8 Echo signals measured by flexible ultrasonic sensor before optimization
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Figure 9 Echo signals measured by the sensor with different backing conditions
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Figure 10 Echo signals measured by PVDF piezoelectric
film before and after acoustic matching
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Figure 12 Time-domain diagram and frequency-domain diagram of the echo signal measured by the sensor with

different matching inductance conditions
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Figure 13 Echo signals measured by flexible ultrasonic sensor after optimization
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Laser Ultrasonic Defect Detection Based on Local Outlier Factor and Isolated Forest

LI Yang', ZHU Wenbo', JING Fengyu’, YE Zhongfei’, MA Yunrui’, ZHOU Yang', ZOU Yun '

(1. School of Mechanical and Power Engineering, Zhengzhou University, Zhengzhou 450001, China;2. POWERCHINA Henan Electric
Power Equipment Co., Ltd., Luohe 462000, China; 3. State Grid Henan Electric Power Research Institute, Zhengzhou 450052,
China)

Abstract; In response to the issue of artifacts in the maximum amplitude images in laser ultrasonic (LU) defect
detection, principal component analysis (PCA) was integrated with two unsupervised machine learning algorithms
including local outlier factor ( LOF) and isolated forest (IF) to perform unsupervised anomaly detection on LU
data. Firstly, the PCA algorithm was used to reduce the dimensionality of the LU data, simplifying its complexity.
Secondly, the LOF and IF algorithms were employed to identify outliers in the data, and the thresholds for these
outliers were determined using the cumulative distribution function and kernel density estimation. Finally, a
comparison of the detection results from the LOF, IF algorithms, and the maximum amplitude images revealed that
the LOF algorithm offered superior defect detection precision and a lower false positive rate.

Keywords: laser ultrasonic; defect detection; principal component analysis; local outlier factor;isolated forest;

aluminium alloy

( L35 104 TT)
Optimization of Piezoelectric Flexible Ultrasonic Sensors Based on Backing Layer Matching

YU Yongjie', DU Yuqi', HUANG Shilei’, GAN Fangji'

(1. School of Mechanical Engineering, Sichuan University, Chengdu 610065, China;2. School of Electronic Information and Electrical
Engineering, Chengdu University, Chengdu 610106, China)

Abstract. Even with the advantages of small size, light weight, and easy matrixing, flexible ultrasonic sensors
based on polyvinylidene fluoride (PVDF) piezoelectric film are susceptible to back clutter and impedance mismatc-
hing, resulting in a complex frequency component of the return signal and a low signal-to-noise ratio. In order to
effectively absorb the stray waves at the back of the sensor and improve the ability of unidirectional radiation of
ultrasonic tungsten powder and silica gel were used to design the backing layer for flexible ultrasonic sensors, which
could increase the signal voltage amplitude of the sensor by 200% while maintaining the overall flexibility of the
transducer. Secondly, according to the electrical characteristics of the flexible ultrasonic sensor, an impedance
matching method for flexible ultrasonic sensors was proposed, and the best matching parameters were obtained
through experiments, so that the signal-to-noise ratio of the sensor was increased from 2 dB to 30 dB. The optimized
flexible ultrasonic sensors had the excellent performance of wide bandwidth, high frequency, narrow pulse. The
experimental results of the measurement of the thickness of pipe test specimens with different curvatures and wall
thicknesses showed that it could reach the accuracy of 0. 01 mm.

Keywords: flexible ultrasonic sensors; backing layer matching; impedance matching; signal-to-noise ratio
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