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Table 1 Performance parameters of PVDF and several general piezoelectric materials
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Figure 1 Structure diagram of flexible ultrasonic sensor
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Figure 2 Ultrasonic excitation signal
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Figure 3 Sharp pluse circuit diagram
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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

SENCIE 2 E S|
1
S—ENM (4)
R IBICIRYS: Iy NE IR A A i =S L =
BN, 32 o AL AR A R

3 EMBEERFARTEMLTTE

FLT PVDF [k FL 5 A 22 1 7 A2 S AR B A
A2 ey D R 0 AR R i Y A {EL 0 A5 AL S A AE
T AT IR Pk LA 5 e 119 £ W B O O PR SR 1 il
i 20 S A E R B AT AT IC I, — B DL T
H T F ACH B Y i A BT, e A BN R AR Y
UL, 5 S B A I AN 52 R IE 4 1) T AR, A
I, T il e B B A I A BELE DE B 7 95 47
WFSE . — TR, ST PVDF i 5 00 iy A fL T,
AL T I IRORZS I AL M T 0 LS R A% i 2
R AR TR B, R PVDF TR R R A
Ty BEAE Z kB e AR R 3, DLRAS e K AL 2 %

Xt PVDF s A 3 [ 119 L = 45 24 0 B A S I, A
T A IZ AR 3l , J7 (8K 0 T ri 48 RE 4% 7 15 FRL 0% 190 255 ik



T A T AR VC R A T SR R A AR

PG — 0 M , A SCHT KM 90 45 S G e 2 4 i 47 25
B HLEE AR 6 (a) B, Horp VR B R LR AR
SRR, R, R HL AR LB, R, R R Sk R S SR AL
HLBH, C AR EBOR A . A 2 A, It
i LR IEAT DL, 5 WL 5 X 3 i R I HL JER DL
fict - EC RL JBR G e B D 2% DE R, P T e G P JR DC i
Dy Al 45 BE A% v U A1 8 o) A1 A5 75 1] B 3, 99 455 DG 75 DUl
T2 R, MYMEREE , DA S F T B fRL J8% ) DT
fic 2. BT PVDF He B AR /i W 3 BOIR /N, H
HYLE KT R, R, 7T LLZBA T, W& 6(b) PR,
VEFCHL R L F0 PVDF SE850H B g € A LAY LC )
KIS IRATR N 5 PVDF R HL 5 9 3 R 50 £ %
ES R G - € E 31 (= ) A = /N W )
1

G >

B e
L.MKJ i
11
~I
—1
LT
=

| Iy SRR

(b) PLHE 5

(a) VLA H]
Blo6 FMBAMERIFLERNRESENERK

Figure 6 Equivalent circuits before and after matching

of flexible ultrasonic sensors
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Figure 7 Flexible ultrasonic sensor thickness

measurement experimental 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 under 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 11 Diagrams of time-domain and frequency-domain

of the echo signal measured by PVDF piezoelectric film
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Figure 12 Time-domain diagram and frequency-domain diagram of the echo signal measured by the sensor under

different matching inductance conditions
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Figure 13 Echo signals measured by flexible ultrasonic sensor after optimization
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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; Flexible ultrasonic sensors based on polyvinylidene fluoride (PVDF) piezoelectric film have the advanta-
ges of small size, light weight, and easy matrixing, but are susceptible to back clutter and impedance mismatching,
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
increased the signal voltage amplitude of the sensor by 200% while maintaining the overall flexibility of the trans-
ducer. 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 exper-
iments, 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 experimen-
tal 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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