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Research on wave impact pressure sensor based on piezoelectric
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Abstract: Wave impact pressure is one of the important physical quantities in ocean engineering. The traditional
method of measuring wave impact pressure using pressure sensors has single measurement results and poor stability.
Therefore, it is necessary to find a new measuring element to replace pressure sensors. In this paper, MFC is used to
measure the wave impact pressure of the model for a wave impact on a vertical plate. In order to verify the feasibility
and accuracy of this measurement method, the measured values of wave impact pressure measured by MFC were
compared with the calculated values of empirical formulas commonly used in ocean engineering. The experimental
results show that the measurement results of MFC are in good agreement with the calculation results of our country's
specifications; compared with our country's specifications, among all the effective data generated by the five incident
wave heights, only the average error of the incident wave height of 5 cm exceeds 10% , which is 18. 25%. The average
error of the incident wave height of 12 c¢m is the smallest, with the smallest being 2. 56 %.

Keywords: wave impact pressure;piezoelectric fiber composites;empirical formula;droplet calibration
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Table 1 MFC calibration test parameters
wRE/ REANGERES W IZUN YN
m (mes ") HWE/mV i 1/N FEJ/kPa
0. 05 0.98 411.53 0.013 0.032
0.1 1. 39 553. 25 0. 025 0. 064
0.15 1.7 642.33 0.038 0. 097
0.2 1. 96 722. 54 0. 05 0.128
0. 25 2.18 815.4 0.062 0. 159
0.3 2.39 901. 42 0.075 0.19
0. 35 2.7 1 004. 35 0. 087 0.221
0.4 2.74 1 080. 53 0. 099 0. 252
0. 45 2.91 1 153.32 0.111 0. 283
0.5 3.05 1201.21 0.122 0.311
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Fig. 7 Fitting curve between maximum impact pressure and

peak voltage of water droplets
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Table 2 Summary of wave impact pressures per unit time

measured at various sensors at different wave heights

kPa
W/ em 3 6 9 12 15
1-MFC 0 0 0 0.05  0.14
2-MFC 0 0.01 0.09 0.2 0. 54
3-MFC  0.02 0.12 0. 38 0.64  0.82
4-MFC  0.32 0.57 0. 86 1.2 1.34
5-MFC  0.26 0. 46 0.72 0. 96 1.18
6-MFC  0.23 0.41 0. 62 0.73  0.85
7-MFC 0.2 0.33 0. 48 0.61  0.75
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Table 3 Comparison between calculated values of various

formulas and experimental results under the action of a wave

peak with an incident wave height of 0. 03 m kPa
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Table 6 Comparison between calculated values of various
formulas and experimental results under the action of a

wave peak with an incident wave height of 0. 12 m

z/m Sainflou Goda KEAE AR kPa

0.15 0 0 0 0 z/m Sainflou Goda KEAE AR
0.1 0 0 0 0 0.15 0.02 0.12 0 0. 05
0. 05 0 0 0 0.02 0.1 0.43 0. 31 0.2 0.2
0 0.3 0.18 0.29 0. 32 0. 05 0. 84 0.51 0. 69 0. 64
—0.05 0. 28 0.17 0.24 0. 26 0 1.24 0.71 1. 18 1.2
—0.1 0. 26 0.15 0.19 0.23 —0.05 1. 16 0. 66 0. 94 0. 96
—0.15 0.24 0. 14 0.15 0.2 —0.1 1.08 0.61 0.75 0.73
—0.15 1.0 0. 57 0.6 0.61
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Table 4 Comparison between calculated values of various
formulas and experimental results under the action of a

wave peak with an incident wave height of 0. 06 m
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Table 7 Comparison between calculated values of various

formulas and experimental results under the action of a

kPa wave peak with an incident wave height of 0. 15 m
z/m Sainflou Goda KEHE AR kPa
0. 15 0 0 0 0 +/m Sainflou Goda FEME RN
0.1 0 0 0 0.01 0.15 0. 39 0.29 0 0. 14
0. 05 0.16 0.16 0.1 0.12 0.1 0.78 0.49 0.49 0. 54
0 0.61 0.35 0.59 0. 57 0. 05 1. 17 0. 69 0.98 0.82
—0.05 0.57 0. 33 0.47 0.46 0 1. 56 0. 88 1.47 1. 34
—0.1 0.53 0. 31 0. 38 0.41 —0.05 1. 45 0. 82 1.18 1. 18
—0.15 0.49 0. 28 0.3 0.33 —0.1 1. 35 0.77 0. 94 0. 85
—0.15 1. 25 0.71 0.75 0.75
x5 ANHES0L09ImEEERATEAKXNITEES
IR 0.15¢
Table 5 Comparison between calculated values of various ___(S]‘gggo“
formulas and experimental results under the action of a 010 N e REHE
wave peak with an incident wave height of 0. 09 m 0 05_:\‘ . AR
kPa . ::?i:?i;:: ------
2/m Sainflou Goda KREME  RE R 50 o 7 e
0.15 0 0 0 0 -0.05} ,l'
0.1 0. 07 0. 14 0 0. 09 3
-0.10¢ P &
0. 05 0.5 0.33 0.39 0. 38 X )
0 0.93 0.53 0. 88 0. 86 R R Y TR TR T 02,0 025 030 035
—0.05 0. 87 0.5 0.71 0.72 Fikka
—0.1 0.81 0. 46 0.56 0. 62 11 0.03 m AGF¥ & AR 4R 545 R ) 1
—0.15 0.75 0. 43 0. 45 0. 48 Fig. 11  Comparison between calculated results of various formulas

and experimental results for incident wave height of 0. 03 m
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Fig. 14 Comparison between calculated results of various formulas

and experimental results for incident wave height of 0. 12 m

KR 2 FEA I 2 B, WK TG LA L B R B R 22 %
WK 5 Goda 2B EA L. B T #/KE T 0.1 m Al

B 15
Fig. 15

0.15 m A mi & AR TH R 25 R 556 25 R Xt
Comparison between calculated results of various formulas

and experimental results for incident wave height of 0. 15 m

0.15 m &b, oA B AME T A X3HEE; 538, E M E
IEEME, k2 ERRE ST EEEAY A BT
ARSCHAF T TR % 42 18, )W 1% M Sainflou 2% 3% [H #1705
KAENARET A HL ., JCiE R0 I i (A 2 B T (A,
F K TRT Ak 1) oo TR R R e K, TR K TR AR B s T %
W

v LA A Ay A o M a0 1 5 A o (R 25 - 3
B R BUE A ST 5 em, o 18. 25% , 18 25 ¥ {H 8 /)
WELAE A S 12 em, A 2.56%, BRI iR 2% N
7071 % URHAZIN B R RO R Y

SR vhli ORI 5 4 2 A R 2 R E
BT ILA S LR A AR5 E & 0T S22
S A — A8, TSR B 00 2 {7 A e 22 5 b i B
FE AT BAE T — R R S, AT RE 23 5% i) S R ) o
SR BBUE R e R R E e AR oA —
P R K T DU i £ S B ST AR AR 2 B TR P
PR — 7 R PR By o R ) e 45 5

3 &% it

AR SCR TR R bR MIFC A Sy 3 TR e i s ) 4% 8%
s HESL T MFC A% 8% I 32 7K i i JR g 5 7 AR 0
FLR PR B 56 2R i o R o R A R I R S 3
e TR A 2240 20 SR B TS (E X L A DU 46
MFC & I8 8% 32 7K o ify I 3 45 H ™ Az e (i v T 69 O A
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R AR YGRS 45 2R 5 T E TS A5 R A & L B R 2 iR
260 7. T1060 s BEWI AR 56 2% 1F 15 3 I M08 A3 R o
HE— 25 158 A i R TR B, MIFC A 825 00 2 3t R o o
e Dy AT 3 A L R AT LA g T T A% T e A AQR 1L R AR
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