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Abstract

As a sensitive component of sensors, the performance of piezoelectric ceramics determines the
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quality of sensor performance. Therefore, this article uses ABAQUS finite element software to
conduct piezoelectric analysis on a monolithic piezoelectric ceramic, studying the specific value of
the longitudinal piezoelectric strain constant ds; of the monolithic piezoelectric ceramic and its
relationship with stress-strain and displacement. In addition, the influence of the radius and
thickness of the piezoelectric ceramic disc under fixed load on the output voltage was studied, and
the differences between the series and parallel connection methods were compared. The results
indicate that the specific value of stress prediction dz; obtained through simulation has reference
significance. The output voltage of a monolithic piezoelectric ceramic increases with increasing
thickness and decreases with increasing radius. By comparing the output voltage and charge of
stacked piezoelectric ceramics in series and parallel, as well as their application scenarios, it is
determined that stacked piezoelectric ceramic stacks are connected in parallel.
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Figure 1. Flow of ABAQUS analysis of piezoelectric materials
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Table 1. Material properties of piezoelectric ceramic PZT-5A

1. [EHBE PZT-5A MRIBM

MEZH PZT-5A
Pt R $(GPa)
c1u1 121
C12 75.40
C13 75.20
C33 111
C44 211
JE HLRE A FE (102 mivolt)
dis 584
da -171
dss 374
J L R % (CIm?)
e3l -5.4
e33 15.8
el5 12.3
I L% 0(20°° Fim)
€1 8.107
€33 7.345

JE HF B ABAQUS B S BB BN T -
PRk R BOE RN A K (12) Firs -

(121 754 752 0 0 0
754 121 752 0 0 0
e _|752 752 111 0 0 0 10% (i) 12
0O 0 0 278 0 O
0O 0 0 0 211 0
0 0 0 0 0 211

s FEL AR 28 B0 R 2R (13) Bl s :
0 0 0 0 58 0
d=| 0 0 0 0 0 584|(10™mholt) (13)
-171 -171 374 0 0 O

I HUH ORI A (14) s«
8.107 0 0
e=| 0 8107 0 [x10°(F/m) (14)
0 0 7346
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Figure 2. Monolithic piezoelectric ceramic voltage output results
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Figure 3. Alternating force versus output potential versus time at 10,000 Pa
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Figure 4. Relationship between actual values and stresses for different ds;
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Figure 5. Relationship between actual values and strains for different dss
5. T[E) dos EFMES T ZBHIXFR

DOI: 10.12677/mos.2024.131093 971

Z

)

5


https://doi.org/10.12677/mos.2024.131093

MRSt <5

10000Pa | 377 [ fpr %%
8. 0E-11
—a— d33-434
6.0E-11 —e— d33-438
—A— d33-440
4. 0E-11 | —v— d33-443
—— d33-448
2.0E-11 [
E
w 0-0E0
=
-2. 0E-11 |
-4, 0E-11 |
-6.0E-11 [
-8.0E-11 L . L . L . L . L . L

0. 0E+0 2. 0E-4 4. 0E-4 6. 0E-4 8. OE-4 1. 0E-3

(] (s)

Figure 6. Relationship between actual values and displacements for different ds;
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Table 2. Correspondence between thickness and output average voltage of piezoelectric ceramic PZT-5A

% 2. [EHIE PZT-5A WEE S FHHBEEZ BN X R

553 0.2 03 0.4 0.5 06

IR 0.04801 0.07044 0.09393 0.1174 0.1409

SRTEE 2 VIR, A EE R B R N A AR A A2 JTTRARAN AR SRR, A e B s B ) SR
PRI . e B4 %9 15 mm. 18 mm. 21 mm. 24 mm. 27 mm [¥] & HL W% 454 LA S HY
JEZ IR it P E R W 3 Bix.

Table 3. Correspondence between diameter and output average voltage of piezoelectric ceramic PZT-5A

3. ERIE PZT-5A WERSHME FHBEEZ BN X FR

HiZ 15 18 21 24 27
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JrBTE 3 TR, AR IS PR RN A A AN B B P TR RE AN RS AT, Hi e e B T P P R
E RPN
EREPNR, RSN AR AT, e b R Rt R I I R PR R VR RS g, B
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Figure 7. Simulation results of 10-layer piezoelectric ceramic stacks
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