B A A ] Applied Mathematics and Mechanics
45 % 11 8] 2004 4E 11 H Vol.45,No. 11, Nov. 2024

© BERECERI ST 2 IS5 1000-0887 S ———
BREESHMHATRETFHNEBERD
T¥e, Kk #E, OE A
(WK s iR 2B, Bl 310027)

WE: DA RE Y SRR SR B R S B A AR, SRR T AR B A R R A R S e R
JE T EARTHATH R RIS AR EREASE 2 R A VERE , 52 B AT TR M2 1 58 AR T Bk L A2 5 A L
A PR 3 A 2 v 225 | R R g R 5 ek, Fevh A L ol o B P A S AR 9 R B A — D B, B
Wi e T kv A R v T S PR RE A RO, X AR o 1 RE RE R e 5 A i F o ) B 285G T B2 SC A X
BRALS A PRI 2 0 5 R AR L A Al SR A 5 S AR AR Y TS T Bk L R b A i
YEHTF B9 v i 2547 R AR USSR R W, B ) B S M OB RO S O, F ol 2 B A Sl T W s R, [
PR e R L ) S BTG R, T B G BRI o 25 50 2 23 MR AR L A, BREADL S 2R e B HL ol 2 i
JE 5 BT BRI R T 2 18] S B R AR ZME 6 R GZSCIFTE 45 R B i B MR v o 2 5 BE A BT TR AL T — e Ry B
LA

X 8 R MER; Sldm; REaR,; Bz

FESES: 034 XEFREE: A DOI; 10.21656/1000-0887.450266

Phase Field Simulation of Dielectric Breakdown
in Ferroelectric Composites

WANG Zihe, MI Zhang, WANG Jie
(School of Aeronautics and Astronautics, Zhejiang University,
Hangzhou 310027, P.R.China)

Abstract: The ferroelectric composite material with ferroelectric polymer as the matrix and ferroelectric ce-
ramic as the filler overcomes the inverted relationship between high polarization strength and high breakdown
strength of single-phase ferroelectric materials, exhibits excellent multi-field coupling properties such as piezoe-
lectricity and energy storage. Recently, it draws increasing attention. However, the stress and electric field con-
centration at the interface of ferroelectric composite materials can cause the electromechanical coupling failure
of the materials, and the dielectric breakdown is one of the main failure modes of ferroelectric composite mate-
rials. Therefore, understanding the effects of ceramic fillers on the dielectric breakdown performances of ferro-
electric composite materials is crucial for their application in high-performance energy conversion and storage
devices. Aimed at the multi-field coupling failure of ferroelectric composite materials, a phase field model invol-

ving polarization, strain, and breakdown order parameters was established to study the dielectric breakdown
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behavior of ferroelectric composite materials under electrical loads. The phase field simulation results indicate
that, as the particle size of the ceramic filler increases, the electrical breakdown path will avoid the ceramic
particles, and the maximum electric field inside the material will gradually increase, resulting in a lower break-
down strength of the composite material. In addition, a nonlinear relationship exists between the dielectric
breakdown strength and the particle size of the filler. The work provides a certain theoretical basis for the de-

sign of dielectric breakdown strength of ferroelectric composite materials.
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Fig. 1 Related properties of ferroelectric materials
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with an electric field applied along the x-positive direction
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Fig. 5 Transient states of the breakdown paths evolving with time under

an applied electric field of 240 kV/mm in the x-direction
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Fig. 6 Transient states of electric field £, evolving with time under an applied electric field
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Fig. 7 Transient states of electric field E, evolving with time under an applied electric field
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Table A1 The material parameters of the PVDF

Landau coefficient

gradient energy coefficient of polarization

a, /(J-m/C?)

ay, /(J-m®/Ch) 1.842x10"
ap, /(J-m’/Ch) 3.684x10"
oy, /(Jm®/Co) 2.585%10"
ap /(J-m?/C°) 7.775%10"

-1.412(T-108) x107

G, /(J-m*/C*) 5%1077
Gy, /(J-m*/C?) 0

Gy /(J-m*/C?) 2.5x1077
Gly/(J-m*/C?) 2.5x1077

electrostrictive coefficient

elastic constant

¢ /(J-m/C?) -8.52x10° C, /(J/m*) 3.41x10°
¢ /(J+m/C?) -4.20x10° Cp /(J/m*) 1.68x10°
G /() m/C?) 0 Cy /(J/m*) 8.65x10°
breakdown strength gradient energy coefficient of breakdown
E, /(kV/mm) 370 Ir/(J/m) 1x1071°
gradient energy coefficient of breakdown
k, 20
k, 0.1
kg 0.1

£ A2 BaTiO, kR 241
Table A2 The material parameters of the BaTiO5

Landau coefficient

gradient energy coefficient of polarization

a, /(m?-N/C?)

4.124/(T-115)x10°

G, /(m*-N/C?) 2.2x107"

ay /(m®-N/C*) ~2.097x10° Gy, /(m*-N/C?) 0
a, /(m®-N/C*) 7.974x10% G,y /(m*-N/C?) 1.1x1071
ayy, /(m'%N/C) 1.294x10° Gy /(m*-N/C?) L.1x10™"
oy, /(m'N/Co) -1.950%10° oy /(m*N/C?) 3.863x10'°
ay, /(m*N/CP) 2.539x10"° ®yp /(m'"™N/CY) 1.637x10'°
electrostrictive coefficient elastic constant
gy /(m*/C*) 1.13x10'° C,, /(N/m?) 1.78x10"
¢, /(m*/C*) 2.86x10% C,, /(N/m?) 9.60x10"
qu /(m*/C?) 7.08x10° Cyy /(N/m?) 1.22x10"
breakdown strength gradient energy coefficient of breakdown
E, /(kV/mm) 50 I'/()/m) 1x1071°
gradient energy coefficient of breakdown
k, 0.1
kg 0.1
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