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Abstract: The flexoelectric fields’ interactions between microholes of common defects in solid materials are
studied. With the collocation mixed finite element method, the distributions of the stress, the strain gradient,
and the flexoelectric field around the hole of the single hole and the double holes, respectively, are compared.
The numerical simulation results indicate that, the flexoelectric fields’ interaction around the double holes e-
merges with the gradual decrease of the distance between the double holes. In addition, the effects of the dis-
tance between holes and the size of holes on the flexoelectric fields’ interaction between microholes are ex-
plored. The results show that, reducing the distance between double holes and shrinking the size of holes will

induce to an enhanced interaction of the flexoelectric field between double holes.
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fn AR EAME A R TTIA A ST T FCC SRR 11 28 T A4 KRR AR FHAT R, 204 1 b AR B ) G028 3l £ 2R 1T
FIR) YR A A o 25 1 223 IR K R AR LA F A5 . Soutis 26 2847 BROT/MT T — X B4R R 5 mm AYFLIE]
FRR ELAE AUt SR e B, 4L O AR R 1t DU AL AR A, LI T84 A B A L G T B il e Aol v £ LT
FHELAE FH % RIS, 1 AR B A T 2 e W AH OC Sk, P AR SCR HBE 23R A FR T ( collocation mixed
finite element method , CMFEM ) A0 XSFL 8] (4 AH B A FH XS F L3I B30 556 il F 2807 A9 2 Wi X G T B L AT L FLAR
RN MR 32 (N 7, A8 R0 FE ) FH AL 2% (FRL A WAk ) e iz A 1 F LR ) 555 LI RO %o fL Tl A BLAE
FEFE M F RN H IR R T X S SR VR FHALAE.
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a flexoelectric solid
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Fig. 1 Boundary conditions for centrosymmetric dielectrics considering

direct and converse flexoelectric effects
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(a) The 1-hole model (b) The 2-hole model

B2 [RIEALI ) R A A b 5 SR =]
Fig. 2 The Cartesian coordinate system and the circular hole problem
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(a) FALIEAY (b) XUALEEAR]
(a) The 1-hole model (b) The 2-hole model
3 & 2 FR B AL ] S A FROC R R
Fig. 3 The finite element meshes of the circular hole problem in fig. 2
®1 PZT RS2
Table 1  Material parameters of PZT 2!

elastic constant internal material length
¢y, /Pa ¢y, /Pa ¢y, /Pa cyy /Pa I/m
1.26x10" 5.3x10" 1.17x10" 3.53x10" 2x107°
permittivity flexoelectric coefficient
a;, /(C*/(N-m?)) ay /(C?/(N-m?)) S /(C/m) > /(C/m)
1.51x1078 1.30x1078 1x1077 0

2.2 BT 5IFLH TRt B A A L

A/NTF 2.1 /N1 ST ) SR LRDBCFLASE R LU T RS AR T FLIR B30T %) g 23 Fn e il i 47 1] 4
Jis  BAVEAU T2 T & B AL AR B S 53 1 oy, R RRBE G 1 m,,, L3S0 8 E, AR A3
i P, =ELNE 4(a) hal LUE A H, AL T PR LAY SRR AL L3R [a] 2 7= A A AR, (A5 FLIR
JE IR N T oy, AELAS DX 3SR RR . o T Sy 46, LIRS B A AS 38 50 e S S L) s SR B 3 ™= A v oy A8 A
(F 4(b)) , HILEFLIRE Bk T E, fifde Py, 724 7 8 23 096 s Ry, anlEl 4 (¢) F1 4(d) FIiR.,

(a)

4 FRALARELETTTEARRI R 1 34k 0y BSKEIE 3L ) . S By AR AL P, BIR

Fig. 4 Contours of stress component 0, , strain gradient component 7),,, , electric field component E; and

polarization component P, of square plates with 1 hole and 2 holes, respectively
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Fig. 5 The variations of stress component 0, , strain gradient component 7,,, , electric field component
E| and polarization component P; along the x -axis in square plates with 1 hole and 2 holes, respectively
(with dashed lines representing the boundaries of holes)
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DR DA fL 320 5 3 L e ri 00— i A2 2 A SRy BB R, 7S I AR A6 2 B P9 A TR, 5k L 1 TR B i, R
?%%UTﬂaiﬁMQﬁgﬁﬁ Ny o
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AT

(@)

-4 000

P, /(mC/m?)
(d)

6 RFTLIIBER AR 1AM 0y | ZSHRE S .y, | S50 BE B, FURALSME P, 2516
Fig. 6 Contours of stress component o, , strain gradient component 7,,, , electric field component £, and polarization

component P, of square plates with different distances between 2 holes

N7 B UAFRATTAASE , B2l 1 A i A A A 2, iR 7 B I HUR A bR i R
FLIA] RS EAT N — AL AL PR BT 7 (a) vl LA M, Bl FLIE]BE B A0 0s , FLIR A SR oy, WSRO, LA B9
0, WIZRHTHE A ERA P FLIR] AR FE RSB/, PFLIR] AR AR EL A TS g, FL IR 30T A9 07 g 4 rb B Gt dt 25 5 HL A
K7 Rk af AR, 0y, ma, , By R Py IR RSB B L TR] B S 14080/ N T AR T ARG BT, 25 £ 1] 3 i )
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Fig. 7 The variations of stress component 0,, , strain gradient component 7),,, , electric field component £, ,
and polarization component P, along the ligament in square plates with different distances between
2 holes (with dashed lines representing the boundaries of holes)
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E,/(V/m)

4 000

-4 000

P, /(mC/m?)

(d

B8 ARALIFART I FEARBIN J1 734k oy, | BEBBE M 0y, WIS E B, FIAL M P, B 1K
Fig. 8 Contours of stress component 0, , strain gradient component 7),,, , electric field component £, and

polarization component P, of shaped plates with different hole radii

SR 2 [T e AT 1 JC vk e W /LA T 8 il v 800 A i 7 R L5 AL =2 T AE A
Ao, PR A BN FL G ST RO [RIAE S B i LSO A AN 7 BB WA A 5 2 FE X — B B I, AT RERR
e RS 2800 5 AL AR LA HISE R 52 20 52 2 L.

N T DU ST SIS, T TR T BRFL R LASE 2 [7) P 5 28 L ) 2 A ) A8 Ao B 73y, ITERL
Yo E, WAL AR AL 2, AnTE] 9 Bz G HUR AN 2.2 /N AR ] 69 Ak B o 0L AR RS v 7 0] L 31
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Fig. 9 The variations of strain gradient component 7,,; and electric field component E| along the ligament in square plates

of 1-hole and 2-hole models with different hole radii ( with dashed lines representing the boundaries of holes)
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