#3685 5114 Ak X F F R (B K AF KR Vol.36,No. 11
20155 11 A Journal of Northeastern University ( Natural Science) Nov. 2015

doi: 10.3969/j. issn. 1005 —3026.2015. 11. 014

S [EBRM A Cell - Based 8B RITE

Ry, &7 %, 2 B, F %
(RM: BB TREBE, Ak KFF 130025)

1 B, RASCHARR ST R H AR T 00 8 AT AH DG B BB i — 2 R T ki iR R A E A R
HSRHRG FERRCR G E B 50ET Cell - based JEHEAT BRIGIE 51 A B & S G0 i £ B ATRL R R A 3 T
FrRGUE AR Cell - based YA FRITHE. LA 0 ZEG0T HL PRI ) 85N 3], X SR L 80K | W
KA T ICECE A IE W3R B T9E47 T 308, 35 FEM VE T 0 L, B0 55 19145 SR 26 B, Cell — based JGIE A
FROGILECEE T A FROGILWIRE “ WA A Bl o, B RS B L R s A e

% # 18 Cell —based Yelit A FRIGE: ; FRAEM R 2480 1IE W5H BE K+

FESES: TB 115 MERFERERD: A MEHE . 1005 -3026(2015)11 — 1581 -05

Cell-Based Smoothed Finite Element Method for Piezoelectric
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Abstract; Cracks in the piezoelectric material restricts wider application of the piezoelectric
material and further improvement in the performance of related devices. To improve the accuracy
and efficiency of solving the fracture parameters of piezoelectric materials, the complex potential
function method and Cell-based smoothed finite element method( FEM) are introduced to fracture
mechanics of piezoelectric materials, and Cell-based smoothed FEM for the piezoelectric materials
with cracks was established. Normalized intensity factors of the center cracked piezoelectric with
different materials, crack length, meshes and smoothing subcells were discussed and compared
with FEM. Numerical example results showed that the Cell-based smoothed FEM, improving the
FEM stiffness with high precision and high efficiency, is efficient numerical methods.

Key words: Cell-based smoothed finite element method; piezoelectric materials; crack;
normalized intensity factor

J HAL BT 58 g 2 B B 5 B R AT DG IR 4 A
5T 20 4 90 4 X W) HH Pak, Sosa Fl Suo

JEHA BROCEE R ROCHT M AR G AA BRIT
M —FhJr i, BHTA 206 A RooEt 1

AU S RIFSE TAE. Kumar F1 Singh* SR 47 300
X RO e 1 R B R R AT T AT, ZE5e ) R
A FRICIE A T R BT THT SR 48 ) 1Y) 5
TR PR  Fang 210 R MM IELA T T
JE ARG R ) W3, A R oo ik i A
Tz AR I A A BR oo BRI A5 20 () 57 7% F% fi
I, R T EORS B Lin 28U 82 O A BT
.

Y BHE. 2014 -02 -17

i Cell - based YA FR e A T ok Bk I )
B PR T SR AR T RORS B AR LA, BLE
TR AR AT, IR B T KA AT 4
IR JEXT e AR B4 R) REA AR 9 K

AR SRR B S PR E I AT Cell — based 61 A FR
JOIE G AR 2 GOF T R AR ) N T
B R LA BAY Cell - based e A BRITE: | oK
fife 10 2480 HUM R 1 U5 B PR

EL2TE . HERAFEINELTF AL (2012YQ030075) ; HEK H AR F R A VEBIT H (51305157) ; HME RS T4 %0
5 H (20130305006GX) 5 7 MR ZEMETT A= BB 364 W Bh I H (2015121) .
YEE R FSIII(1982 ), 5 AR, SRR L & M5 (1959 - ), 3 MK SRz,

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

1582 AAXFFR( B AFFIR)

1 Cell - based Yoig A R oGE:

HITNAE— ST U uw FT L

Al RRH
u=YNg, =N, (1)
¢= ZNM =N,p. (2)

Krfn ﬁ%néﬁ/\ﬁ N,,N, Hj Cell - based )
zﬁﬁﬁﬁmﬁ/@ﬁ%ﬁ%,q @ 535 Ry 55 s )
A 255 PR 3]

G Hot QF AT B« Ak, Dl N AR
a(x") FOGH B E(x*) N

7(x) :Lks(x)(ﬁ(x—xk)dﬂ, (3)

E(x) :f E(x)®(x —x)d0. (4
o, @ A L, B

. /AY, xef),

A A B kOGIHITTIIRL A = dd.

o GWA o FpUL I A
o SRR B
~ SRy i

E1 RBFEERTRHEERHE
Fig. 1 Smoothing subcells and the values of
shape functions at nodes

W SRABIE 25053 A ny A VU SERTT, Y R
BAN,Q=U» Q& OND =0, i#j, DRz
8 TR 2, 1153 n ASEHFOT, BT S R
TR 5 R 4 AT I A S L OY pREUE.

ik (3) B (4) 805 Y
B() = Y B(x)a,, (6)
EG) = Y By (x)e, (7)

X, n, FOEHFIO L

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.

% 36 %

n Nui(xic);)n’; 0
. 1 < ;
B(x") =X 0 Nl

AM =
N, (x))n N, (x;)n,
(8)
1 Ny (x))ni)
Ik 9
(b(x ) Ak I(Nd)i(xicj)nfj ( )
KXH N, NN, ®—1ICEK;N, A N, i—1TT

Fixy, AL 53 BACH LA T 0P s (R )
FHCEE s ny, S EESOGH BAIT I A S 0 D nl

G390 x F 2 5 T AN T i
BATTRI ARG K TR
{K’;M Kﬂ
K* = " - (10)
K., K,
A,
K = 2§;TCE§;A" , (11)
Y BB (12)
_ ZE?gTﬁibAk. (13)

A€, R BB e 9 R BUE R g
AT L ROE R

TN
Kuu Kud) q—l |:F—|
= . 14
[KL) KM}LJ} QJ} ()
& . K, ZK’;M;KW ZK’;MKM =

D (b(b,Fj‘:’j]mi,Qj‘?%ﬁmi

F :fNTidQ—fNder, (15)
St HRETE T 5p M LT B S f R
2 JRHWMR

TCFR KI5 R MR & 2a K BERLLL, TE55 kb
ERB R ¢ = [0 of D7), 34
T b0 AR S R 2 SR AR S oR B0 R i R
A RHHL R & R acRim s 51 AE AR )
PREL U(z) FIHLA B RER o (2) , BRI

- 1 <
¢ (z) = (B, +iB; )z + 4 E,Ak“[zk -
j=1

V2 -d 1, (17)


http://www.acropdf.com

() = (B + in*) + ZAkJJ

Z
—]. (18)
Jz - &

Rl = —acs/2;1, =ao? /2,1, =aD? /2B,
B, SRR, I B SRR RE sz, A EOE
XS (k=1,2,3),
oAy —psAy Ay = Ay g~y
(A) =g i =mds A=Ay = | (19)
Y Sy (oY SR PR P P %
oA, AR AR 7 R AR
A=A =A ) + (A=A )y + (A, Ay, (20)
Ap==b(w)/8(my) ,6(pmy) #0 ,  (21)

b(p,) = (b +b15)/”*i+b33’ (22)
() = uU*i +05. (23)
R R T S x, =0, 2, =

+Aa ,Aaw ﬁ/\f(m%ﬂt(m)

¢, (z,) =Ma +— ZAkjj[a +Aa — V2ala] ,

(24)
1 - a +Aa
"“W(z) =M ALl = . 25
?"(z) + ; il M] (25)
K.
M =B, +iB , (26)
E S
K=YK =-2 EZ ZAkili, (27)
) _ o
K, :Rei[(k, (28)
K, =—Re2ka, (29)
K, =—ReZAK (30)
R R Z m%ﬁfﬂ”ﬁﬁﬁﬁj‘ VAL A
TR RS SR TR
K, =05 \Nma | (31)
K, =02 Vma (32)
K, =D Vma . (33)

LT RO RS AL 3

3 3
u1:2aReZpkM —NReZpkKk +wx, +u, , (34)
= =)
3 3
u3:2aRequM —NRequKk —wx, +v,, (35)
= =)

3 3
¢, =—2aRe Y CM +NRe Y C,K, +d,. (36)
k=1 k=1

SR 4489 Cell — Based B A FRG % 1583

Vi
N:a+Aa— \/m’ (37)
Vaa
P =a s +a; —by A, (38)
g, =aum; +ay —byaA) /iy, (39)
C,=(bs+6,A)1,. (40)

K i, uy A vy ANHRGIRS b, Z R
FERMIAL ML E Ny

3
u!” =2aRe ZpkM - ERe ZpkKk +wx; +u,,
=1 =
(41)
3 ) 3
u” :ZaRequM - ERequKk —wx, +Vv,,
k=1 k=1
(42)
3 3
¥ =-2aRe Y C,M + EReZCkKk +d, .
k=1 k=1
(43)
!
. ul _ul
lim [ j_ReZpk K., (44)
. ”3 _”3
gglo j_Requ K., (45)
) d) d)(o) \/_
12930[ ReZTCK (46)

ﬁb,mﬁﬁ Cell - based YA FR T KA 47
SURERS RN S B BB A (44) , 5K (45)
FI (46 ) AT R Ao LR 7.

3 BUHB A

TESTRAR A AT AR, S O R EUR LR

B AL E2 fr s, K21 =40 em, H 4K JE 2a,
o "D
bbbttt

C_
(-
r ;
2 i
2/=40 cm
A Bl
B R R B
-¢” -D”

B2 SfORGEBREFER
Fig. 2 Piezoelectric model with a centre crack

AcroPDF - A Quality PDF Writer and PDF Converter to create PDF files. To remove the line, buy a license.


http://www.acropdf.com

1584

P WAL T 1), 5% 8 JC 55 35 Ak 1) 5 1) 3 5] i
o” =0.1MPa fIH{F D™ =7.5 x 10 °C/m*, %
H PZT -4 F1 P -7 WA BT BUERIL, B4k

RAKF FIR( B AAFR)

% 36 %

ZHnZ 1 . R Cell - based JGIE A BT
Bou, F b, FEAMER] Aa =0 &b B )7 fR g, ff n]
SRAG 5 B K-

xz1 MHREH
Table 1 Material constant
FAVEE B x107'°/(N-m~?) JERE B/ (C-m™?) EEB x107°/(C-V-m™)
kL
€ Cip Ci3 Cyy Css €3 €33 €5 d, dy;
PZT -4 13.9 7.78 7.43 2.56 11.3 -6.98 13.84 13.44 60.0 54.7
P-7 13.0 8.3 8.3 2.5 11.9 -10.3 14.7 13.5 171.0 186.0
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Table 2 Normalized intensity factor under different mesh dividing methods

I I I
8 R FEM SFEM FEM SFEM FEM SFEM
PZT-4P-7 PZT-4P-7 PZT-4 P-7 PZT-4 P-7 PZT-4 P-7 PZT-4 P-7
K/o: Nma 0.964 0.977  0.972 0.988  0.950 0.950  0.956 0.961 0.963 0.940  0.973 0.955
K,/D% Nma 0.959 0.985  0.967 0.994  0.937 0.957  0.948 0.968 0.918 0.925  0.938 0.944
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Table 3 Normalized intensity factor under different crack lengths

a PZT -4 P-7
— 58 JEE YT
cm FEM SFEM FEM SFEM
K/o3 Nma 0. 964 0.972 0.977 0. 988
: K,/D3 Nma 0.959 0. 967 0. 985 0. 994
K/o3 Nma 0.932 0. 947 0. 924 0.941
- K,/D3 Nma 0. 940 0. 955 0. 947 0. 963
K /oy Nma 0. 980 0. 987 0.971 0. 983
? K,/D3 Nma 0. 969 0.978 0.978 0. 987
K /o5 Nma 0. 987 0.993 0.979 0.991
> K,/D3 NTa 0.974 0. 983 0.983 0.993
; K/o Nma 0. 990 0. 994 0. 996 1.003
K,/D3 Nma 0.991 0. 998 0. 981 0. 989
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Table 4 Normalized intensity factor under different smoothing subcells

SFEM
i FEM
R 1 2 3 4 8 16
K/og Nma 0. 996 0.957 1. 009 1.011 1. 003 1.003 0.998
K,/D3 Nma 0.981 0.921 0. 998 0. 993 0.989 0. 985 0.986
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