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Coulomb s
, Coulomb 2 ( ),
1
, 1 Stroh
U= AF(z)+ AF(z), = BF(z)+ BF(z),
U= (unusus, ), = (5 5 )0
A= (ay, az, a3, as), B = (b, by, b3, by),
F(z)= (q1F1(z1), g2F2(z2), q3F3(z3), q4F4(Z4))T,
zZ= (zl,zz,z3,z4)T, z = x1+ px2, = 1,234,
i=- %2 2= i1, Ei= - i= 1,23,
Di=- "5 Dy= "
(1) (2) ) U ) ui( )9 ( )7 ?(
X T
( ); i, Di  Ei , sq=(q1, 92 g3, q4)
sF () ip
b p 9 T 5
; Latin ) 5
) P D)
1.1 Green
1 f* = (fl’fZJf37 - q)T ’ 3
0 0
1 z = x1+ 1x2
E 18]
(2) : U ,
IJ,]Z O s s j Di
, Green
L],l: O; s
du=0, d =f, z° c
i 0, Di 0O, z ,
F=r+1% = (280" :
Coulomb (3) 2 z
(3), f(z)

[8~ 13]

(1)

(813, ,

(1)
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, Green

4

U= 2Re/A w+ qo]+ 2RefA v+ q],
=1

4

= 2Re/B w+ qof + 2Re[B v+ q],
=1

4

we = wl,w =In(r -r"-In(1- r),
=1
! 0 (4)
v = v I, v =Infl-r'r)=Inl-r),
=1
2 = 19273949
z + ‘zz— a’- ai 0 2%+ ’(zo)z— a’- ai
r o= , T = ,
z + Izz— a’+ ai 22+ I(zo)z— a*+ ai
I = diag{ L2 3 z},
Kronecker delta, gy , k=01234 qo q
Alq():_ A‘I: (5)
(4 (3) 1 ) (3) 1 , :
g =— A 'Al g0 (6)
= 1,234, (7)
2,
Na
51«
@ Re(z,)

-~ X3
oI’y
-
-a o
3 z_ 4 g(z)
, 3 :
x1= acosh , xo=  bsinh ,
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2a  2b s
g(z) = z+ Jz°= &= b (9)
3 4 - 20 , 0= arctan(b/a)
Re(g) 0 1 ,
gi(z) = z+ 7= & (10)
1 4 (o= 0),
Wl g2} 0 (1)
, (4) (11)
lrl 1 (12)
v 1 (4) (3)
17
qo = iAf (13)
,Green
4
1 T 1 -1 T
U= —Int A « A - A v: A AIA
oA we Aot wfa b,
1 L’ (9
= —Im{ B w: A" = B v: A 'AIA"
Im{ w }f+ :llm{ v }f
1.2 Coulomb  f°
(14) fo, Green fO,
Eo(x?, x(z)), :
1) (2) (4) ) f E(x1,
x2),
Ei(x1,x2) = - ar E2(x1, x2) = - Ty E3(x1,%x2) = - s T
(x1.x2) = s(fi +fi). (15)
4 4
§ = le{ Aslwai v+ o A‘khkA,-]}
=1 =1
2) Bamett  Lothe ! Hu 3 s "
z° f+rf° ) E (x1,x2)
Ey (x1,x2) = - ol E> (x1,%2) =~ va’ E3(x1,x2)= 0,
L= s (D) (16)
.1 0 0
sji = —Im Asln(z - z27)A;
=1
3) Eo(xl, x2)
ES(x1,x2) = Ei(x1,%2) — E1 (x1,x2) = — —( - "),
E3(x1.x2) = Ea(xix2) = E3 (xixa) == —( = ), (17)
ES(x1,22) = 0
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, Coulomb  f°

fP: (]E(l)(x(l),x(z)), f20: qu(x(l)’xg)a f3O=f2: 0
(15) (16) (17) (18)

(gu- Vq)ft+ gufi+ hi= 0,
guf '+ (gn- 1/ q)f3+ ha= 0,

g == (s =) b= s 5

1l
=
NS}

f? _ qz(g22h1— gnh2) - qhi
q’(gngn- guga)- qlgn+ gn)+ 1
oo ¢(guha— gnhy) - ghs

? q’(gngn- gugxn)- qlgu+ gn)+ 1
fi=fi=0

(14) (20), 1

Green

= ( u, n, B3, D1)

IM{B pe w A}(f R

1 Im{B prvs AT 1AIAT} o + 19,
=1
tr=( 2, » mD)'= 1=

L B ows AT (5 1 0

l4 e -1 T * 0
I B v& ATAIA(f + f°),
=1

~ 2ia(z + Jzz— az)(l— ro)
- (1= r)(r = °)(z + }zz— a*+ ai)’ }zz— a*
b, = Dia(z + Jz*— a*)(1-r")
(1-r )(1- ror)(z + Izz— a’+ ai)2 Izz— a’

, A B

Ki= (K ,K ,K ,Kp)h=1 /2(a— x1) t,

0

xz
Ks= (K K K ,Kp)b= lim J2 (a+ x1) t2

Xy -
x2=0

£

f x1= 1,x2=0 , 1< a A

>

1

- = S ). K= —

Ny S(f+f)

B

(18)

(19)

(20)

(21)

(2)

(2)

(24)
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S= i(2AB"' - 1) [3 8 (21) (24 :)
[9, )
Coulomb  f°

2

1 1, .1 2 2 .
1 z = x1+ k2 z = x1+ 1x2

fl: (foé’f%’_ ql)T .f2: (fif%,f%; - q2)T

dU=  dU=0, d =f'+f" 4 =f+f" (25)

1 2 4
i 0 D; 0 z
,c( =12 z f q Coulomb

o [(ula e
4 lm{ ABS w A IAIAaT}] oS+ 9]

5= %él[(lm{333w§44AT}+
4

gllm{m;f;? A 1A1A4T}] 5+ 9]

(26)

u}ﬁ: In(rA- r§l)— In(1- r4),
vi’{: In(1- r}ZB)— In(1- rB),

(27)
rﬁ: Zﬁ"‘ ,1(2%2— a’- ai#
z}§+ J(zgiz— a*+ ai
(2 (%) 1 flofbrp-12 Lxs)
E&(x§, xg) , S= 1,2,

EP (%23 = - Tim -
zyZ

5X1

S
CEYGY ) = - i P BV 49 = o

2
LSS X2

4 4
= %Im 6 A4A[w it 6 Uz@‘fAklAkBAjél (ffL+ f/'lD)J’
A= 1 B=1 (28)

4 4
6 Anl (0l wD)Au+ 6 BN AmA (1 + f]&)},
A=l B=1

w%: In(zA- z?g), S L= 128X I#
Y

SR gV D), (= g w3, R g o ()
(28) (29)
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(ghi— Vafi’+ gbf2’+ rif®+ rifi’= hi
gnf '+ (gn- Vg )f 22+ raf 2+ rf = h,
Ff 0+ i 2+ (g%l— Vag)f '+ ghf 3=

ruf 10+ rof 20+ gnf O+ (gha- Vqa)fs = h3,

B

(30)

4 4
g‘%): - % IHQ;T]J""{ 6 A4A[(w}§— w%)Aﬂ+ [le}%ﬁlg}AkBA[é},
4
A=~ 3 lim Klrn{ 6 Aulwian+ UZBAT%IAMAIQ},
sy B 1
h%— Lhm ’Jm 6 A4A[ ﬁAjA+ Q U£B4_A13AkBAjf;Z|}ij+ (31)

P Ssx

hm I(Im{6 A4A|:(1/U;Z— WA)A i+ 6 U;%AALAABAJB}ij

z)z 5

K LS D= 12 SX I#
30 2 (26) #
, Coulomb # a= 0.01m, PZT _5H,

cii= 126 GPa, cio= 79.5GPa, ci3= 84.1GPa, ¢3= 117 GPa, cuu= 23.0 GPa,
es=— 6.5C/m% en= 23.3C/m% es= 17.0C/n’,

Eyi= 150 @10 ° C/(V#m), Ez= 13.0 @10 ° C/( V#m),
" PPN 0 - -
0x1 " I ™ :,’ e fla g}
et fl= 500 lf{{ - te- fiaSx i’
-2x 10Y v fl210P | _:umf/ e i 10
= (ldv‘i) = (olloij) N f (5;1’;) | (0:10_3)
g‘:-4x10‘ (2,2 = (10| 2 f (x7,23) = (21,109
- { £'=0.4,0,10°%) =5 000 =00,04,0,10%
7=10,0,0,10"%) ; 1=(0,0,0,10°?)
~6x 10%; a =0.01{PZT-5H) -7 000; a =0.01(PZT-5H)
_ _9om
- Bx 10T TR T S T T 0 0T 107!
xf/m 1}/]:1
5 f1 #1 £ 6 /2 #1 £
1 . f'=(0f2,0-10%)" 2= 110*3m,f2— (0,0,
0,-10°¢)", 2= x1+ 1107 m 0= (042,000 fO= (/300 00"
Xl f3 5~8 # : . oaty 0 f0 g
, X3 10 °m ; ,féo
i } : 13 #
flOX_f20 f% f20 flO #
2 fl=(0/2,0-10%C) 2= i10%m, 2= (0,0,0,

_ 10—3 C)l 22: 19627‘]¢-10_ (fl() O 0) fZO(f%()yf%()’ 07 0)1 x% f%
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4.5x% 10} 0
* e f1o 1P -
b fle 5% 10 i fle 1
3.5 107 et 108 - 4000 won [l 510
” \ (=}, 2}) =(0,10%) ] -t fl=
R 2.5x107% () = (2,107 (s.ab) = (0,107
A 1 | i &, —8000 7.2 T
WA 112 (0,41,0,10°%) (sf, 2 = {2d 10°%)
L5x 109 5\ % £1=10,0,0,107%) I =00.4.0.10")
IR a=.01({PZT-5H} - 12 000 M=lo0010 "
s " .“\ a =0.01{FZI-5H)
5.0000Y e la, ]
0 :"M 16 ——
10-? 104 10- 10~ 10-! 10-% 10°¢ 10-* 102 10!
xf/'m ,f/m
7 fi° 5 8 fi i f2
9~ 12 # . x5y i10°m L fY
2 — 2 10 20 -10 -20
, X2 10 “m # , v f1 2 fa,
.1 .20 -1
# , 12 , ,f2 12
# 1 SO x= f %
- 1% . 3‘}
5.0x10 } ' [,‘ R - f1|= 10°
] e fh= 1P ’ 5 [\ —rmpese |
-5.0x10 -y 20 ; \ """ fi= P ‘
7\ 1 1 = -3
e fi=1t 15 M Tes
a ~1.5x107" (z}ad) = (0,10°%) LA !r \ f'“(;.f 010 )
h (1,53 = (0, ) ,’r \ fi=(D, uzo lo") }
o £=10,£1,0,10°) 5 A ‘\\'H a=0.01( PZT-5H)
-2.5x 10 f=(0,0,0,107") s;::%’i-’:’i 4 \
a=0.01(PZT-5H) | } a
_ W = -5
5% 0 g+ 10°7 07 107 105 10 167 i 1
:;%/m x%/m
9 f° x5 i 10 f° X3 f2
5.0x 107 = 15«10 T daw
A S B el RN j\ s
~5.0x107" oA fi= Ay e = |
I f{:SxICP S.OK ID: Y 1 i
e fl=WE L = ————— l
g -1 5x 10~ (&},2) = (0,10°%) é\' "*"—_"‘*:‘“ (xl,51) =(0,10-?
(b= @) | -5.0x 10 0 Ghlew |
£y 3 LI h
_2.5x10°" ;',:Eg:ﬁ'n‘f;;?,g —1.0x10¢ \\4 ;':izg.fc.‘ol.cliol;n
o =0.01{PZT-5H) ~1.5x (0" \.' a=0.01(PZRSH) |
. 1 ~2.0x% 101 '
S350 ey T e T o 077 100 12 107 i
x/m z3/m
11 20 x5 f2 12 r® x5 f2
2 2
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Abstract: Using Stroh s formalism simple explicit expressions of Green s functions for a 2D piezo-
electric body with two semiinfinite fixed conductor cracks subjected to a generalized line force were
given. The Coulomb force acting on the free line charge due to the piezoelectricity and the distributed
boundary polarization charges was discussed at first. Interactions between two singularities with free
charge (s) located in aregion with external cracks were studied, too. The numerical results show that
the Coulomb force for two or more singularities with one free charge at least will have much influence
on the electromechanical fields in piezoelectric media when these singularities move closely with each
other and therefore cannot be overlooked again. The solutions obtained are valid not only for plane
and antiplane problems but also for coupled problems between in_plane and out_of plane deforma-

tions.

Key words: external crack; intensity factor; Green s function; Coulomb force



