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1
, R=b
pPo * s
Doz{(R, 6 ®:0<R< b0< @<2ﬂ,0<®<3§- (1)
, Mi= 1,2,3) F
r= r(R) 20,0 KR< b; 0= 6 ¢= @ (2)
M= r¥R), = M= r(R)/R, (3)
F = diag( N, A, M), (4)
r(R) N R
F  Jacobi J= detF= 1, r¥R)r*(R)/R*= 1,
a— R2 .
¥R) = 2(R) (5)
Cauchy
A 4 _ _ oW
T.(R)= Ma)\l—p(R), To(R) = Ww(R) = }\26}\2 P(R), (6)
W= W(N, &, M) .p(R)
B(R)+ 2?%[%(1{)- T(R)] = O (7)
2
T = pol ] (8)
po> 0 .
(O ) T (0+) = 0, (9)
(9) ) T(O'l-): Q , Trr(O'l-): (0
neo Hookean (2]
W(N, X ) = 5”(}&+ B+ B-3), Mhl= L (10)
B> 0 .
neo_Hookean , neo_Hookean
Wik, d M) = 5”[& N+ N- 3+ g M- 1)+ N(X- 1)7), (11)
g 1N 20 , . e

= 0=0 ,(11) neo_Hookean .
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, (5) (7) (11) (8 (9. neo_
Hookean , . (6)
(7 (8 (9, p(R) r(R) .
2
(5
(R)= (R°+ ¢*)"°, (12)
¢ 20 s *c c=0
, ¢c>0, r(0+)=1¢>0
. ( Ball[ 1])
3] /3
v=v(R,c)= r_%l: [1‘*';;_3] y (13)
(3)
M= r¥R)= v % N= %= r(R)/R= v (14)
(11) (7, (13),
-3
B(R)+ 211”?{1;4[“ 2¢(v = 1)+ 30(v *- 1) - yz}: 0 (15)
(15) 0 R ,
T.(R)- T.(0)=- 2K(R, ¢c), (16)

R
K(R, c) = uL@”(.;, )1+ 2ev (s, e)- 1+

3o (s, e)- 1) - v (s, c)}ds—s- (17)
(16) r(0+), (9,
r(0+)T(R) == 2r(0+ )K(R, ¢)* (18)
(18) ., R= b, (12) (8 r(0+)= «c,
wo=- 2¢[v(b,c)]*’K(b,c)* (19)
(6) (18),
@(R.c)= W 1+ 2800 = 1)+ 30w "= 1)°] + 2K(R, ¢),
0< R< b* (20)
po,c= 0 (19
p(R.c)= H-po (21)
po,c> 0 (19
p(R,c)= W1+ 2800 = 1)+ 30(v "= 1)°] + 2K(R, ¢) (22)
(19) Po c , . . (19)
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3.1
(17) K(R ¢), wv=o(s)= (1+ ¢/s)">  K(R, ¢ s, (19)
3] 3
@0 = ch[l+ bi x
J'°° v— v 5(1+ 2e/v 4~ 1J+ 3w - 17% ()
(1 (e/6)%)"” -1
pPo _ < _
n=Poy=0 (24)
(23)
g(P, P gm= 201+ ) x
- o 1+ 28wt D+ 300 - 1)
v v -+ v -+ v
J.(1+ )" 0= 1 dv— P =0 (D)
PO,
5 40m— 513 53/3-
Pcr: A + + 3]113 26
2 { 30./3 } { 30J_3 } ' (%)
PL‘,I‘ °
R (11) neo Hookean s .
1 neo Hookean ) ( (26)
) .
€= 1N=0 |, Po.= 25 Chou_Wang
Horgan (3 neo Hookean .
(25), g2(Po, 0,8 1) = 0 ,
gP(PU'7 07 87 rl') = 0> gPp(P(u 07 87 rl) = - 1< 07 (27)
gp(P(r, O, 8 r].) = gﬂD(Pcr, O, 8, r].) = g@(Pcr, O, 8, r].) = O, (28)
gooo( Per, 0, € 1) =
24[ 40m- 131,13 s3/3- o, 5 . rﬂ ()
37 45,3 45,03
o .()
2 gooo( P, 0, €, 1) Z0  , g(P, P g 1) (P, 0, €1)
Tt Xe
(25) , P> 0,P=0 (25 ;. P> P, P> 0
_5 -4 -4
P= 21+ pz)z/zj o p=w [1+ 280 = D+ 300 Ul
(P v’ =1
(P(pp 87 I].), (?{))
(P,P) (25 , .
(25) (PCU 07 87 1'1) » (P( p, 8: Il) p
=0 , P70+

P EeM=25+f(eW+ hi(e )P+ 0(F), (31)
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aom- 513 | s3/3- om
& h) = e 3In3
S5 R 303 { 3003 n} !

1, 40m- 1313 | 8./3- oo 21113} e

MEN =3 6B T s
f(&h)=0 h(&h)=0 en 4 , 1
4 :

Q=4(eW:f(en)> 0, h(eN) < 0,0 20;
B=R(eW:f(eN)> 0, h(eN) > 0,1 20;
G=S(eW:f(eN)< 0, h(EEN) > 0, € 20);
Uu=S(eM:f(eN)< 0,h(EN) < 0, € 20

2.4
3
. 1.5 a
( 1 ) (89 rl) Ql QZ( QS ‘
Q) ,Ps> (< )25 7 Lo}
neo_Hookean ( )
0.$|h; o
1 0. i N N -
(i) (&1 QO . Cotd, o3 IO 15 20
) ( ) .
’ 1 |
Po. 25 neo Hookean neo_Hookean
, (i) -
(i) Q Q h(e M)> 0, .
P> 0, B(Pe >0, :
Q Q h(€ 1)< 0, . Q
Q (0,6 0)= Hp(0,€0) =0 G(0, € ) = 6R(E 1)< O,
L ®(Pen< 0 , L ®(Pen> 0 , A,
(.Pp( pna 87 rl): 0. P71= (P( Ql) 83 n): (PVL) gl). °
3.2
Q , €= 210=1, Py= 35597
(3006 07,0.9220)° Q €= 0.15 0= Q 1, Pa= 2.560 &
Q3 €= 0.1, 1= 0.4, Ps= 2.4200° Q €=
0.2,0= 1, P.= 2.2639, (2.2604, 0.359 3)
4 2~ 5 i
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(11) neo_Hookean ,

E(c) = 4JTJZ WR'dR ~ 47"pof r(b) - b] =

e v W(v .
4nc3j[l+(/b,]m —LL( = A (1 &) )
() ’ . (32
_ —EDB

AP) = (4/3)% " a(P) + PB(P),
_@ v W(v}

Cl(p) N pw]w( 1) dU

B =-3(1+ @) -

(33) , AM0)=0
K(0+)= N(0+)= 0, A@0+ )= 6(Pu— P),
N P « P< P, , NO ;
; P> Py, NO) .

(33 P=0 .. b0

(32)

(33)

(34)
(35)
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1[ 1 4om— 1313 53,/3- 9qm ]
MP)=- | T+ + +2In3| 0| P+ (0)e 37
3 7(25) P= 0,P= P ° (37) >
( (en) o ), P= 0, P= Pa ,
A( p) > 09 9 s B ’
( QB &), A(P) < 0, . Q A
6 7 . Q, Q
Q3 Q] i
, (€1 Q X
p< Ps ,(25) P=0
P> Pa | .
(€ 1) Q Q4
. P : :
< P< P, ,(25) ; Py _oa . T
0.0 03 06 09 1.2 1.5 1.8
< P< P, ,(25) P=10 o
pl pz, 0< pl <
P, Q< P /I 6 QO
, Pt P
P
7 Q, o 8 Q, 9
; P> P, (25 P=0 P>
P 8 . , P.< P< P, ,(25) . s
Pn < P« P; , , ° Pt
< P< Pof B< P , )
, (€ 1) QY P
) P< P 5 P P,
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Qualitative Study of Cavitated Bifurcation for
a Class of Incompressible Generalized
neo Hookean Spheres

YUAN Xue gang'?, ZHU Zheng you'
( 1.Shanghai Institute of Applied Mathem atics and Mechanics; Department of Mathem atics,
Shanghai University, Shanghai 200072, P.R.China;
2. Department of Mathem atics and Inform ational Science, Yantai University,

Yantai , Shandong 264005, P.R .China)

Abstract: The problem of spherical cavitated bifurcation was examined for a class of incompressible
generdized neo Hookean materials, in which the materials may be viewed as the homogeneous incom-
pressible isotropic neo Hookean material with radial perturbations. The condition of void nudeation
for this problem was obtained. In contrast to the situation for a homogeneous isotropic neo_Hookean
sphere, it is shown that not only there exists a secondary turning bifurcation point on the cavitated bi-
furcation solution which bifurcates locally to the left from trivial solution, and also the critical load is
smaller than that for the material with no perturbations, as the parameters belong to some regions. It
is proved that the cavitated bifurcation equation is equivalent to a dass of normal forms with single
sided constraints near the critical point by using singularity theory. The stability of solutions and the
actual stable equilibrium state were discussed respectively by using the minimal potential energy prin-
ciple.

Key words: incompressible generalized neo Hookean material; cavitated bifurcation; normal form;

stability and catastrophe



