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1
1.1
° Do CR3,
Do={(R, © @1 R SR< Ry,0< ®<2n,o<cb<n}, (1)
R1 R2 . (R, © O ¢ (r,
6, #) .
D= {(r, 0,91 r= r(R,t)> OORi< R< Ryr(Rit) 2
0, 0= 0, = ¢p, (2)
r(R,t) . (2),
= SR o iR, (3a,b,c)
NeXk= 1, (3)
Or(R. 1) R’
OR = (R 1) (4)
Cauchy
O (r,t) = }\lg_tl}z— p(r,t), %o(r,t) = Ge(r,t) = )\zg—Z—p(r, t), (5a,b,c)
p(r,t) ) W= W(N X M)
00:(r, .
gr’ g, r(]il)[o,,(r, )= au(r.t)] = @ 1 20 (6)
p .
t <O .
r(R,0) = R, XR,0) = 0 (7a,b)
p,p2> 0 ,
G (r(Ri,t),t) == p1, G(r(Rat),t)=— pa t 200 (8a,b)
(4 (5 (6) (7) (8)
1.2
(4 R :
r= r(R,t)= [R+ ri(t)- Ri]", t 20, (9)
ri(t) (9 r(R,t)

ri(t) . )
r= 2r1r75(r3— r?)(r?)2+ rir e (10)
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2

R = [r - ri(t)+ RV, (3)

R3 ¥ Fio R -
= M= |1- —5— * (11a,b,c)

R
neo_Hookean

W(N, X )—0511[}\1+ ¥+ N- 3+ a()q )]

u> 0 CAN(i= 1,23) (3) . a 20
. a= 0, (12) neo_Hookean
(12) neo_Hookean
(9) (10) (12) (6), r o r r

G(ri 1) = Op(r, 1)+ 2p‘[r{)&[1+ 2a(N- 1)7- 5=

F{%rd‘(ﬁt— 4r3r1+ 3r4)(r>1)2+ r_lrl(r— rl)'r'1i| .
(5 (13),
p(r,t) = U}\%[1+ 2(1()\%— )]+ 2Uf{>‘%[l+ 2(1()\%— 1)]- M?%—
d:%f“(r?— 4r3r1+ 3r4)(r>[)2+ rilrl(r— rl)'r'1i|+ p(ri,t),

p(ri,t) (5a) r=ri
(13) r=ro= r(Ry i), (11) (13), (8)

(12)

(13)

(14)

3 3] 43 3 3| #3 3 3| -3
"2 ri—- Ri ri— Ri ri— Ri dr
o of{[1- A8 oo o 1o 5] ] 1o ) e

1 _ _ ..
p[zr24(r?— 4r%r1+ 3r§)(ra)2+ rzlrl(rz— rl)rl] ,
ro= r(Raut) = [R3+ ri(t)- R, p= pi- pr

. (19 ri(t)
(15) . (15)
(15)
3 3] -1/3
x(t) = ”Tffi 5= X2 . [1- = 3R]
1 r
(16)
B Sea r3_ 5 dr_ EUE,
R%_ 1+ 6 r%_ +x3 r_1—§3
(9 (16a), (7)
x(0)= 1, 20) = 0
(16) (17 (15),
F(x, 8)x+ G(x, 8)F+ H(x, 8 a)- p= 0,
§> 0 (16b) ,a 20

-3
F(x,8)= m%x[l— [1+§] }

(16a, b, c)

(17a,b, c)

(18a, b)

(19)

(20a)
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1, 5 -3 5 -V3
G(x, 6) = EFRI 1+x_3 _41+x_3 + 3, ( 20b)
_ uf Y1+ 208~ 1) & o,
Hiw, 8 a)= 28] — d& (20c)
(19) (x(0),2%0) ) = (x0,2%0) € (0, + 00 xR
2
x X3 i , (19)
E= 2x*F(x. 8)3+ Vix.p. 8 ). (21)
E , “ 7, V(x,p, 8 a)
Vix,p. 8 ) = fsz(x, 6 )y~ Tp(x- 1)° (2)
.21 x [x0x] LE- V(x,p,8 a)> 0, (19)
2 172
+| x F(x.8) L
‘J:[[Z(E— Vix.p, 6 ) d=t-1 (2)

x0 = x(t0) (19) .

, (22) , p &6 a, limV(x,p,8 aj=+ o V(l,p, § a)=0
x 0"

, p< 0 U{va(xapa 5, a)=+ o p>0 , lj{nwV(x,p, 5 a)=- oo,
V(x7p’ 8’ (I) p * 2 (22)7 I/%(xapa 65 (1) =
x*(H(x, 6, 0a)— p)e

(20¢) a20,6>0 «€(0,1) , Hex,8a)>0 ,
H(x, 8, a) x , H(x,8a) < 0; x€(l,+ o , H(x,§a)>0,
H(1,8 @)= 0 LimH(x, &a)= 0 , a 20, 6> 0, H(x, S,
aA)=0 x€(1,+ ) , H(x,8a x€(l,+ o ,
H., % me JH(x, 8,a) x €(1, xm/ . € [xm+
(22)
(i) x€(01) , p<0  V(x,p, &a) ) (x,p),

Vae (x,p, 6 a) > 0O, V(x,p, 6 a) . R (22),
lin(?)lV(x,p, §,a)=+ o  V(l,p, 8 a)= 0, V(x,p, 6, a)< O p> 0,

V(x,p, & a) .

(i) x €(1, + o H(x, 8 a) > 0, H (22)

, O0< p< Huw V(x,p, 6, a) ; p<O0 p>H.Vix,p, §a) .
6= 3, a= 2; p av(x’p5 85 (1)_.96 1 :
P (19) (
. , U= FR%X>).
x(0) = x02%0) = 2, E (21) . ,
x(0)= 1,a0)=0 , E=0°

(g p> 0 pi1> p2)

1, » . (19 . 5= 3, a= 2, 0O<
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, 2 , 0< E< Ey E, V(x, p, 6, a)
), ;. E> E . 0.88BH< p< LOI6TH
3 , x(0)= 1,x%0) = 0, (19) 3
, ; 2(0) = xo< L,aX¥0) = »» E2< E< 0
E2 V(x’p’ 63 (1) ) 5 Py E3< E < Ez( E3
V(x,p, 6 a) ), ; x(0)= x0> 1,2¥0) = x>,
. p> L0OI67TH | , °
(b)p< O pi1< p2)
1 , , (19) , ,
(9gp=0 pi=p2)
(19) x(0) = 1, 2¥0) = 0, E=0, x(t) =
1; x(0) = xo Z1,20) = *», E> 0, .
L. 2- 2.4 a=0
4 - a=035
0. 84 . Ae 1. 67 ,' _:.\ a=1
[l O e l',r S a=2
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; (19)

x(0) = 1,2%0) = 0,
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’ * > P <
o , , , x(0)= 1,x¥0) = 0, ,x(t)
Xt) ) s ox(t) X t) ;
,x(t) ,xXt) ,  x(t) 1 ,xXt) .
5> 0,p< 0, a , 4 .
a , . a )0, p<0 &
p>0 , (19 x(0) = 1,2¥0) = 0 (
) §a p . §= 3, p= 0.54
a, B s 4 ° 6=
3 a= 2,p= 0.93H x(t) , L x(t)
2 2 3 *
6 a , P , (19) . Sp , a
a P }) 6 ) D)
, 4 y
3
2 2 (I
5 p( )
. p< 0 , 6 aqa ; p>
0o , §a p . ,
x(0) = 1,20)= 0, .
P B s
P ) ) *
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Qualitative Analysis of Dynamical Behavior
for an Imperfect Incompressible
Neo Hookean Spherical Shell

YUAN Xue gang"” 2, ZHU Ztlerlgyoul, CHENG Changjun1
1.Shanghai Institute of Applied Mathem atics and Mechanics, Shanghai University,
g 1YY g y
Shanghai 200072, P. R . China ;
2. Department of Mathematics and Information Science, Yantai University,

Yantai Shandong 264005,P . R . China)

Abstract: The radial symmetric motion problem was examined for a spherica shell composed of a
class of imperfect incompressible hyper_elastic materials, in which the materials may be viewed as the
homogene ous incompressible isotropic neo Hookean material with radial perturbations. A second_or-
der nonlinear ordinary differential equation that describes the radial motion of the inner surface of the
shell was obtained. And the first integral of the equation was then carried out. Via analyzing the dy-
namical properties of the solution of the differentia equation, the effects of the prescribed imperfec-
tion parameter of the material and the ratio of the inner and the outer radii of the underformed shell on
the motion of the inner surface of the shell were discussed, and the corresponding numerical examples
were carried out simultaneously. In particular, for some given parameters, it was proved that, there
exists a positive critical value, and the motion of the inner surface with respect to time will present a
nonlinear periodic osdllation as the difference between the inner and the outer presses does not ex
ceed the aritical value. However, as the difference exceeds the aitical value, the motion of the inner
surface with respect to time will increase infinitely. That is to say, the shell will be destroyed ultimate-

ly.
Key words: imperfed¢ incompressible neo Hookean material; dynamical behavior; critical value; non

linear periodic osdllation



