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Runge- Kutta

A, B
p(t)= pot+ pisin ¥
(R, ® Z) (r,0,z2),
r= r(R,t), 0= © z= Z (A SR <B).

?

r= r(R,t)= [(R- A7)+ a7,

,a= r(A,t) ,
r A r A r
R T el ST}
nee-Hookean ,
W= (-3
> ,
L= (N+ X+ N) it

Tirt= NSy p(rn= B p(ru),
Tu(r 1) = R SE- pir) = W= p0r0),

S Lo o (0.

Ti(a, 1) == p(1),
T’T(b> t) = 0>

Poincar

(4)

(3)
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. b= r(B.t)
r(R,0)= R, ®%R,0) = 0.

(2)
(1) = [b—rq#+a4.
(5) (6), (9)
dd—r[u)&— p(r. )]+ %[U(}&_ %] = {2[[1_ ?_j]aﬁ+ a.a.]_

2, ds

BN— p(r,t)+pla,t)+ fu( I %)<=
2
Q?za -+ 2r ]nr— 2r’Ina Qla(lnr— Ina)

22
(5) 1
2 2 2 >
T (r,t) = QF +—1L + 2;1;"— 2r ]na+ Qi (lor — Tna) -
r
.[l””‘%‘ )‘%)ds_s— pla. ),

(7) pla.t)= p(t)

2 2 2 2
p(t)= nga b+ Zé)blznb 2b 1na+ Qi(]nb— Ina) -

rU(m_ ) &,

- (13)
p(t)= Qizxﬁ[(_(s)+l 1+x6}+ pixxln’\/ix—?_
LW[Eglz—@}dg_

g“[_ﬁ lﬁ+ﬂ+gmhh+§+

Z(x + 6)
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(13)
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251 22 22 W T (14)
a=xA,b= Jx'+ BA.
x(0)= 1, 20) = 0. (15)
Xl= X,x2= &3 (14)
XX = x2,
2
1 [ 1 11+ 6 1 1, 6+ xﬂ]
3= ——— | =5 - + Inx, In +
xiln 1+ &1 912{ 2 6+ xf 200 27 1+ 8 (16)
1 [p(t) N , 5 ]
- + h 1+ 5| | -
x1ln ,Il+ 6/96% o ? 2(x%+ 6) x%}
x1(0) = 1, x2(0) = 0. (17)
, (6) ,
0, po ,
YA py oy
po= [ Bmnly, (18)
4 —o4 ,v=1v(R)= r(R)/R= [1+ (d - Az)/sz vz
J o 5=0234 v(B)= |1+ (a*- AZ)/B"j YR 0(A)= a/A= x
5] (13)
[ , 1 , b=
N/ 2.63 MPa, P= 950 kg/m’. ,
0 .f-"""—-l--_.—-_-_._._l ____________ T ) D)
2 3 4 5
X 9
1 2 2
0.234,2.0,4.0 , 0.28 MPa, 1.45MPa 4. 12 MPa.
p(t) = po . . (14) x ,
2 / 5 LJ’ 11+8 1 1. 8+ o’
*In ”x”;" 9121’“[2 b 22 oyl It ST dx-
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%mz— )= 0. (19)
, x~ 2=V T = '¢. dvx
. x(t) . Po, V=10 ,(19) x> 0
s . (19) V= 2= 0,
1 1+ & 6 1 1, 8+ &2 PO B
ZJ { 2x2—1nx+ 2]n 1+ a]dx 5(x°= 1) = 0. (20)
po X »
5 X maxs Xmax pPo 2 S X max, (19)
V= » «x , , 3
- p=0.519MPa
207 ——o=4 04, -~ p=0.812MPa
1 o=z ' L _ p=1.05MPa
L6] 5=0.234 o e i Dmee
T 044 7 T
£ 121 JUPUSE
g .-
S P v
2 0.8 s
04_,/ -04
od=="" -08 o
1 2 3 4 5 08 12 16 20 24 28 32
X max X
2 Xmax ~ PO 3 (6 = 2)
3 s s Pcr( §= 2 ’
pa= 1204 MPa), po< pa ,
pO >p(r , )
s Per D s
, , (x1,x2) = (x5 0),
X ,
> Jacobi
(16) Jawbi

J Ju Jn 0 1 ’
| Ja Tz (x;o)_ Ja1 0 (21)

Ju = %&{—
xdn(1+ &x2)| A2

1
3=
[ I P B 16+xf}
N 5/x)111(1+ & 2 912+942 TR T TR
{ 2

1+ 8 5+ al
T 264 a2 P e Iy 6“ - (2)

2xs 1+ 8)xs
LZJFLJFM N
5+ xs ( 6+ x2)°

1 _P_o
(14 &2
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Jacobi trJ = Ju+ Jo= 0, Jawbi D= detl JI = -
Jor. (22) §= 2 Jacobi 1
1 Jacobi (6= 2)
X L1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
D 6.6x 10°  3.46x 10° 1.51x10° 0.78x10° 0.66x 10° 0.48x 10° 0.42x 10° 0.19% 10° - 0. 16x 1¢°
) D< 0, ; trJ= 0, D> 0O,
1 , 6=2 ,  po< pa= 1.204 MPa,
x.< L9 , po Zpa= 1.204 MPa | . ,
, 6= 2 s po= 1.04 MPa
, (x5,0) = (1.6,0) 3 (x(0),0)= (1.0,0) (% max.
0)= (2.40)

5

? °

p(t) = pi+ p2sin®

p(t)= pi+ p2sin3T , (16) Runge-Kutta
, Poin car
4,5 5~ 9, Poincar 10~ 11.
2.04
0.4
1.8
0.2
1.61
x vV 04
1.4
-0.24
1.2
- 0.4
1.0 T T T T ) T T T T .
560 570 , 580 590 600 1.0 1.2 1.4 B 1.6 1.8 2.0
6§=2, pi= 0.3MPa, po= 0. I MPa §= 2 pi= 0.3MPa, po= 0.1 MPa
4 5
p(t)= pi+ pasinex , pm= pi+ p2. ,
p2 (4)7 pt(‘; pm < pl(l: 9 4"' 11
Poincar s 4~ 11
, : pm 2P0, 4~
11 ,
, , P2 ® pPa ,

5= 2 Per 1.4 MPa.
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Dynamical Response of Hyper-Elastic Cylindrical
Shells Under Periodic Load

REN Jiw sheng
(Shanghai Institute of Applied Mathem atics and Mechanics; Departm ent of Mechanics,
Shanghai University , Shan ghai 200444, P . R . China)

Abstract: The dynamica response such as the motion and destruction of hypeeelastic cylindrical
shells subjeded to periodic or a suddenly applied constant 1oad on the inner surface are studied within
the framework of finite elaste-dynamics. It was proved that there exists a certain critical value for the
internal load through the numerical computing and dynamic qualitative analysis of the nonlinear differ-
ential equation that describes the motion of the inner surface of the shell. The motion of the shell is
nonlinear periodic or quask periodic oscillation when the mean load of the periodic load or the constant
load is less than its critical value. But the shell will be destroyed when the load exceeds the critica
value. The solution of the static equilibrium problem is the fixed point for the dynamical response of
the corresponding system under a suddenly applied constant load. The property of the fixed point is re-
lated to the property of the dynamical solution and the motion of the shell. The effeds of the thickness
and the load parameters on the critical value and the oscillation of the shell were discussed.

Key words: hyper-elastic cylindrical shells; nonlinear differential equation; periodic osdllation; quasi-

periodic oscillaion; critical load



