19 6

Vol.19 No.6
2002 12 ENGINEERING MECHANICS Dec. 2002
1000-4750(2002)06-049-05
( 410082)
Timoshenko-Mindlin
Laplace
Routh-Hurwitz
0345 A
1
€y :eg +Zj X,X 1 ey :e)c/)+zj yy!
Oy =05+ 20 xy *i yx) s Gy SWy iy
kirchhoff Drozdovt! G =W *i
Lyapunov ey ,eS ng
- 2.2
Chandiramani'® mt)=m, = Boltzmanna
Timoshenko-Mindlin _ E Bt- tde. 1]
i [§) Bt~ t)de, ) i
R |
+rerD(t-t)de )] :
|
2 Sy~
2.1 +QD(t -t)de, (t)] {, 1)
R L,h E, A :
Timoshenko-Mindlin by = e my) QD - 1)dg,y )y
|
e t Fo__ ~Bt-1)dgy, ()t
u(x, y,z,t) =u®(x, y,t) + 7 MEAAY y2 = 21+ my) Q ( )dgy ( ).:.
v(x, Y2 =V (%, Y, )+ 3, (x 1) (o= B0 S Ba gL ()
_ Xz 2(1+ ) Q Xz
w(X, Y,z t) = WX y,t) Mo b
t u?,v®  w Eo D(t)
ix iy Xy D(0)=1.0
2001-05-03 2001-11-20
(1963)

(1945)



(3] X,
X X
[4] k

U
s =Epey +Epeyp :
s ) =Epey +Exey :

Y =60 b, dap )y @
i

t (k) —G(O QD23(t t)dgz3(t)

t =G QDB(t't)ng(t)b
E, E
my My
E;my = E;mp (2  En=E /(- mpny)

Ex =B, /(1- mpmy), B, =myE; /(1- mpymy,)

© GO GO
G12 ’G23 Gl3

Dy, (t), Dy (1), Dis(0),
D1, (0) = D23(0) = D3 (0) =1.0
N

[NX’NV’NXV]:O%[S x1S y:t xy]dza
h
[MX,My,MXy]:Of;[sX,s Sty 12z
2

h
[Qx,Qy]:@h//zz[txz,t L1dz.

23
DMV
p

Nyx+Nyy =0 Ny +Ny, =0 :J
My x+Myyy - Qe =dalid’y '
Muyx ¥ Myy - Qy=dal 7y {/ 3
MX’XX+2MXy’Xy+My’ N RI- prX:::
= rh\'/\'/+dA(IXj"X’X+I>J y’y) 1b
e 1y X 'y N
d, =10

oy ol yy W

eS,yy +ey XX ggyxy =R lW,yy (4)
F(x v,t)
[NX!N ny]:[F,yy!F,)ow' F,xy]

1 n 1+n
DU+ 00 ot =% w0 % yog) T
T
- A(I +g)(f +Wx):dA|xJ X )
e 1 n 1+ng !
D( +9)( vyt OJ ¥, XX J xxy) ;/ (5)
- AU +G)( +wy) dAijy !
DU+ )G o0l xoy 1 ooy i yymy)~ R Foet
- pW,xx_rhW"'dA(lxl x,x+|yJ y,y) b
D =Eyh®/12(1- nf), | NG
t .
ge = (P(t- t)e(t )dt
0
A=Eohw '@+ my) 1St fg
(€) Xy
@)
REh(l +G)w,, = D°F (6)
5 (6

- Ass(l +a50, +503)( « + W)+ Dy yx :J
+ Do yy T Des (I +91)( xyy *i ywy) =dald” x:

- Al +ay8; +ap03)( y + W)+ D xy i
+D2 yyy *+ Des (1 + 81) xxy i yo) =dalyi"yy ()
D o0 1012 + 2D (1 + G101 sy *i yooy) |
+Dol yyyy - R-lF,xx - PWi :

=rhw+da(l, «x +|yj“y,y) b
D1;,D1;  Dgs (5]
Ass: Ay
as1,85,84,82[5. 0 0, Os

Gie = D(t-teM)d e = Pu(t-t)et)ot
620 = ) D (t- L (O )t
(@

A66 (I + Ql)(all F,yyyy + 2a12 F,xxyy +ay F,xxxx)
+ F,xxyy = R-1A66 (I + Ql)W,xx

Ass a1 ap a3

(®)
1 @ ®



51

(10) f) Laplce
étDt)yu 160 (s)U .i.J
FIC RO - MCYNT e
WO, y,) =W(L, Y,) = M, (0, Y,) = M (L, y,) =0 I L b
GO z;(,j=123 TH(=123)
WX, Y +2pRt) =wW(X, y,t),] (X y+20Rt) =] (X yit) D(s) (10) D(s) s
jy(xy+2pRt) =] (X y,1) G (s)(i=123)
1 p
man.—l f ( )(t) COS( )Sn( ) I le Z12 Zl3
& @ | D(s)=Zn Zxn Zxn|=0 (12)
j y—mal}lf ) sn(= )COS(R){ Za Zw Za
y ©) (12)
W= a fom Sm( )Sn( ) ::: Routh-Hurwitz
m,n=1 |
T D(s)
F= a £& gn( X )sm( ) i D P
m,n=1 b
@ 4
(5) (©) t Laplace a1
(6) ©) E(t)=a+be®
E,=a+b, D(t)=a +be @, a=akE;",
Zu Zp Zpfiml STn@m @O imO) 5o E, =6894GPa  a=04
Lo 22 Zmyelii= TOER O+ i O 506 m =033 c=069"10° t
&a Zp ZgpHg &f (3)3 gfé;? 5O+ 13O o Mo =025 _C ' 3
r =2400 kg/m Pe
_ (10 Ly2pR) 12
Z;(,i=123) TH(i=123)
S m,n ) m n L /(2pR) =3
fn = LLf5 (0] 12
(=123 fh () 150 R/h=50 R/h=20
©) (7.8
1 Rh=50 P, ( 10°N/m)(h=5mm, m=25, n=6)
Tablel Thecritica loadsfor isotropic viscoelastic cylindrica shell (RIh=50)
L/(2pR 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8
7.24 451 4.22 4.24 4.25 4.23 4.22 4.24 4.31
2.90 1.80 1.69 1.70 1.70 1.70 1.69 1.70 1.73
(dh=1) 2.72 1.76 1.67 1.65 1.69 1.67 1.68 1.68 1.71
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2 Rh=20 Pe ( 10°N/m)(h=12mm,m=8,n=3)
Table2 The critical loads for isotropic viscoelastic cylindrical shell (RIh=20)
L/(2pR) 0.6 1.0 14 1.8 22 26 30 34 38
2636 | 2993 | 3115 | 2983 | 2804 | 2679 | 2635 | 2676 | 27.92
1054 | 1197 | 1246 | 1193 | 1122 | 1072 | 1054 | 1070 | 1117
(h=1) | 1026 | 1154 | 1227 | 1166 | 1094 | 1050 | 1049 | 1062 | 10.92
4.2 3 4
[4]  Aboudi p. L/AZ2pR)
) E,, =10405GPa E,, =11.44GPa, E,, Rh
=3.31GPa,GY) =G\) =9.98GPa, G =8.74GPa 4 (da=1)
Dy, = Dyg = 0.3+0.7¢ (07251071 Do (t) =0.32 (d2=0) pc  L/(2R)
+0.68e 07107t r =980 kg/n’,
90° /0° /90° /O° [OO° N=5
3 Rh=50 Pe ( 10°N/m)(h=10mm,m=17,n=4)
Table3 Thecritical loads for cross-ply laminated viscoelagtic cylindrical shell (RIh=50)
L/(2pR) 0.6 1.0 14 1.8 22 26 30 34 38
6.08 2,62 1.69 1.34 118 112 111 113 117
5.75 2.23 1.28 0.91 0.76 0.69 0.68 071 0.76
(h=1) | 184 1.30 0.96 0.76 0.68 0.64 0.64 0.67 0.72
4 Rh=20 Pe ( 10°N/m)(h=10mm,m=17,n=4)
Table4 The critical loads for cross-ply laminated  viscoelastic cylindrical shell (R'h=20)
L/(2pR) 0.6 1.0 14 1.8 22 26 30 34 38
21.32 8.52 5.07 3.74 3.16 291 2.86 2.92 3.06
20.72 7.79 431 2.96 2.37 213 2.08 215 230
(dh=1) 3.20 2.18 1.95 176 1.66 1.65 1.69 179 1.95
(ch=0) 3.26 2.23 1.98 1.81 1.70 1.68 1.72 1.84 1.99
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THE DYNAMIC STABILITY OF VISCOELASTIC CYLINDRICAL SHELL
UNDER AXIAL CONSTANT LOAD

PENG Fan , FU Yi-ming

(Dept. Of Eng. Mechanics, Hunan University, Changsha, 410082, P.R, China)

Abstract: The dynamic stability is studied for isotropic viscoelastic cylindrical shell and symmetrically
cross-ply laminated viscoelastic cylindrical shell under constant axial loading. The basic equations are established
based on Timoshenko-Mindlin theory, the characteristics equation are derived by Laplace transformation for those
two kinds of cylindrical shells with two simply supported ends. The stability condition applied in the calculation
of critical loads is determined through Routh-Hurwitz theorem. In the numerical examples, critical loads are
reduced due to the relaxation feature of the materials and greater effects of transverse shearable deformation on
the critical loads are observed in symmetrically cross-ply laminated viscoelastic cylindrical shell than in isotropic
viscoelastic cylindrical shell. The influence of rotary inertiais rather small and can be ignored.

Key words: cylindrical shell; viscoelasticity; axia constant load; dynamic stability; transverse shear
deformation



