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, Maple ,
1
Love .
[4]o
1.1
(s, 0,9 . s .0 ¢
* s

r=r(s),*= Hs) (0<s <), (1)
r ,‘b L

. Lame As= Ry(s) Ao= r(s), R;

1 d¢ _ sin® _ cos®
ks— RS_ dS’ kO— r ” kll_ r B (2)
ks ke y
) 0 , u =0
s ¢
us(s, S, t) = u(s, t)+ (s, t), ue(s, &, t)= w(s, t) (3)
t , U w , ¢ . ,
, ¢
w
b= kau+ Ds (4)
1.2
ou
+ kw|+ Vkw+ kaw)|, No= K s T kw|+ Vka+ koo)| ,
(5)

M;s = D[a + VCIL"’) Mo = D[ aa(b‘l‘ kn],

N, N .M, Mo « K= Eh(1- V) .D= ERY/[12(1- V)]

c E,V h

>

1.3
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ON, Oy

as + kn(Ns - Ne) + st.\' = gl atz,

20, _ g Qu

as + ans - (k\]V$+ ICGNQ) = gl at27 (6)
aé‘fs + kn(M\‘ - Me) - Qs = 0:-

Qs . P

1.4

= en LR ) k) ()] = RE ko, k. A= LR 1=V
x= 5 €= Pl p| L ki(x), ka(x), ka(x)] = R[ ks ko, kaf, A= (1= V),

[U(x), V(x), W(x),Ni(x),No(x), Mi(x), Ma(x),Q(x)] =
ciof s w N No MR MR O,
© |:R’¢’R’R’R’D’D’K]’ (7)
R , R = max[r(s),()<s

<IJs A , €

(5) (6) (7)

I L+ A &L cld%+ cz_
g [0
-k 1 L= i (8)

- [Czdix+ 03] E[cf_er k3]L A= ey | "
L= (ﬁzﬁ k3 i- (Ki+ Whik), c1= %+ k3( ki - k),
c2= ki+ ey 3= ka(Ver+ ko), ca= K+ 2%kt ke

(5)~ (7)
Ni= d%* Ves| U+ (ki+ Vo) W, Na = [V§+ k3] Ut (Ver+ ko) W,

1 4 (9)
M= et V3| V, M2 = Vd7+ B3| V,Q= dVe

x= 0
U(0) = V(0)= W (0)= 0 (10)
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U[%+ x] - V[%+ x] - W/[%+ x] - o (11a)
U[§+ x] - I/[§+ x] - W[%+ x} - o (11b)
(ﬂ: W[%+ (ﬂ, (12a)

(12b)
uw v (12a)°
N1 M Q (12b)*
[O 5 xc] A U(x),
Vix)  W(x), lo.] [ 32+ x] (8)°
(10) (1la) (11b) (12a,b) *
Hs) = ﬁ,r(s): Rsin®(s)* x= ¢
ki=1,k =1 k= cox [o Sx <%]° (13)
(8)
dw
[Li+ (1- V)+ NU+ €gLi+ (1- V]V+ (1+ V) de = 0,
- U+ V+ dw_ 0,
- (1+ V)[d%+ cotx] U+ S[£+ Cotx]‘
[Li+ (1= V)JV+ [A=2(1+ VW= 0
2
L= c;i72+ cotx (ﬁ_ sirllzx.
(9
Ni= dix+ Veotx | U+ (1+ V)W, N2= [V(ﬁ+ cotx] U+ (1+ V)W, s

M= d%* Veotx | V, Ma = [V£+ cotx] V.Q= ¢ Li+ (1- V)] Ve

(4.2),
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U= § O{i_xPu(cosx), V= E_.zcii_xpu(oosx),

W= &Pu(cosx) [0 <x <%]'

, Legendre B &(Gj= 1,2,3) * Legendre
2

d d
[d7+ cotx (E Pp(c()sx) = - l.l(l.l+ 1)Pu(cosx),

L i])u(cosx) =—- BB+ 1) ipu(cosx)'

(16) (10),
_dixPu(cosx)]x_O: 0

(16) (14) (17)
[(1- V)+ A= B g(1- V- B 1+ V & 0

-1 1 1 &= 1|0
L (1+ VB - g(1-V)- BB A 2(1+ V
B= H(H4+ 1)e B(B):

(18)
(B :fdetB(B): e+ ar( MB+ af N B+ ax( N = 0O

ai(N=— &AM 4),afN=-(1+ A+ 1- V+ g5- V),
azs(N) = [A (1+ €(1-= V)] [ A= 2(1+ V)]*

f(B) Be(M(k=1,223)e Legendre
V, = U;:_L(}\) = - % T f%+ B(N(k=1223)° , Legendre
P_(uwp)(cosx ) = Pu( cosx ) W+ M=- 1,
Pir(cosx) = Put(cosx)*
: W= (N : AV e
M(N=- T+ |5+ N (k= 123
(18)

Siw= gB-(1-V)]+ (1+ V),
S ==[Bi= (1-V]+ (1+ V)+ A (k= 1,273),
Sm= (1+ [ B- (1- V)] - A
S, k= 123) BN
f(B)

Xj k(%) = G jiTﬁg(Cosx),
X3 k(x) = &k)Pu(cosx)

(10) (14)

(j= L2 k= 1,2,3)}

(16)

[3l,

(17)

(18)

(19)

(0)

(21)
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3 3
U= D2 AX 1 4(x). V= 2 MXau(x),
k=1 k=1

3

W = ZAkXS,k(x) [O Sw <%],
k=1

A(k= 1,23)

Y, i(x) = Re(X;, 4(x) )+ Tm(X; i (x))

. (22

A’ 1']' 87

>

J(B)

(22)
(j.k= 123

3 3
U= k_Zl)AkYLk(x),V: ;Am,k(x),

3
W= D AYii(x) [o<x <§]-
k=1

_
¢—2,r
klz(),lm: 1,k3=0’
(8)
£ dw Ay _
[dx2+ §U+ de =0 V+ de— ,
3
dU dV _ _
- de+ 8dx3+()\ DW=
1 1
=<Ky = .
2 \X\2+ X ¢
(9
N1— ((l]x_U+ VW,N2= VC(le—V+ W,
dv dv v
M= gpMe= Vi 0= e
(lla) (11b) (25)

1 JT
U= nlsm[ﬁ E+ Xe— X
COoSs

0
+v/y

1
+ev [y

(2)

(B)

(%)

(%)

(2)

(27)

(8)



940

C(v)* (28)
2(Y) ;Holetcm= &’ - e+ (1- V= Nv+ MA=1)= 0 ()
AV € Y= Wi(M(k= 1,273), (28)

My = & [V My = £(A= ¥ [V My == (A= ¥) (k= 123+ (%)
(28) (30) iv + ’ - *

g(Y)
(11a) (11b) (25)

6 6
U= ZAle,k(x), V= ZAkYz,k(x),
fr P

: T T (31)
W= D AYai(x) = <x K54 a,
k=4 2 2
Ai(k= 4,5,6)
def
Yir=Re(Xj.r(x))+ Im(X;k(x)) (j= L23 k= 456) (32)

Xii(x) = T(k) Z:[ JE[%+ o x]] X u(x) = Ta(k) Z’j[ JE[%+ o x]] .

(33)
5
(22) (31 (8) (10) (1la) (1lb)e
(12a,b), Aj (j=1L2 ..,6)
[Di( )\)]{Af}: <® (i,j= L2 .0), (34)

Di( N = Re(dj( N) + Tm( d( N)*
[di( N]exe
di= Gbe(0) dies= | ] (= 12,

dsr=— &iPv(0), d3p3= rl3(k)|:§(£( mxc)]
dar= (B& k) = &i))Pw(0), darss= Ty ﬁ[; :0;( J?Mc)],
dsk = Bi&yr)Pw(0), dskes= Tk ﬁ[: z(].)j( J?kxc)] ,

dor = [ B (1+ V) €k P(0), dokes = — Ykrb(k)[zi:;( J?;xc)] (k= 1,23)

, * Legendre x
=0 Gamma 51
D(W/2+ 1/2) noo r(W/2+ 1) . T
Pu(0) = LW2E VD) CUT o) (W/2+ 1) . W (35)

Jarvis2e 1) 2 T Jmrovs2e 17270 2
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{Aj} A YDii( Nlexo ,

def

F(N=de/Du(N] = 0

(36) , [ Dii( M) ] 66
Gamma , g(k) Then) (19) (29) ‘
6
(.21 E = 207 GPa,
P= 7800 kg/ m’ V= 0.3 h = 2. 03mm,
l.= 171.5 mm*® R = 114.3 mm*
g= L izzz 63x 10°(h/R =1.78x 10%)  x. = L~y 5.
12lR] =~ =" ¢T R TV
. Maple
. Maple
b 2 1 *
x=0 (10)°
[1]:
Ni(xo) = Mi(x0) = Q(x0) = 0 (0 Sxo <1)* (37)
. ox 0, (37) (10)*
1
. [3]
( 1)e (10)
Ulxo) = V(xo) = Wi(xo)= 0 (0 <xo< 1) (38)
xo 0 (3.1)¢
1 = gz P V] (Hy
FEM ! SMM? FEM? T™M*
4005 4011 4004 4003 4002. 8
6297 6292 6292 6292 6R2R. 7
6308 6812 6902 6906 6805. 9
5538 5539 — — 5533. 5
6666 6671 — 6063. 8
7014 7016 — — 7012. 7
1) ANSYS .
2) Love t,

3) Mindlin Reissner (2l
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4) Reissner Naghdi L3,

( ) , Grannell o’

Callaghan . , .
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An Exact Analysis for Free Vibration of a Composite
Shell Structure Hermetic Capsule

SHANG Xin _chun

( Department of Mathem atics and Mechanics, Beijing University of Science
and Technology , Beijing 100083, P R China)

Abstract: An exact anadytical solution was presented for free vibration of composite shell structure_
hermetic capsule. The basic equations on axisymmetric vibration were based on the Love classical thin
shell theory and derived for shells of revolution with arbitrary meridian shape. The conditions of the
junction between the spherical and the cylindrical shell segments are given by the continuity of defor-
mation and the equilibrium relations near the junction point. The mathematical model of problem is re-
duced to as an eigenvalue problem for a system of ordinary differential equations in two separate do-
mains corresponding to the spherical and the cylindrical shell segments. By using Legendre and
trigonometric functions, exact and explicitly analytical solutions of the mode functions were con-
structed and the exact frequency equation were obtained. The implementation of Maple programme in-
dicates that all calculations are simple and efficient in both the exact symbolic calculation and the nu-
merical results of natural frequencies compare with the results using finite element methods and other
numerical methdos. As a benchmark the exactly analytical solutions presented in this paper is vaw

able to examine the accuracy of various approximate methods.

Key words: composite shells; hermetic capsule; free vibration; exad solution



