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1
d)’ b= Y2~ (P’ L}(‘b):—L},(‘P),Px(d’):—Px(“P)' ’
(1) (18)( Ly )
L)<
Vo= 55 2 Ausinnd, (1)
n=1
, M= J3(1- V)b hRw, L= Lyb*/TDRa, D= ER/12(1- V'),  Au(n= 1,23,
) . (1) (19) .
An= .]n+ iKn; .]n: ReAn, K, = ImAn’ (2)
V.= Vi+ Vi,
LY <
VL= ReVL: Ej’ J: H:Z;]nsmnd’, (3)
. L0 >
Vi= ImV, = ﬁK, K = ZK,Lsinn‘b'
n=1
(1) (2) ( Py )
P <
Ve = f{Bo+ ZBn,cosn*q, (4)
n=1
, P! = P.b*/TDR,, B, . (1) (23 .
B,= M,+ iN,, M, = ReB,, N, = ImB, (n= 012 ...)° (5)
Vo= Vi+ Vo,
p? -
Vi= ReVp= M, M= Mo+ ;M,lcosn‘b, (6)
) P i
Vi= ImVe= TN, N= No+ D Ncosnds
n=1
(1) (10 ,
0 0 r rsd r 0 0 i 0 0
Vo= Viy+ Vig= Vo+ iVo, Vo= Re/Viy+ Vio], Vo= Im/Viy+ Vo], (7)
V({= chz(‘b) - L‘zFl( ‘b) + 0301( 'wb)+ 6402( 4)), (8)
Vo= ciFi( )+ caFa( 9) = 362 ®)+ csGi( b)*
, C1 €2 C3 C4 ) *
Fi(b) = 71 0)siny (/2= &)+ fof ¢)cosY(T/2— )],
Fo( ) = "Y1 $)eos (V2= )= fof b)sin¥(TW2- b)),
" 9
Gi( ) = " gi( b)eos V(2= b)+ gof b)sinv(W2- &)], (%)
Ga( ) = &V gi( B)sinV(W2— b)— g2(P)cos V(V2— b)]e
B v , A= B+iv (1) (11) ~ (13) .
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Fi(Y) = 1+ Xfpacosn(W2= ) = gusinn(V2- )],

n=1

fo ¥) = Z[p/,lsinn(ﬂ/Z— $) + gueosn(TW/2- ¢)],
n=1

o (10)
gi(¥) = 1+ Do (= )"[pucosn(TW2= &) + qusinn(V2- )],
n= 1
g2(¥) = 2= 1)"[= pusinn(W2= b)+ queosn(T/2- )]
n=1
Pn Gn Pn Gn . (1) (17) (14 .
2 V7
ReV= Vi+ Vi+ V5, ImV= Vi+ Vi+ Ve (11)
(1) (2) (4 y
2 Q
Q Ly , 1 P =0, AB )
, Vi .
N. C. Dahl L3 Ly= 479.3Nem
P. = 4445 N(1000 Ibs)* :Rn=2156mm, b= 54.9mm, h= 1.7mm, E
= 2.0x10°MPa, V= 0.3, a= 0.2546, U= 13.59, m = 3.08%
, (1) (1) (2 ( 2~9-
,0=0 ; ,0= w2
> e: 0 >
, .« 2~09
L, Q . Dahl
. P, ,
szﬂi 0| ( Rucos®) Rud0 = LP.R,* 2
¥ o | 2mR.cos ( RmcosO) R,d0 = 5 P:Ru (12)
Dahl P: Rn (12), Ly = 479.3N°*m*
2~ 9 Ly= 479.3N*m ) Dahl
P-= 4445N , .
Dahl
s 3:35Pd i
T (13)
(1) (4 2, AB .

dvi in ¢ _3
= a‘:_r'—_ —SE__prdd= 6.5x 107 rad
= 2 O[dlb a1+ acosllJVL rac

60 = Q}'Rm. (14)
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(2)

(1)

(1) (4) (17) c(k=12234),

(12) ) (13) ,
3. 4P.b
8. = :
: e (15)
L.b
G =668 5,7 (16)
| (8= Bexp)/ Sap | X 100% < 0.3% [4711980)
& = 3.305P.b/Eh*; Pl 1999)
8= 3.31P.b/Eh™ , Dahl
O‘u/MPl
,\\\ 2.0 ,r\\
'l ‘\1.0 ,’ “
Bt me 4 /(2/3)
_3 “_2 |_1 \_FJ lll 2 I3 31’
Vo4 -10 / i 39/
J II | "
: | \ )
\\ ,' -3.0 \‘ ’l
“ -4.0 *
2 (6= 0 * Dahl( 1953)
3 (0= 0
Ows/MPa Imp/MPa
"\ ® !- 6
j ) / \20 4 "‘ ? ;\ 4
‘ ' / \ J -
S S M iy 3) 2
A ’ -20 o ‘ ¢/("/3)
, \ ,ll -3 1 2 3
\\ ', - 40 \
v -6 o
* Dahl(1953) 5 (0= 0
4 (6= 0
3 Q
1, , i
url(— m) =0, ulr(JT) = const, X(— T) = 0,
I dv' sin® . (17)
m:_f[dtl)_ 1+ (Icosd)v dé=0
o 4 * o
(17) 4 (8) 4 (k= 1,23,4)° (11)



802

(I —¢@
/MP.
R il it $/(nr3) T
o B R U W 2/ 3 )
3 ! \ )
\ ! -2 \ t
\ ! 3 ; 1
4 [ -4 \ H $/(n/3)
v [ -3\7 -'1\/ 1 2 3
] ! Voo
\ ) -6 \ ¢ -1
\ fI Y
‘l ! -8 ‘\ ,f -2
(4 vy
‘ . -3
6 (0= 1/2) 7 (0= 0
‘ts,/MPn dN"’mﬂrt-d/MPa
A
I' '.‘ 4 P
4 ' s\
,I \t 2 ’I \
/ ' n \ ¢/(x/3)
-3 -2,-1 t 12 3
’ \ ’
voos=2 ' ’
v/ )
voLs v
[
N
8 0 =12 - (0= 0
- - (6=0
------ (0 =12
. Dahl( 1953)
9 3
ops/MPa opy/MPa
fl‘\ 75
20 [ \‘ 50
- 10 oy 25
' ) e N g/(xs3) $/(x/3)
-3 -2 -1 ~e_1 13 3 -3 -2 -1 1 z\/j
l‘ ;l -10 ‘\ #"’ -2
v ! ’ -50
!
‘\ / -20 -5
7
10 (60=0) 11 (0= 0)
Dahl s &= 1.0 mm, L, =0,
P, = 2.345x 10°Ne P, &
P.b
= 00449 —, 18
& Eh2 ( )

10~ 17°



803
Omg/MPa """'6/MP‘
200 Ve \\
‘ ) 4
/
100} , \ )
/ ' $/(x/3)
3 \_y/(n/3 —
i WY R i3 3V 55 T 2/ 3
’, —2
5 - 100
~ - ’ -4
N7 =200 6
12 (0= 0) 13 (6= 0)
t‘Hg/Mpl
PAl
s s 4 N
I, \‘ sy
) “ 2 1’ \\
/ | /! t 9/ (x/3)
-3 -2 -1 /.7 1 v2 3 ¢/ (n/3)
T, ) ; 1 3
\\ ;=2 | ,l
2
s VoY
\\_1
14 (0 =12 15 (0=0)
_ ti?o/MPa Oby O mg s T/ MPa
St al 200 PN
// \\\ / -
’I \\ lw ’ “
l; -200 . Vs
; \ LN b L g /nr3)
, \ 32 -1/ 1T 2——3
/ Y N -
JI — 240 \\ ( ) -,-100
’ \ ¢/(n/3 NPk ST P
i A TR NG et .
16 (0= 1/2) — (0= 0
- (6=0)
------ (0 =1m/2)
17 3
4
(1) Q . (
[5]) : ) ,
, C U (

)e (1)



804 (1) —Q

[1] . [A]. . [C].
, 1979, 110 —126.

[2] Standards of the Expansion Joint Manufacturers Association (EJIMA) [ S]. EJMA, INC, Seventh Edi-
tion, New York, 1998.

[3] Dahl N C. Toroidal shell expansion joints[ J]. Journal of Applied Mechanics, ASME, 1953,20(4):
497—503.

[4] . [J]. , 1980, 1( 1):
89—112.

[5] ZHU Weiping, GUO Ping. Application of non homogeneous solution for equations of slender ring
shells to overal bending problem of Q _shaped bellows[ J] . Journal of Shanghai University, 1999, 3
(2):121—126.

[6] , . [J]. , 1979,
19(1):27—47.

[7] , . [J]. , 1980, 1(3): 287—299.

[8] , , . [J].

, 1999, 20(9) : 889—895.

General Solution of the Overall Bending of Flexible
Circular Ring Shells With Moderately
Slender Ratio and Applications to
the Bellows ( [[ ) —Calculation for
Omega_Shaped Bellows

7HU Wei_ping, HUANG Qian
(Shan ghai Institute of Applied Mathem atics and Mechancis, Shanghai
University, Shanghai 200072, PR China)

Abstract: (I[) is one of the applications of (I ), in which the angular stiffness, the lateral stiffness
and the corresponding stress distributions of Omega _shaped bellows were calculated, and the present
results were compared with those of the other theories and experiments. It is shown that the non he-
mogenous solution of (I ) can solve the pure bending problem of the bellows by itself, and be more
effective than by the theory of slender ring shells; but if a lateral slide of the bellows support exists
the non_homogenous solution will no longer entirely satisfy the boundary conditions of the problem, in
this case the homogenous solution of (I ) should be included, that is to say, the full solution of (I )
can meet all the requirements.

Key words: theory of flexible shell; circular ring shell;, Omega shaped bellows; general solution



