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1 , h = const, R,
&= 0= si/R, N= s2/b, I/Ri= cos¥/R, 1
I/R2= (1/b)(d¥/dN), b= const(b ZR2), (1
1
u= uti+ vh+wn, ¥=- G|+ Y2+ on° (2)
0= 0 ( ), Ly , Px
, gn= 0O , Fourier
[N: No My M2 Qi = Z[ N{ Ny M W QY cos,
j=0
[Si S2 Hi Hy QJ=1[8Y % uY u 0J+ (3)
S, sio# # Q7 sind.
j=1
(3 j=0 , -
) j: 1 2
[Ni N» My M> Qf = [N{ NY M1 M} Qﬂcose,
(4)
[51 S, Hi H; Q]]: [S% Sé H% H% Qﬂsine'
, (2 (4) .
s Love_Kirchhoff R
h b _hR .
R Rk <! (5)
OF(E 1)
FeTs prad} (6)
F(& M (6 : 1
3 . . von Karman( 1911)
s E. Reissner( 1949, 1950) C [7])

[6], (4)
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(5 (6) , St. V enant
V(1 , ,

d dV zsz+ 1 . _ .po S;0,
drl[ er V[2a Pl 11104— cPy - TLy

,s= sim®, c= cost, V()= X(N)+ iT(N)(i= J__l) ,

X(1) ren

(8)

z

1
Uz

R?
T= viJi2(1- V)IVER, }

I/ bdd(RVI) = RNi+ M icos b,

X= 9-

(9) o, ul, NI Mi, 1 (2 (4 02, us( us
)L,Ni My 0=0 . ar, P, LY
b _ R
a= g or= e = Jio1- V) & hR ,
2 2 3
0 b o_ _b _ __Er |,
Pe= g Pe Ly= el | D= 0 \/2)]

"= KT, RQb= KT+ f3,

Hi+ Hy, Hy _ Hy
H= """ 8= 8- "= S }

s c c s Eh*
= =P.+ —L,, 3= —P- =L, K= —/]—| .
[ B J12(1- VZJ
[ 91, (5] =[G o 05] cos 0, [012, 0y = [0%2, 0%1]sin9,

6M1 N2 6M2 s' . eH!
0% h_hz’ 0%: h_hz’ 0%2: Zi?'

[ %, u] = [ﬁé, u;]cose,
_ Ak w _ J“
- J:l R + '82( r].l), R X —

Uy = uy = u,l(rh)— J:cxbdrl,

2 , h . (1),(10) (11) , b

(7)

(8)

(9)

(10)

(1)

(12)

(13)
(14)

(15)

(16)
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= 2u
b z
R= Rn+ becos?, a= R L
m J f\)’ P, 1
r= E: 1+ acos?, b
_:;‘P
dc ) _dl_) o _ b —
=g e Y O\ |
an= |"an= (1* A r
2 R R
acos ¢) V_ smlbd—v'
A de
(17) x
(17) (7, ; 2
v dv 1+ sin’d .
(1+ acos?) dtbz aﬂ&n*b V 2(12%— 2iHcos | =
0w sin ¢ 0
P cos? 1+ acos®™” (18)
V.PL Ly, a B (8).(9),(11)  (17)* (12)  (16)
v
, , b
R a 1 ;
b
a= Rm<<1- (19)
: (18) a, (19) (12) (16)
d2
d4’2+ 2iHcos OV = Picosd— L)sin de (20)
B3 dReV  BMI_ | dReV
D — dd” D de ’
1
%:- a(1- V)ReV,
i | 0 (21)
[%z (i(Iim_¢V7 %:— alm Vsin ¢ - %Lcoslb
1 1 0
%: alm V, b_K@: alm Veos ¢ - §u51n¢°
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1)
9= ReVly - a| ReVsinbdd+ 03(by),
1

ul ¢
R aib]Re Vsin ¢d ¢,

o
ur = ur= url((bl)— L ReVcoshdd,

9 b ( ) , , b

4
(20) : (
f—;& 2ilsin @V = 2HPocos?,

b=w2- % LY(® == Ly(v), 2

2
j—‘;}r 2ilkin® = Lcos @,

, (23) (24)
(23) ()
. LY
V = - ﬁ‘{A1cos‘P+ Axsin2 P— Azcos3 P— Aysind P+

AscosS®+ AgsinG = ArcosT P~ Asin®+ )
9 A17A27A37 M

An 0 _ 1
A1~ 02 Awr AI‘L+ 1 ’
TR pro2 1

pt 32 1
TR
1.1+
_ An 1
n =An— = 2 ’
1 n_+ . 1
B (n+ 1) N 1
b (n+ 2}2
n +
An= A18283 S0 (n 22)°
IJH}(,S": 0,
v * A B , ,
s Al; A27A37 -ee® (23) (24)
v

(1)

(20)

Pl= 0

(2)

(B)

(24)

(%)

(2)

(27)
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V0= [Co+ i Cole& M5 I Lf1( @)+ ifaf 9] +
[B,o+ iE;]e_N@_SDl)[gl("P)*' igof 9)].

J10®)f2(F), g1( 9, goA P)

= ‘P]j ¢ (Pz o

(34

>

. Co, Co, Bo, Bo

Fi(®) = 1+ azc082P— bsin2 P+ ascosd P— basind P+ ...

ceet agncoR2n® - by,sin2n®+ ...

f2o @) = aisin®+ bicos P+ a3zsn3P+ bzcos3 P+

<ot a@n1sin(2n+ 1) P+ banricos(2n+ 1) P+ ..,
gi(®) = 1+ a2c0s2®P+ bosin2 P+ ascosd P+ basind P+

ct azncoR2n®+ by,sin2n®+ ...

gz( “P) = alsin(‘P— blCOS('P+ a3SiIl3('P— b3COS3‘P+

ct @ 1sin(2n+ 1) — bowrcos(2n+ 1) P+ ..

an = 2ReC,/ Co, b= 2ImC_ ./ Co*

Co -1

Cot ™ (M in)Y B= (Cui/Ch) (n>0),
Cr

- 1 (n< 0),

Cot (M in)Y Bt (Cui/C)
C.\/Co+ (/W)= (C//Co)= 0 (n= 0)

C -1
Co~ (M i)? 1 ’
+ T2
B (A 2i) N 1
B (A+ 3i)2
n +
Con_ 1
Co (M i)? 1
u ( A= 21)2+ 1
u A= 3i 2+
u
(33) ,
X _ - 1 _
LT (i)l 1
+ .2
u (At 207 1
u ( A+ 3i)°
N +
1
(A= i)2+ 1 ’
u (A= 2i) 1
u (A= 3i)°
i +
A e A L A

()

(30)

(31)

(32)
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V=V 4+ V% (36)
P Ly , (25) P2y
, . vV,
(14) (13) (22) (21) .
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Complex Equations of Flexible Circular Ring Shells
Overall Bending in a Meridian Plane and General
Solution for the Slender Ring Shells

Zhu Weiping, Huang Qian, Guo Ping
(Shanghai Institute of Applied Mathem atics and Mechanics,
Shan ghai University, Shanghai 200072, P R China)

Abstract: Complex equations of circular ring shells and slender ring shells overall bending in a merid-
ian plane are presented based on E. L. Axelrad s equations of flexible shells of revolution under asym-
metrical loading. It turns out that the equations are analogous toV. V. Novozhilov s equations of sym-
metrical ring shells, where general solutions have been given by W. Z Chien. Therefore, by analogy
with Chien’ s solution, a general solution for equations of the slender ring shells is put_forward, which
can be used to solve bellows overall bending problems.

Key words: flexible shells; shells of revolution; circular ring shells; curved tubes; bellows



