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AbstraGt  

In the problems of large deflection of clamped circular plates under 

uniformly distributed loads, various perturbation parameters relating to load, 

deflection, slope of deflection, membrane force, etc. are studied. For a 

general perturbation parameter, the variational principle is used for the 

solution of such a problem. The applicable range of these perturbation 

parameters are studied in detail. In the case of uniformly loaded plate, 

perturbation parametcr relating to central deflection seems to be the best 

among al l  others. The method of determination of perturbation solution by 

means of variational principle can be used to treat a variety of problems, 

including the large deflection problems under combine !oads. 

I. Introduction 

Prof.  Chien W e i - z a n g  (1947) taking the central  def lec t ion  as the perturbat ion 

parameter,  made use of the regular per turbat ion method to handle t h e l a r g e  def lec t ion  

problem of the circular  plate under  the ac t ion  of the un i formly  distributed load c~:. 

Later, a series of the large def lec t ion problem of the circular,  the e l l ipso ida land  the 

rectangular  plates are solved,  wi th  the help of u t i l iz ing the analogous perturbation 

parameter (maximum large d e f l e c t i o n ) : '  J- :3 ' .  The r ig id i ty  characteristics (the relation 

between the maximum large def lect ion and the load) are obtained wi th  this sort of 

per turbat ion method which  takes the def lec t ion as the parameter.  Its results con fo rm 

with the exper imental  data ve ry  well cgJ. Ano the r  method of  dealing with the large 

def lec t ion  problem of the plate is to let the load be the per turbat ion parameter :-~j, but 

the results are not  ideal enough.  In recent  years, R. Schmidt  and D. A. DaDeppo 

(1973) chose (1 - -v  2) (v is Poisson coe f f i c i en t )  as the per turbat ion parameter to deal 

wi th  some problems of  the membrane  and the plate. Af te r  they made the comparison 

among several per turbat ion  so lu t ions ,  t hey  made the comment ,  up to now Chien 

'~This paper is completed under the guidance of Prof. Chien Wei-zang. 
~*Communicated by Chien Wei-zang 
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W e i - z a n g ' s  solut ion is stil l  c o n s i d e r a b l y  be t te r  than that  o f  o thers  u ~  

I t o w e v e r ,  just 1;ke what  A. C. BOJIb~II, lp '-'ql po in ted  out  w h e n  the  d e f l e c t i o n  of  

the d e f l e c t i o n  cu rve ,  which  is p lo t t ed  w i t h  Ch ien  W e i - T a n g ' s  m e t h o d ,  is a l i t t le  

bi t  la rger ,  t he re  exis ts  the  dep res s ion  p h e n o m e n o n  in the  c e n t r a l  r e g i o n  (Fig. i a ) .  But  

th is  sor t  of  p h e n o m e n o n  does no t  appear  ]r~_ the e x p e r i m e n t s .  M o r e o v e r ,  Hu t tai-  

chang also p o i n t e d  out  that w h e n  the  cen t ra l  d e f l e c t i o n  is t rea ted  as the parameter ,  

the  c o n d i t i o n  of  the  c o m b i n e d  ac t ion  of  the cen t ra l  c o n c e n t r a t e d  load and the 

d i s t r ibu ted  load are no t  a lways  p rope r .  Because at th is  m o m e n t  the cen t ra l  de f l ec -  

t ion  may be equal to ze ro  (F ig .  l b ) .  In  his paper  :3:, he said that he  did some 

research  work  on  this topic ,  but the  p r o b l e m  has not  ye t  been  so lved .  

In  o rde r  to so lve  the  a f o r e - s a i d  p r o b l e m ,  a na tura l  c o n s e q u e n c e  is to seek for  

a n o t h e r  p e r t u r b a t i o n  pa ramete r ,  so as to look f o r w a r d  to a more p rope r  so lu t ion ,  

i. e. to get  be t t e r  r i g i d i t y  and  d e f l e c t i o n  cha rac te r i s t i c s  and at the same t ime  to be 

able to adapt to the c o n d i t i o n  of  t he  more  compl i ca t ed  load. T h e r e f o r e ,  we made 

the s tudy of  m a n y  k inds  of  p a r a m e t e r s  which  are re la ted  to load, d e f l e c t i o n ,  angle  

o f  r o t a t i on  and i n t e rna l  f o r c e .  F u r t h e r m o r e ,  in hand l ing  the c o n d i t i o n  of  the  genera l  

p e r t u r b a t i o n  p a r a m e t e r ,  we got  the  so lu t i on  wi th  the  he lp  of  the  va r i a t iona l  p r in -  

c ip le .  This  paper  makes use of  the  r ig id i ty  and the  d e f l e c t i o n  charac te r i s t i cs  of  the 

s o l u t i o n  w h i c h  are ob t a ined  by  the aid of the  va r ious  k inds  of  pe r tu rba t ion  parame-  

ters .  M o r e o v e r ,  we s tudied the app l i cab le  range  of the  so lu t ion .  F rom the angle  of  

e x p e r i m e n t a t i o n ,  we also discussed the p o s s i b i l i t y  of the cho ice  of the  much  be t t e r  

p a r a m e t e r .  

r - - ,  V -  1 

/J) ] 

-h- f - x  

/ Xll 

1 0.8 0.4 0 9 . - - - -  (b) 
r / a  (a) 

Fig. 1 

T h e  d i scuss ion  of th is  p a p e r  is l i m i t e d  to the  u n i t o I m l y  d i s t r i b u t e d  load  cond i -  

t i ons ,  in c o n s i d e r i n g  two  f r e q u e n t l y  used  b o u n d a r y  cond i t ions :  the  f ixed  c l a m p  and  

the  m o v a b l e  c l a m p .  I t  is not  d i f f i c u l t  to e x t e n d  the  a n a l o g o u s  d iscuss ion  to the  

o t h e r  c o n d i t i o n s ,  c o n c e r n i n g  the  load ,  t he  b o u n d a r y  a n d  o the r  c o n d i t i o n s .  
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]I. T h e  F u n d a m e n t a l  E q u a t i o n  a n d  t h e  

R e g u l a r  P e r t u r b a t i o n  S o l u t i o n  

We take the w e l l - k n o w n  Kfirm~in (1910) equation as the fundamenta l  equa- 

tion. Facing the large deflect ion problem of the circular  thin plate under the action 

of the uniformly distr ibuted load, K~rmfin equation has the form: 

d 1 d ( d w  "~ d w  1 
Dr--dr - -r  --dr- r dr / = r N ' ~ d r -  + ~2- -qrZ  

d 1 d r" ) 1 . / d w  .\z 
r-dr r -  -d r  ( -N, = - - - - 2 - - E I z ~ - )  (2.1) 

in which 

N, 

N~ 

r 

q 

h 

N, = d (rN,) 

t ransverse  deflect ion 

radia l  membrane force 

c i rcumferent ia l  direction membrane  force 

radial  coordinate  

t ransverse uniform pressure 

thickness of the plate  

E h  3 
D =  12( l_VZ)  bending r ig id i ty  

E elast ic i ty  coeff ic ient  

v Poisson coeff ic ient  

we also have  the cen t ra l  and boundary condi t ions.  

In dealing with the condi t ion of the f ixed clamp of the boundary:  

d w  
when r=O w and N, f in i te ,  dr - 0  

dw 
when r = a  w=O,  dr =0  

r d N ,  
(1 -V)N,  + dr =0 

In dealing with the condi t ion of the t ight ly  movable  clamp of the boundary:  

when r = 0 w and N, 

when r = a  w = 0 ,  

in which 

a is the radius of the circular  plate .  

dw 1 f in i te ,  dr - 0 

d w  
dr - 0  [ 

N ,  = 0 ) 

( 2 . 2 a )  

(2.2b) 
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L e a d i n g  to the n o n - d i m e n s i o n a l i t y  

W 

h 

S i m p l i f y  exp. 

a 2 N ,  2) 
S ,  = E h  3 1 2 ( 1 - v  

r 

a 

( 2 . 1 )  

dY 

1 ( e Y ' ~  2 
L ( PS~ ) = --o~-\~d~- ] 

d 
S , = d o -  S, 

in  w h i c h  
d 

o p e r a t o r  L ( . . . ) = P  
dP 

S i m p l i f Y  exps.  ( 2 . 2 a , 2 . 2 b )  

w h e n  P = 0 

d-Y 

dP  

1 d 
p d p  ( ' " )  

and 

d Y  
y f i n i t e ,  d P  = 0 '  S , = O  

d Y  
w h e n  P = ]  Y = O ,  d p  

a4q \ 

P - E h  ~ 1 2 ( 1 - v 2 ) x / 3 ( 1 - v  a ) i  

/ a z 

S~ E~5 O N , .  1 2 ( 1 - v 2 )  ( 

w h e n  

I n  ( 2 . 5 a ) ,  l e t  ~ . . . .  >~, 

d S ,  
- O, dP - v S ' = O  

( 2 . 3 )  

( 2 . 4 a )  

( 2 . 4 b )  

( 2 . 4 c )  

dY 
w h e n  P = 0  y f i n i t e , ~ - - = 0 ,  S t = 0  

dY 
P =  1 Y = 0 ,  dP - 0 ,  S ~ = 0  

( 2 . 5 a )  

( 2 . 5 b )  

t hen  we o b t a i n  exp ,  ( 2 . 5 b ) .  T h e r e f o r e ,  f r o m  now on  we 

o n l y  need  to c o n s i d e r  the  f i x e d  c l a m p  c o n d i t i o n .  F r o m  the r e s u l t  we t ake  v - ~ ,  

so as to o b t a i n  the  m o v a b l e  c l a m p  s o l u t i o n .  

W r i t e  d o w n  the  p e r t u r b a t i o n  p a r a m e t e r  e, t e m p o r a r i l y  we do no t  make  a n y  

c o n c r e t e  f o r m u l a t i o n .  T h e y  may  be d e f i n i t e  n o n - d i m e n s i o n a l i t y  of d e f l e c t i o n ,  

a n g l e  of  r o t a t i o n ,  load  or  i n t e r n a l  f o r ce .  T h e y  a lso  m a y  h a v e  c o n c r e t e  p h y s i c a l  

s i g n i f i c a n c e .  Bu t  we assume t h a t  th i s  p a r a m e t e r  is c h a n g e d  in  a c c o r d a n c e  w i t h  

the  c h a n g e  of the  n o n l i n e a r  deg ree  of the p r o b l e m ;  e s p e c i a l l y  w h e n  e is a l i t t l e  

b i t  s m a l l e r  and  thus  the  p r o b l e m  is l i n e a r .  M o r e o v e r ,  we  assume  t h a t  the  v a r i o u s  

m a g n i t u d e s  p,  y ,  S , ;  S ,  m a y  be d e v e l o p e d ,  R e g a r d i n g  the  f o l l o ; v i n g  a s y m p t o t i c  

s e r i e s  of 8: 
P 

-32- : a l e  +e3e3 + "" 

Y = Y ~ ( P ) e  + Y a ( P ) e  3 + .. .  

S ,  = f 2 ( P ) r  2 + f 4 ( P ) e  ~ 

S , = g 2 ( P ) e "  + g 4 ( P ) S  4 

(2.6) 
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in wh ich  a i is the  u n d e t e r m i n e d  cons tan t ,  y ,  (P), l~ (P), gi(P)  are the  re la ted  unde t e r -  

m ined  f u n c t i o n  of p. Subs t i t u t e  (2 .6)  in to  ( 2 . 4 ) ,  ( 2 . 5 ) ,  col lec t  the  s imi lar  t e rms  

of the  power  order  of e, so as to obta in  a series of the  l inear  d i f f e r e n t i a l  equa t ion  

of  the  r e l a t e d  a~, y , ( P ) ,  1i(P), g~(p), etc.  and  t h e i r  co r re spond ing  cond i t ions .  

In  d e a l i n g  w i t h  a~ a n d  y ~ ,  we  o b t a i n  

L (  P ~ j ) =  32alp ~" (2 .7)  

- dY1 
w h e n  P=O YI f m l t e , - ~ - = O  

dY~ 
w h e n  P=I  YL = 0 ,  dp - 0  

(2.7)  

The  so lu t ion  of p rob lem (2 .7)  is as fol lows:  

YI = a t (  p4  -- 2 p2 + 1) (2 .8)  

H a n d l i n g  I2 and  g2, 

a n d  

we ob ta in :  

1 [ d Y ,  ~z 
L (PJ'2) = ~ \ ~ ]  

when  P = 0 f2 = 0 

dl~ 
w h e n  P = I  dP ]z =0 i 

g z -  dP 

(2.9)  

(2.10) 

The  so lu t ions  of the  p rob lem (2.9)  a n d  (2.10)  h a v e  the so lu t ions  

a]" [-p7 .f2 = ~ - - _  - 405 + 6P3 - (4 + Z) P] 

2 

= a ~ 6  [7P~ ~ +18P  z -  ( 4 + 2 ) ]  gz 

in wh ich  ~ , - 1 - v  In  dea l ing  w i th  the  m o v a b l e  cond i t i ons ,  
l + v "  

at this  m o m e n t  ~ = - 1, 

Solve  (2 .8)  a n d  (2 .11)  thus g ive  out the  1st t e rm of ser ies  

it is c a l l ed  the  f i rs t  t e rm  of p o w e r  series .  

In  dea l ing  w i t h  a 3 and  Y3,  we o b t a i n  

w h e n  P = 0 

= 3 2 a a P  2 - f 2 - -  

Y3 f i n i t e , - -  

w h e n  P = a  Y3 =0  

dY1 
dP 

dY3 
- 0  dP 

dY3 
dP =0  

( 2 . 1 I )  

we should let  v-~c~,  but 

( 2 . 6 ) .  G e n e r a l l y  

(2.12) 
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Problem (2.12) has the solution 

Y,=as(O 4 - 2 p  2+1)  

1 
+a~ - 2160 

1 _ _ p n +  ~plO _ _ _  

Z-'IU 
5 10+3. .p8 + _ _ p 6  

288 216 

4+3. 
48 

p4+ 57 + 20~ 
720 

19 2 - -  
123+503. "~ 

4320 ] (2.13) 

Treat ing l ,  and g, we obtain 

dY, dY3 
L (P]~) - dP " d~-P- 

when P=O 1 4 = 0  

d l ,  
when P = 1 dP v f  , = 0 

(2.14) 

and 

dr, 
g * -  dP (2.15) 

The solutions of problems (2.14),  (2.15) are as follows: 

(__~__ 7 4 p~+2pS 4+), ) 
I4 = a l a 3  P - 3  3 P 

1 p,5+ 17 p,~ 13 
+ a~ - 1008~ 1512~--0- 2160 

_ _ p l l  

~_ 15+). pg l l+2A p T +  177+503. 
720 216 2160 

p5 

57+20Ap3+ 1242+755A+l12A" 
720 30240 

g, = a l a 3  p~ _ -  p., + 6p  z 
3 

1 p,4 221 p l ,_  143 
+a~ - ~  + 1512~ 2 1 6 ~  

plO 

1 5 + ~ p  8 77+t4A p~+ 177+50Z_ p4 
80 216 432 

57 + 20~. 
240 

p 2 +  1242+ 755A + ll2/tz ) 
3o/go 

(2.16) 

Solve (2.13) and (2.16),  the 2nd term of the power series (2.6)is derived. It 

is of ten  called the 2nd asymptotic solution. Both a l ,  as in the two asymptotic 

solutions are undetermined.  The discussion concerning the perturbation parameters 

in this paper is l imited to the two preceding terms of the asymptot ic  power 

series (2 .6) .  Their solutions are the exps. (2.8) ,  (2.11),  (2.13) and (2.16).  
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]~. T h e  P e r t u r b a t i o n  P a r a m e t e r s  a n d  

t h e  D e t e r m i n a t i o n  o f  a I a 3 

We subst i tu te  the solu t ions  of 

obta in  

in wh ich  

( 2 . 8 ) ,  (2 .11) ,  (2 .13) ,  

P 
32 =ate4-aasa 

y = a l A 1  (P) e + [ a 3 A ,  (P) + a ~ A 2  ( P ) ] e  3 

S ,  = a~B~ (O) e + E 2 a l a a B  1 (P) + a~ B~ (P)~e a 

S, = a ~ C  ~ (p)  e + [2a ~aaC ~ (P)  + a ~ C z  ( P ) ] e  a 

A1 (P) = p '  - 2p 2 + 1  

1 p,=+ 1 ptn_ 5 pS 
A 2 ( P ) -  - 2160 ~ O -  288 

10+) .o o 4+). p~+ 57+20).pZ 
+ 2 ~ T 6 - -  48 720 

1 7 2 5 p~ 4+3 ,  
B, (P) = ~ - - P  - - 3  p + 6 P 

1 p,S ~ 17 p13_ 13 p,~ 
B2 (P) = 10080 15120 2160 

15+). o 11+2). .p7 + 177+503. 
+ ~ P ~  216 2160 

57 + 20). 1242 + 755A+ 112). z pa+__ p 
720 30240 

7 t~ 10 p4 + 3p2 4+).  
C I ( P )  = - - 6 - p  - 3 6 

1 p,4+ 221 p12 143 plo 
C2 (P) = - 672 15~20- 2160 

(2.16) in to  (2.6) and  

(3.1) 

p5 

123+ 50). 
4320 

(3.2) 

15+A 77+143' 177+50). pS _ ____p8  + p4 
80 216 432 

57 + 20), 1242 + 755). + 112A z _ _ p Z + _  
240 30240 

The unde te rmined  c o n s t a n t s  a ,  and a 3 in exp. (3.1) are h a b h u a l l y  de termined 

th rough  the c o n c r e t e l y  chose pe r tu rba t i on  parameters .  We studied the var ious  pa ra -  

meters of the re la ted  load,  de f lec t ion ,  angle  of ro t a t ion  and i n t e r n a l f o r c e  as well 

as t h e h  corresponding va lues  of a , ,  a 3. Now let us take  several  r ep resen ta t ive  and 

cons iderab ly  va luab le  pa ramete r s  as i l lus t ra t ive  examples as follows: For  the sake 

of compar i son ,  the  cen t r a l  de f l ec t ion  and  the  load parameters  are also shown con-  

cu r ren t ly .  

( l )  Take  the cen t ra l  def lec t ion  as the  pe r tu rba t ion  pa ramete r ,  we h a v e  

- - - -  wo (3.3) 
e = Y ( O )  = v  / 1 2 ( 1 - v  2) h 
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T h e  c o m p l e m e n t a r y  e q u a t i o n  may  be d e r i v e d  f r o m  the 2nd e x p r e s s i o n  of the  exp.  

( 3 . 1 ) .  Le t  P = 0 ,  we o b t a i n  

e = a ,A~  (O)e  + [a3A~ (0)  + a~Az  (O)]e  ~ (3 .4 )  

C o m p a r e  the c o e f f i c i e n t  of the  same p o w e r ,  t h r o u g h  c a l c u I a t i o n  we may  o b t a i n  

123+50A 
al = 1 a3 = 43-20 (3.5) 

T h i s  is jus t  the  r e s u l t  of P rof .  C h i e n  W e i - z a n g ' s  r e s e a r c h  w o r k  aJ. 

(2)  T a k e  the  load as the  p e r t u r b a t i o n  p a r a m e t e r ,  we h a v e  

3 

P [3 ( ]  - v 2 ) ]  2 a*q 
e -  32 8 Eh3 

(3.6) 

H e n c e ,  we h a v e  

i .  e.  

E = a l c - t - Q 3 s  3 

al = 1 ,  a3=O (3 .7 )  

In  f a c t ,  i t  is the  r e s u l t  of V i n c e n t  12]. 

(3 )  T a k e  the  m e a n  squa re  roo t  of d e f l e c t i o n  as p e r t u r b a t i o n  p a r a m e t e r l  w e - o b t a i n  

S u b s t i t u t e  the  2nd e x p r e s s i o n  of exp.  (3 .1 )  i n t o  the  above  m e n t i o n e d  e x p r e s s i o n ,  

c o m p a r e  i t  w i t h  the  same  o r d e r  p o w e r  c o e f f i c i e n t  and  e l i m i n a t e  the  t e r m  w h i c h  

c o n t a i n s  e 6, we o b t a i n  

1 

a~ ~oA,  (P)dP 
-~-- " 1 2 . . . .  

- a~ 0 AI  ( P ) A 2 ( P ) d 0  

a 3 . . . .  ~ i A ~ ( P ) d  p 

S u b s t i t u t e  the  r e l a t e d  f u n c t i o n  i n t o  it, t h r o u g h  c a l c u l a t i o n ,  we  o b t a i n  

139934 + 58565). 3i5 a~ = a~ (3.9) 
ai = 218" 5250960 

(4) Take the mean square root of the slope (angle of rotat ion) as the per turbat ion 

parameter,  i n s t an t l y  we obtain 

( d ~ - ) 2 d p  - - j o , ~ - -  ! dr ( 3 . 1 0 )  
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Subst i tute  the 2nd expression of exp. (3.1) into the afore-said expression. Compare 

and el iminate the term which conta in  e ~ We the same order power series of e, 

obtain 
a~- i 

I' (A~) 2dp 
0 

a~ ['A~A" Pd 
aO 

Subst i tute  the related func t ion  into the afore-said expression, through calculat ion 

we obta in  

105 8718 + 3575Z 
a~ - 128 ' aa = 308880 a~ (3.11) 

(5) Take edge c i rcumferen t ia l  membrane force as the per turbat ion parameter,  we 

obta in  
a 2 . 1 2 ( 1 - v  ~) 

e 2 = S, (1) = - Eh 3 N, (a) (3.12) 

Taking from the last expression of (3 .1) ,  let P = I ,  we obtain 

e z = a ~ C l ( 1 ) e  a + [ 2 a l a 3 C , ( 1 )  +a~C2(1) ]  

Through calculat ion,  we obtain 

6 265 + I12~ 3 
a~- I -A ' a3-  ~0080 a, (3.13) 

Just like the two former parameters which were used in the history of mathe- 

matics, in this paper we numerate three kinds of parameters, their physical signi- 

ficance is very obvious. Their magnitude can reflect the nonlinear degree of the 

problem. But the latter may not be limited by the load action condition. They have 

general applicability. The analysis of the corresponding solutions of the above- 

mentioned parameters will be proceeded afterwards. 

IV. M a k i n g  U s e  o f  t h e  V a r i a t i o n a l  P r i n c i p l e  t o  

D e t e r m i n e  t h e  U n d e t e r m i n e d  C o n s t a n t s  

Through the method of de termining the undetermined constants  af ter  the con- 

crete  choice of the per turba t ion  parameter ,  it is simple and prac t ica l .  But the 

d i f f e r e n t  choice of the parameters  may lead to quite d i f fe ren t  results. Therefore,  

i f  we want  to obta in  more proper solution, it is required that  the research work- 

ers should have  profound experiences and deep recognit ion of the physical  nature  

in dealing with the problem. Right here, we suggest another  way  of approach, i .e .  
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de te rmine  the u n d e t e r m i n e d  c o n s t a n t s  basing on the v a r i a t i o n a l  pr inciple ,  and 

thus  de t e rmine  the  p e r t u r b a t i o n  solut ions .  A l though  the  c a l c u l a t i o n  is qu i te  a bit 

more compl ica ted ,  but there  exists the c o m p a r a t i v e l y  genera l  app l i cab i l i t y .  

Assume the  pe r t u rba t i on  p a r a m e t e r  e to be the genera l  p a r a m e t e r  w i thou t  p h y -  

s ical  s i g n i f i c a n c e ,  its so lu t ion  is der ived  from exps. (3.1)  and  ( 3 . 2 ) .  Firs t  of all, 

we go a step f u r t h e r  to s impl i fy  the u n d e t e r m i n e d  cons t an t s  a~, a3.  

In  case  we in t roduce  

~3 
a - (4.1)  a~ 

T h e n  we c a n  make  use of a~, a to take  p lace  of z i ,  a~, so as to form a new set 

of u n d e t e r m i n e d  cons tan t s .  Rewr i t e  a~, a in terms of  exp. (3.1) there  exist 

P 
.... =el e + a ( a l e )  3 

32 

Y=A~ (P) c~e+ [~A~ (P) +A2 (P)](e~e)3 
(4.2)  

S~ = B~ (P) ( a l e )  "- + F2aB! (P) +B~ (P)] (a~e)' 

S, =C~ (P) ( a ~ e ) "  + [2aC~ (P) + C :  (O)] ( a l e )  ~ 

in this expression the var ious  f u n c t i o n s  are der ived  from exp. ( 3 .2 ) .  It c an  be 

seen from the  a b o v e - m e n t i o n e d  expression tha t  no m a t t e r  w h i c h  va lue  ( a ~ - O ) ,  

is t a k e n  in to  cons ide ra t ion ,  there  is no i n f l u e n c e  on the  solut ion.  In  o ther  words, 

all the  p e r t u r b a t i o n  of the d i f f e r e n c e  in a d e f i n i t e  c o n s t a n t  mul t ip l i e r  is der ived 

from the  same va lue  a. But these pa rame te r s  must  be looked as equ iva l en t  ones. 

Moreover ,  it is possible to be represen ted  by a p a r a m e t e r  e = a ~ e .  E m a y  be looked 

as the  p e r t u r b a t i o n  p a r a m e t e r  w h i c h  ob ta ins  a~ = 1. C o n s e q u e n t l y  the  so lu t ion( . l ,2 )  

m a y  be s impl i f i ed  by subs t i t u t i ng  ~ into it 

P 
- -  ~ E + ~ E  3 

32 

Y = A ~ E  + ( a A l  + A~. )~  ~ (4.3) 

S ~ = B ~ e  ~ + (2aB~ + B 2 ) e  L 

S , = C ~ e  ~- + ( 2 a C t + C : ) e '  

Thus,  so lu t ion  (4.3)  is mere ly  d e p e n d e n t  upon an  u n d e t e r m i n e d  c o n s t a n t  a. This 

is a simple f ac t .  But it should be po in t ed  out  t h a t  this  is not u n i m p o r t a n t ,  be- 

cause  in such a way ,  we m a y  discuss the r ea sonab le  d e t e r m i n a t i o n  problem in 

p la in  l a n g u a g e .  It  is neces sa ry  to poin t  out  t h a t  the  formal  so lu t ion  of exp. (4~ 

in terms of the  gene ra l  load  a n d  the  gene ra l  b o u n d a r y  c o n d i t i o n  are  just like this.  

I t  is on ly  t h a t  the  f u n c t i o n s  A;, B~ Ci etc.  in it and  the  conc re t e  form of the 

problem are r e l a t ed .  
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Solution (4.3) is derived from the asymptot ic  l inear  d i f f e ren t i a l  equat ion step 

by step. As for the fundamen ta l  equat ion (2,4) and the boundary condit ions (2.5a), 

(2 .5b) ,  they  still sa t i s fy  the boundary condit ions and concurrent ly  sa t is fy  the 

3rd expression of (2 .4 ) .  But they do not sa t i s fy  the balance equation (2 .4a) ,  

and the equat ion of compat ib i l i ty  (2 .4b) .  In dealing wi th  the complete func t iona l  

of the problem, all these condi t ions should be taken  into considerat ion.  But the 

solution which we seek for is only the solution in terms of the asymptot ic  signi- 

f icance .  Therefore ,  when the func t iona l  is set up, re la t ive ly  the higher  order term, 

which consists of e, may be e l iminated.  The ca lcu la t ion  shows that  a f t e r  consi-  

dering the term which is derived from the equat ion of compat ib i l i ty  (2.4b) is just 

tha t  which is belonged to the higher  order term of e. Thereupon,  we may re- 

gard that  solving (4.3) may asymptot ica l ly  sa t is fy  (2 .4b) .  Consequently,  we may 

make use of the minimal  total  po ten t ia l  energy principle.  According to paper [6],  

from the condi t ion of the first order v a r i a b l e = 0  of the total  potent ia l ,  we obtain 

d Y  \ •  d Y  { d Y  ~dP 

Subst i tu te  (4.3) into the above- -ment ioned  expression, with the variables against  

a. Notice the corresponding equations which have sat isf ied the asymptotic solu- 

t ion.  Consequent ly  we e l iminate  the high order term of e and through calcula t ion,  

we obta in  

I I[B I (aA~+A~)  + (2aBI B~ ) A~ ~A~ dP + 0 (4.5) 
0 

From which we solve a 

I1 + I: 

in which 

(4.6) 

Exps. (4.6) and (4.7) against  the general  load and the boundary condit ions are 

also set up. In the problems, which we tackle,  from (3.2) .... exps. AI,  A:,  BI, B, 

are derived.  Subs t i tu t ing  them into (4 .7) ,  through calculat ion we obtaion,  

10583 +8745A +1848A: ') 
I1 -- 748440 ] 

I2 = 10583+8745A+1848A: l~ (4.8) 
1496880 

16 +7A [ 
.... 
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Ii =I B~ (A~)2dP i 
o " i 

I 1 , ,  ! I: = oB l �9 A iAadP (4,7) 
( 

1 

J BI (A~) ado 1 
0 



S u b s t i u t e  ( 4 . 8 )  i n t o  exp.  ( 4 . 6 ) ,  e v e n t u a l l y  we  o b t a i n  

10583 + 8745A+ 1848;t 2 
a = ( 4 . 9 )  

23760( 16+ 7A) 

T h e  r e s u l t  is q u i t e  s imp le .  S u b s t i t u t e  a b a c k  i n t o  exp.  (4 .3 ) .  I n s t a n t l y  we  o b t a i n  

the  p e r t u r b a t i o n  s o l u t i o n  w h i c h  is d e t e r m i n e d  by  the  v a r i a t i o n a l  p r i n c i p l e .  A t  

t h i s  m o m e n t ,  E does no t  h a v e  a n y  c o n c r e t e  s i g n i f i c a n c e .  I t  is m e r e l y  a g e n e r a l  

p a r a m e t e r .  

V .  E v a l u a t i o n  o f  t h e  P e r t u r b a t i o n  P a r a m e t e r  

F r o m  the  a n g l e  of the  e x p e r i m e n t a l  fac ts ,  we  make  s t u d i e s  of  the  a b o v e - m e n -  

t i o n e d  p e r t u r b a t i o n  p a r a m e t e r  ( i n c l u d i n g  the  g e n e r a l  p a r a m e t e r ) .  Our  p u r p o s e  is 

c h i e f l y  to e x a m i n e  the  c h a r a c t e r i s t i c s  of the  r i g i d i t y  ( r e l a t i o n  b e t w e e n  the  load and  

the  c e n t r a l  d e f l e c t i o n )  and  the  d e f l e c t o i n  of  the  c o r r e s p o n d i n g  s o l u t i o n s .  We  t ake  

the  f o r m a l  s o l u t i o n  of the  ( 4 . 3 ) .  A t  th i s  j u n c t u r e ,  the  a v a l u e  of the  v a r i o u s  

p a r a m e t e r s  is d e t e r m i n e d  b y  ( 4 . 1 ) ,  w h i l e  the  g e n e r a l  p a r a m e t e r  c o n d i t i o n s  are  

d e t e r m i n e d  b y  ( 4 . 9 ) .  F i r s t  of a l l ,  we pu t  f o r w a r d  the  s t a n d a r d  of s e v e r a l  

e x p e r i m e n t s .  

In  (4 .3 )  le t  P = 0 ,  we  may  o b t a i n  the  r e l a t i o n  b e t w e e n  the  load and  the  

c e n t r a l  d e f l e c t i o n ,  i . e .  the  r i g i d i t y  c h a r a c t e r i s t i c s .  

p ", 

32 - e + a e Z  ( ( 5 .1 )  

Y o  = e  + ( a - a o ) E  3 ~ 

in  w h i c h  
a0 _ 123 + 5 0 4  ( 5 . 2 )  

4320 

U n d e r  the  a c t i o n  of the  u n i f o r m l y  d i s t r i b u t e d  load, the  c o n d i t i o n  of the  

c i r c u l a r  p l a t e  is a s i m p l e  e x p e r i m e n t a l  f a c t .  B e t w e e n  P and  Y0, the  u n i t  

v a l u e  a re  c o r r e s p o n d i n g  w i t h  e a c h  o t h e r .  We  c o n s i d e r  t h a t  w i t h i n  a d e f i n i t e  

r ange ,  th i s  c o n d i t i o n  m a y  be i n d i c a t e d  as f o l l o w s .  

d Y ~  - l + 3 ( a - a  0 ) e z ~ 0  
de 

i. e. 

1 - a )  ( 5 . 3 )  ~ ~ 3 ( a 0  

Fo r  the  g i v e n  p e r t u r b a t i o n  p a r a m e t e r ,  in  d e a l i n g  w i t h  a v a l u e ,  f r o m  exps.  (5 .1)  

and  ( 5 . 3 ) ,  we o b t a i n  the  s a t i s f a c t o r y  d e f l e c t i o n  r a n g e  or the  load r ange  of 

the  u n i t  v a l u e  c o n d i t i o n .  W h e n  a ~ a  o, (5 .3)  is set  up  c o n s t a n t l y ,  i . e .  the  u n i t  

v a l u e  c o n d i t i o n  is a l w a y s  g u a r a n t e e d .  
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Another experimental  fact  is that  in the process of deformation, the depression 

phenomenon should not appear in the central  region of the mid-plate.  Thus, in 

dealing with the shape of the deflect ion curve of the solution, there calls for a 

demand. This point may indicate tha t  against the angle of rotation, there should 

have 

d w  
4 0  pr 

in the central  region, especially when the neighborhood is set up in the center. 

Because the depression phenomenon just indicates that  the above-men t ioned  expres- 

sion is destroyed. The dimensionless form of the above--mentioned expression is 

dY 
dP 4 0  

It is set up in the neighborhood of P=0 .  According to exp. (4 ,3) ,  we obtain 

dY  A l e  + (aA', + A'2) ~3<-~0 
dp 

As the above-mentioned expression is in the neighborhood of p : :0 ,  it may proceed 

asymptot ical ly.  

A{Ie + [aA~ ~ + Af]E3~0 (O = 0) 

After  calculat ion,  we obtain 

i 5 7  + 20A 
e2 7> 1440 a (5.4) 

In dealing with def ini te  a value, from the above-mentioned expression and exp. 

(5 .1 ) ,  it may be estimated that  the deflection or the load range may sat isfy the 

undepressed condit ion of the central  region. When a ~  57+20A condit ion (5.4) 
1440 ' 

is a lways guaranteed.  

Sometimes, let us intoduce the parameter  

= ( 5 . 5 )  

It is much more conven ien t  tha t  in the expression, a is defined by (4 .1) ,  and a0 

is derived from (5.2)  consequent ly .  Exps. (5 .1) ,  (5 .3) ,  (5.4)  may be writ ten 

respect ively  as: 

P 
-32 = E+f3ao ~ (5.6) 

i 

Y o  = E + ( [ 3 -  1 ) a o ~  3 
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and  
~z .~3(zo ( 1  - ,8)  

1 ~ a o (  171+60A ) 
~ 123 + 50A - /3  

Of course,  to solve (-1.3), 

mined  b y  13. 

(5.Va,b) 

it also can  be i n d i c a t e d  b y  ~3, and  it is sole ly  de te r -  

W i t h  the  e x c e p t i o n  of the  c o n d i t i o n  ( 5 . 7 ) ,  c o r r e s p o n d i n g l y ,  a d e f i n i t e  per- 

t u r b a t i o n  p a r a m e t e r  and  the  r ig id i ty  of so lu t ion  a s w e l l  as the  d e f l e c t i o n  curve  and  

the  e x p e r i m e n t a l  resul t  must  also be iden t i ca l .  If  so, c o n d i t i o n  (5 .7)  is m e r e l y  a 

k i nd  of q u a l i t a t i v e  demand .  T h e n  the l a t t e r  is the  q u a n t i t a t i v e  s t a n d a r d .  Due to 

the lack  of ample e x p e r i m e n t a l  ma te r i a l  of the de f l ec t i on  cu rve ,  we mere ly  ex am in e  

the  r ig id i ty  cha rac t e r i s t i c s .  

Fig. 2 plots the  ac tua l  va lue  of the  r ig id i ty  ch a r ac t e r i s t i c s  c o n c e r n i n g  the f ix -  

ed c lamp b o u n d a r y  c o n d i t i o n .  Source  of the  da t a  is paper  [11] .  Moreove r ,  w h e n  

v = 0 . 3 ,  the cu rve  c o n c e r n e d  is p lo t ted .  Th e  r ig id i ty  cu rve  of the p e r t u rb a t i o n  solu- 

t ion  of  the va r ious  va lues  of /3 w h i c h  takes  the va lue  ( c a l c u l a t e d  acco rd ing  to exp. 

( 2 . 14 ) )  are  co r r e spond ing  wi th  e a c h  o ther .  Th u s  we see t h a t  the v a r i a t i o n  of the 

cu rve  aga ins t  /3 is v e r y  s e n s i t i v e , e s p e c i a l l y  w h e n  the de f l ec t ion  is c o m p a r a t i v e l y  

qui te  a bit larger ,  ( - h - ~ 2 ) .  It  is o n l y  w i t h i n  the qui te  s m a l l r a n g e  o f / 3 ~ I - - 1 . 0 2 ,  

t h a t  the  cu rve  and  the expe r imen t  are in c o n s i d e r a b l y  good concord  wi th  each  o ther .  

For  the sake of i n tu i t i on ,  we plot the  c o n d i t i o n  (5 .7)  ( v = 0 . 3 )  (Fig. 3). The  

two curves  in te r sec t  each  o the r  at poin t  a in the subscr ipt  pos i t ion ,  i . e .  w h e n  /3 

is a l i t t le  bit  small,  the  c o n d i t i o n  (5 .7a)  is in ac t ion .  W h e n  the two curves  in te rcep t  
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e a c h  o t h e r  a t  p o i n t  a in the  supe r sc r ip t  p o s i t i o n ,  /3 is a l i t t le  bit  big,  t he  c o n d i t i o n  

(5 .7b)  is in a c t i o n .  R e g a r d i n g  a d e f i n i t e  /3 v a l u e ,  we  m a y  es t ima te  the  a p p l i c a b l e  

r a n g e  o f  the  p a r a m e t e r  ~, b a s i n g  on  t he  absc i s sa  o f  the  c o r r e s p o n d i n g  p o i n t  on  t he  

c u r v e  o f  Fig .  3. F r o m  exp.  (5 .6 )  we  m a y  o b t a i n  the  c o r r e s p o n d i n g  d e f l e c t i o n  or 

t h e  l o a d  r a n g e .  

C o m b i n e  Fig.  2 a n d  Fig .  3, we  m a y  r e v i e w  the  v a r i o u s  k inds  of  the  per tur -  

b a t i o n  p a r a m e t e r ,  as we l l  as the  r i g i d i t y  a n d  the  d e f l e c t i o n  s p e c i f i c i t y  of  t h e i r  

I 

s o l u t i o n s .  3 

we  k n o w  t h a t  the  c h a r a c t e r i s t i c  of  
1 . 2  

t h e  s o l u t i o n  is s o l e l y  d e p e n d e n t  o n  /3. 
I 

T h e r e f o r e ,  we  t a b u l a t e  the  r e l a t e d  pe r -  

t u r b a t i o n  a n d  its c o r r e s p o n d i n g  /3 v a l u e  0a 

in  T a b l e  I .  I3 v a l u e  is d e f i n e d  b y  exp.  

( 5 . 5 ) .  T h e  two  c o n d i t i o n s  of  the  f i x e d  0.4 

c l a m p  a n d  the  m o v a b l e  c l a m p  are c a l -  

c u l a t e d .  A t  the  same  t ime the  a p p l i c a b l e  0 I 

r a n g e  o f  the  d e f l e c t i o n  is d e t e r m i n e d  

b y  Fig .  3. 

t//  
| 

! 

i /  

Fig. 3 

T a b l e  I P e r t u r b a t i o n  P a r a m e t e r  and /3 V a l u e  

Name of 

Parameter 

Central 

deflection* 

mean square 

root slope 

general 

parameter 

mean square 

root slope 

/ 3 = - -  

fixed 

clamp 

' ( v = 0 . 3 )  
r . - 

123 +50~ 
Y(O) 4 3 2 0  

}/r -. I 8 7 1 8 + 3 5 7 5 A  /30 
10583 + 8745A + 1848A 2~ 

23760(16 + 7Z) 

139934 + 58565A 
' -52-50960-- 

265 + l12Z 
10080 

circumferen- 
tial direction i 
membrane St (1)  

force 

movable 
clamp 

( )=  - 1 )  

i 

0. 9170 ! 
I 

2 • - •  applicab ( ~  lc range 
] 

fixed movable 

clamp clamp 

2 .44  3 .23  

2.38 3.09 

1 

0.9950 0.9853 

0.9642 1.0200 

0.9479 

2 .31  3 .42  

1.93 2 .58  

0 .9391  0 .8982  1.86 2.47 

Load ~* p 0 0 0 ! 0 .52  0 .90  
i 

*Chien Wei-zang (1947), **Vincent (1931) 
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F a c i n g  the  f ixed  c l a m p  b o u n d a r y ,  we e n u m e r a t e  the  /3, va lue s  of  the two pe r -  

t u r b a t i o n  p a r a m e t e r s  a n d  the  a p p l i c a b l e  r anges  w h i c h  are qui te  n e a r  to e a c h  o ther .  

T h e r e f o r e ,  we m a y  e s t i m a t e  t h a t  the  so lu t ions  f rom w h i c h  t h e y  are  de r i ved  are  

also qui te  n e a r  to e a c h  o ther .  But  the  d e f l e c t i o n  a p p l i c a b l e  r a n g e  w h i c h  is de r ived  

f r o m  the  c e n t r a l  d e f l e c t i o n  is mos t  h igh .  (u,/h~2.44), the  m e a n  squa re  root  of the  

slope is p r e t t y  good.  F rom Fig.  2 it m a y  be seen  t h a t  up to the  v i c i n i t y  of w / h ~  

2 . 3 - - 2 . 4 .  T h e y  a n d  the  e x p e r i m e n t s  are  wel l  c o n f o r m e d  to e a c h  o the r .  I t  m a y  be 

a c k n o w l e d g e d  t h a t  w i t h i n  th is  r ange ,  all  of these  p a r a m e t e r s  are  c o n s i d e r a b l y  p ro -  

per  p e r t u r b a t i o n  p a r a m e t e r s .  T h e  m e a n  squa re  root  of the  g e n e r a l  p a r a m e t e r  

d e f l e c t i o n  as wel l  as the  a p p l i c a b l e  r a n g e  of  the  c i r c u l n f e r e n t i a l  d i r e c t i o n  m e m -  

b r a n e  fo rce  is c o n s i d e r a b l y  smal l ,  C o m b i n e  T a b l e  I a n d  Fig.  2, it is poss ible  to 

r e c o g n i z e  t h a t  the  a p p l i c a b l e  r a n g e  of t he i r  so lu t ions  is a b o u t  w/h.~l.8. T h e  

a p p l i c a b l e  r a n g e  of the  l o a d  is p r e t t y  smal l .  I ts  c o n f o r m i t y  w i t h  the  e x p e r i m e n t s  

is poor .  Th i s  sort  of  p a r a m e t e r  is not  a p p l i c a b l e .  

As for  the  m o v a b l e  c l a m p  b o u n d a r y ,  the  c o n d i t i o n  is f u n d a m e n t a l l y  ana logous .  

But  the  a p p l i c a b l e  r ange  of the  v a r i o u s  p a r a m e t e r  ranges  are  g e n e r a l l y  bigger.  I t  is 

w o r t h w h i l e  to po in t  out  t h a t  r e g a r d i n g  the  gene ra l  p a r a m e t e r ,  / 3 m l . 0 2 ,  is o b t a i n e d  

f rom the  v a r i a t i o n a l  p r inc ip l e .  I t s  a p p l i c a b l e  r ange  is a l i t t l e  b i t  bigger  t h a n  the  

[3 v a l u e  of the  c e n t r a l  d e f l e c t i o n .  Th i s  e x p l a i n s  t h a t  it is poss ib le  t h a t  the  resu l t  

of  the  v a r i a t i o n a l  p e r t u r b a t i o n  m e t h o d  is not  wrong .  I t  is a p i t y ,  t h a t  we did 

no t  h a v e  the  e x p e r i m e n t a l  d a t a  of  t he  m o v a b l e  c l amp  b o u n d a r y ,  thus  we cou ld  

no t  go a step f u r t h e r  to e v a l u a t e  the  resul t .  

C o n c u r r e n t l y ,  it is n e c e s s a r y  to po in t  out  t h a t  the c a l c u l a t i o n  shows:  w h e n  the  

c i r c u m f e r e n t i a l  d i r e c t i o n  m e m b r a n e  f o r c e  S t ( l )  and  the  m e a n  square  root  slope 

(~/~o(Y~)O-pdp) are t r e a t e d  as the  p e r t u r b a t i o n  p a r a m e t e r s ,  t h e r e s u l t  is c o m p l e t e l y  

i d e n t i c a l  w i t h  t h a t  w h i c h  m a k i n g  the  c i r c u m f e r e n t i a l  d i r e c t i o n  m e m b r a n e  fo rce  
~,r I dzy \ 

S , (1 )  as t he  p a r a m e t e r  m a k i n g  the  a v e r a g e  su r f ace  c u r v a t u r e  ~Jo~i-PdP) a n d  

I d Y  dP'~ t h e  a v e r a g e  ang le  of r o t a t i o n  ( ~ -  / as wel l  as t he  c e n t r a l  d e f l e c t i o n  as 

1he p a r m e t e r s ,  the  resu l t  is c o m p l e t e l y  i d e n t i c a l  w i t h  e a c h  o the r ,  etc.  H e n c e f o r t h ,  

s e v e r a l  k inds  of p e r t u r b a t i o n  p a r a m e t e r s ,  w h i c h  are  d i scussed  in th is  paper ,  are  

,in f a c t  the  r e p r e s e n t a t i o n s  of  c o n s i d e r a b l y  p l e n t y  of p a r a m e t e r s .  

I f  we w a n t  to i m p r o v e  t h e  d e f l e c t i o n  c h a r a c t e r i s t i c  of  t he  so lu t ion ,  o b v i o u s l y ,  

f rom Fig.  3, it is s h o w n  t h a t  it is n e c e s s a r y  to  i nc r ea se  the  ~ v a l u e  g r e a t l y .  Fo r  

e x a m p l e ,  if we hope  t h a t  the  a p p l i c a b l e  r a n g e  to be w / h ~ 4 .  T h e  c a l c u l a t i o n  in-  

d i c a t e s  t h a t  the  c o r r e s p o n d i n g  one  is ~ ' 1 . 0 9 .  But  f rom Fig.  2 it m a y  be seen  
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t h a t  w h e n  B ~  1.09, the s o l u t i o n  is g r e a t l y  d e v i a t e d  f r o m  the a c t u a l  v a l u e .  C o n v e r -  

sely,  i f  we hope  tha t  the d e f l e c t i o n  is a l i t t l e  b i t  b igger ,  the r i g i d i t y  c h a r a c t e r i s t i c  

of the  s o l u t i o n  and  the e x p e r i m e n t  a re  wel l  c o n f o r m e d  w i t h  each  o ther .  T h i s  is jus t  

w h a t  is d i s c u s s e d  above ,  u n l e s s  i t  is w i t h i n  the q u i t e  small  r ange  of f l ~ 1 - 1 . 0 2 ,  

i t  is no t  p rope r .  Bu t  l i k e  the  c o n t r a s t  Fig .  3, i t  is k n o w n  tha t  c o m p a r e d  w i t h  the  

s o l u t i o n  of the  c e n t r a l  d e f l e c t i o n  ( / 9=1) ,  i t s  d e f l e c t i o n  c h a r a c t e r i s t i c  has  no 

o b v i o u s  i m p r o v e m e n t .  S u m m i n g  up  the  a f o r e - s a i d  two  r e s u l t s  of  the  c o n t r a d i c -  

t i ons ,  we m a y  c o n s i d e r  tha t  i t  is o n l y  b e l o w  w/h..~2.5 ( f i xed  c l a m p  b o u n d a r y ) ,  

t h a t  the  p e r t u r b a t i o n  s o l u t i o n  of ( 4 . 3 )  f o r m  m a y  c o n c u r r e n t l y  mee t  the  e x p e r i -  

m e n t a l  d e m a n d s  of the  r i g i d i t y  and  the d e f l e c t i o n .  

V[. C o n c l u s i o n  

i n  ou r  d i s c u s s i o n  c o n c e r n i n g  the c o r r e s p o n d i n g  s o l u t i o n  of the c o n d i t i o n  of 

the  u n i f o r m l y  d i s t r i b u t e d  load and  the mean  squa re  root  of the s lope ,  a l t h o u g h  

the a f o r e - s a i d  s o l u t i o n  and  the s o l u t i o n  of m a k i n g  the c e n t r a l  d e f l e c t i o n  as the  

p a r a m e t e r  a re  c o n s i d e r a b l y  in conco rd  w i t h  each  o the r .  But  m a k i n g  the  c e n t r a l  

d e f l e c t i o n  as the  p a r a m e t e r  the  r e s u l t  is be t t e r ,  because  it  is m u c h  s i m p l e r .  

H o w e v e r ,  b e c a u s e  the  o t h e r  p a r a m e t e r  ( n o t  i n c l u d i n g  the  load) ,  w h i c h  are  dis-  

cussed  in  t h i s  paper ,  h a v e  the  g e n e r a l l y  a p p l i c a b l e  c h a r a c t e i s t i c s .  I t  is sugges t ed  

t h a t  we  m a y  m a k e  use  of  t h e m  to s t u d y  the  p e r t u r b a t i o n  p a r a m e t e r  of the 

c o n d i t i o n  of the  c o m p l i c a t e d  load a c t i o n  c o n d i t i o n .  Of course ,  as the d i f f e r e n t  

load c o n d i t i o n s  and the b o u n d a r y  c o n d i t o n s  a re  d i f f e r e n t  f r o m  each o the r ,  i t  is 

p o s s i b l e  t ha t  the  m e r i t s  and d e m e r i t s  of the v a r i o u s  p a r a m e t e r s  a re  not  c o m p l e t e l y  

the  same. We  shou l d  h a v e  c o n c r e t e  a n a l y s i s .  But  w i t h i n  a d e f i n i t e  r a n g e  a l l  of 

t h e m  are  a p p l i c a b l e .  T h i s  p a p e r  in dea l i ng  w i t h  the g e n e r a l  p a r a m e t e r  c o n d i t i o n s ,  

the  me thod  of d e t e r m i n i n g  the  g e n e r a l  p e r t u r b a t i o n  c o n d i t i o n s  w i t h  the h e l p  of 

the  v a r i a t i o n a l  p r i n c i p l e  p r o v e s  to be f ea s ib l e .  T h u s  i t  is w o r t h w h i l e  n o t i c i n g .  

R e g a r d i n g  the  d e p r e s s i o n  p r o b l e m  of the c e n t r a l  r eg ion  of the d e f l e c t i o n  

c u r v e  and c o m p a r e d  w i t h  the f i xed  c l a m p  b o u n d a r y  c o n d i t i o n ,  the m o v a b l e  c l a m p  

b o u n d a r y  c o n d i t i o n  is a l i t t l e  b i t  be t t e r .  The  a n a l y s i s  of th i s  p a p e r  shows tha t  

in m a k i n g  use  of the  p e r t u r b a t i o n  process ,  w h i c h  is d e s c r i b e d  in t h i s  pape r ,  and 

the  p e r t u r b a t i o n  s o l u t i o n  of the  f o r m  of exp. ( 4 . 3 ) .  Le t  us go a s tep  f u r t h e r ,  to 

h a v e  an a p p a r e n t  e n l a r g e m e n t  of the  a p p l i c a b l e  r a n g e  of the p r e s e n t  s o l u t i o n ,  i t  

is  u n a b l e  to ge t  the  v a l i d  r e s u l t .  Of cou r se ,  i1~ case the  e q u a t i o n ,  the  b o u n d a r y ,  

the load and the  p e r t u r b a t i o n  p roce s s  a re  d i f f e r e n t  w i t h  each  o the r ,  i t  is a n o t h e r  

m a t t e r .  

�9 1 5 3  �9 



R e f e  f e n c e s  

1. Ch ien  Wei-zang,  Large d e f l e c t i o n  of a c i r cu l a r  c lamped plate undcr  un i fo rm pressure,  Chinese 

Jo,~rnal of Physics, 6 (1947),  102--113.  

2. Vincent J. J., The bending of a thin circular plate, Phil. Mag., 12 (1931), 185--196. 

3. Hu Hai-chang, On the large deflection of a circular plate under combined action of uniformly 

distributed load and concentrated load at the center. Chinese Journal o I physics, i0, 4 (1954), 

383--392. 

4. Chien Wei-zang, Yeh Kai-yuan, On the large deflection of circular plate, Chinese Journal of 

Physics, i0, 3 (1954), 209--238. 

5. "Yeh Kai-yuan, Large def]ection of a circular plate with a circular hole at the center, Chinese 

Journal of Physics, 9, 2 (1953), I 1 9 - - I ! 9 .  

6. Chicn Wei-zang, Lin Hong-sun, l{u Hal-chang and Yeh Kai-yuan, Large deflection of elastic thin 

circular plate, Academia Sinica Monograph (1980). 

7. Nasb, \V. A., Cooly, I. D., Large deflection of a clamped plate subjected to uniform pressure, 

Transactions of A. S. M. E., J. of Appl. Mech., 26, 2 (1969) 29i--293. 

8. Chien, Vr Z. and Ych, K. Y., Large deflection of a rectangular plate under uniform pressure, 

Proc, Ninth Intern. Congr. Appl. Mech., Brussels, 6, 403 (1967). 

9. Bonb~nip, A. C., F~OrHe HnaclltHKu ,t OSonomiK (1956) 

10. Schmid t ,  R, and DaDeppo, D. A., A new approach  to the a n a l y s i s  of shc l l s ,  p la tes  and mem- 

b ranes  w i t h  f i n i t e  de f l e c t i on ,  Int. J. oJ Non-Linear Mech. 9, 5 (19"I4), 409--419.  

11. DaDeppo, D. A., Schmid t ,  R., Modera te ly  Large d e f l e c t i o n  of a loosely  clamped c i r c u l a r  

p la te  undcr  a u n i f o r m l y  d i s t r i b u t e d  load, Indus. Math., 25, 1 ( t975) ,  1"/--28. 

12. M c P h e r s o n ,  A. E.. Ramberg ,  W. ,  Levy,  S., Normal  pressure  t es t s  o[ c i r cu la ,  p l a t e s  w i t h  

c lamped edges, NACA Repor t  744 (1944).  

�9 1 5 4 "  


