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Abstract 

In this note, the buckling of a heated annular circular plate of thickness varying as an exponentkl 
function of radial distance is considered. 	The general stability criterion Iws been derived. 
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L Introduction 

The literature on thermal buckling of plates is rare. Nowacki 4  has studied the buckling 
of a heated rectangular plate under various boundary conditions. The buckling and 
curling of a heated thin circular plate of constant thickness has been investigated by 
Mausfield 3  when the temperature varies through the thickness and the edges are 
restrained. A similar problem for the buckling of simply supported plate under 
sYmmetrical temperature distribution has been described by Klosner and Forry 2  by 

using Rayleigh-Ritz method. Sarkars has discussed the thermal buckling of a circular 
plate taking its thickness to be constant. 

This paper records the discussion of a buckled annular circular plate when its thick- 
ness 	as the exponential function of radial distance under stationary temperature dist 

 

ribution. The edge of the plate is restrained. The general stability criterion has 
been obtained from which the critical compression and critical temperature can be 
determined ined for different values of parameters involved. 

2.  Statement f 
°I the problem and fundamental equations 

Let us , 
a„ 'ssicier an isotropic thin annular circular plate of variable thickness 

h h0 rer 

`44  q being constants and r the radial distance. The plate is supposed to occupy 
129 
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a 
the space — 142 z h/2 and is subjected to stationary temperature dist 
We further assume that the edge of the plate is restrained so that the dispi aeerneiwiltiot 
plane of the plate is zero. The deflections are supposed to be governed b y thentin, tit 
theory of thermo-elasticity. The compression in the middle plane of the pl ate  is  
to be N, Norw. 	 Gqi ittt  

The equilibrium equation relating the components of moment for th e  ant  P Diet t  hand is given as7  

( 

	dM, 
Trte • dr) (

r + dr) ch) — M, rdt) — Mo drde 

hN,49rdt)dr 0 

where d) is the angle subtended between the two radial planes and 
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- -1412 

• 
K h 	-CI r . 

(1 	112) 2 	ho e , 	D = Doe-3Qr 

where 
Eht  

12 (1 — v2) .  
(2.! 

Neglecting higher order quantities, equation (2 . 1) becomes 

Mrs+ rdM, Afg + hN,Or == O. dr 

Substituting values of M„ Me, h, D and N, in (2.3) we get 

r2 d2 4 	 rdek +(l —3qr) dr 2 	 dr 
h N ( 0 o r2  

D. 
dM r  

r2  e.34' 
4" 	dr 

(4' 	 D, (1 - 11) 

: jol 
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=_- b fa the outer and inner boundaries correspond to p =1 and putting P 	ria 13  
p fl. Then (2.4) becomes 

p2 d;_20 

kp  dM T  
a p2 	c-T9 - 

D 	— v) 	 (2.5) 

where 

k = 3aq, A = 
ii°N°a2 

are constants. 
D 

We further suppose that the outer boundary of the plate is clamped and supported 
and the inner boundary is clamped. Then the appropriate boundary conditions of 
the problem are' 

(1) = 0 when p =1, p = fi 

co = 0 when p =1. (2.6) 

r 
3. Solution of the problem 

Let the plate be subjected to the temperature field 

T (r, z) = t o  (r) + z (r). 	 (3.1)  

For a plate of medium thickness buckling occurs when t = o j  0  k 0. Therefore 
MT  = 0 and from (2.5) we get 

d 2 qS 	 d10 p2 
dp2  (1 kp) p— + (4 2  vkp — 1)0 0. 

dp 

Putting X -ckP, irk = cit eXt2  the above equation becomes 

{(1 — v) X + 	2- X21 }1 2 1) -7 	"' d X 2 	d X 	2 
Now writing tp 	 in equation (3.3) we obtain 

d2 i 
4X2 	4. 	

4A 
dX 2 	— 3 + 2 (1 — 2v) X — (1 	 0 

k2  

Again, putting 

(3.2) 

(3.3) 

(3.4) 

1 — 2v 
£ 

4A 
— 
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in (3.4) we get 

d2 	f 	c 	 
—d12 	4  ri 

The solution of (3.5) is given by 

AW (n) + B FiCe,1( —  n) 
where W (r0 are Whittaker functionse and A, B are constants. 

(3.6) 
Hence 

fr = (k 0 112  et" [AKA (yP) + BW—E,1( —  Y 

where 

4A. 
Y=61%1 1—  kai 

since 

dco 
a(I)  = dp 

we obtain 
e 

co =a A.F1 (p) + BF's  (p) C (3.1') 

where F1  (p) and F2 (p) are functions of p obtained after integration and C is a constant 
of integration. Introducing the boundary conditions (2.6) in (3.8) and eliminatil 
constants A, B, C we get 

• 	(Y) 	 W—e,1 (— y) 	 0 

Weo i 	 W—  (— Y13) 	 0 	r...0 	(3.9) 
F1 (1) 	 F2 (1) 	 1 

The determinant on expansion yields 

well (31) W- e,1 (— 	— KEA (— Wei 	= O. 	
(3.101 

This is the general stability criterion from which the critical compression and 
critka! 

temperature can be determined for different values of' the parameters if the 
root

equation (3.10) are known. 

4. Nomenclature 

co 	=, Deflection of the middle surface 

do) 0. 	dr 	Slope of the middle surface 

Thickness of the plate, a variable quantity 
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Eh' 
= i2(1 — v2) 

= Flexural rigidity 

E, v 

M„ 4419 

a,b 

Coefficient of thermal expansion 

= Young's modulus and Poisson's ratio 

= Components of moment 

= Compression in the middle plane of the plate, a variable quantity 

= Radii of the outer and inner boundaries of the plate 

a 
b 
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