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ABSPTRACT: The thermo-elastic behaviour of a solid ecircular
plate of exponentially-varying thickness under stationary
temperature distribution has been investigated. Thermal
deformation and thermal moments per unit length and also
the bending stresses have been determined for both clamped
and simply-supported plates.

1. IRTRODUCTION:

Phermal stresses and deformation in plates of variable
thickness have wide applications in structural mechanics,
particularly in turbine discs, shafts and in the design of
machine parts. Although a number of linear and nonlinear
problems of plates of variable thichness without thermal
loading have been investigated / 1 - 4 _7, very few papers
have been devoted for thermally-stressed plates of variable
thickness. The present analyasis includes the effect of ste-
ady temperature distritmtion in an axisymmetric circular
plate of expomentiallywvarying thickness. Such variation of
thickness has been fully discussed in [/ 5 /.

2. DERIVATION OF BASIC BQUATION AND ANALYSIS:

Por a circular plate of radinms r = a, the thickness h

ias assumed as kr

h = ho e { ho, kK are constants ).

In the steady state, the temperature distribution ¢(r,z)
satisfies the Laplace's heat conrduction eguation
(7? * = 0 where (72 = Laplacian Qperator.:*- (1)

FPor thin plates the solution of the above equation is

imated
P T a(r amr, (4 ma(m e @)

f which the first part resulting in n t i
Be Yaken into comsilerat on, and 8 s%cgnieggfnf é%v%gé

rise to the bending problem is obtained in the form :
z‘r1(r) = 2 (A + Blogr) ... )
where A snd B are constants to be determined.
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Considering the equation of equilibrium and the expressions
for bending_moments involving the thermal stress.pcouple
one may arrive at the following differential equation :

r2¢'rr +(3kr2+r)¢,r +

+( 3k vr -1)<75=3kA0(t(1+\))r2... (4)
where gﬁ (r) = Yor w(r) being the normal displacent.
the two successive substitutions

é(r) = ru(r’ rnd u(r) = v(t), ¢ = -3kr (5)

will reduce the equation (4) to a Confluent er-geometric
differential equation of the form e &

EVagp t (3-8 Vo - (14 V) vz At ... (6)

where Az (14V)0, A 3k cee (T
fhe complementary function of equation (6) is given by
v (%) =c11r1(1+v;3;t) eee (8)

where c1 is a comnstant.

The second solution involves logarithmic term and is dis -
cardied being indeterminate at the origin.

Phe particular integral v_(t) is also obtained as an infi-
nite series. p

therefore, Sﬁ)(r) =Cr 1F1( 1+v33 ;»é3kr) + IV, (-3kr)

gince the above series for #(r) is uniformly convergent,
term-by-term integration is permissible. Accordingly the
deflection w(r) is obtained in the form of an infinite
series with the addition of a constant of integration Cye

Tthe constants of integration C( and ¢, can be obtained
b{ uging the boundary conditioné for botﬁ clamped and
simply- supported plates.

the bending moments M, and M, are obtained by using their

usual expressions.

As k >0, the thickmess becomes constant and in this limi-
ting case the deflection vanishes and the bending moments
become constants and givem by

r

M, TFMg= -D {1+ V)0 A eeel9)

which are the same results as obtained by Nowacki

in his famous treatise'Thermo-elasticity'( P.467) /6/
while determining the thermal deflection of a clamped
circular plate of constamt thickness.

¥or simply-supported plates and in the limiting case k>0
the deflectin and the bending moments are given by

w(r) = -’5 A (8 - ), u, =M= 0 oo (10)
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The results cited in (10) are in exact agreement with those

givenr by Nowacki / for simply- -
T Nowac el ply~supported plates of const

3. CALCULATION OF BENDING STRESSES:

My and Mo being known, the bending streses 0, and d‘e

can be calculated from the following expressions

o = 6mm? , O =6 u/m? cee (A1)
Assum ng the set of values
3ka =1, 3kr = 0.5 , vY=0.3, r =1

for the case of clamped plates, one gets the results
( 6 )._ (04)
r‘r=1 — 0.76 , e r =1

6.
T “origin (

= 0.80 ...{12)
6
e )origin

From equations { 12 ) it can be concluded that although
the bending stresses are constants at the origin, they
agssume differeat values at any other point depending on
the values of k.
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