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Thermal buckling of a heated equilateral triangular plate and a clamped elliptic plate placed on - elastic foundation
has been investigated. The boundary of the plate is transformed conformally onto the unit circle. The critical buckling
tempersture is obtained with the help of error function, . i : :

Thermal buckling of thin elastioc plates is of much practical importance in modern engineering.
Nowacki! has discussed the thermal buckling of a rectangular plate under different boundary conditions.
Mansfield? has investigated the buckling and curling of a heated thin cireular plate of constant thickness.
Klosner & Forray® have studied the thermal buckling of simply supported plates under symmetrical

temperature distribution. . )

Stability of thin elastic plates having exotio boundaries subjected to hydrostatio in-plane loading can
easily be investigated with the help of approximate techniques such as collocation, finite difference, finite
elements, etc. Laura & Shahady? have shown that it is convenient to conformally transform the given
domain onto a simpler one, i.e., the unit circle and the boundary conditions can then be satisfied identioally.

In this paper Bermal buckling of a heated equilateral triangular plate and a clamped elliptic plate
placed on elastio foundation has been investigated. The foundation is assumed to be of the Winkler type.
The boundary has been transformed conformally onto the unit circle and solution has been obtained with

“the help of error function. - RSN

, T . NOTATIONS c
The folldwing notations have been used in this paper :
By, By, = constants ;

D = flexural rigidity of the plate = - Bi—"

PR

E = Young’s modulus;™ -~ .-~ 1. sl
% = plate thickness ; ’
h

=
NT=“EJ} Tdz -
3

2
T = temperature ;
u, v = displacement in'z and. y direction respéctively .
W = deflection normal to the middle plane of the plate ;
" K, = foundation reaction per unit area per unit deflection ;
a = coefficient of linear thermal expansion. .

: THEORY e _
Let us consider a plate of thickness, %, subjected to a température distribution T whieh is indepen-
dent of z and y, but varies arbitrarily through the thickness, i.e., :
o T=T@ \ ' _

.~ The plate is subjected to no external Joad and motion of all supports in the plane of the plate is pre-

vented. It justifies then, that under the above condition there are no displacements in the plane of the
plate, ie., - ; ' ' :

u=1v=0
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On the above propositions the differential equation for the displacement’ is

3 i a.C RN ||
For a plate pleoed on elastlc foundatlon having t.he foundation reaction, Kl, tl) becomes -
DVAW + o2 G2+ K, W =0 .. @
Eq. (2) may be written as . , . | , - | |
o | (V2 PH(VEEPAT =0 3 @)
in which L ] '
, ” / ;.Plzlszz:V% SR W
Cmmep e
‘Ifz__x+@y,z_x-@yEq()changesmto ” V ( 7 | ﬂ_ o . |
‘(4 % +P,)(~4W~4=P,) W0 o ('é,’
e L o L

Let 2 = = f (f) be the analytlo functlon which maps the given shape in the é- plane onto a umt cu:ele

Thus (6) transforms into complex ‘co-ordinates as

3T

P d ) j - LT
(pen[E) [T reas o
" Eq. (7) is written as , | ) S - o
| (V220 (V2 MW =0 . -_. . ®
in which o : -
N2 = P2 (d 2fdgP, Ay = Py {defd §)*
Let |

‘il-—-l
(Clearly the above form of W satisfies ‘the edge condition W_= 0 abr=1. Puttmg (9)in (8) one
' gets the error function, €4. Galerkm s procedure requlres that the error function to be orthogonal over
the domain, i.e., o ) -

*,

This genera.tes (K X K) determmantal equatlon Tne lowest root of this gives the entmal buckling
temperature :

APPLICATIONS
(I) Let us oonslder an equllateral trmngular plate of side, 20, and plaoed on an elastm foundatxon.
To solve the differential (8) let us put

| W =W+ W, o
12v



'For the edge condltlon W=0 along the boundary, let
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From (8) one gets : IR S

(V.z—tAl)Wl—o ey
(V2N Wy =0 o sy

W2~ZBn[1'—'(€s] EB..a——rz”) a4
=1 R b

It is sufﬁment 0 solve elther (12) or (13) The ;mappmg functlon - i R

: Wl
maps an equilateral triangular pla’se a unit circle in the £-plane. ‘

With this mapping function putting (14) ih (13) and remembering ¢ = rei one gets the re-
quired error function. After evaluating the- mtegra] given, by (10) ‘and taking K=2, the followmg deter-
minant is obtained. .

Mo BME 4
6 24 3 | / '

P 5)‘22 i 4:A22 _p = O, S ' (16)

2¢ 3 15 I

Solvmg (16) for the lowest root, ons gets hh° emtwal buokhng tempera,ture SR
w R ‘ Pasll ““‘u\ -
58 7T K (1-1362 a)z ' , .

‘ (Nlbaf = D (1 ) [ (1 1352 mz — T 58D ] % - (17)

(IT) Let us consider an elliptic plate having centre at the origin. Let % be’ the thickness of the plate.
For clamped edge boundary condition let ustake W in the following form.

v-yaloel . e

Clearly
W = 3;’1; =0 atr=1
For the ellipse \ (é’% + Zy/%) =1
" mapping function ' ’
z__099b(§—|—012§3+003§5+001g”) - a9

maps the above ellipse a unit cirele in the ¢-plane. With this mapping function putting-(18)

~-in (8) and remembering < £ = reif one gets the required error function: After evaluating the

integral given by (10) and taking K = 2, the following determinant is obtamed

32 2 2 9’ A12/\2 266 i 2 33 2
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Solvmg (20) for the lowest root, the cntmal ‘buckling temperature is obtamed as

446 e : ‘
(Nr)or—D l—v)[ e +0694b2 D : : .
—1\(~——--+0094b= £ ) + 0°106.5¢ %— }% - 5;,:\.:.’(21)
e COJ,\ICLUSION~ e

Solutions obtained in this study are only- appromma.te, because’ émly the first term of the mapping
function is considered and Kis taken to be 2. More accurate results are obtained by considering the
remaining terms of the mapping function and taking K more than 2. Solution of the eigenvalue problem
governing the stability of the thin elastic plates haying various conﬁguratlons such as regular polygonal
shape, circular boundary with flat sides, epitrochoidal boundary ete. 18 easily accomphshed with the help
of the complex va.nable theory applied in this study
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