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Abstract

Tn ths paper, i free viby of plates at elevated temperatuce have been analysed using
Berger's approximation Criterion for eritical buckling temperature has also been deduced as a imiting case
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1. Introduction

In & recent publhcation, Jones er al', have studied the vibrations of both elastic and
visco-elastic plates at elevated temperature. Although they have tried to establish the
accuracy of Berger’s method, Nowinski and Ohnabe” raised some points regarding its
mapplicability for movable edges of a plate. Prathap® and Prathap and Varadan® also
mt}clsed the method regarding inaccuracies of Berger’s method in certain cases. Yet it was
claimed by Banerjee and Sarkar® that its applicability may be restricted to the cases of
clamped square plates and circular plates with immovable edges, and to some extent, to the
simply-supported circular and rectangular plates having smaller aspect ratios

The present paper deals with the dynamic behaviour of a right-angled isosceles triangular
Plate and an equilateral triangular plate at clevated temperature and having simply-
supported boundary conditions with immovable edges. The analysis 1s based on Berger’s
method as the plates dered have able inplane edge conditions Moreover,
Berger's equations are in decoupled form and bave wide advantage in the analysis in
comparison to the ciassical von Karman equations which are in the coupled forms and lead
to mathematical complexities.
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Some numerical computations for the variations of non-dimensional periods vs non-
dimensional amplitudes and temperature parameters have been presented graphically,
Criterion for thermal buckling has been estabhished

1. Governing equations for heated plates

Berger’s approxtmae quasi-linear uncoupled differential equations governing the motion of
heated elastic plates are green by*

DV wH+ KV w+ phwat+ VMr(l-v) =0 U]

Nr/(l-v) = 2 De/W =K )]
where

o = urtv, + 12wt + 1/2w,” 3)

Nr= o E]f‘:2 T{(xy.z)dz, Mr = a E‘_/h“/:/Z z T(xyz)dz [¢)]

and u, v, w are displacement components, a4, co-efficient of thermal expansion, p, density
per unit mass, v, Poisson’s ratio, V2, Laplacian operator, D, flexural rigidity, h, plate
thickness, E, Young's modulus, 7'(x,y,z), temperature distribution within the ptate given by

T(xpz) = 7 (xp) + z v (%) 5

in whic§ ™ {x,y)and 7(x,y) satisfy certain temperature distribution differential equzmorls7
and K% is independent of x and y but involves the time ¢

hlnf the present analysis for free flexural vibrations of heated plates, equation (1) reducesto
the form

DV'w+ KV % + phw,, =0 ©

as My = (.
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3. Method of solution
14 Right-angled isosceles triangular plete

The ongin of a simply-supported right-angled 1sosceles triangular plate 1s chosen at the
vortex contamng the right angle with the equal sides oflength ‘o’ along the co-ordinate axes

{fig- 1)

For such a plate the inplane and transverse boundary conditions are®

u=w= W =0 atx = 0
aty = 0

yEWS Wy =0

w=w,=0 at x+ty=a )
where
afan = 1/3/2 (8fax + 3/3y) ®)

Compatible with the above boundary conditions ,v and w are chosen 1n the forms®

u=% Besin kmx/a (cos kmy/a + sin kwx/a ~ ka/4) H (1) )
k=13,
v = §, . Bisinkwy/a(cos kwxfa ~ sinkny/a + kn/d) G (1) (10)
=13,
Y

Fi6 1 Ruight-angled 1sosceles tnanguler plate of
0 X sudts 04 = OB = a; equation of the side A8 15
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w=3 Ay (sin 2Zmmx/a sin maryfa + sinmax/a s 2mmy/a) F(r) (1)
Combining eguations (6) and (11} one gets
25Dm*n*

& F(y-3Sm o K F(1) (& =—phFy (1)

Integrating now equation (2) over the area of the plate and eliminating K* with the help of
equation (12) one gets the non-linear time~differential equation as

Fu() + CF)+ GF () =0 (13)
where
€ = 25m' e D(1- Tl—%f? y/d*ph (14)
G = m‘—D i m (An/hY (15)
adph == 13,
and

NE=1jA[[Nrdxdy

1s the mean value of N7 over the area A of the plate.

The solution of equation (13) with the initial conditions
F(O) =1 dF(0)/dt =0 (16)

has chn given b’f Nashand Modeer® 1n terms of Jacobian elliptic function of cosine type and
obtained the ratio of the tume-periods for linear and non-linear vibrations of elastic pla-
tes, In the present case such ratio 15 given by

* = ¢ 28 [& ~1/2
THT = (G ) (1 + g )™ , {an
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where
3 % wf (An ! h)
m o= 13,

(18)

M [1-a N7 i5(3-v) Dm’ 5]

and Tand T* denote the periods for hinear and non-lincar vibrations
For free fundamental mode of vibrations without thermal loading equation (17) reduces to
the form

26 1
T = (19

15 obtained by Banerjec®

3.2 Buckling criterion
For the pre-buckling state non-dimensional time-peciod 7%/ 7" can be obtataed from equa-
ten (17) by taking values of

N5 (1~ v) D = A(say)
sufficiently near to unity Buckhing occurs when A = 1, and the critical buckling temperature
(N;()u 15 obtained as

(Mo =30 D(l-v)/d

which 1s m agrecement with the result obtained by Baner]eem

33 Simply-supported equilateral triangular plate

Analysis of this section shall be carried out with the help of trilinear co-ordinates'' Let ABC
be an equilateral triangle of sides 2. The centrord O on the undeflected muddie surface 1s
taken as the or1gin and the x and y axes are taken perpendicular and parallelto the stde BC. I
£1.ps. pobe the Jengths of perpendiculars from any pont (x.) ) within the triangle on the
sides CA, 4B and BC respectively and r, the radus of the mscnibed circle (fig. 2), then

=Tt aj2-N 32y p=r4xf24+ 32y, py=rox 21
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Fic 2 Equlateral triangular plate of sides 2a
Hence pi + p + py = 3r = /3 a = k (say) (22)
Two-dimenstonal Laplacian operator shall be obtained as

# V3 & # & Fy & _ 2

L
+ + e
' gy apt api 8p  dpdps dpsdp Bpidpe

(23)

The transverse displacement w satisfying the simply-supported boundary conditions
w=Vw=ap=p=p=0

is assumed in the form

R
[}
sMe

u
»

2 2
An (sm ”’I:”" + sin '”;”” + s 2"’;””)F(:) (24

Also the following forms of w and v

u=3 Hi) @9

a1

J3 B, [sin 2mw (p2+pa) I +173)]
k k
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=3 [sin malpte) g, 2'”"(:”‘”)]0(:) )
= |

can be chosen 1 conformuty with the boundary conditions

u=0 a p; =290
Viv+tu=0 a pp=0
Viv-u=0 at p =0 ©n

Proceeding in the same way as lard down inthe preceding section one arnves at the same type
of differential equation (13) where

D l6m's’ 3SNT ]
_ - 28
C=Tn od [' 4(1-2) D o2 @8
D 16mia* N )
€= 2w (An/ k) %)
a ek a m=t

Non-dimensional time-periods T#* / T'1s given by the same equation (17) where Cy and C are
to be replaced by equations (28) and (29)

For free fundamental mode of vibrations without thermal loading one gets

20 1
=22 30)
™T=7 VITO(Alh) ¢

as obtamed by Karmakar'

» .
As m the previous case critical buckling temperature (V7). 1s obtained m the form

4(1-v) D7? e

Ny = A
(N1, T

as obtamed by Datta'’,

4. Numerical results and di

Figure 3 shows the variations of non-dimensional time-periods T* / Tfor different values of
nou-dimensional amplitudes A, / k and temperature parameter \. It 1s seen that the effect of
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Right-angled isoscales triangular plate

= o = e Rquilateral trisngular plate

5 ’ 1.5 2

Fi6 3 Vanatwns of non-dimensional time-perods 7™/ 7'vs non-dimensional amplitudes A, / A for the
funaamental mode of vibrations (rm == 1) for different values of temperature parameter A

N 7is to diminish the non-dimensional time-periods Also the circular frequency 1s gven by

the expression ey =

Vi and equations ( 14) and (31) show that the circular frequency it

each case dimimishes due to the presence of (NF) It is seen from fig 3 that the non-
dumensional time-petiods are less for corresponding non-dimensional amphitudes n the
cases of plates of more regular shapes Asitshould be, the non-hinear behaviour of the plates

due to elevated temperature obtained here, 1s simular in nature as that of plates subjected to
w-plane forces given in Biswas'¢
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