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ABSTRACT
The present article deals with the analysis of thermal-bending
stresses in a heated thin annular sector plate with simply supported
boundary condition under transient temperature distribution using
Berger’s approximate methods. The sectional heat supply is on the
top face of the plate whereas the bottom face is kept at zero
temperature. In this study, the solution of heat conduction is
obtained by the classical method. The thermal moment is derived
on the basis of temperature distribution, and its stresses are
obtained using thermally induce resultant moment and resultant
forces. The numerical calculations are obtained for the aluminium
plate in the form of an infinite series involving Bessel functions,
and the results for temperature, deflection, resultant bending
moments and thermal stresses have been illustrated graphically
with the help of MATHEMATICA software.
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1 INTRODUCTION

N structural mechanics and many branches of engineering mechanics and acronautics, the widespread use of

plates and shells are made to deal with thermal stresses, deformations, buckling and vibrations of plates and shells
for which there arises the need for reliance upon different methods of analysis. Analytical techniques in dealing with
such problems have severe limitations because of difficulties in deriving closed-form solutions of nonlinear
differential equations. As far as theoretical mechanics is concerned, the solution methods for nonlinear differential
equations play a very crucial role in many problems using such equations. Many sector plates are subjected to high
pressure and thermal load may results in nonlinear loaded deflection relationship due to large deformations of the
plate. A short history of the research work associated with the significant deflection insights various approximate
methods like the Ritz energy method, Galerkin Method, finite element models and perturbation theory to solve the
system. For the analysis of large deflections of plates von Karman’s coupled nonlinear partial differential equations
have extensively been employed by many earlier researchers. Von Karman’s equations are difficult to deal with
because of its coupled nonlinearity and yet no general solutions of these equations are known. However,
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approximate and different numerical and computational methods have been adopted for the solution of such large
deflection analysis of plates and shells. Few authors [1-3] employed von Karman equations to the nonlinear analysis
behaviour of thin plates, isotropic and orthotropic under mechanical and other kinds of loading with the inclusion of
curvature and thermal loading parameter. Due to the mathematical complexities, many researchers have resorted to
the use of different computational and numerical techniques to deal with problems of nonlinear dynamic analysis of
plates and shells under thermal stresses. To simplify the nonlinear differential equations, Berger [4] proposed quasi-
linear partial differential equations in the decoupled form with extension to thermal stresses for plates and shallow
shells. This method is based on the neglect of e,, the second invariant of the middle surface strains, in the

expression corresponding to the total potential energy of the system. Although there doesn't seem to be any physical
justification for this approximation, comparisons of the outcomes with known solutions indicate that for a broad
scope of problems, Berger’s approach yields adequately accurate results [5]. Basuli [6] has obtained the equation of
equilibrium for the large deflection by Berger’s approximation under uniform pressure load and thermal heating
under steady-state temperature distribution. Some authors [7, 8] have obtained a significant deflection based on the
total strain energy concept devised by Berger. In all, the results obtained by the Berger’s method which is not
referred the present manuscript was well describes by Nowinski [9] for the edges of plates restrained from in-plane
motion. An application of this technique to the cases of orthotropic plates has been offered by Iwinski and Nowinski
[10] and further boundary value problems associated with circular and rectangular plates have been investigated by
Nowinski [11-13]. Okumura et al. [14] investigated thermal-bending stresses in an annular sector plate with the
moderate thickness is carried out by the theory of moderately thick plates, together with the thermoelastic
displacement potential using classical methods. Wang and Lim [15] established the exact relationships between the
bending solutions of sectorial plates based on the Kirchhoff (or classical thin) plate theory and the Mindlin plate
theory. Golmakani [16] has performed a study on stiffened annular functionally graded sector plates and ring-
stiffened circular plates using dynamic relaxation numerical method combined with the finite difference
discretization technique. Eren [17] investigated both horizontal and most considerable vertical deflections for simply
supported beams under uniformly distributed load. Sitar et al. [18] discussed a relatively simple method for
determining significant deflection using Euler— Bernoulli and large displacement theory and solved it numerically
by Runge—Kutta—Fehlberg integration and Newton method. Bakker [19] describes an approximate analytical method
to determine the large-deflection behaviour of rectangular simply supported thin plates under transverse loading.
The method is based on a simple trial function to describe the shape of the initial and total deflections of the plate,
corresponding to the first buckling mode shape of the plate when subjected to uniform in-plane compression. Jang
[20] discussed the semi-analytical procedure for moderately large deflections of an infinite non-uniform static beam
resting on a nonlinear elastic foundation. Very recently, Choi [21] developed a geometrically nonlinear finite
element program to study the induced cylinder stress due to internal pressure by considering shear deformation
theory of a doubly curved shell, von Karman’s large deflection theory, as well as a newly proposed strain—
displacement relation including initial strain terms. Bhad [22] investigate the thermoelastic effect on the elliptical
plate during large deflection while heating with non-stationary temperature distribution. In previously referred
papers, their objective was to maximize the load carrying capacity of the structural support either by locating the
supports or by changing stiffness. Even few reports have been based on the calculus of variation, Hamilton’s
principle, and many others performed large deflection studies with different objects. Thin plates and shells of regular
polygonal and irregular shapes made of isotropic, orthotropic and sandwich materials are often subjected to different
kinds of mechanical and thermal loading. Therefore, as a result, such structural components are prone to
deformations, bucking and vibrations for which proper analysis are required to be made and of great interest to
designers, engineers, scientists and researchers. Hence, to the best of authors’ knowledge, there exists scarce
concentration on this topic of research in which large deflection is taken into consideration the thermal moments in
the strain energy equation. Owing to the gap in existing literature, the authors have been motivated to conduct this
study. In this paper, an attempt is made to obtain the large deflection of a thin annular sector plate subjected to
arbitrary temperature on the upper face with the lower face and simply supported edges at zero temperature using
the method of Berger and Basuli. In the formulations, the equation of equilibrium is modified by introducing a
thermally induced resultant moment showing little difference with the previous one [6]. The theoretical calculation
has been considered using the dimensional parameter, whereas graphical calculations are carried out using the
dimensionless parameter. The success of this novel research mainly lies on the new mathematical procedures that
present a much more straightforward approach for optimization of the design in terms of material usage and
performance in engineering problem, particularly in the determination of thermoelastic behaviour in annular sector
plate engaged as the foundation of pressure vessels, furnaces, etc.
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2 FORMULATION OF THE PROBLEM

Consider a thin annular sector bounded in cylindrical coordinates(»,6,z), occupying the space

D={(r,0,z)eR’:a<r<b,—y/2<60<y/2, —(/2<z <(/2}. The center of the plate in the middle surface is
taken as the origin.

(To /20)1g(r.0)

Fig.1
Sector geometry of the problem.

We assume that the temperature distribution is given by

T(r,0,z,t)= iifq ®)C, («,,r)cosmb[sinhe,, (z +1/2)] (1)

p=lg=1

In which C, («,,,7) denotes a cylinder function of order m as defined in the form

¢, («,=J,(,r)-¢,,7Y, (2,7 2)
J,.(a,,a) Iy (p=135.)
= — m = ﬂ' = I o JN

g Y, (@) prly (3)

The heat conduction of the circular sector is described as:

T, /x=T, (rT, )/ r+T,,/r*+T,_ 4)
The boundary conditions can be defined as:

T(r,0,z,t)_ =0 ,T(r,0,z,0)_, =0 (5)
T(r,@,z,t)|9:iy/2 =0 (6)
T(r,0.z,t),_,,=0 (7)
T(r,0,z,0). _,,=T,/t)tg(r,0) for 0<r<t, )

=T,g(,0) for ¢ 21,

In which T (r,0,z,t) is the temperature distribution at any time parameter ¢, T, is the temperature at ¢ =0,

g(r,0) is the sectional heat supply on the upper face, thermal diffusivity is taken as x =4/ pCy, ,in which 4 is the

thermal conductivity of the material, p is the density and Cy, is the calorific capacity. From the second equation

of boundary condition (5), we have «,,, as the roots of the transcendental equation J, (e, b)Y, (@,,4)-J, (@, ,(a,b)=0.
We assume the Fourier-Bessel series as [14]
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g(r,H)ziisM C,(a,,r)cosmo 9)

p=lg=l

In which

[ [ s(r.6)rC, (a,,r)cosmbdrdo
_ 2 da é: > m mq

10
Pq y/2 ) b ) ( )
[ (cosm0ydo| r(C,(a,,r) dr
-y/2 a
Using Eq. (1) in Eq. (4), one obtains
),
J;j((t)) =—x(-a,, )m’/r’ (an
q

On integrating Eq. (11), one obtains

f,0)=4, exp{[—ic(l—aj,q)m2/r2]t} (12)

In which the constant 4, is to be determined by the nature of the temperature prescribed on the upper face and prime

comma denotes differentiation with respect to the variable.
Now initially we assume

T, /1)t g(r0) =73 4,C, (a,, r) (13)

q=1
Then from the theory of Bessel function,

yA, J-b rC, (a, P Pdodr = T,/ty) tjb gr.0)riC, (a,, rldr

= (T,/t,) t_l.:’ r[C, (a,, Mldr

L, a<r<r,

Since g(r,0) = hence,
£(r.6) {O, otherwise

4, =@, 1)1 ["r [C, (@,,]drIN, (14)

In which N =7j: r[C, (e, qr)]zdr. By substituting the Eq. (12) in Eq. (1) with the value of constant 4, derived

in Eq. (14), obtained the required expression for temperature distribution.

2.1 Thermal deflection
The equation of equilibrium for the large deflection of a heated plate as derived by Basuli [3] on the basis of

Berger’s approximations is given under uniform load and stationary distribution [i.e.T (r,0,z)=T,(r,0)+g(z )T (r,6) ]
as:

DV>(V> = B)w (r,H,t)z—%ISOVZT (15)
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(/2
where [ ({) = J. 1 g(z)dz and B is a normalising constant of integration.

In deriving the large deflection equation of a heated plate, we have generalized the aforesaid equation of
equilibrium for the transient temperature distribution, as:

VM,

D (1-v) (16)

VAV =Bw (r,0,t)=—

where w (r,0,t) is the normal transverse deflection along the z-direction, V? indicates the two-dimensional
Laplacian operator in (7, @), the constant v denotes the Poisson’s ratio of the plate, D =E (*/12(1-0") is the

flexural stiffness of the plate and f; is to be determined from
u, +ulr+w@,0,t), T/12+v,,/r+wr,0,),1/2r" = f; */12+(1+v)aN, (17)

The result of the above heat conduction gives thermally induced resultant moment and resultant force as: [23]

(/2
M, :(JzEJlM2 zT (r,0,z ,t)dz (18)

(/2
N, =aE L/z T(r,0,z ,t)dz (19)

with a as the coefficient of linear thermal expansion and £ symbolise Young’s Modulus of the material of the plate,

respectively.
Egs. (19) and (20) have to be solved for heated thin simply supported annular sector plate along the edges for

which the boundary conditions are

w(r,0,t)

,0t).| =0
w(r,0,t) . 20)

r=a

w(r,0.t w(r,0,t),| =0
( )|r:b ( )’ |r:b (21)

2.2 Thermal stresses

Now the equations of resultant forces (N PN =r,0), resultant bending moments per unit width (M [/.) are

defined as:

N,=N,=N,, =0 (22)
M, ==D{w (r,0.1) p +0lw (r,0,t) ;- /' +w (r,0,t) 00/ r2 I -M, /(1-v)
M, ==D{ow (r,0,t) ;o +w (r,0,t) . /7 +w (r’g’t)ﬂ&/ﬂ I} -M, /(1-v) (23)
M,,=D(1-vw (r,H,t),re /r
The aforementioned first equation of Eq. (23) must satisfy for simply supported plate

(24)

M,| =0, forall  in —y/2<0<y/2

rlp=

The thermal stress components in terms of resultant forces and resultant moments are given as: [24]
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o, :lNr +12—%ZM,4 +; lN, +12—32M, -aET
¢ ; (1-o)lr ¢
1 12z 1 1 12z
G€€22N0+TM€+m[ZNT +(TMT *C(ET) (25)
1 12z
O_VH = ZNHQ - 63 Mr&

The Egs. (1) to (25) constitute the mathematical formulation of the problem under consideration.

3 SOLUTION OF THE PROBLEM

On substituting Eq. (1) in Eq. (18), one obtains the thermal moment as:

:aEii{A exp{[-x(l-a, )m /P ¥1C, (e, ,)cosmOx[a,, ((1+cosha,, ()—2sinhe, U]/Za } (26)

m mq mq
Using Eq. (1) and (19), one yield

ii/l exp{[-x(1-a. ym*/r*}¥}C, (a, ,)cosmOx(—l+cosha, )/ a,,} 27)

mq

Now substituting Eq. (26) in (16), one obtains the equation of equilibrium as:

VIV =Bw (r,0,t) =-V* Z Z{A exp{[-x(1- amq)mz/r I} xC, (ayqr)cosmé
p=lg=l (28)

[amqC(l+coshamqf)—25inhamq €]/2amq}

D(l D)

To solve the completeness of conjugate harmonic axisymmetric equations, that is, Laplacian and Helmholtz type
operator, Wang [25] have generalized the Almansi’s theorem concerning the representation of the general solution

of the equation V" =0. If w (r,0,¢t) and w ,(r,0,¢) are harmonic functions, then it must satisfy the homogeneous

equations
Vi, (r,0,t)=0 (29)
(Vz_ﬂlz)WZ(rsgat):() (30)

The periodic solution of Egs. (29) and (30) which are axisymmetric can be obtained as:

w,(r,60,1) :ZZ [B,,J,(,, r)+C,Y, (a,, r)]cosmb 31)
p=lg=1

w,(r,0,t)=>>D, C,(a,, r)cosmb (32)
p=lg=1

In which, B, ,C, and D, are the arbitrary constants.

Therefore, the conjugate complementary function for Eq. (30), which is finite at the origin, is given by
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w(r,H,t)=ii[B J, (,,r+C, Y (a,r)+D,C, (a,r)cosmb (33)

pqg - m pqg m mq
p=lg=1

The particular solution of the Eq. (28) is given as:

w(r,0t)=2, cosm6 (34)
In which
ak SRS 2 2,2 ) . 2 2
. :-m; ;{Aq exp{[-x(1-a,,)m* 1]t} xC, (a,,r) @, [(1+cosha,, )~ 2sinhar,, () (e, + B} (35)

Now using boundary conditions Eq. (20) and the first equation of Eq. (21), one obtains the constants B, ,
C,and D, as:

B, =2,@r,®7C,(,a-C, (b)Y, (@]-Y, @Z, "), (,a)-C,(,b)Z, ()

+C, (e @I Z,, B (@~ , B)Z, @]/0,, (36)
C,, =J, @IZ,, B, (@,a)~C, (e, 02, @]~ Z,, @, BIC, (e, @) ~C, (@, b)), @)]

+C, (e, ), 0)Z., @) -Z,, B, @)/0,, 37
D, =, @, B2, @-Z, B, @], @, )2, @-Z,, 6, @) -

+Z,, (@, 0)Y, (@-Y, ), (@]9,
In which

0, =J,,®)X, (a,a)-C, (b)Y, (@)Y, (@, C,(,a)-C,(a,b), ()]
+C, (a,, @], OY (@)=Y, ()], ()]

Finally by substituting the values of B C,,and D, in Eq. (33) results in the required expression for the

rq°
desired thermal deflection. Using the equation of thermal deflection in Eq. (23), one obtains the equations for the
bending moments as:

rla,, l(1+cosh(e, ()

mq mq mq

M, = ZIZ}{—%cosm@ [aE A, exp(=km*(1—a, )t /7*) xC, (a
p=lq=

-2sinh(a,, )]/ &, (-1+v) +20[-m*(D, C (e, +8B,J,(a,rN+C,Y, (a,N+a,rD,C, (a,r) (39)

mq mq pqg - m

+B, J) (a, r)+C, Y (a, )/ r’ +2a

pg* m \Fmgq g m

2 (D C . r)+B, J"(a r)+C Y "(a r))]}

mq pg - m mq pq” m mq pg- m mq

M,= zlzl{—%cosmﬁ [aE A, exp(~km*(1-a,, ) /r*) xC, (a,,rla,, (1+cosh(a,, ()
p=lg=
—2sinh(amqﬂ)]/a:1q (—1+U)—2m2(quCm (amqr)+quJm (amqr)+Cqum (ozmlr))/r2 +2amqr(quC”’1 (amqr) (40)

+B J' (a, r)+C Y '(a r)/r +2a> v(D Cn(a,N+B,J (a,r)+C Y"(amqr))]}

pqY m mq pg- m mq mq pq -~ m pqY m mq pg- m

[Ms

M,,=>>{ Dma,, (-1+v)sinm0 (D, C (a,,r) +B,J, (@, r)+C,Y, () r}

pqg - m pq* m N mq pg- m \mgq
1g=

(41)

Sl
I
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3.1 Solution for the associated thermal stresses

The resulting equations of stresses are obtained by substituting the Egs. (1), (22), (26), (27) and (39)-(40) in Eq. (25)
as:

0

o, = zz{%}cosme[cm (@,,)(12D,,D m’z &}, (~1+v)+a E r*A, exp(~k m* (1=, )t /r7)
ey

mq
p=lg=1

[-i((+6(1+ D)z )xa,, cosh(a,,r)+12(1+ D)z )a,,, sinh(a,, 1)+, (x({-6(1+D)z +a,, &

sinh(a,, (z +(/2)])/ e, (-1+v)=12D z[-B,,m*vJ , (a,, 1) ~C, m*0Y , (@,,r) +a,,r (D, vC) (a,,r) (42)
+B,,0J) (0,,7)+C O [ (@, 1)+ D, &, 7C (1) + B, 0, 7 (@,,1)4C 0, 7Y ) (@,,7))] | }
Cpp = ZZ{%cosmH[Cm (amqr)(IZDMD m’z af,q x(-1+v)+aE rqu exp(—k m Z(I—aiq Y /r?)
p=lq=1 (I
x[~((¢+6(1+ D)z )a,, cosh(a,, r)+12(1+ D)z sinh(a,,, r) +a,, (({—6(1+ D)z +sinh(a,, (z +(/2))
xa,, (> | b, (<1+0)])=12D z[-B ,,m* ], (at,,,7)~C,,m*Y , (at,,7) + @, r(D,,C, (a,,r) (43)
+quJ,; (amqr)+Cqu": (amqr)+uamqr(quC,: (a,,)+B,, J)! («,,")+C,, Y”:'(amqr)))]] }
0,y = 2 12D mz a,, (-1+0)sinmO[D,,C, (&, 1)+ B,J; (@,,r)+C, ¥ (&, )/} (44)
p=1qg=1
To find the constant 3’ we assume the in-plane displacements [7, 8],
u :Zu(r) cos m6@ (45)
m=1
v=>Yv(r)sinmb (46)
m=1
Subjected to the boundary conditions
u(@)=v(@)=0 (47)

The above form of u and v satisfy the condition that # =0 perpendicular to the bounding diameter and v =0
along the bounding diameter. These in-plane displacements have been eliminated by integrating Eq. (21) over the
area of the plate. Integrating Eq. (21) with respect to » from 0 to a and € from 0 to 7, one gets

12
B = Ca*r

{j _T[[w (,0,0), T + W (r,0,0),, 1 |drd0—a’ z(1+v) aNT} (48)

Substituting the value of @ and N, , Eq. (48) after integration, becomes an Eq. for determining /3’ .

4 NUMERICAL RESULTS, DISCUSSION AND REMAKS

For the sake of simplicity of calculation, we introduce the dimensionless values as:
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F=rlb,z=[z—(~L/2]/b, T=xt/b>,
T =T /T, =w/aT,b,M, =M | Eb*, (49)
o, =0, /Eal,(i,j=r,0)

Substituting the value of Eq. (49) in Egs. (1), (33) and (42)-(44), we obtained the expressions for the
temperature, deflection and thermal stresses respectively for the numerical discussion. The numerical computations
have been carried out for Aluminum annular sector plate with physical parameter as

a=03m,b=1m, (=0.08m,  =0.020 and reference temperature as 150 °C. Applying prescribed surface
temperature g(r,0)=(2/7)’ [(y/2)* —6°] along a <r <b and follows quadratic parabola along—y/2<80<y/2,
y = /2. The thermo-mechanical properties are considered as modulus of elasticity £ =70 GPa, Poisson’s ratio v =

0.35, thermal expansion coefficient a = 23x10°/°C, thermal diffusivity x = 84.18x10-6 m’s ' and thermal
conductivity A = 204.2 Wm 'K'. The «,,, =0.529, 0.679, 0.826, 0.977, 1.129, 1.282, 1.436, 1.599, 1.746, 1.902 are

mq
the positive and real roots of the transcendental equationJ/,, (2, b)Y , (2,,a)—J,(2,,a)Y , («,,b)=0. To examine

the influence of heating on the plate, the numerical calculations were performed for all the variables, and numerical
calculations are depicted in the following figures with the help of MATHEMATICA software.

Fig. 2(a) shows that the temperature distribution along the radial direction for various thickness. Temperature
distribution approaches to zero at both extreme ends, i.e. at 7 =a and 7 =b due to the more compressive force
acting along the edges, whereas temperature gradually increases and attains the maximum value due to a tensile
force. Fig. 2(b) as expected due to less thickness, the temperature along z the axis for different values of 7 varies
linearly from zero temperature to the highest due to the availability of sectional heat supply at z = (/2. Fig. 2(¢c)
shows the temperature distribution along the angular direction for the different radius. It is noted from Fig. that
structural size increases the temperature along angular direction attains a maximum at mid-core due to tensile force
for different values of 7 . Fig. 3(a) illustrates thermal deflection that is sinusoidal in nature and it attains zero at
inner and outer boundary surfaces along the radial direction for different angles. From Fig. 3(b), it was observed that
the thermal deflection along time 7 for different values of r increases with increase in radius towards the outer
edge due to the accumulation of the heat source.

| 7=0.04—
0.04 0:10
7=003—

| 7=0.02—— 0.08 Fh
0.03 _

| r=0.7
| . 0.06 r-o.sxs\
0.02! ‘ I

0.04

0.01] 0.02
0.00} — \ 0.00] —*

03 04 0.5 06 7 07 08 09 1.0 0.00 0.02 0.04 z 0.06 0.08

(a (b)

0.06

0.05 F=0.5\

0.04 F=04 ) = r i
. \

0.03 F=03

\ | Fig.2

p a) Temperature distribution along 7 for different values of
0.01 z .b) Temperature distribution along =z for different
s s values of 7 .c) Temperature distribution along @ for

0.02

0.00f &
-0.4 -0.2 0.0 ] 0.2 0.4

©

different values of 7 .
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0.000 0.002

0.001
-0.002
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0.3 0.4 05 707 0.8 0.9 1.0 0 1 2 3 T 4 5 6

0.6
(@)
Fig.3

a) Thermal deflection along 7 for different values of 6 .b) Thermal deflection along time 7 for different values of 7 .

It was observed in Fig. 4 that the thermal bending moments ( M . and M ,) attains zero at 7 =a satisfying Eq.
(24) and increases gradually along the radial direction. The moment A . attains maximum magnitude at the mid-
core then starts decreasing towards the outer edge, whereas the moment M , increases towards the outer edge. The

nature of thermal bending moment A .o 1s behaving its effects along the radial direction with an opposite character

from negative to positive magnitude value.

Fig.4
Thermal bending moments along 7 for a different time z .

04 05 07 0.8 09

Fig. 5(a) illustrates the variation of the radial stress distribution of the plate along the radial direction for various
values of z _ The stress profile gradually increases and then it becomes constant. The maximum value of radial
stress magnitude occurs at the outer edge due to the accumulation of energy from the available sectional heat supply.
Figs. 5(b) and 5(d) indicates the radial and tangential stress along time parameter for different values of 7 and z°
respectively. It is clear from the figures that at the early stage, stress attains zero and suddenly increases attaining
maximum stress at the upper limit of the core.

Fig. 5(c), shows that the tangential stress along the radial direction for different time parameters, initially
tangential stress is on negative side due to compressive stress occurring at the inner region whereas goes on
increasing towards outer radius due to maximum tensile stress. Fig. 5(e), depicts shear stress along the radial
direction for different values of z , initially the shear stress attains maximum expansion due to the accumulation of
thermal energy dissipated by sectional heat supply, which is further decreases of the outer surface. In Fig. 5(f), the
shear stress along the angular direction for different values of 7, follows the nearly sinusoidal curve.

0.12 i |
0.10 % =0.08 [
SRR 0.10 F=03— ‘\‘
oi0h Fm0.07— ,.0305:‘_.;
= 0.08 Fu04i————
22006 0 : ]
0.06 IS i [
= 0.06 ‘
S
0.04 0.04
0.02f 0.02
/"
/
0.00} / 0.00
03 04 0.5 06 F 0.7 0.8 09 1.0 0 1 2t 3 a 5 6
(a) (b)
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a) Thermal stress &, along 7 for different values of z .b) Thermal stress &, along time 7 for different values of 7 .

c) Thermal stress G, along 7 for different values of 7 .d) Thermal stress &, along time r for different values of z.

e) Thermal stress &,, alongradius 7 for different values of z .f) Thermal stress &,, along 6 for different values of 7.

5 CONCLUSIONS

In this article, we have described the theoretical treatment of thermal bending stress analysis for the simply
supported annular sector plate with prescribed surface temperature on the top. The temperature distribution and the
thermal deflection are used to determine the thermal stresses by classical methods. The expressions for the
temperature distribution, thermal deflection and thermal bending stresses are obtained in a series form involving
Bessel’s functions. The analytical technique proposed here is relatively simple and widely applicable compared with
the methods proposed by other researchers. The mentioned results obtained while carrying our research are
described as follows:

1. The advantage of this approach is its generality and its mathematical power to handle different types of

mechanical and thermal boundary conditions during large deflection under thermal loading.
2. The value of G, at the top face reaches a maximum and then it becomes constant itself at the boundary of

the prescribed surface temperature. The value of &, at the top face reached a maximum at the outer edge
due to the accumulation of energy from the available sectional heat supply. The value of &,, at the top face

decreases of the outer surface.

3. The maximum tensile stress shifting from central core to outer region may be due to heat, stress,
concentration or available heat sources under considered temperature field.

4. The aforementioned large deflection concept can be very beneficial in the field of micro-devices or micro-
system applications, planar continuum robots, predicting the elastoplastic bending and so forth.
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