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ARSTRACT

Temperature gradient and stress field e 2 neighbourhood at the noteh tip of bimaterial
for thermaelastic problem are considered. Boundary conditions for the lemperature
fields are Tlp = 0. Initial conditions are arbitrary. Temperature field and temperature
wradient are given by expressions of the form T ~ »* , W7 ~ 71 respectively
{2 = 0,7 is pelar coordinate centered at the tip of the corner}. The least value 5 equals
/4. Tn particular, when a crack locates hetween dissimilar materials. s equals 1,2
With the help of the resulls abtained by Kondratey {1967).it is shown that the order of
singnlarity is defined by eigenequation for a homogeneous problem. Temperature field

can not inerease bhis order.
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INTRODUCTION

In iwo-dimensional elasticity.stresses near sharp notch may exhibit singular behavior.
\{any authors investigated these equations in the absence of body forces and lempera-
ture. Williams {1952), Parton and Perlin (1331) studied singularities near corner with
free-free, [res-fixed, fixed-fixed houndary conditions. Heat transfer and thermoelastic
problems considered here are specific cases of the boundary value problems for elliptic
and parabolic squations of general type. The aim of this paper is lo study of singularities
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arising due to a temperature field.

THE TEMPERATURE FIELD

The paper is considering a bimaterial which consists of two
and ;. The bimaterial js formed by three rays I, 1},
interface boundary. The angle of I; with [ equals w; (
temperature field 7: satisfy the following equation

Plane isotropic domains Q,
l2 coming out of point O. [ is the
O<w< 2m). In every domain ),

T
b2t = AT; , ¢
o >0 (1)
with the initial and boundary conditions
]Ht=0 = ‘Pi(z) y TC Qt' ) (2)
Tily =0, Ty);, =0 (3)

respectively.
It is asumed that function 7} are continuous in ; (=

1,2). The temperature fields Ty
and T3 on the contact line [ satisfy the typical confor:

mity conditions
TIZTZ,klﬁ:l&‘ (4)
n

k is coefficient of the thermal conductivity.

Let 7, be a polar coordinate system sentered at the point O. Equations =0, 9=
@1, ¢ = w correspond to the rays [;,1,1, respectively. Denote function T that T =
ThifzCQ and T = T; if z C Q,. Indicate the asymptotical form of the solution
T in a neighbourhood of the point O. The structure of the function T with boundary
conditions (3),(4) is studied. From the general theory of parabolic equations (Grisvard,
1992) of the boundary value problem the function T has the form

T'=C(t)r’®(p) + o(r*)

% = Ci(t)T"I(I);(ga) =il o(,.s—1) (5)

where C(t) belongs to C'! , 8> 0.
Determination of s is as follows: ®(y) has the next form

Ci sinps 0<p<uw )
Cssin(w - ¢)s w1 <p<w

*(¢) = {
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where C;,C, are constants. ‘ N
Unknown’ C; are determined by the conformity condition (4)

Cysinwys — Cpsin(w —wy)s =0

7
k1Cys - coswys + kyCys - cos(w — wy)s = 0. (7

ivi C, the
The system (7) is homogeneous. For non-trivial values of the unknown Cj,C,
determinant of this system must vanish:

sinw; 8 —sin(w — wy)s =, 8)
kicoswis kjcos(w —wy)s

or . .
tanw;s + k—ltanwgszo. (9)
2
.. . fth

In the capacity of the solution s it is necessary to take the minimal p(;smve txi':l(:;a? if :
equation (9). The least value s equals 1/4. If Icl. = k? then s = 7/w. n_pa: o ,then
c(r]ack lokates on the interfase boundary of two dissimilar halfplanes (w1 = w,

s equals 1/2 for any value k; /k,.

SINGULAR SOLUTIONS
First consider boundary value problem of thermoelasticity with the angular point O
Au = (A + p) grad divi + pAd = (3X\ + 2p)a grad T (10)

and boundary conditions

ilr = $(z), (11)

’s coefficients, a is coefficient of expansion. . .
’;’hﬂ ?:;L::::usre field T satisfies (1)-(4). If the right hand side t?f (10)is ab.s;;;nt, tha(;l:r)dze)r
f y ulI;rity is defined by the eigenequations which were given by Wld‘a.nlls - s,
(I)’ S:Icfl and Perlin (1981). So in this case the singular solution with zero displacem
ar s

must be investigated

dlr = 0. (12)

; o ; lore
It is proved (Kondratev, 1967) , that for reseach of this solution it is sufficient to explo
the solution of the eigenequation

AT =0 (13)

. ~ A7 ]
with boundary conditions (12), when displacemen‘ts are 501.1ght in ;he forx: ue;rr f}(:gl
7, is polar coordinate system centered at the point O. X is complex parameter, w

b
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depends on the size of the angle @ and Poisson's ratio, Physically admissible eigenvalues
giving singular stresses at the point O must satisfy the condition

0< Reh < 1. {14)

Also one can sav, that the order of singularity is determined by value A with minimal
real part f. 11 i3 known the next statement relative bo systemn (10), (12) coming out
of the general theory of the boundary value problem for elliptic eguations {Kondratey,
1967; Nazarov and Plamenevski 1891).
Let |T| < Cr", |VT| < Cr* ' Ifa < h—1then |t]] < O1**? and |[VE| < Oyr*. [fa
h—1 then || < Cyrt and [V < Opeht,
It was shown above, that 2 > 0. 5o we have. If the singular stresses for homogeneous
problem (T = 0) are ahsent (R > 1), then the considered temperature field does not
induce singuolarities. In presence af the singular siresses of the homogeneous problem
the temperature field can not increase this arder. All results can he extended to ather
houndary conditions [ free-free, fixed- fixed, free-fixed).
Hetorn to a bimateriel. In this case the singular solution is defined also by the sigenvalue
A of the eigenequation, which includes homogeneous equations and boundary conditions
respeclively

.4.‘?!‘1 = 01 .‘1.?]!.2 = ﬂ-, 4'!|1'1-| = I}. ﬂ-]'“.] = '[I, ':]5_1}

when displacements are songht in the form #; = r:‘_ﬁ:p} R
The conformity conditions on the contact line | are satisy

R e [ | n LA | i N
= e =y = O O (16)

The last relationship of (16) in presence of the temperature is non- homageneous from

the difference of coeficients of expansion of matenials. Bul, when the system (15),{16) is

selved this term must be discarded. Decause by means of the simple change the variable
i i

e, =l =t (=19 (17)

arise Lhe silualion, which have discussed abaove.

CONCLUSTION

It 15 possible to prove that in any rational physical processes.temperature gradient in a
neighbourhood angular point of bimalerial has the form W1 ~ 7*~! with 5 > 0. So the
mein result of this paper halds for other thermoelastic problems. Similar result takes
place in the presence of some other body forces.
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