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1. Introduction. The problems of temperature and stress distributions in
thermoelastic bodies caused by local thermal sources are very important in
engineering practice. The non-stationary temperature fields in the homogene-
ous half-space due to the action of laser beam on the boundary were consid-
ered in papers [3—6]. The distributions of temperature and stesses in the ho-
mogeneous thermoelastic semi-infinite body-caused by a laser ray were inves-
tigated in [7—8]. The influence of micro periodically layered structure of com-
posite half-space under the uniform and normal (Gaussian) distributions of
heat flux on the boundary on the temperature fields is presented in [9].

This paper is a continuation of the studies [9] concerning the problem of
laser heating of thermoelastic microperiodically stratified half-space.

,"‘ 2. Formulation of the problem.
/ q Consider a microperiodic laminated
T IR elastic half-space in witch each lamina
a T oK is composed of two homogeneous iso-
\' d =g “j tropic layers. The middlecross section of
2 1 I the body is shown in Figure. Let d;, do
i b s e s o be thicknesses of these layers and
i [ d=d; +d; be thickness of the repeated
lamina. The composite components are

- -l “f characterized by Lame constants Ay, p;,

! l coefficients of thermal conductivity K,
o s 0 8, i coefficients of thermal diffusivity k;
t=1, 2. The perfect mechanical bouding
and ideal thermal contact between the
layers are assumed. The problem is re-
lated to the cylindrical coordinate sys-
tem (r,¢, 2) such that the z-axis is
normal to the layering, see Figure.

The boundary plane of composite
half-space is heated by the laser rays
. described as an uniform and Gausian

. The middle-cross of the distributions of heat flux and the plane
microperiodic two-layered half-space. s assumed to be free of loadings. The
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problem is solved within the framework of the homogenized model with mi-
crolocal parameters [1—2]. The temperature field T(-) and displacement vector
u(-) are assumed in the form

T(r, z,t) = Q(r, 2, t) + h(2) &(r, 2, 1),

u(r, 2, t) = [u,, 0, ug] (1, 2, t) = [w,, 0, w,] (, 2,t) + h (2) [W,, 0, W,], (1)
where h : R — R is the known continuous d-periodic function, next defined
z-0.5d,, for 0<2<d,,
h(z)={-~ﬂz——0.5d1+——g~1—, for d; £z <d, (2)
1-n l-1
h(z)e0(d), h'(z)e0(1), V=zeR.
where
n=d;/d. (3)

The unknown functions 0(:), w,(:), w,(-), are interpreted as the macro-
temperature and macrodisplacements, respectively. The unknown functions
e(:), W,(:), W,(:) are the microlocal thermal and kinematical parameters and
they are connected with the microstructure of the body.

The problems of heated periodic stratified half-space are determined by the following
initial and boundary conditions :

a) thermal
0(p, Z, F, = 0), for p, Z>0,
00 . =
-52-=—AG,-(p), i=lor2, forp>0, Z=0, F; >0,
(w0, Z,Fy) =0(p,0,Fy) =0, for Fy >0, (4)

where

_ % o _z oz _Ikgt

A K ) p ai Z a} Fﬁ az )
K - [KP? ¢

Ku:f_?—' K=K—"}'{—, ky ==,

K=nK +1-mK,, pe=npc+1-np,cy,

2

KI=n(K ~Ky),  K=nK+7i

Gi(p)=H(l-p), p20, Gylp)=exp(-p), p20, (5)
(b) mechanical

K,,
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6,.(0,Z=0F)=0, p20, F;>0, o,(pZ=0F)=0, p=20, F,>0,
w,(p,Z, Fy =0)=w,(p,Z,F, =0)=0, p20, Z20,

wz(oo,z,f'u) = w,,(oc,Z,f‘a) = wz(p,w,f‘u) = w,.(p,oo,f‘u) =0, forf‘[, >0. (B)
The governing equations described the homogenized model are presented
in [1].
3. Solution of the problem (a) temperature field
(a) temperature field
The temperature 6 () can be written in the form [9]

0(p, 2, Fy) = A [E0, ) DE, 2, Fy) Jy(Ep)dE, i=12, p20, Z20, F,20, (7)
0
where
- Zy = Z =
q)(E.uziFﬁ} 2§K l:exp( gzﬂ)eﬁc{zﬁ_gm]ﬂexp(zﬂg)erfc(?fn‘%‘?*"gﬁrl}-}:l!
z[l' = \/K_Oz!

where erfe () is the complementary error function, Jy(-), J1(-) are the Bessel
functions and

PO =FHE, Pl = Fexp(-EY/D) ®)

The numerical analysis of the obtained temperature 6(-) was presented in
paper [9]. The following conclusions can be formulated:

1° the temperature on the boundary of composite half-space due to the uni-
form distribution is higher then due to the Gaussian dlstrxbutlon for the
fixed radius of the heating circle

2° the temperature fields are characterized by considerable gradients in the
radial and axial directions.

3° the increase of ratio of thermal conductivity K'= K;/K; makes the in-
crease of the temperature. The increase of the ratio of temperature diffu-

sivity k' = k;/k, leads to the reduction of the temperature.

4° assuming that the heated half-space is homogeneous then the tempera-
ture given by (7) is reduced to the function of temperature for homoge-
neous half-space presented in [4].

(b) mechanical field

The displacements and stresses in the microperiodic two-layered half-
space can be obtained by using three potentials derived for the homogenized
model in [10] and Hankel and Fourier integral transforms (with a general
trigonometric kernel).The thermoelastic state of stresses can initiate the brittle
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fracture of material. The knowledge of stresses allows for the optimization of
thermal fracturing processes of the layered composite.
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Cranicnas Marucsak, Onexcanap €srymenko, Boxogumup 3enenax

PO HECTAUIOHAPHI TEPMOIIPYIKHI 3AJJAYI
NEPIOJIUYHO INIAPYBATUX KOMIIO3UTIB

Poszasnymo posnodian memmepamypu ma HANPY*end Y Nepioduuro wapyseamii

nignaowuni, axa niddana 0ii ra3epnozo nHazpieanns. 3a0axa Po36’A3aAHA 3 BUKOPUCTNAN-
HAM 20MO2eHI3060HOT MOOeNt 3 MIXPOAOKAALHUMY napamempamu [1, 2]. Pose’asox odep-
xano y euzandi inmezpaais I'anxean, deaxi wucaosi pesyavmamu nodano y suzaadi zpa-
gircis.
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