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FRACTURE OF RODS IN GENERALIZED THERMOELASTICITY

R. Wojnar *

If in the linear generalized thermoelastici-
ty a prescribed heat source is replaced by
an exponential function that depends on
stresses and temperature,and characterizes
absorption of radiation, a nonlinear theory
of irradiated thermoelastic body is obtained
A linearized version of such theory is pro-
posed, and one-dimensional harmonic solution
is discussed. A failure criterion depending
on the duration of electromagnetic pulses
and their intensities is postulated.

INTRODUCTION

It is well known that a linear theory of thermoelastici-
ty can be used to describe adequately a nonlinear frac-
ture process in which rapid growth of temperature takes
place, cf. Nicolis and Prigogine (1).

An analysis of fracture of alaser rod within linear
dynamic theory of thermal stresses was presented before
by Lysikov (2), who assumed that laser irradiation of
the rod can be modelled by suitable heat source depend-
ing nonlinearly on both the temperature and stress
fields. Such a formulation of the problem is similar to
that of a combustion process as it is presented by Vol-
pert and Khudiaev (3). In this article Lysikov’s re-
sults are extended to include effects of the relaxation
times of generalized thermoelasticity and of thermo-
elastic coupling on the fracture of a laser rod, cf.mo-
nographic article of Ignaczak (4).
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First a linear version of the problem is formulated,
and a plane harmonic solution is studied. Four eigen-
frequencies are obtained: two of them represent the
acoustic modes while remaining two correspond to the en-
tropy modes. A failure of the laser rod is to occur for
one of the two entropy modes, with positive imaginary
part of frequency.

BASIC EQUATIONS

For a one-dimensional motion the dimensionless system of
field equations is taken in the form

Uriy = (8 + t, é)'x = U (1)
By + T = 8 + ts 8+ ed-, (2)
r =T, exp( - it ? Mo + M (3)
o:Urx—B—tlé (4)

where u,T,r and o represent respectively the displace-
ment, temperature, heat source and stress fields, where-
as 8 = T - 1. Moreover € is the classical thermoelastic
coupling constant, M denotes a width of the energy gap
in a stressless state, and m accounts for the influence
of the stress on the gap. Coefficients t,,t ,tl >t >0
are the relaxation times, as described i% rgferencg (4),
and Lo is a constant.

LINEARIZATION

A linearization of the exponential heat source leads to
[ = roll -mou-e o+ (m+M) 8 + m t, 8 | (5)

1f we put 8 = ¥ -1/(m+M), then from (1)-(4) we obtain
U'x><_tl lI)'x - ll)'>< = (6)
w-xx+r0(m+M)w -€ G'X—rom Urx=t0¢ +(1-m rotl)w (7)

These are the displacement-temperature field equations
of the theory under consideration.

DISPERSION RELATION

Eqs (6) - (7) yield the dispersion relation
2 2 * 2 3 -
(w?-k2) [t wi-k?+ (m+M)r + i(1-m rotl)wl =

= kz(tlw +i) (ew+ i m ro) (8)
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The limiting cases of eq.(8) are those given in referen-
ce (2) (e=0) and in reference (5) (rO:O).

If we put €=0, m=0 in (8) we obtain

o _ W0 I
w27 ko W3y T 1 N3y (9)
where
1—mr0tl /// (m+M)r0—k2
n3,4=2—t0— ]-l + 1+4 tow | (10)

Clearly, the frequencies w? correspond to acoustic
modes while wg 4 to entropy’“modes.
 ;

For € #0, m#0 the approximate solutions of eg.(B8) take
the form . -
= A = A
wl,Z w1,2+ wl,Z ,w3’4 w3’4+ w},4 (11)
where corrections Aw., i=1,2,3,4 are to be found by ap-
proximative methods.

FAILURE CRITERION

A failure of the material is to occur for the modes with
positive imaginary part of frequency. For zero thermo-
elastic coupling this occurs for the mode corresponding
to w9. For a small positive values of ‘coupling parame-
ters “the absorption energy increases for a mode corres-
ponding to w, and its time growth is determined by the
Characteristié time 1= iAu3. For k=0 we obtain

T= (1 - m rotl)/l(m+M)rO| (12)

Therefore in this case a failure is not to occur if the
time length of impuls is shorter than tT.
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