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ABSTRACT

The mechanical disturbances in type I and II superconductors
(SC) under a magnetic field and currents and some thermal
effects as a result of local failure at low temperatures are
studied. General statements are given by macroscopic approaches
to superconductivity and brittle fracture. As for particular
problems we focus our attention to stress concentration sites
(the top of an angle, a contact zone, ...). Besides we find the
solution for a source of heat into SC and use it for the
calculation of temperature around a small quickly arisen defect.
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INTRODUCTION

The discovery of superconductivity in the metaloxyder at
nitric temperatures by Bednorz and Miiller (1986) has stimulated
the new explosive of attention tg this phenomenon. The most
values of current density ~10“A/m have been recorded in very
thin films. They predict fantastic values of critical magnetic
field of some hundred tesla. Nevertheless, low temperature
supercgnductivity remains ig gﬂpd gﬂhile the critical field
~10-10°T and the current ~10°-10 A/m® only. It keeps such kind
of adventures as more technologies of materials. The large
Lorentz forces created by the interaction between currents and
magnetic field can cause stresses within SC more than
limit stresses. Especially, the stress concentration points can
be dangerous. 1In turn, the mechanical failure and fracture
(plastic deformation, cracking,...) prevents to achieve the
desirable currents and magnetic field because of heat emission.
However, the stress-strain states of different SC specimens
have not been studied enough. It is important not only for the
prediction of fracture but also for the analysis of the
SC-phase-stability because the critical temperature and
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How we proceed to some particular cases assuming

of need.
much more weak in comparison with SC.

that the matrix is

The Field B:!D,O,B‘} and a Flane Domain 0O(x,y]. Pressure is

constant on . Therefore, in case of finike [ the state of 3¢
is hydrostatic and safety. Now let SC-plate contain an elliptic
hwole. Then the tension stresges appear and the limit wvalue B =
{2¢Ju%VEE;T§}1f2 if p.=b fa cpi for thin ellipse {a and b iz
half axes=], B=Imu%u_bfailfzif £xp . As known the large tengi-

on stresses are produced within the winding under skin-effect.

The Fiaeld B:lBK,By,u}. The former problem iz equivalent to that

of non cavitation infinite flew around rigid contour ' by ideal
incompressible liguid. Only compressive pressures are on [T and
shear stresses are dangercus for convex forms of S5C. By known
solution their small maximums Ffor sphere and cylinder are
reached in the center. For a 3C angle g the asymptotics are

B~ p%, P~ 2°%,  a=(B-n)/(2x-8) (T}
where g is the distance at the angle top. At 0<g«m the
unlimited growth of B near the top lead to fracture of

superconductivity. Ak B>w p and B wvanish at -1 but wikthin BC

stretching singular stregses appear | ¢ -~ p'x, where J:x=1/2).
The calculations are shown that even in case of special points
and real value PyeB ¢ o, breaking magnetic field B seems to

be much more in comparison with common operating fields (which
ig well known for common points |. Therefore, the above
consideration is of more practical interest for skin-effect.

TYPE II SUPERCONDUCTOR

The following physical assumptions concerning the behaviocur of
the rigid type II SC can be advanced (Gurevich et al., 19B7):

T. p=1, B «H<H 2t where B , are the upper and lower eritical
o = v

magnetic induction; at the operating field B >qﬂ we deal with

a normal conductor.
2. According to the concept of critical state by Bean and

London a volt-ampere charactaristic of rigid s5C is j=j:EIE,
where E is the any small intensity of electric field and jc is

a constant at T=const (Bean concept).
1. As a rule, even in high pulsed magnetic field the

quasistatics with respect to stress fields takes place. It can

be broken only for very thin plates and shells.
4. Within a monocrystal oxide film onto a dielectric substrate
the normal and shear stresses are distributed according to
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a linear law through thickness,

takes Place. On the contact surface they achieve the values
(?,a)=JxB, where J=h-jc, h is the thickness, B is a constant
across the film section. We can ignore elasticity of the film

because usually hs107%y. Hence, these stresses are the boundary
conditions for an elastic Problem for the dielectric,

5. In composite and microcomposite type II sc the average
equations coincide with those for a homogeneous sc of effective
electric and elastic bParameters. §o, jc needs to be replaced by

j-=x.-jc where K is a volume contents of the SC component .

6. The mentioned brittle fracture app

Currents j
In both general

div} + F=0,

I=CE, E=1/2 (vu+(vu)"y,

F=jxB () (1)

“o Jxr Ixr
B(X,t)=3a+ﬁ j‘ndﬂ)fj‘ ‘ndry » r=x-y (2)

n r r

J r)

L'n=JxB+f (I'), c=(cU“}, € =2,4 (n=2,3), u=4m10"H/m  (3)

Here C,I,E,u,F are the matrix of elastic moduli,
deformation tensors, the vector of displacements and volume
Lorentz force, the upper star transporniere
operation, n ig the outward normal to I, ¢ is a. vector of
external loads, for eéxample, contact balancing forces. 1f j and
J are unknown functions then additional Maxwell equations ang
different relations for superconductivity
attracted. 1n this case we have a connected complex problem.

However, often we can account j=const in QJ, j=const on 1‘}.

Then the system (1)-(3) is complete and, moreover, divided.
Relations (2) give the solution for the magnetic field, then we
have to solve an elastic problem. The . latter contains the

After all we can

the stress and
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Boltzmann constant, Debye and Fermi temperatures. The simple
estimation shows that at the adiabatic plastic deformation of

metal beam (Al,Cu, e~ 107'-10"% and T -4,2°K) the increase of
" i

I' is approximately AT-10"-40°. The mean increase aof T through
the plastic zone near a moving crack tip has the same ordar.
The approximate increase of T near the suddenly formed defect
within a material | crack, failure domain, plastic zone near a
rore) can be found from the sclution of problem about instan-
tanecus concentrate { plane, line, point: n=0,1,2) heat source
9. The value of q is equal the disaipate energy by the defect
birth. For example, g=y for crack as a Plane source and g=2y5,
where 5 is the square of produced crack, for crack as a point
scurce. Let the media possess the nonlinear heat capacity

¢ =c 1’ and the known heat conductivity A=a,T. The initial
temperature T! in comparison with increments of T ia neglected.
The autemcdel solution of the equation of thermocondutivity

I,t=‘"‘_n['n"wﬂ}.x’ T =kt, #'aT . x:h);’ﬁ‘_‘cﬂ, n=a1,1,2
- &
where x, t is the cocrdinate and time, dD ig the denaity,

under ecenditions for the complate heat and the disappearancs
on the infinity is (Devjatkin and Simonow, 1592)

2

i - :'I”xa - Zn+2 L iq
ha [h {3—:1}:”“'“11 I TRy ey ey Qs P,
a0 .
153
a=(v In/4) , e =1, e-=u/4, g=1, e=m, ¢ =dn

§-2n =n
e 15 2
a R

; 1
1 (3~r1]‘ﬂ: o el Rt 2 {J—HJaEn el
T-':x}-E —_— _F H x (T l={n+1) —B'HF

Some calculations of coordinate % , whera maxT = T= rl'I'j {m»1)

is A value of "dangerpus" temperature by comparing with the
initial temperature here, is represented below for bkypical
epoXyY resin in cryogenics.
i EATT = 1%, Tmm 1, 0,1mm 9,1%, 1mm
m xi - :‘:'I‘
3 3.8 a.83 a3
5 1.9 .43 42
10 - 17

Here r is radius of penny-shape crack as the poi:t source of
heat. If T =4.2" and (usually) T,-T,=0.1" than x, can be found
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from classical fundamental solution of the linear equation with
constant C:COTT and A=A°Tl. It may be made because the zone of
the great disturbances of T at Tlt4°x and T <10mm localizes
close by crack and x,(T,=4.3°) » T,- Then we calculate x,=1.5,
7.0, 33 mm at r°=0.1, 1, 10mm, i.e. really X1 . The above

estimations corroborate our assumptions about the essential
influence of heat at the microfracture of sc.

CONCLUSIONS

The main idea was to develop the theory of mechanical distur-
bances in different Superconductors by combination of the
general approaches from physics and mechanics. Then the
different canonical and practical problems have been considered
Some were Suggested by physicists. The knowledge of the studied
average stress fields are enough if 3 macroscopic failure
theory ig in force ang are necessary before microscopic
analysis for composites. The present results can be used for
the choice of optimum configurations of SC, the estimations
of their potential ability, the limit values of j and B and the
temperature field near the small suddenly arisen defect and
as the ground for future investigations.
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