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Abstract: It is very important for application to state dependences between
properties of prepared material and initial precursor sample. With this aim,
the computational monitoring is developed taking into account preparation
techniques and composition features of YBCO and BSCCO superconductors.
An approach is proposed to estimate total fracture resistance of these high-
temperature superconductors (HTS).
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1. Introduction

The main features defining HTS microstructure and properties are their intrin-
sic brittleness, anisotropic structure and supersmall coherence length to being
order of some nanometers. Due to the structure-sensitive properties of polycrys-
talline HTS are strongly depended on weak links of grain boundaries. During
processing and working of HTS under loading, the intrinsic material properties
will be considerably changed. Therefore, in order to certify HTS, it is neces-
sary to obtain relationships between properties of the prepared material and
initial precursor sample Parinov [2]. In this paper, it is developed the computer
simulation approach to state that effective dependences.
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Figure 1: General scheme of computational monitoring of HTSC
structure-sensitive properties: (a) initial powder, (b) sintering, (c) cool-
ing, (d) crack propagation, (e) presentation of structure fragment in PC,
(f) model structure for study of percolation properties. The numbers
sign: raw powder (1), crystallographic properties (2), boundary (3),
triple junctions (4), domain structure (5), dislocations (6), microc-
rack (7), porosity (8), grain (9), aggregate of grains (10), admixtures
and additives (11), macrocrack (12), fibers or secondary phase inclu-
sions (13).

2. Computational Monitoring

The computational monitoring scheme (Figure 1) allows one to include in con-
sideration the processes of thermal front propagation during sintering and cool-
ing of ceramic sample, microstructure formation in the sintering region, mod-
eling of the crack propagation and to estimate change of the intrinsic strength
properties, electrical conductivity of the prepared sample, and to compare
toughening and conductivity effects with aim to select an optimum technologi-
cal process and initial powder composition. Two-level mathematical models of
gradient-sintered and hot-pressed superconducting ceramics are developed. In
macrolevel, the propagation of thermal front at each step of computer process is
modeled on the base of numerical solution of the quasilinear equation for ther-
mal conduction by using Samarsky approach Samarsky [3] and finite difference
method on square lattice Parinov [2]. As a result, a region of microstruc-
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ture formation is found. Effective thermal conduction of non-sintered part of
the sample is calculated by using Dulnev-Zaritchnyak approach for mutual-
penetrating components. with disperse particles and account of molecular and
radiant components of thermal conduction Dulnev et al [3]. The temperature
conductivity of the whole sample is estimated by using the thermal conduction
and porosity of non-sintered and sintered parts of the sample. In microlevel, the
computer simulation of forming microstructure has been carried out by using
Monte-Carlo procedure with next modeling shrinkage and secondary recrystal-
lization of the sample. The modeling of the sample cooling is also carried out by
using Samarsky approach. Based on the calculated temperature field, the nor-
mal stresses applied to every rectilinear site of the intergranular boundaries are
computed, and the intercrystallite microcracking is stated by using the crack-
ing criterion. The crack growth into modeled structure is found by using graph
theory, and the numerical problem of the (n+1)-order graph minimization with
tips xi is reduced to solution of the equation set

{

Vi = min(Vj + Cij); i = 0, 1..., n − 1; j = 0, 1, ..., n; i 6= j;
Vn = 0 ,

(1)

where Vi is the size of optimum path from xn up to xi; Cij ≥ 0 is the graph
arc length (xi, xj). The minimization problem (1) is solved by the iteration

method by assuming V
(0)
i = Cin;i = 0, 1, ..., n − 1; V

(0)
n = 0 and computing

consecutively
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The calculations are occurred up to fulfillment of the relationships V
(k)
i =

V
(k−1)
i ; i = 0, 1, ..., n − 1. In this case V

(k)
i to be minimum values and define

the optimal graph branch. In general case Cij are calculated as

Cij =























0; i = j or at favorable disposition of microcrack;
Lb/δ; i,j are two nearest nodes at intergranular boundary;
Lp/δ; i,j belong to the boundary of the same pore;
Lm/δ; at unfavorable disposition of microcrack;
∞; in other case.

(3)

Here Cij 6= Cji; Lb = 2δ is double size of the lattice cell; Lm is the
microcrack perimeter; Lp/δ is the pore normalized perimeter. The fracture
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Figure 2: Estimation of sample fracture toughness

toughness is calculated as KIc = N−1
∑N

i=1 K
(i)
Ic . In the case of intercrys-

talline crack K
(i)
Ic =

√

Eγ
(i)
0 ; γ

(i)
0 = (Li/hi)γb where Li and hi are the path

length of i -th crack and the sample width. In the case of transcrystalline crack

K
(j)
Ic =

∑

i

K0

Ic

cos2Θij

√

dij

hj
, where K0

Ic is the intrinsic fracture toughness; dij is the

size of i-th grain into j-th line; Θij is the angle between a normal to cleavage
plane and tension direction; N is the number of the crack paths. Computer algo-
rithms for cracks growing in mixed and intercrystalline mechanisms are present
in Figure 2. Necessary number of the computer realizations is stated by using
the stereological approach in the form n = (200/y)(σx/x), where y is the accu-
racy level, %, σx is the average quadratic deviation; x is the mean value of the
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Figure 3: Estimation of fracture toughness caused by the grain growth,
microcracking, and also for cases of crack bridging and branching

stereological characteristic. Effects of intrinsic toughening and crack amplifi-
cation mechanisms connected with the ceramic microcracking, crack branching
and bridging and also initial powder porosity are studied for the next cases
Parinov [2]: (i) gradient-sintered YBCO ceramics, (ii) YBCO melt-processed
large-grain structures, (iii) at estimation of the microstructure dissimilitude ef-
fect on low-cyclic fatigue fracture of the YBCO samples, and (iv) hot-pressed
BSCCO bulks toughened by silver dispersion taking into account the sample
texture. The corresponding computer algorithms are present in Figure 3. In
total, the numerical results for crack growing into HTS could be generalized in
the next way (see Figure 4).

The applied stress has two maximums: (i) due to the residual stresses
formed during the sample processing, and (ii) due to the crack interaction with
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Figure 4: Qualitative trends in toughness (a) and applied stress (b) vs
crack length; solid and dashed curves show the dependences before and
after grain growth; d is the bridge span

the sample structure. The macroscopic fracture is possible only if the load to be
sufficient that the crack overcomes the both barriers. The total fracture resis-
tance is stated in the force and energy approaches, as Ktot

c /K0
c =

∏n
i=1 K

(i)
c /K0

c ,

and Gtot
c /G0

c =
∏n

i=1 G
(i)
c /G0

c , where K
(i)
c (G

(i)
c ) is the critical stress intensity

factor (critical strain energy release rate) due to i-th toughening (or crack am-
plification) mechanism, K0

c (G0
c) is the corresponding intrinsic parameter, n is

the number of toughening and crack amplification mechanisms. The correla-
tions between HTS microstructure, strength and current transport properties
are stated after study of percolation properties of the model structures Pari-
nov [2].
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