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eport deals with the results of theoretical and experimen-
tudies of the strength and fracture of diamond-bearing
composites. The account of residual stresses generated wi-
the matrix and the diamonds embedded when cooling the com-
e from the sintering temperature to r.t. is of a great con-
nce in the proposed calculation scheme. These stresses are
ntially dependent on a volumetric diamond concentration,
hysicomechanical matrix properties and the phases binding
{ons. The hereditary residual stresses substantially in-
ce the strength and the fracture toughness of the materi-
hat is why a knowledge and, in the long run, a relieving
will make it possible to improve the composite pro-
as a whole, T .
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INTRODUCTION

number of theoretical and experimental works (Brooks—
1969 ; 1972 ; Bock, 1975 ; Hoffman, 1980) have been dedica-

o the problem of prediction of the strength of multiphase
rials and the effect of thermal stresses on them. However,
rediction of the strength properties of composite materi-
sing the basic principles of the above works is not possib-
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<{6> is the calculated strength of the composite under uniaxi-

al Eompression, @ is the temperature that is uniform througho-
ut the entire volume.

As an example of the composite strength prediction for a compo-
site on the basis of diamond concentration data consider the
material containing 400/315 um diamond grains and having the
following thermoelastic proﬁgrties of components ¢ e

- diamond - Eq=10.5 .10% MPa, ¥ =0.1;/,=1.3.107K " ;
- sintered carbide - E%=6.35-105Mpa,\)2= 0,22 ;
o , =5.0+107%K"" ;G = 1400 MPa.

Figure 1 shows the strength values for the composite in ques-
tion that have been obtained by testing cylinders of 10 mm in
diameter under compression and the subsequent calculation on
the basis of the expression (4), The dependence of the theore-
tically defined thermal stresses within the matrix<G 2 is al-
so presented here. The calculation were carried out fog the

e = - 1000 K.

The data presented bear witness that the experimental results
confirm the theoretical premises and the feasibility of the
proposed criterion for the strength prediction of a diamond-
-bearing composite. In addition, a conclusion of far-going
practical consequences could be drawn that the volumetric dia-
mond concentration should not exceed 0.31 because the thermal
stress value at this concentration is practically equal to the
total composite strength and at C.,70.56 there arises a sponta-
neous microscopic fracture in it, 'even without external loa-
ding what conforms well with the production experience for the
materials of this class,

The fracture toughness of the diamond-bearing composite

In addition to the above stated on the composite strength pre-
diction based on the theory of stochastically reinforced bo-
dies it is possible by alternating the Lange's concepts
(1974) to consider the same problem wusing the fractu-
re mechanics approach, It was indicated in works (Lan-
ge, 1974; Davidge, 1968) that the total composite strength is
related to the energy of the material fracture, the elastic
modulus and the defect size. Bearing the above structure pecu-
larities in mind it would be incorrect to apply the conventi-
onal approach based on the linear fracture mechanics to the
evaluation of the fracture energy of the composite.

The evaluation of the crytical stress intensity factor is bas-
ed in this work on the hypothesis of the piecewise continuous
body, i.e. the difinition of the ultimate equilibrium of a
crack interacting with a single rigid inclusion. This problem
was previously solved in a number of well-known works (Berezh-
nitsky, 1979 ; Atkinson, 1972 ; Tamate, 1968). In those works,
however, there are no solutions with allowance for the thermo-
elasticity, that is, without taking into consideration the he-
reditary stresses which, as it follows from the earlier results,
are one of the decisive factors reflecting the actual composi-
te state,
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Due to the complexity of the boundary conditions of the conju-
gation between a diamond inclusion and the matrix in the sin-
tered carbide and the specimen loading scheme the solution of
the problem was carried out through the numeric simulation by
the finite elements method of a rigion represented by a disk

(10 mm in diameter) with a diametric crack near the tips of

which at a distance inclusions were present (cylinders of a
unitary thickness and 0.5 mm in diameter having the elastic mo-
dulus and Poisson ratio equal to those of diamond (Novikov,
1981).Due tc the symmetry a quarter of the disk has been analy-
sed,the latter was divided into 940 triangle elements and 511
grid units,

As a result of the numerical solution of the above singular
problem for a crack located at various distances from an inclu-
sion and also at the process of its growth across a diamond a
dependence has been obtained for variations of the relatisn ship
between the stress intensity factor K& and the stress intensity
factor K fora homogeneous region of analogous shape but devoid
of inclusions,for which an accurate solution is available (Yare-
ma, 1976).The calculated dependence for the distance between the
crack tip and the inclusion is shown in Fig. 2, whence it follows
that the contribution of the inclusion into the stressed crack
state could be neglected at the distance of 1.8 d. Suppose that
in this case defines the distance between the tip of the crack
emerging from the nearest inclusion and the inclusion located
at the crack trajectory extension.On the basis of the stereolo-
gical analysis of the true composite structure in question that
was carried out on the television image analyser "Quantimet-720"
it was possible to obtain a distribution for the relation of
distances between diamonds.and their diameters and volumetric
concentration that could be approximated as follows:

A= T%—. d3(1 —1C1)E%E%;ig1 + 1 -%/2V3 )| . (5)

Taking into account the relation (1) and the data from (Erdo-
gan, 1972) that at the interface of the phases having different
moduli the ratio KI/K& for the case considered is wjithin a li-
mit quantitatively equal to the finite ratio Es(1- 1/E1(1—)’
we can write down the dependence in Fig. 2 as “follows:
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This ratio reflects the stressed state intensification rate in
the vicinity of the crack tip with the approach to the diamond
inclusion and clearly reflects the contribution of the volumet-
ric concentration of inclusions within the composite,Thus, ta-
king into account the self-similarity conditions for the ratio
obtained for various specimen loading sghemes, it is possible

to evaluate the fracture toughness Kq of the composite using
known solutions of the linear fracture mechanics for continuous
media with a sole correction for the presence of the finite num-
ber of inclusions located along the initial crack front and

=8
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corresponding to their volumetric concentration in the composi=
te, namely,

*
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K
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ows the experimental data for the fracture toughnesi
E%giﬁg gi:gond—bearing composite having various diamon%tgonigg
tration (0 to 0.437), the grain size being 400/315éum e T
duced diameter being 0.364 mm).The specimens have been grgpSENB
in conformity with the reguirements ?or generally acceg Zn e
(single-edge notched bend)-type specimens and containehanical
tial fatigue crack,The tests were carr%ed out on a mec mles
installation with the rate of 0.5 mm/min at room temgeiad usin
The preliminary fracture toughness values were calcusg)e iz 3
the solutions for the elastic case (RD 50-260-81; 1%f %ivz e
are shown in Fig._3 (the curve 1).Furthermore,the effec e
ture toughness KI* of the composites investigated wege Ka =
ted using the reiationships (6) and (7) (the gurve.t%.ti N
follows from the figure, the extent of correction :; ) iiial
lowance for inclusions located along the front of t? in 5
crack at Cy = 0.437 amounts to 17.3 %, By approximation o
curve 2 by the following simple functions

K
* M 1 T L1 ] (8)
Kie = KIC[1 + 5 (EI) Sin 5—01

M 4 ‘ tered carbide matrix)
he fracture toughness of the sin
gﬁlctiistparticular case we find that the KI% values a;tgi?s
their maxima at the volumetric diamond concgntration o i97é
This agrees with the predictions developed in (Claussen%h i l.
When the volumetric diamo concentration is over.0.37 e tIc
values become less than Ky which is in the practical aspec
ndesirable. ?

%ﬁét:x;ression (8) makes it possible to conduct a prﬁliménarqu
fracture toughness prediction for the composite o{ t i a ogga_
pe using the matrix fracture toughness and‘the volumetric
mond concentration data that gives to the industrial engineers

a certain freedom of choice when developing composites in question,.

uld be noted that the conducted evaluation of the effecti-
32 iggcture toughness value K1& of the composite is og a gartl—
al nature as the KI/K& ratios were obtained for the Oﬁn iry i
conditions of a real composite. But when calculating the func
tion (7) for the other boundary conditions of the phases conju-
gation it becomes possible to extend this value on other compo-
sites reinforced with dispersed particles,
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Fig, 1. Composite strength values v. volumet-
ric diamond concentration C,e. ' 0
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| Fig.3. Dependence of the fracture toughness on
the diamond content (1-experiment; 2-

calculation K}; using the equation (7);

3-prediction of K;c according to the

equation (8)).
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