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1. Introduction

The interpendrating phase compostes (IPC), or interpenerating metal-ceramic networks, are
advancal engineging materials which condst of entirely interconneded networks of solid phases.
The rationde behind designing the IPC is to adhieve a highly durable materia tha would combine
the mog desirable properties of the condituent phases. The detailed description of IPC and their
applicability is given e.g. in [1]. The methodsof estimation of the eff edive elastic properties of the
IPC's are presented and compared ([2], [3], [4]). A numericd method for cdculating random
composte structure modd was developed. Numericd methods for cdculating red composte
microgructures were developed and used for Al,Os-Cu IPC microgtructure acquired from the
computer micro-tomography (CT). The results of measurements of Youngs modulus for different
types of Al,O3-Cu interpenerating compostes are also presented and compared with the andyticd
approximationsand nunerica cdculations

2. FEM modeling of the interpenetrating gructure

The cdculations were made for the 3D interpenetrating cross structure, shown in Fig. 1, for the
randomvoxel structure, and for thered structure obtained from computer tomography. There were
threeeffedive eastic condants cdculated: Y ounds modulus Poison's ratio and shea modulus To
modd Y oungs modulus and Poisson's ratio, tensle load was applied as the uniform displacement
field applied to one side of the cube with fixing bounday conditions on the oppogte side To
modd shea modulus, tangent displacements were applied together with antisymmetric boundiry
conditions

There were convagence studies made to compare the results for different mesh densties for the
cdculationsof Youngs modulus Poisn's ratio and shea modulus The method of extrapolation to
othe composte comporents was proposd. The effed of porosty of the porous ceramics on the
effedive properties was also investigated.

The cdculations for the red structure of the Al,Os-Cu interpenerating composte obtained from
computer tomography were made The inne part of the image with the shgpe of the cube of the
dimengons400x400x400 voals, was extraded to beused for cdculations Thered sructure of the
material was represented as cubic voxels, where eath voxel was made of only one material. Each
voxel was modded as 8-nodebrick element. Due to complexity of such a big modd the whole
structure was divided into 512 equd in size cubic parts and then ead pat was cdculated
separately. The applied loads and bounday condtionswere andogousto the applied for the cross
structure.
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Fig. 1. Unit cubic cdl of the Fig. 2. Effedive Younds modulus of Al,Os-Cu IPC —
IPC modd acording to [2] andyticd and nunericd modds and CT measurements results.

The numericd results for the effedive Younds moduli are presented in Fig. 2, compared with
theoreticd predictionsand results of measurements of the Al,Os-Cu interpenetrating compostes. It
can be seen tha these numericd results fit beween Hashin-Shtrikman bounds[4] and are closer to
the uppe bound.The influence of the composte microgructure on the effedive propeties can be
aso e

3. Conclusions

The numericd methodsof estimating the eff edive propeties of interpenetrating phase compostes
were presented and compared with existing theoreticd modds and results of measurements of
IPC's of different microstructures. The developed numericd methodsare in acordance with the
existing theoreticd modds gpplicable to thelPC's.

From the presented results it could also be seen that computationd methods offer the best
possbilities for modding the feaures of the red material, such as porosty, microcradking,
debonding between phases and thermal stresses. Further investigation of these methodsshould then
be made
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