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ABSTRACT

The paper presents discrete element simulation of mamnufiagtof metal matrix composites using a
powder metallurgy process. Powder metallurgy is the masiheon technique to fabricate metal matrix
composites with ceramic reinforcement, advanced masanidh many applications. As a technological
process powder metallurgy consists of several stagesdimgjumetal and ceramic powder manufactur-
ing, preparation of metal-ceramic powder mixture, powdesping and sintering. Sintering consists in
consolidation of loose or weakly bonded powders at eleviaiegeratures, close to the melting temper-
ature with or without additional pressure. This is a complecess affected by many factors. Modelling
can be used to optimize and to understand better the sigtprotess and improve the quality of sin-
tered components. One of the main problems in sintering ¢hlroeramic composite is possibility of
crack initiation in the material due to difference in shagk of metal and ceramic phases.

Modelling of sintering process is still a challenging resbatask. There are different approaches in
modelling of sintering processes, ranging from continudmanmmenological models to micromechan-
ical and atomistic ones. In this work the discrete elementhotkis adopted as a modelling tool. In
the discrete element method, material is represented agedallection of particles interacting with
one another by contact forces. It is a suitable tool to modmhgar and rock materials [1]. Modelling
of sintering requires introduction of the cohesive intéacamong particles representing inter-particle
sintering forces. Followingd, 2] the discrete element model adopted in this work emplog$dllowing
equation for the sintering interaction between powdengrai
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where V' is the normal relative velocityR — the particle radiusg — the radius of the interparticle
grain boundary¥ — the dihedral angleys — the surface energy ard, — the effective grain boundary
diffusion coefficient. The geometrical parameters of thelet@re defined in Fig. 1. The first term on
the right hand side of Eq. (1) represents the sintering mygivorce and the second one — the viscous
resistance of the material. The model has been extendedtol@elastic and thermal effects. It enables
modelling of a powder metallurgy process consisting of pema@bmpaction, sintering and cooling of
the sintered component. It allows us to study the grainsndusintering and rearrangment of grains
during sintering, material shrinkage and internal stresse


Proc. 6th European Congress on Computational Methods in Applied Sciences and Engineering (ECCOMAS 2012), Vienna, Austria, September 10-14, 2012


Figure 1: Two-particle model of sintering.

The numerical model has been applied to analyze sinteringvi@ur of different mixtures NiAl/AIO.
Numerical simulations are combined with experimental istsiaf sintering. First, sintering of each
phase, NiAl and AJOs, is studied separately at different parameters: tempexatime and pressure.
Finally, sintering of mixtures NiAl/AJO3 will be performed at similar conditions. The kinetics of-sin
tering is evaluated by investigation of the bulk densityrg®in time. The evolution of the bulk density
obtained in experimental studies is used in calibration\etidiation of the numerical model. Compar-
ison of experimental and numerical results for sinteringN¥l powder at temperature 130G under
pressure of 30 MPa is shown in Fig. 2a. Since experimental fismixtures NiAl/AL O3 have not been
finished yet, numerical results are shown only in Fig. 2bhwlie parameters assumed the sinterability
of the mixture NiAl/Al, O3 is worse than that of each phase separately as it is repgri8dibagawa [3],
who investigated solid phase sintering of powder mixtufdss will be verified in further experimental
work.
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Figure 2: Evolution of relative density during sintering:raumerical vs. numerical results for NiAl, b)
numerical results for NiAl, AIO3; and mixture NiAl/ALOs.
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