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Abstract

Compaction of powders followed by sintering is a convenient manufacturing
method for products of complex shape and components of materials that are
difficult to produce using conventional metallurgy. During the compaction
and the handling of the unsintered compact, defects can develop which could
remain in the final sintered product. Modeling is an option to predict these
issues and in this thesis micromechanical modeling of the compaction and
the final components is discussed. Such models provide a more physical
description than a macroscopic model, and specifically, the Discrete Element
Method (DEM) is utilized.

An initial study of the efect of particle size distribution, performed with
DEM, was presented in Paper A. The study showed that this effect is small and
is thus neglected in the other DEM studies in this thesis. The study also showed
that good agreement with experimental data can be obtained if friction effects
is correctly accounted for.

The most critical issue for accurate results in the DEM simulations is the
modeling of normal contact between the powder particles. A unified treatment
of this problem for particles of a strain hardening elastic-plastic material is
presented in Paper B. Results concerning both the elastic-plastic loading,
elastic unloading as well as the adhesive bonding between the particles is
included. All results are compared with finite element simulation with good
agreement with the proposed model.

The modeling of industry relevant powders, namely spray dried granules is
presented in Paper C. The mechanical behavior of the granules is determined
using two types of micromechanical experiments, granule compression tests
and nanoindentation testing. The determined material model is used in an
FEM simulation of two granules in contact. The resulting force-displacement
relationships are exported to a DEM analysis of the compaction of the granules
which shows very good agreement with corresponding experimental data.

The modeling of the tangential forces between two contacting powder
particles is studied in Paper D by an extensive parametric study using the finite
element method. The outcome are correlated using normalized parameters and
the resulting equations provide the tangential contact force as function of the
tangential displacement for different materials and friction coefficients.

Finally, in Paper E, the unloading and fracture of powder compacts, made
of the same granules as in Paper C, are studied both experimentally and
numerically. A microscopy study showed that fracture of the powder granules
might be of importance for the fracture and thus a granule fracture model is
presented and implemented in the numerical model. The simulations show that
incorporating the fracture of the granules is essential to obtain agreement with
the experimental data.
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