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Semisolid deformation in metallic alloys has been
studied for many years,1 both experimentally and
through numerical simulations, because mushy
zone mechanics plays a key role in the quality of
metalcasting processes. For researchers, the topic
of semisolid deformation is particularly interesting
due to the concomitant phenomena of liquid metal
flow, the evolution in fraction solid, and grain
coalescence. At the same time, the high tempera-
tures, opacity of the melt, and the strong sensitiv-
ity to alloy composition and cooling rates pose
strong challenges requiring sustained research
effort.

This section of JOM explores recent experimental
and numerical developments in semisolid deforma-
tion, along with their applications for improving
industrial processing. Five diverse articles are pre-
sented to highlight current cutting-edge research,
from experiments that can directly observe grain
rearrangement under various loading modes to
models that simulate dendrite deformation.

The first two articles showcase exciting develop-
ments in the use of x-ray radiography to directly
observe semisolid micromechanics in thin-sample Al
alloy and steel specimens. The article ‘‘In situ
Investigation of Dendrite Deformation during Up-
ward Solidification of Al-7wt.%Si’’ by Reinhart
et al.2 examines the phenomena of dendrites bend-
ing due to gravity, which can precede fragmentation
in the case of well-developed secondary arms. The
article ‘‘Synchrotron Radiography Studies of Shear-
Induced Dilation in Semisolid Al Alloys and Steels,’’
by Gourlay et al.3 focuses on the phenomena of
Reynolds dilatancy during shear deformation in al-
loys with morphologies ranging from equiaxed-
dendritic to globular.

While x-rays can be used to observe local semi-
solid deformation, the technique known as neutron
diffraction is also being used to provide exciting new
experimental results to examine structural transi-
tions within the semisolid region. In the article
‘‘Deformation of Coherency and Rigidity Tempera-
tures in Al-Cu Alloys using In-Situ Neutron Dif-
fraction during Casting,’’ by Drezet et al.,4

measurements are reported that quantify the point
at which thermally induced deformations start to
generate internal stresses in a casting as a function
of cooling rates. This knowledge is required for
macro-scale casting process simulations.

The final two articles usecomputational modeling to
advance our fundamental knowledge of deformation
and defects. The article by Yamaguchi and Becker-
mann,5 ‘‘Direct Numerical Simulation of Solid Defor-
mation during Dendritic Solidification,’’ combines a
polycrystalline phase-field model with a material
point stress analysis to numerically simulate the fully
coupled dendritic solidification and elasto-viscoplastic
deformation behavior of a pure substance. The results
indicate that deformation modifies the crystallo-
graphic orientation of a dendrite and the subsequent
mushy zone solidification behavior. In ‘‘Prediction of
Hot Tearing using a Dimensionless Niyama Crite-
rion,’’ by Monroe and Beckermann,6 the well-known
Niyama criterion is extended to include the effect of
applied strain. This new criterion can be easily
implemented in industrial casting simulation soft-
ware to predict both shrinkage porosity and hot tear-
ing susceptibility in a casting process.

Collectively, this series of articles provides new
insight into the effects of phenomena at various
length-scales on mechanical deformation and fail-
ure during solidification. New experimental tech-
niques and new modeling methods are providing
exciting results that are key for improving both
fundamental understanding of semisolid deforma-
tion and industrial casting processes. The reader is
also referred to prior JOM issues7,8 for other articles
on similar themes.
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