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localizes in the band causing highly localized
shear.

3.1.1 Simulation of shear bands in NiAl sin-

gle crystals

NiAl exhibits low ductility and low fracture
toughness near room temperature. Significant
ductility is obtained only above 200°C (Lahrman
et al., 1991). Load vs, elongation curve al various
temperatures indicates that [racture stress at RT is
lower than at 200°C. This seems to suggest that
fracture at low temperatures may be initiated by
localized deformation such as shear bands. While
macroscopic shear band formation has not been
observed experimentally in NiAl it is possible
that (racture may be initiated by a tendency to-
wards localization.

Shear bands were simulated numerically for
elongation along the neighborhood of [110] di-
rection. In our planar model, (100)[010] and
(010) [100] slip systems are assumed to activate
in this direction. A specimen with gage length
ol 22 mm, 5 mm wide, and 2 mm thick was used.
The nodes along the lower flange edge were fix-
ed not to move in axial direction. The nodes at
the center ol the upper and lower flange edge
were [ixed in transverse direction lo represent
the tensile test. The model assumed plane stress
conditions and the following material proper-
ties were used : elastic bulk modulus, K=164916
MPa. shear modulus, G=68660 MPa, latent har-
dening ratio q=1.0.

The parameters in the imperfection shape Eq.
(15) were set to: £,=0,0126, £,=0.072, and p=
5. An equivalent displacement rate was applied at
the all nodes of the top llange edge of specimen
with reference strain rate a=0.001. Incompatible
plane stress element (CPS41) in ABAQUS was
used to capture possible localizations.

For [110] orientation. due to the symmetry of
slip systems. no lattice rotation occurs for elonga-
tion along the [110] direction. However. at ori-
entations a few degrees to either side of the [110]
direction. lattice rotation occurs that (ries to
rotate the lattice back to the [110] symmetric
orientation. Due to the specimen geometry and
imposed geometric imperfections, non-uniform
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deformation occurs,

For our planar double-slip model with a few
degrees of misalignment. shear band was formed
only for low values of rate sensitivity 'see. Fig.
1). Regions where more lattice rotation occurs
become softer thus promoting shear band for-
mation (see. Fig.2!.

For the current planar model, only (100 (010
and (0101 [100] slip systems were assumed 1o
activate for the simulation of [110] loading di-
rection due to the highest Schmid factor. How-
ever. secondary slip systems such us slips in ' 110
slip planes that were not included in the current
planar model could be activated at large strains
The importance of the small secondary slip sys-
tem's activation on the hardening was address-
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ed by other papers {Bassani, 1994, Yang and
Kumar, 2001} As mentioned catlier of this sec-
tion, shear bands are unlikely to be seen experi-
mentally during tension tests nexr the [110] di-
rection 1n N1Al single crysials So, 1f we assume
that the small secondary slips get activated and
harden the specimen, 1t may prevent shear band
formation and explamn the mismatch between
simulation and experiment This interesting topic
will be discussed in the following paper

32 Study of kinking formation

Kinking 1s a highly localized form of deforma-
tion that has been observed 1n the single ciystals
during the tension/compression test Kinking
can be explained in terms of orientation soflening
that occwis due to large lathice rotation Once a
ship system 1s activated, the lattice rotation in-
creases the resolved shear stress in that system,
making 1t softer than the rest of the specimen
causing further deformation to localize mn this
region The exact location of the formation of the
bands depends on the applied imperfection in the
numerical simulavon

As an example, kinking formulated mn NiAl
single crystals 1s used to investigate the kink band
deformation process In NIAl kinking has been
observed near the ‘hard” orientation (Fraser et
al, 1973a, b) When compressed along the ‘hard’
orientation, the resolved shear stress along <001}
directions 1s zeio As a result, ghde occurs along
other directions such as {111} or <110 {Miracle,
1993)

If we consider an 1dealized planar model for
kinking, we may 1gnore the possibility of multi-
shp actuvations as the plasuc deformation pro-
ceeds Then, we can assume that either {110}
<001 or { 1003001 systems can get activated de-
pending on the direction of compiesston 1s mis-
aligned shightly from the <001 direction

If the direction of nmusalignment rotates toward
[111] along the [001]-[111] symmetry line, then
only {110}€001) single-slip accurs And double-
shps of {100}001> could be activated o the
misalignment rotates toward the [101] along the
[001]-[101] symmetry line Such misahignment
has been observed to favor kinking
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Experimental studies by Fraser et al (1973b)
show that deformation n the kink band occurs
on {110} planes due to ship along the one of
{1002 duection parallel to the compression axes
However, all rthree (100> have been observed
expenimentally (Miracle, 1993)

4, Orientation Dependence of Plastic
Deformation in NiAl Single Crystals

As pointed out earbier 1 this paper, single
crystals show orientation dependence of its defor-
maton characteristics In this section, N1Al single
crystals are studred to investigate the orienta-
tion dependence of plastic deformation in single
crystals Two schemes of simutations are planned
As classified 1n the previous section, for idealized
maodel, two different slip systems get activated
depending on the direction of misalighment in the
*hard® omented N1Al single crystals One 15 the
simulation along the [001]-[111] symmetry line,
the other 15 along the [001]-[101] symmetiy line

Same material properties, tmperfections, ele-
ment type ate used as 1n the previous shear band
simulations The nodes along the lower flange
edge were fixed not to move n axial direction and
the node 4t the center of the lower flange edge was
fixed in wansverse direction to represent the com-
pression test An equivalent displacement rate was
applied to the compressed direction at the all
nodes of the top flunge edge of specimen with
reference strain rate a=0001

4.1 Deformation along the [001]-[111] sym-
metry line

The musalignment toward [111] direction
along the [001]-[111] symmetry line activates
stngle-ship (101) [010] in the idealhized planar
model For our simulations, the orientation of
the specimen 1s charactenized by angle & between
the compiession axis and the ship direction
Maximum possible angle 1s 547 degrees from
compression axis (or the simulation

From the s:mulation tesults, we found that 17
degrees away from the [001] direction 15 a ‘border
angle’ thar divides the specimen’s status into
kinked or non-kinked The specimen with a shp














