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métal’s grain level

Finite-element analysis has be- ment. It links to FE structural- components might have many
come a standard tool for ensuring analysis packages such as Ansys, different grain configurations,
the structural integrity of compo- Nastran, or Abaqus and translates depending on how the metal is
nents such as turbine blades and global stresses down to a metal’s heated or cooled and on other
diesel engines. So why do auto grain level. This approach is neces- factors.
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A managed
service and
software with
a statistical
basis links to FE
to model part
failure at the
grain level.

funding from the Air Force
Research Laboratory in
Dayton, Ohio. Since then,

the firm has assembled a li-
brary of how different kinds

of metals under different
processing techniques respond
to stress as a function of cycles or
time.“Once you have captured
the nominal physics that defines
a family of metals such as steel,
aluminum, and stainless steel, it's
really just a matter of fine-tuning
for the specific application and
processing that makes one manu-
facturer different from another,’
says Nasser.

Setting up a simulation usually
takes about 60 to 90 days. The com-
pany first determines the arrange-
ment of a particular microstructure
by carving out and slicing a sample
taken from the component of in-
terest. Engineers then look at the
segments under a high-resolution
scanning-electron microscope to
count grains and determine their
layout, variation, and active failure
mechanism. This data becomes part
of the software's statistical basis for
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building models with Monte Carlo
and probabilistic approaches. Also
accounted for are defects such as a
contaminate in a casting — a fact

of real-world manufacturing — and
environmental effects. For the com-
putational setup, parameters include
variables such as vibration, tempera-
ture, and operating pressure.

“Once we build the component
simulation, the analysis takes only
about 30 minutes on the compu-
tational cloud we have set up for
Web access by our customers,’ says
Nasser."Because stress at the grain
level turns into energy, the model
shows whether there is sufficient
energy toinitiate a crackina
grain and, if so, whether the crack
is likely to grow to surrounding
grains. Consider a turbine blade
as an example. There might be a
million grains in the component.
To do an analysis, the software ac-
counts for variability by modeling
every one of the grains hundreds
of billions of times." In this manner
Vextec predicts a realistic“spread”
in component failure for an entire
production lot of components.

Modeling at this refined level
produces eerily accurate simula-
tions, says Nasser.“Manufacturers
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can see how and when products
will fail before one part is made.
For example, a recent job involved
modeling a titanium blade for a
commuter jet. Real-world tests had
already mimicked millions of take-
offs and landings by shaking the
blade over and over. The software
estimated when and where, within
a quarter inch, the cracking of the
3-ft-long blade actually started.
Needless to say, these kinds of
simulations can significantly slash
development costs.’

Soon to come is the licensing
of component simulators so OEMs
can conduct their own engineer-
ing studies. This year, the company
is building and releasing Virtual
Twin product simulations so
customers can investigate items
themselves. In addition, Vextec
is about three years from provid-
ing the software as a commercial
package so users can build their
own component simulators. Also
in the works is the modeling of
composites. “The modeling anal-
ogy is similar to that of metals but
instead of grains, there are ply
angles, ply structures, and layers of
ply material,” says Nasser. MD
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