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Figure 4: Close-up of a cross-section of the model of a
mold. The hot color scale shows the amount of current
density inducing heat (A/m?), while the jet color scale
shows the localized temperature in the mold (K).

With this model, engineers can de-
termine the optimal size of the coil,
its placement, heating material prop-
erties and the optimized cycle time.
We quickly learn how the number and
placement of the turns in the inductor
coil is crucial for homogeneous heat-
ing. Further, if the inductor is not long
enough compared to the mold, cold ar-
eas can arise on the mold extremities
where the magnetic eld density is low-
er. After modeling, RocTool engineers
can tell the client that the process will
result in a given temperature cycle,
that molding will take a given amount
of time, and they can also give a rea-

sonable estimate of what the parts will
cost to manufacture.

Our latest research effort, which we
are still in the process of commercializ-
ing, concentrates on determining how to
best work with self thermally regulating
materials (STRMs) to control hot spots.
These materials are useful because when
they reach their Curie temperature they
become nonmagnetic and thus are no lon-
ger subject to inductive heating. Depend-
ing on the amount and placement of these
materials, we can gain even better con-
trol of the temperature pro le over the
tooling surfaces. To model these materi-
als in COMSOL, we create a 3D geometry
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and rst solve for the magnetic eld, then
determine the materials temperature.
When these materials reach the Curie
point, we re-run the magnetic eld cal-
culations and nd the new temperatures.
We perform all this work using a loop
written in COMSOL Script.

CAD Import for a variety of clients

Another important aspect of the soft-
ware is the CAD Import Module, as the
tool designers must work with CAD data
supplied by our clients. A large number
of them, especially those in the auto-
motive industry, work with the CATIAf
CAD system and provide geometry data
in either the IGES or STEP formats.
Work with these imported geometries,
from which the tooling engineers create
the heating surfaces for the mold, is sup-
ported through the CAD Import Module.
Part geometries can sometimes be quite
complex, and the modelers use defeatur-
ing tools to simplify the geometry to make
the modeling more practical. They must
strike a balance between model solution
times and the detail of the results.

RocTool engineers are also very im-
pressed with COMSOLs graphics ca-
pabilities, which make it easy to show
results (Figure 4). For instance, a client
once visited us and had some questions
about how to improve his existing process.
Within an hour, an engineer was able to
create and solve a model and graphically
show the improvements in the heating
process and before the customer left,
he had made a commitment to order the
next process improvement.

In general, though, the most attractive
aspect of COMSOL Multiphysics is that
it sets no limits on our R&D. It lets us
see new approaches and opportunities,
such as when we used it to develop the
technology upon which RocTool s success
depends. We can get by with far fewer
prototypes because the models allow us
to understand all the 3D phenomena go-
ing on inside this sophisticated process.
Besides, running these COMSOL models
is actually a lot of fun, especially when
we can impress our clients as much as
we do. W
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