Combining what they know with what they have allows these
makers of investment casting molds to optimize the cutting of

complex contours.

olds aren’t always for plastic injection molding, although

plastics figure prominently whenever the topic of build-

ing molds is raised. When companies require metal parts or
components whose shapes are very complex, it can be impractical, if
not impossible, to machine them efficiently and economically. This is
where South Coast Mold Inc., a mold manufacturer based in Irvine,
California, can use its machining strategies to offer a solution.

The company, which was established in 1973 by Peter Novak, spe-
cializes in building and testing precision investment casting molds
and tooling for alloy parts. According to his son Paul Novak, president
and second-generation owner, investment casting, also known as lost-
wax casting, is thought to have originated as long ago as 4500-3500 BC
as a way to make jewelry and metal sculptures. It wasn’t until World
War 11 that the process became a greatly sought-after answer for pro-
ducing highly engineered, complex parts from special alloys that were

South Coast Mold has exclusively used Mori Seiki CNC machining centers of various models for all of its 43 years of operation.
This is by design, says company President Paul Novak, as it has enabled the shop’s toolmakers to “master” the operation and run one
or more of the machines simultaneously. It's seamless, simple and consistent, which saves both time and money, he says.

not easily machined using traditional methods. (See sidebar on page 3
for an explanation of the investment casting process.)

“Being able to cast around corners and blind holes, and cast pockets
that cannot be machined is an advantage for our customers,” he says.
“We cannot typically do this with other processes, but using wax makes
it possible. We're simply injecting wax instead of plastic, and, particu-
larly with inside passages, there are no limitations on what the part can
look like.”

South Coast Mold builds molds for items such as blades, vanes,
impellers, turbines and diffusers used in the aerospace industry, which
makes up about 70 percent of the company’s customer base. Another
10 percent of the company’s business is molds for the medical indus-
try (knee or hip replacements, prosthetics, and medical instruments),
about 15 percent is for the hardware industry (valve bodies, manifolds,
housings and more), and the remaining 5 percent is for firearm parts
(hammers, triggers, suppressors and
so on). Most of the molds the com-
pany builds have between four and
eight cavities.

As with many prototype injection
molds and some production mold
tooling, the shop builds all of the
investment casting molds out of
7000-series aluminum, with rare
exceptions when a customer wants a
steel core or cavity for high-produc-
tion molds that are more prone to
wear or have high-wear components.
The average lifecycle of an aluminum
investment casting mold reaches
into the thousands before it requires
replacement or refurbishment.

Machinery by Design

In the 43 years since its doors opened,
the company has manufactured more
than 7,000 investment casting molds.
Novak says that a chief competitive
advantage is its expertise in cutting
complex contours, and that comes
from experienced toolmakers, each
of whom designs and builds his own
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The top image shows the individual pieces of an investment casting mold after
machining, which are then assembled into a complete mold (bottom left image). The
resulting wax pattern (bottom right image) was used to create a ceramic mold into
which molten metal is poured to make the desired part. Note the number of aluminum
mold cavities that were machined for this project and the complex details within each.
The details are even more evident with the unmolding of the wax pattern.

molds, taking every job from concept to completion. The shop cur-
rently has eight employees, including one apprentice, and it operates
out of a 7,500-square-foot building that houses 12 Mori Seiki CNC
machining centers plus a wax-injection sampling machine. Supporting
equipment includes drill presses, band saws, manual-engine lathes
(non-CNC), small surface grinders and more.

Of the dozen CNC machines, two are four-axis and the balance
three-axis. “While our 12 Mori Seiki machines are different models,

they all operate the same,” Novak says. “Once a new hire or appren-
tice learns to operate one machine, he or she can operate all of the
machining centers in the shop. One NC program will run on any
machine. Furthermore, all of the machines use the same tooling, and
the maintenance across all of the machines is very similar. This is no
coincidence. We've operated this way from the beginning and it has
proven to be an effective strategy. Our toolmakers work simultane-
ously on multiple machines and, for us, the simplicity and consistency
in using uniquely Mori Seiki machines has no doubt saved us time and
money in production. It’s a seamless way to operate.”

Its machining operation does not
include any EDMs, which might
seem very unusual for a mold build-
er, but it’s just part of the overall
machining strategy the company
follows based on the type of molds
it builds. “Our foremost goal, aside
from quality, is speed. Cutting, for
us, is faster than EDM,” Novak says.

The shop aims to machine to a
fine finish, however, which Novak
says is time-consuming but neces-
sary to minimize polishing. “Since
finish-machining is unattended, CNC programs that run a little long
don’t hinder us. We might need some polishing at times, but we would
only spend hours, not days like with injection molds,” he says.

“The wax has to look good; that’s the main thing. No mirror polish
is ever required, and what little is polished is done in-house. On those
rare occasions when we are building a mold with steel inserts, we farm
out the polishing work.”

Novak says this machining strategy has decreased mold build times
by about 25 to 30 percent overall. Lead times for large, complex invest-
ment casting molds like those in a 10-mold package for a knee implant
project South Coast recently finished can be upwards of six months,
he says. Such molds might be as large as 30 inches in diameter by 40
inches long, or require press tonnage between 30 and 150 tons. More
common, smaller tools might take between three and four weeks to
produce, and medium-sized molds average six to eight weeks in lead
time, depending on their complexity. Average cycle times for wax
molds can vary a great deal due to the range of complexities, he says,
but usually fall between three and five minutes, including one to two
minutes of curing time.

“Just this week, we ran
a CNC cutting program
for over 72 hours. That
three-day program is
not even a record for
us; it's just routine,
unattended machining.”

Batch Programming
The company’s batch approach to machining of mold inserts also
results in time savings. Rather than machining custom inserts individ-
ually, the shop’s toolmakers routinely cut multiple, differing inserts in
the same program cycle. The lead toolmaker on a job will conduct pre-
production planning and scheduling based on a customer’s specifica-
tions, then batch several programs together to run as one continuous
program on one of the 12 CNC machines. Novak says the toolmakers
calculate the maximum number of inserts that can be cut from one
piece of raw material stock with minimal waste. For some smaller
tools, top and bottom plates are machined from the same stock in the
same setup, saving even more time.

“While the programming takes slightly longer, machining multiple
inserts in the same setup saves us over 50 percent in machining time



South Coast Mold's moldmakers often batch together smaller CNC programs
from different jobs to create one long program for an extended run, speeding the
machining process.

versus machining each insert individually,” he says. This approach also
makes more efficient use of an operator’s time, enabling him to man-
age two to three CNC machines simultaneously, Novak says. It also
allows the company to increase its lights-out machining time.

Extended Lights-Out Machining

Fully equipped with Unigraphics CAD/CAM software for mold design
and for programming tool paths, South Coast Mold builds and inspects
molds from solid models, and routinely runs lights-out machining every
evening and, when necessary, during entire weekends. “Just this week,
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we ran a CNC cutting program for over 72 hours. That three-day pro-
gram is not even a record for us; it’s just routine, unattended machin-
ing,” Novak says. In fact, South Coast has been running lights-out
machining for 20 years, and daytime hours are regularly spent preparing
for those long, overnight and weekend runs.

The network of Mori Seiki machines makes this possible. The CNC
machines can run for hours unattended and then power down at
the end of a programmed cycle, Novak says. Because they all are net-
worked using distributive numerical control (DNC) technology, there
is no limit to the length or size of the programs, he adds.

Additionally, the toolmakers know how to batch many small pro-
grams together to create one long program for an extended run. “In
essence, these long runs simulate a second shift for us,” he says

The Investment Casting Process

Just what is investment casting? Basically, it is a process for making complex,
detailed alloy parts using a wax model, or pattern, that is molded using the alu-
minum molds that companies like South Coast Mold build. Here's how it works:

A foundry injects molten wax into the aluminum molds, much like injection
molders inject plastic into steel molds. After a cycle time of two to three minutes,
plus two minutes for curing, foundry workers manually remove the wax patterns
from the molds. The wax models are then placed on a wax “tree” and dipped into
a thick, cold, liquid ceramic-like mixture called “slurry.” Sand is poured over the
models, and they are then allowed to dry completely. This dipping is repeated six
or seven times to ultimately create a uniform, hard ceramic shell about 3/8-inch
thick. This entire process is often done by hand, although some companies have
automated it. Either way, it could take five days to complete.

Next, the ceramic-covered wax assembly is placed into a hot steam chamber
called an autoclave so that the wax can be melted out of the shell, usually to
be reused. The ceramic mold with its complex contours then is heated to about
1,600°F so that it does not crack when it is next filled with a molten metal like
titanium, steel, brass or bronze, which can reach temperatures as high as 2,200°F.
Once the metal part is cast, it is allowed to cool at room temperature, which takes
approximately three to five hours depending on the type of metal. Once cooled, a
vibrating hammer is used to break off the ceramic shell from the cast metal. The
gate through which the metal entered the ceramic mold is cut off, and the cast
part's surface is ground smooth. Parts are checked for dimensional accuracy using
a coordinate measuring machine or by scanning the castings.

Because the wax is so smooth, the finish on the castings is somewhere between
a sand-casted surface, which is bumpy or rough to the touch, and a surface that
has been finish-machined or ground. For most applications this is enough, says
Paul Novak, South Coast Mold president. Any critical surfaces can be machined
to tolerances.

The investment casting process begins with an aluminum mold with complex
details machined into it, like the one shown here, made by South Coast Mold.



According to Novak, the company adopted this strategy of lights- investment casting molds. Long term, Novak says a five-axis machin-
out machining two decades ago, when it had a lot of cutting work to ing center is definitely in the cards for faster machining of aerospace
do but not a lot of machines to meet expected deliveries. “We tried parts like blades and airfoils, for example. Another motivating factor
running at night, and it was amazing to come into the shop the next for this purchase is the time savings that comes from the ability to
morning to see a finished mold segment, so we continued to do more eliminate multiple setups on each job. “It’s quite possible that a five-
machining over nights and weekends, developing ways to increase axis machine can replace two standard CNC machines,” he says, mak-
output,” he says. “Now, it’s become a key capability because it greatly ing it clear he’s already begun to research his options.

improves delivery.”

FOR MORE INFORMATION
Moving Machining Forward
In the near term, South Coast Mold plans to continuing working on
standardization of setups and custom components used for building
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