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For its Rotorcraft, Navy is Switching to Aluminum Gearboxes
By Ben Craig

The Navy is evaluating the potential for replacing select magnesium
components used on its fleet of helicopters, because of a recurring
maintenance problem. Magnesium is extremely prone to corrosion in
saltwater environments.

The H-1, H-53, and H-60 helicopters have main and tail rotor gearboxes that
have been exhibiting severe corrosion problems due to their magnesium
construction. Initially, the Naval Air Systems Command (NAVAIR)
collaborated with the Army Aviation and Missile Command (AMCOM) to
determine if there were any feasible options for mitigating the problem (see
related article: "Services Work to Reduce Maintenance Costs and Raise
Helicopter Readiness").
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course of the effort, it was determined that for the

long-term, mitigating the problem simply wouldn't be sufficient. "We have a lot of legacy
magnesium components out there, and obviously we don't want to replace fully operational
assets, so we're going to try to maintain those components for as long as we can to the best of
our ability," said Nickerson. "What we found, from a corrosion standpoint, was that the best,
state-of-the-art alloys, coatings, and processes that we have to protect and maintain
magnesium cannot offer the corrosion performance of aluminum alloys and coatings."
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Consequently, NAVAIR began looking for a suitable replacement for the magnesium components that could be easily
implemented without altering the performance of the rotorcraft. Aluminum stood out as a legitimate candidate replacement
material, despite its inherent drawback of having a significantly higher density, making the strength-to-weight ratio much
less attractive than that of magnesium. Weight of course is always a critical factor for rotorcraft.
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What NAVAIR found, at least in one specific example, was that to meet the structural and strength requirements,
aluminum only had to have approximately 20 percent of the thickness of the current magnesium component.
Consequently, aluminum became a much more feasible candidate, Nickerson said. "We thought—for something like an H-
53 main gearbox housing—that there would be a 700- or 800-pound difference to use aluminum on the main gearbox
instead of magnesium, and it ended up being an estimated less-than-200-pound difference," said Nickerson. "That's well
within the operational capability of the engines, although any weight penalty must be offset against operational payload
capabilities for any potential modification."

To further reduce any weight penalty incurred for using a more corrosion-resistant
material, NAVAIR is looking into new aluminum casting processes, such as
investment and Controlled Solidification Investment Casting (CSIC). The advantage of
the new processes is that the density of aluminum can possibly be kept to a minimum
while maintaining the structural strength at the required levels. These newer
processes are being evaluated to determine scalability for full production and
manufacturing.
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The Navy hasn't wasted any time inserting the material change into several upgrades that are being implemented across
various rotorcraft platforms. To date, the aluminum components processed at fleet readiness centers have shown a
significant reduction in corrosion compared to the legacy magnesium components. "In terms of corrosion maintenance, so
far we have not had to process any aluminum components as Scrap Items," said Nickerson.

Among other benefits, the cost savings from switching to aluminum gearboxes
looks very promising. "The H-53K program has already switched to aluminum
components in its design process, reaping a significant estimated cost
avoidance over a 20-year life cycle compared to magnesium designs. If
aluminum components can be transitioned to other new programs, such as the
H-60 upgrades, the Navy has the potential to realize millions of dollars in cost
savings," said Nickerson.

"Magnesium presents a fire issue,
and aluminum also eliminates that.
Even if you take a direct hit to the
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internal fire."

By extending the replacement of
magnesium gearboxes with the
aluminum version to other military
helicopter platforms and models, the cost savings for the military would be
significant. "If we can basically spread this to all of the rotary platforms, using
very low-end estimates, we're talking significant cost savings over the next 20
years by designing in aluminum components on the new Type/Model/Series
platforms," said Nickerson.

Survivability is also an issue with the magnesium gearboxes. "Magnesium
presents a fire issue, and aluminum also eliminates that. Even if you take a
direct hit to the gearbox, you're not going to have an internal fire," said
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