
 

Composite metal foam outperforms
aluminum for use in aircraft wings
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The leading edges of aircraft wings have to meet a very demanding set
of characteristics. New research shows that a combination of steel
composite metal foam (CMF) and epoxy resin has more desirable

1/5



 

characteristics for use as a leading-edge material than the aluminum
currently in widespread use.

"We call our hybrid material 'infused CMF,'" says Afsaneh Rabiei,
corresponding author of a paper on the work and a professor of
mechanical and aerospace engineering at NC State. "And while infused
CMF is about the same weight as aluminum, it is tougher and has other
characteristics that make it more appealing from a flight performance,
safety and fuel efficiency standpoint."

CMF is a foam that consists of hollow, metallic spheres—made of
materials such as stainless steel or titanium—embedded in a metallic
matrix made of steel, aluminum or metallic alloys. For this study, the
researchers used steel-steel CMF, meaning that both the spheres and the
matrix were made of steel. Previous work has found the metal foam is
remarkably tough: it can withstand .50 caliber rounds, resist high
temperatures, and block blast pressure from high explosive incendiary
rounds.

The infused CMF is made by immersing the steel-steel CMF in a
hydrophobic epoxy resin and using vacuum forces to pull the resin into
both the hollow spheres and into much smaller pores found in the steel
matrix itself. This results in about 88 percent of the CMF's pores being
filled with epoxy resin.

The researchers then tested both infused CMF and aerospace grade
aluminum to see how they performed in three areas: contact angle, which
determines how quickly water streams off of a material; insect adhesion,
or how well bug parts stuck to the material; and particle wear, or how
well the material stands up to erosion. All of these factors affect the
performance of an aircraft wing's leading edge.

Contact angle is a measure of how well water beads up on a surface. The

2/5

https://phys.org/tags/hybrid+material/
https://phys.org/tags/aluminum/
https://phys.org/tags/stainless+steel/
https://phys.org/tags/epoxy+resin/


 

lower a material's contact angle, the more the water clings to the surface.
This is relevant for aircraft wings because water buildup on a wing can
affect aircraft performance. The researchers found that infused CMF
had a contact angle 130% higher than aluminum—a significant
improvement.

Insect adhesion is measured in two ways: by the maximum height of
insect residue that builds up on a material, and by the amount of area
covered by insect residue on a material's surface. Again, infused CMF
outperformed aluminum—by 60% in regard to maximum height, and by
30% in regard to the surface area covered.

The researchers also conducted grit blast experiments to simulate the
erosion caused by the wear and tear that occurs over time when aircraft
wings are in use. The researchers found that, while grit blast did increase
surface roughness for infused CMF, it still fared better than aluminum.
For example, at its worst, infused CMF still had a contact angle 50
percent higher than that of aluminum.

In other words, the infused CMF retained its properties through erosion
and wear, which indicates that it would give leading-edge wing
components a longer lifetime—and reduce the costs associated with
maintenance and replacement.

"Aluminum is currently the material of choice for making the leading
edge of fixed-wing and rotary-wing aircraft wings," Rabiei says. "Our
results suggest that infused CMF may be a valuable replacement,
offering better performance at the same weight.

"By the same token, the results suggest that we could use different
materials for the matrix or spheres to create a combination that performs
as well as conventional aluminum at a fraction of the weight. Either way,
you're improving performance and fuel efficiency."

3/5

https://phys.org/tags/contact+angle/


 

  More information: Jacob C. Marx et al. Polymer Infused Composite
Metal Foam as a Potential Aircraft Leading Edge Material, Applied
Surface Science (2019). DOI: 10.1016/j.apsusc.2019.144114 

Abstract:
The leading edge of the aircraft wings must be free from three-
dimensional disturbances caused by insect adhesion, ice accretion, and
particle wear in order to improve flight performance, safety, and fuel
efficiency of the aircraft. An innovative solution was explored in this
work by infusing stainless steel composite metal foam (SS CMF) with a
hydrophobic epoxy resin system. S-S CMF was made with 100%
stainless steel using a powder metallurgy technique. The infused epoxy
filled the macro- and microporosities, unique to SS CMF's structure,
creating a product with a density similar to that of aluminum. The
contact angle, wear rate, erosion resistance, and insect adhesion of the
novel infused composite metal foam were measured and compared to
aluminum, epoxy and stainless steel. The infusion process was
determined to fill up to 88% of the pores within the SS CMF and was
found to reduce wettability and insect residue accretion. The contact
angle of the infused SS CMF was 43% higher than its parent material,
stainless steel, and 130% higher than aluminum. Insect residue
maximum height and areal coverage were reduced by 60 and 30%,
respectively, compared to aluminum. Grit blast experiments to simulate
erosion resulted in a greater roughness increase for aluminum than for
the parent epoxy resin or the resin-infused SS CMF. These results
suggest that the durability and performance of infused SS CMF was
superior compared to aluminum, which is the current leading edge
material of choice. Based on the promising results under relevant wear
and erosion conditions, it is concluded that the infused SS CMF can
offer a potential tailored replacement to aluminum leading edge
material.
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