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FINE-TUNING POLYMERS  
AS FLEXIBLE ANTENNA  
SUBSTRATES FOR  
AIRCRAFT 

The pursuit to design more lightweight aircraf that can travel over 
greater distances never ceases. One area that has received much 
attention is the development of lighter and more aerodynamic 
antennas. Researchers at the NASA Glenn Research Center are at the 
forefront of this efort. The research team, which includes Jessica 
Cashman, Baochau Nguyen, Haiquan Guo, Marcos Pantoja, Kevin 
Cavicchi, and Mary Ann Meador, is designing flexible polymer 
materials that can be used to construct lightweight, low-drag 
antennas that lie along the surface of an aircraf. 

Surface Conforming Antennas 

Many unmanned aircraf communicate 
using large dish antennas. These 
antennas can be unnecessarily heavy 
and bulky, and project far above the 
surface of the vehicle, creating added 
drag, efectively adding extra weight. 
A certain type of antenna, known as 
a phased array antenna, can address 
these drawbacks. Phased array 
antennas are clusters of antennas that 
direct signals electronically without 
physically moving and can be installed 
conformally along the curved surface of 
a wing or fuselage. 

The development of phased array 
antennas has been on-going. They 
are made up of an array of antenna 
elements separated by a low electrical 
loss material, known as a substrate. 
The antenna substrate needs to be 
readily installable at any given location 
of the vehicle where the surface is 
almost always curved. In addition, the 
substrate should possess electrical 
characteristics that do not impede 
signal transmission.  Researchers at the 

NASA Glenn Research Center in the US, 
are developing  materials that can be 
fabricated as flexible substrates suitable 
for building antennas. 

The research team focuses on 
developing and evaluating polyimide 
aerogels, which have both the 
mechanical and electrical properties 
needed to build suitable antennas. 
Aerogels are unique in that they have 
one of the lowest dielectric constants 
of any structural material, meaning that 
they do not interfere with the antenna’s 
ability to transmit signals, allowing for 
the maximum amount of data to be 
transferred. These materials also have 
very small pores, meaning that they can 
be viewed by the antenna elements as a 
solid substrate. 

Polyimides are polymers, that is, they 
are made up of many (poly) repeating 
carbon-containing units (mers) 
connected to form a backbone. The 
chemical structure of the backbone 
influences the stifness of the polymer, 
as well as other properties. Polyimides 
are typically rigid backbone polymers, 

since the mers contain less flexible ring 
structures. 

Preparing Polymer Substrates 

The preparation of polyimide aerogels 
involves several stages. First, the 
polymer precursors (monomers) are 
dissolved in a solvent and immediately 
react to form linear chains. Then a 
crosslinker is added, which reacts with 
the chains forms a network structure. 
This solution is poured into moulds 
before the network formation is 
complete. As network formation goes 
to completion, a gel is formed where 
the solvent remains trapped within the 
polymer network. Consequently, when 
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the solvent is removed, it leaves behind 
pores in the material where pockets of 
solvent had been. The resulting aerogel 
material possesses an extremely nano-
porous structure. 

Polymer aerogels can be viewed as a 
complex network of overlapping and 
interlocking molecular chains. The 
density of a polymer aerogel can be 
controlled by the amount of molecules 
in solution, but is also influenced by 
how much shrinkage occurs during 
processing. The denser the aerogel, the 
more it will resist physical deformation 
and the stifer the material will be. 
However, the less dense the aerogel is, 
the less it will interfere with the antenna. 

NASA’s polymer aerogel team can fine-
tune how the chains pack together by 
changing the structures and ratios of 
the repeating groups of molecules along 
the polymer backbone. To develop 
the best possible antenna substrate, 
the researchers have been optimising 
the mechanical properties such as 
the flexibility, pore size, and water 
resistance of polyimide aerogels, by 
incorporating flexible links alternating 
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with units of rigid polyimide. They aim 
to achieve an aerogel material with 
the lowest possible density, and thus 
dielectric constant, combined with an 
optimum flexibility. 

Efects of Flexible Linking Group 
Length 

The research team began their studies 
by incorporating a flexible linking group 
into the backbone of the polyimide 
polymer and investigating how the 
length of the linking group afects the 
physical properties of the polyimide 
aerogel. Polyimide is a rigid polymer 
and adding the flexible linking groups 
to the backbone is what makes the 
polymer more flexible. They also 
explored the proportions of reagents 
needed to alter the backbone, and how 
these ratios ultimately afected the 
aerogel’s physical properties. 

Specifically, they investigated how the 
number of methylene groups used to 
vary the length of the flexible linking 
group can afect the characteristics of 
the material. Since methylene groups 
form a linear chain, they allow the chain 

to fold easily. An analogy to this is a 
beaded necklace. The rigid polyimide 
units are like the beads and the flexible 
chains of methylene groups are like the 
thread between the beads. The team 
compared diferent sizes of the flexible 
linking groups with four, six and ten 
methylene groups. 

Their results revealed that the length of 
the flexible linker positively influenced 
some of the material properties, while 
also proving problematic for others. 
The following summarises the results 
gleaned from the study. 

The team found that the flexibility of 
the aerogel increased when at least 
25% of the flexible linker was added, 
but the length of the methylene chains 
did not have much of an influence on 
flexibility. In addition, using greater 
than 25% flexible linkers caused more 
shrinkage, leading to higher density 
aerogels. Interestingly, they were able 
to demonstrate how a two-millimetre-
thick aerogel substrate could be bent 
so that the folds were about two inches 
apart. 
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The researchers also investigated whether their aerogel 
materials would absorb water, which would short the antenna 
elements. Fortunately, they showed that aerogels made up 
of longer methylene chains absorb very little water. From 
this result and the above mechanical properties, the team 
concluded that 25% of longer flexible linking group resulted in 
the optimum material. 

In a more recent study, the researchers performed a similar 
analysis with polymer compositions containing 12 methylene 
groups. They achieved similar flexibility using this spacer, but 
the material’s resistance to water was even better. 

Studying Bulkier Backbones 

Continuing the overall theme of their previous work, the team 
then investigated the utility of a diferent chemical group when 
altering the backbone. In this study, they compared the efect of 
neopentyl groups with their work involving methylene groups. 
Neopentyl is flexible because it consists of a three-carbon 
chain between two ether groups. However, the middle carbon 
contains two methyl groups, which makes it more moisture 
resistant.  

The researchers investigated how diferent proportions of 
reagents needed to incorporate neopentyl groups into the 
polymer chains afect the structure of the polymer, and 
ultimately, the mechanical properties of the aerogel. They also 
compared some of the key results between their methylene and 
neopentyl studies. 

When the solvent is removed from a wet gel to form an aerogel, 
the structure shrinks. Minimising shrinkage of the aerogel 
is desired in order to maintain a low density and dielectric 
constant. The researchers found that aerogels shrank the most 

when they had added a large amount of neopentyl-containing 
monomer during the synthesis. 

They were also able to derive other trends when higher 
proportions of neopentyl-containing monomer  were 
introduced. For example, more sophisticated experimental 
methods that approximate the surface area of the dried aerogel 
revealed that the surface area of the porous aerogel decreased. 
This relates quite well with the shrinkage of the aerogel. As the 
aerogel shrinks, the pores collapse, and the available surface 
area decreases. 

They also analysed the ability of the aerogel to absorb water 
and found that adding 50% of neopentyl-containing monomer 
resulted in minimal water uptake. If the proportion was reduced 
or increased from the optimal point, then the aerogel would 
absorb more water. 

As shown in their methylene study, the researchers 
demonstrated how a two-millimetre-thick film of the 
neopentyl-based aerogel could be bent to within a couple of 
inches. Overall, the researchers concluded that adding 50% of 
neopentyl containing monomer would yield an aerogel with 
optimal flexibility, combined with a low dielectric constant. 

The work carried out by NASA’s polymer aerogel team was 
intricate and challenging. Nonetheless, understanding the 
relationships between atomic-level attributes and large-scale 
mechanical properties proved invaluable in their search for the 
most suitable conformal antenna substrates. In fact, in all three 
of the studies described here, the team achieved desirable 
flexibility in each optimised material, making them ideal for use 
in the manufacture of lightweight, high-performing antennas 
for more eficient unmanned aircraf. 
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