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ABOUT DTIC AND DSIAC 
The Defense Technical Information Center (DTIC) collects, disseminates, and analyzes scientific 
and technical information to rapidly and reliably deliver knowledge that propels development 
of the next generation of Warfighter technologies. DTIC amplifies the U.S. Department of 
Defense’s (DoD's) multibillion dollar annual investment in science and technology by collecting 
information and enhancing the digital search, analysis, and collaboration tools that make 
information widely available to decision makers, researchers, engineers, and scientists across 
the Department. 

DTIC sponsors the DoD Information Analysis Center’s (IAC’s) program, which provides critical, 
flexible, and cutting-edge research and analysis to produce relevant and reusable scientific and 
technical information for acquisition program managers, DoD laboratories, Program Executive 
Offices, and Combatant Commands. The IACs are staffed by, or have access to, hundreds of 
scientists, engineers, and information specialists who provide research and analysis to 
customers with diverse, complex, and challenging requirements. 

The Defense Systems Information Analysis Center (DSIAC) is a DoD IAC sponsored by DTIC to 
provide expertise in nine technical focus areas:  weapons systems; survivability and 
vulnerability; reliability, maintainability, quality, supportability, and interoperability; advanced 
materials; military sensing; autonomous systems; energetics; directed energy; and non-lethal 
weapons.  DSIAC is operated by SURVICE Engineering Company under contract FA8075-14-D-
0001. 

A chief service of the DoD IACs is free technical inquiry (TI) research, limited to 4 research hours 
per inquiry.  This TI response report summarizes the research findings of one such inquiry 
jointly conducted by DSIAC. 
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ABSTRACT 
The Defense Systems Information Analysis Center received a technical inquiry requesting 
information on research into and availability of flexible thermal protection system materials.  
Materials engineering subject matter experts at the Texas Research Institute Austin, Inc. 
performed literature searches using the Defense Technical Information Center, open sources, 
and university libraries to provide a listing of the efforts to produce these material systems 
(mostly sponsored by the National Aeronautics and Space Administration) and identified 
several options in varying degrees of development and technology readiness levels. 

  



 

 DISTRIBUTION A.  Approved for public release; distribution unlimited. iii 

 

Contents 
ABOUT DTIC AND DSIAC ....................................................................................... i 

ABSTRACT ........................................................................................................... ii 

1.0  TI Request .................................................................................................... 1 

1.1  INQUIRY .............................................................................................................................. 1 

1.2  DESCRIPTION ...................................................................................................................... 1 

2.0  TI Response .................................................................................................. 1 

2.1  AVAILABLE AND RESEARCHED FLEXIBLE TPS MATERIALS .................................................... 1 

2.1.1  NASA Thermal Blanket Material ................................................................................... 1 

2.1.2  Ceramic Aerogels ......................................................................................................... 2 

2.1.3  Grafoil .......................................................................................................................... 2 

2.1.4  HIAD Program using Polyimide .................................................................................... 2 

2.1.5  Hypersonic Gap Filler Materials ................................................................................... 3 

2.1.6  Knitted TPS ................................................................................................................... 4 

REFERENCES ........................................................................................................ 6 

AUTHOR BIOGRAPHIES ....................................................................................... 7 

List of Figures 
Figure 1:  An Inflatable TPS Packing a Heat Shield Into a Rocket Fairing (Source:  NASA). ............ 3 

Figure 2:  Image of Knitted TPS Material With a Cutout for a Fastener Pass-Through (Source:  
NASA). ........................................................................................................................................... 4 

 

 

 



 

 DISTRIBUTION A.  Approved for public release; distribution unlimited. 1 

 

1.0  TI Request 

1.1  INQUIRY 
What type of flexible hypersonic thermal protective materials have been researched and are 
available that are capable of surviving high-temperature, high-Mach environments to enable 
variable geometry hypersonic aircraft?   

1.2  DESCRIPTION 

The inquirer authored a Small Business Innovative Research topic pertaining to this and wanted 
to become familiar with previous efforts/research related to this discipline.  Achieving the 
desired capabilities would enable variable geometry hypersonic vehicles to perform in-flight 
adaptation of aircraft aerodynamic surfaces in compliance with the most efficient shapes for 
each flight regime.  

2.0  TI Response 
The Defense Systems Information Analysis Center received support from subject matter experts 
(SMEs) in materials science and engineering from Texas Research Institute Austin (TRI Austin).  
The SMEs performed a literature search using a combination of open sources, Defense 
Technical Information Center, and university library resources to produce an answer to the 
technical inquiry.   

2.1  AVAILABLE AND RESEARCHED FLEXIBLE TPS MATERIALS  

The challenge associated with the requestor’s technical inquiry is identifying a material or 
material system with elastic properties.  Generally, materials that can stretch significant 
amounts are intolerant of high temperatures.  As an example, carbon nanotubes are very 
strong and can withstand extreme temperatures but will break at only 1% elongation.  

With that in mind, several potential candidate materials were identified that may warrant 
further investigation (note:  almost all this work appears to be funded by NASA as part of their 
space program or hypersonic, point-to-point transportation initiatives). 

2.1.1  NASA Thermal Blanket Material 
The National Aeronautics and Space Administration (NASA) Langley has developed a flexible, 
lightweight, and portable TPS [1].  The flexible TPS’s are multilayer thermal blankets designed to 
handle external temperatures of up to 2000 °F.  Flight tests clearly demonstrate how these new 
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heat-retardant materials can protect from extreme conditions.  This system creates an 
environment for protecting equipment, facilities, and people from a high-intensity incident heat 
source, such as a fire.  The system can be formed as a sleeping bag, a tent, a blanket, a vertical 
barrier, a curtain, a flexible rollup doorway, or a wrap. 

This material likely does not have much strength, since it is a layered material, but the addition 
of carbon fiber cloth could be added to strengthen it.  Such a modification might be possible to 
modify the construction of the material to meet requirements.  

2.1.2  Ceramic Aerogels 
A research group of scientists from universities in the United States, Saudi Arabia, and China 
reported on modifying ceramic aerogels for use as more flexible thermal insulators [2].  Ceramic 
aerogels are attractive for thermal insulation but have poor mechanical stability and degrade 
under thermal shock.  The researchers designed and synthesized hyperbolic architecture 
ceramic aerogels with nanolayered, double-pane walls with a negative Poisson’s ratio and a 
negative linear thermal expansion coefficient.  The results were mechanical and thermal, with 
densities of ~0.1 mg/cm3, superelasticity up to 95%, and near-zero strength loss after sharp 
thermal shocks (275 °C/s) or intense thermal stresses at 1400 °C, as well as a thermal 
conductivity of ~2.4 mW/m·K in vacuum and ~20 mW/m·K in air.  This material offers an 
alternative to polymeric and carbonaceous insulating materials that can collapse or ignite to 
traditional aerogels, such as silica (SiO2), alumina (Al2O3), silicon carbide (SiC), and boron nitride 
(BN), all of which have poor mechanical stability. 

2.1.3  Grafoil 
David Glass of NASA produced a paper in 2008 describing the use of ceramic matrix composites 
for use as a TPS in a hypersonic vehicle [3].  From this work, it is clear that there are no simple 
answers regarding high-temperature materials that are also elastic.  There is at least one 
commercially-available form of flexible graphite called Grafoil.  

Grafoil (produced by GrafTech) is a soft sheet form of compressed natural graphite made from 
exfoliated mineral flake (crystalline) graphite.  Due to its flexible texture, it is commonly called 
flexible graphite (a generic, commercial term).  Grafoil flexible graphite is used as a fluid sealing 
material and is resistant to heat, fire, corrosion, and aggressive chemicals.  Since the graphite 
sheets are aligned, this material has thermal properties similar to graphite but is very flexible 
and can be formed into shapes. 

2.1.4  HIAD Program using Polyimide 
Previous work at NASA under the hypersonic inflatable aerodynamic decelerators (HIAD) 
project developed and tested polyimide aerogel films, which were found to compare favorably 
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to pyrogel silica, aerogel blankets [4].  With material from the HIAD program, Figure 1 shows 
how an inflatable TPS allows a larger heat shield to be packed into a rocket fairing via the use of 
flexible polyimide material. 

Ground testing for the HIADs was last done in 2017 [5], and the last update for the HIAD-2 
project on NASA’s website was in 2017.  The current state of the program is unknown—a flight 
test had been planned for the 2018–2020 timeframe, but no information is available in public-
released documents, and there is no indication that these tests moved forward to actual 
launch. 

 
Figure 1:  An Inflatable TPS Packing a Heat Shield Into a Rocket Fairing (Source:  NASA). 

2.1.5  Hypersonic Gap Filler Materials 
In support of NASA’s Orion program, materials currently under development include felt or 
woven material precursors impregnated with polymers (i.e., PICA), additives to improve 
ablation and insulating performance, and the block form of Avcoat ablator.  The ideal binder 
would be a flexible, low glass transition temperature polymer with a high decomposition 
temperature/char yield (comparable to phenolic) and a high (>1%) strain to failure compatible 
with cured epoxy, phenolic, and/or cyanate ester.  Scientists produced a novel copolymer 
elastomer that has a very low glass transition (≤100 °F) and a decomposition temperature on 
par with typical phenolic ablatives.  This resin can be highly filled to tune ablative properties 
and is compatible with glass and carbon fabric substrates [6]. 
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2.1.6  Knitted TPS 

Another potential NASA technology is the use of a knitted TPS (Figure 2) that could potentially 
be used to form three-dimensional (3-D) and integrated structures.  One example listed is that 
internal struts could be knitted directly into a two-dimensional (2-D) face sheet, making the 
joint an integral part of the structure.  Ablative thermal protection materials made from carbon 
fiber substrates impregnated with resin, especially phenolic, and various other components 
have and are being developed for demanding atmospheric entries.  The carbon fiber can be 
short or chopped fiber arranged in a rigid (e.g., FiberForm) or flexible substrate (felts) or woven 
into 2-D or 3-D structures.  Introducing other fibers to make graded or tailored microstructures 
is being investigated in a current Office of the Chief Technologist program.   

 

Figure 2:  Image of Knitted TPS Material With a Cutout for a Fastener Pass-Through (Source:  NASA). 

An alternative way to form the substrate and place fibers at exact locations to control local 
properties is through knitting.  Knitted fabrics are much more elastic than woven fabrics and 
can stretch up to 500%, depending upon the yarn and pattern.  Knitted fabrics will drape and fit 
a form, and knitting can be used to shape a part and introduce holes and tabs.  Initiating other 
fibers in sections or by the stitch is well known.  Commercial knitting companies can make 
complex structures from a variety of yarns.   

The field of textile technology has developed many techniques and model structures that could 
be adapted for developing thermal protection systems, including 3-D and graded structures.  
From this, NASA discussed how it should be possible to form a thermal protection material by 
infiltrating phenolic or other polymers and/or additives into the knitted carbon structure. 
Infiltration techniques developed for rigid and other preforms would be modified for these 
structures.  The advantage of the proposed technique is the ability to make a thermal 
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protection system that can be shaped in advance but has the flexibility to conform to complex 
shapes.  The approach will reduce joints and seams.  This project was last updated on NASA’s 
website in 2012 and is at a technology readiness level of 2 [7].  

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 DISTRIBUTION A.  Approved for public release; distribution unlimited. 6 

 

REFERENCES 
[1] NASA Langley Research Center. “Multilayer Fire Protection System.” https://technology. 
nasa.gov/patent/TB2016/LAR-TOPS-212, published 2015, accessed 16 May 2020. 
[2] Xu, X., Q. Zhang, M. Hao, Y. Hu, Z. Lin, L. Peng, T. Wang, X. Ren, C. Wang, Z. Zhao, C. Wan, H. 
Fei, L. Wang, J. Zhu, H. Sun, W. Chen, T. Du, B. Deng, G. J. Cheng, I. Shakir, C. Dames, T. S. Fisher, 
X. Zhang, H. Li, Y. Huang, and X. Duan. “Double-Negative-Index Ceramic Aerogels for Thermal 
Superinsulation.” Science, vol. 363, no. 6428, pp. 723─727, https://science.sciencemag.org/ 
content/363/6428/723.abstract, 15 February 2019. 
[3] Glass, D. “Ceramic Matrix Composite (CMC) Thermal Protection Systems (TPS) and Hot 
Structures for Hypersonic Vehicles.” 15th AIAA Space Planes and Hypersonic Systems and 
Technologies Conference, 28 April–1 May 2008, Dayton, OH, https://arc.aiaa.org/doi/abs/ 
10.2514/6.2008-2682, 14 June 2012. 
[4] Del Corso, J. A., W. E. Bruce III, S. J. Hughes, J. A. Dec, M. D. Rezin, M. A. B. Medor, H. Guo, D. 
G. Fletcher, A. M. Calomino, and F. M. Cheatwood. “Flexible Thermal Protection System 
Development for Hypersonic Inflatable Aerodynamic Decelerators.” The 9th International 
Planetary Probe Workshop, 16─22 June 2012, Toulouse, France,  
https://ntrs.nasa.gov/archive/nasa/ casi.ntrs.nasa.gov/20120011662.pdf. 
[5] Dillman, R. A., J. M. DiNonno, R. J. Bodkin, S. J. Hughes, F. M. Cheatwood, H. Blakeley, R. L. 
Akamine, and A. Bowes. “Planned Orbital Flight Test of a 6m HIAD.” The 2018 International 
Planetary Probe Workshop, 11─15 June 2018, Boulder, CO, https://www.colorado.edu/ 
event/ippw2018/sites/default/files/attached-files/demotesting_8_dillman_presid680_ 
presslides_docid1153.pdf. 
[6] Luna Innovations Incorporated. “Flexible Gap Filler for Ablative Thermal Protection 
Systems.” Final report for Contract NNX16CA26P, SBIR/STTR. https://www.sbir.gov/sbirsearch/ 
detail/1217445 2017. 
[7] Ames Research Center. “Kinetic Integrated Thermal Protection System (KnITPS).” NASA, 
http://techport.nasa.gov/view/10615, accessed 20 May 2020. 
[8] Young, M. “Shape Memory Alloys for DoD Applications.” Defense Systems Information 
Analysis Center Webinar, https://www.dsiac.org/?webinars=shape-memory-alloys-for-dod-
applications, 29 April 2020. 

 

 

 

https://science.sciencemag.org/%20content/363/6428/723.abstract
https://science.sciencemag.org/%20content/363/6428/723.abstract
https://arc.aiaa.org/doi/abs/%2010.2514/6.2008-2682
https://arc.aiaa.org/doi/abs/%2010.2514/6.2008-2682
https://ntrs.nasa.gov/archive/nasa/%20casi.ntrs.nasa.gov/20120011662.pdf
https://www.colorado.edu/%20event/ippw2018/sites/default/files/attached-files/demotesting_8_dillman_presid680_%20presslides_docid1153.pdf
https://www.colorado.edu/%20event/ippw2018/sites/default/files/attached-files/demotesting_8_dillman_presid680_%20presslides_docid1153.pdf
https://www.colorado.edu/%20event/ippw2018/sites/default/files/attached-files/demotesting_8_dillman_presid680_%20presslides_docid1153.pdf
https://www.sbir.gov/sbirsearch/%20detail/1217445
https://www.sbir.gov/sbirsearch/%20detail/1217445
http://techport.nasa.gov/view/10615
https://www.dsiac.org/?webinars=shape-memory-alloys-for-dod-applications
https://www.dsiac.org/?webinars=shape-memory-alloys-for-dod-applications


 

 DISTRIBUTION A.  Approved for public release; distribution unlimited. 7 

 

AUTHOR BIOGRAPHIES 
Richard Piner currently serves in the Mechanical Engineering Department at the University of 
Texas at Austin. He has over 48 years of industry experience spanning a wide variety of 
technical topics, including, but not limited to, the four broad categories of reactors, graphene, 
graphene oxide, and scanning technique. He has hundreds of scholarly publications yielding 
over 40,000 citations to his work. Dr. Piner holds a Ph.D. in physics from Purdue, where he 
studied scanning tunneling microscopy. 

Doyle Motes is a licensed professional engineer in Texas and is employed as a research 
engineer at TRI Austin, Inc. He has extensive experience and has published in the fields of 
pulsed power, materials engineering and processing, and nondestructive testing. His research 
interests include additive manufacturing and 3-D printing, materials engineering and 
processing, nondestructive testing (in particular, ultrasound and eddy current testing), 
sustainment of aging weapon systems, automation of inspection/validation technologies, and 
materials state sensing. Mr. Motes holds bachelor’s and master’s degrees in mechanical 
engineering from the University of Texas at Austin. 

 


	ABOUT DTIC AND DSIAC
	ABSTRACT
	1.0  TI Request
	1.1  Inquiry
	1.2  Description

	2.0  TI Response
	2.1  available and researched flexible TPS materials
	2.1.1  NASA Thermal Blanket Material
	2.1.2  Ceramic Aerogels
	2.1.3  Grafoil
	2.1.4  HIAD Program using Polyimide
	2.1.5  Hypersonic Gap Filler Materials
	2.1.6  Knitted TPS


	REFERENCES
	AUTHOR BIOGRAPHIES

