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MEMS Hazardous 
Gas Detection System 

MEI–Hazardous Gas Detection System 
D. B. Makel (MEI) 

•  Makel Engineering, Inc. (MEI) teamed with 
– Case Western Reserve University (CWRU) 
– Kennedy Space Center (KSC) 
– Glenn Research Center (GRC)  

•  Produced a MEMS-based, low-cost hazardous gas detection system 
•  Developed via a Marshall Space Flight Center (MSFC) SBIR award 

•  System continuously monitors hydrogen levels  

•  Triple-redundant sensor package 
•  Sends out warnings in advance of hydrogen 

reaching explosive levels in O2 lines 
•  Early warnings allow proper handling of hazards  

that could cause accidents 
•  NASA is using the Gas Detection System for 

Advanced Life Support Systems on the ISS 
•  Team received the 2003 Turning Goals into  

Reality (TGIR) award for the technology 
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•  Makel Engineering, Inc. (MEI) teamed with CWRU for an exhaust sensor 
•  Prototype MEMS-based, chemical sensor to monitor exhaust for: Nitrogen Oxide 

(NOx), Carbon Monoxide (CO), Oxygen (O2) 
•  Exhaust system successfully completed bench, feasibility,  

and performance tests 
•  Possible NASA applications include  

– Monitoring jet engine emissions  
– Measuring vectored jet engine exhaust 

•  Possible commercial application:  monitoring indoor  
air quality in buildings and vehicles 

•  Makel Engineering, Inc. (MEI) also teamed with Boeing  
for a fire detection system  

•  Prototype MEMS-based chemical sensor/particle  
detector for fire detection 

•  Provides real-time indication of type of fire detected 
•  Improves the ability to fight the fire 
•  Reduces number of false alarms 

MEI – Chemical Sensor System Prototypes 
D. B. Makel (MEI) 

MEMS-Based  
Chemical Sensor Systems 
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ManTech Nexolve–Inflatable Thin-Film Antenna 
Dr. Robert Romanofsky (GRC) 

•  SBIR Phase III award from GRC to SRS Technologies (now ManTech Nexolve) 
– Produced an inflatable, thin-film polymide antenna (several sizes)  
– Design derived from previous inflatable solar concentrator innovation 
– Characterized using GRC’s Near Field Range 
– Validated algorithm used to combine signals from several apertures into one 

optimized signal 
– One inflatable thin film array was used to track 

a low-Earth orbit satellite 
•  ManTech Nexolve manufactures 

–  Thin film antenna sunshield covers  
– Multi-layer insulation solutions for long-duration  

satellite systems 
•  NASA is considering these antennas for 

– MARS aerostationary relay satellites 
– Deep-space relays 
– Small-satellite deployable antennas 
–  Lunar surface communications 

ManTech Nexolve 4 x 6m Thin Film 
Antenna During RF Testing in the 

GRC Near Field Range 



http://technology.grc.nasa.gov/  4 GATR Technologies is a registered trademark of GATR Technologies Inc. 

GATR–Inflatable Antenna 
Dr. Robert Romanofsky (GRC) 

•  GATR Technologies® Inc and SRS Technologies jointly produced an inflatable antenna 
technology from an earlier SBIR-developed antenna 

•  Prototypes deployed to help with communications after Hurricane Katrina and 
Hurricane Ike 

•  In 2006, GATR exclusively licensed this technology 
•  A 2006 Space Act Agreement between GATR and GRC resulted in the first-ever 

Federal Communications Commission (FCC)- 
certified inflatable antenna 

•  Broad range of commercial uses for the GATR 
Inflatable Antenna, including 
– Emergency Management Communications 
– Missing Person Rescue 
– Military Communications Support 

•  NASA is considering the GATR antenna for 
– Possible lunar ground station 
– Next-generation NASA Communications  

Architecture 
Officers with the Air Force Special 
Operations Command Set up the 

Inflatable Antenna at Hurlburt Field in 
Eglin, Florida 



http://technology.grc.nasa.gov/  5 

•  In 2007, Endevco Corporation licensed 3 NASA GRC patents 
– Patents covered two technologies, including a patented packaging method 
– Endevco now produces high-temperature, MEMS harsh-environment pressure 

sensors 
•  Silicon Carbide (SiC) pressure sensors offer advantages, including 

– Reduced cost 
–  Increased device lifetime and robustness 
– Simplified fabrication method 

•  Technologies originally developed at GRC for use 
 in aircraft engine combustion chambers 

•  Potential uses include 
– Commercial/military aviation 
– Oil and gas drilling 
– Space exploration 
–  Land- and sea-based vehicles 
– Power generation 

Endevco–MEMS DCA 
Dr. Robert Okojie (GRC) 

Dr. Okojie Holding a 
SiC Pressure Sensor 
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•  GRC’s Atomic Oxygen (AO) exposure facilities evaluate AO-resistant coatings in a 
simulated space environment 

•  Benefits of AO-resistant coatings 
– Extend the life of solar panels on the ISS (saved NASA $15 billion) 
– Restore damaged oil paintings by removing organic materials 
–  Identify altered hand-written documents 
–  Improve adhesion of cultured bone cells 
– Remove contaminants from surfaces of 

orthopedic implants 
– Create faster, lower-cost, less-painful way to 

test blood glucose levels 
•  GRC and QuestStar Medical (now LightPointe  

Medical, Inc.) collaborated to create the  
LightPoint Medical Focus™ Blood Glucose Monitor 

•  In 2009, GRC received an FLC National 
Excellence in Technology Award for the monitor 
technology 

6 Focus is a trademark of LightPointe Medical, Inc. 

LightPointe–Atomic Oxygen-Textured Surfaces  
for Blood Glucose Monitors 

Bruce A. Banks, Deborah L. Waters, Sharon K. R. Miller (GRC) 

LightPointe Medical Focus Blood 
Glucose Monitor 
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America True® Foundation–Wind and Fluid 
Turbulence Simulation 

Phil Kaiko (America True Foundation) 

•  GRC supported the America True design team with their 2000 entry in the America’s 
Cup Race 

•  A Space Act Agreement enabled the joint venture between the foundation and GRC–
encouraged by Mission HOME 

•  GRC focused on the interaction between the airfoil and the deformation of sails and 
rigs along with the dynamic motions from the boat 

•  A coupled fluid and structural simulation demonstrated both steady-state and transient  
capabilities of the craft 

•  The commercialized technology simulates 
–  Interaction with air loads and sail geometrics 
– Effects of sail and mast pumping 

•  This joint venture was the first time NASA tested 
both fluid and solid dynamics together 

•  The commercialized technology allows finite  
element testing capabilities to help other areas  
of the sports industry 

America True Foundation Sailboat 
Used in the 

2000 America’s Cup Race 
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•  In 1981, Dr. Larry Viterna developed a design model (Viterna Model) that looked at 3-
dimensional effects to predict stall behavior of a turbine with greater accuracy 

•  The Viterna Model is used to model wind turbines, wind tunnels, and underwater 
turbines that use tidal energy to produce power 

•  In 2005, the Department of Energy (DOE) used the model in its NWTC suite of design 
and analysis software tools called FoilCheck 

•  Aerostar® Industries uses the Viterna Model to create efficient and effective fixed-pitch 
turbines, with 2 bladed rotors 

•  Commercial uses for Aerostar wind turbines  
include providing electricity for homes, farms, and 
locations with limited or no connection to the  
power grid 

•  The DOE has outlined a plan to generate as much  
as 20 percent of the country’s energy from wind  
power by 2030 

Aerostar is a trademark registered by the U.S. Patent and Trademark Office. 
. 

Wind Turbines–Viterna Model 
Dr. Larry Viterna (GRC) 

Aerostar Wind Turbines 
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Cellular Reflectarray Antenna–Ka-band Satellites 
Dr. Robert Romanofsky (GRC) 

•  GRC’s Cellular Reflectarray Antenna (CRA) was developed and tested for use with 
Ka-band satellites but can be used with all bands of satellite communication 

•  The CRA flat-shape offers anti-piracy and anti-theft protection due to its cellular nature 
or efforts to steal signals from paid subscribers 

•  Benefits of the CRA include 
– Ease of installation – no need for highly-skilled 

technicians or service calls (saves up to 
$200 per installation) 

–  Flat shape helps avoid wind problems 
–  Less noticeable antenna design makes a pleasing look 

for residential use 
•  Commercial applications include 

– Residential and business entertainment 
– Emergency communications for disaster response and 

recovery situations 
– Military applications 
– Backup communication for large events 

such as the Olympics, concerts, or  
conventions 

Cellular Reflectarray Antenna 
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Traveling Wave Tube Amplifier–LRO Mission 
Dr. Rainee Simons (GRC) 

•  The Traveling Wave Tube Amplifier (TWTA) is a critical part of the primary 
communication system on NASA’s Lunar Reconnaissance Orbiter (LRO) 

•  The LRO launched on June 18, 2009 as the first mission in NASA’s Vision for Space 
Exploration program 

•  The TWTA will allow significantly increased science data and video to be sent from the 
moon and other deep-space destinations 

•  TWTA was a collaborative effort between GRC  
and Goddard Space Flight Center, with an  
amplifier built by L–3 Communications Electron  
Technologies 

•  NASA applications include 
– Meteorological satellites 
– Climate-change satellites 
– Earth-observation satellites 

•  Commercial applications include 
– Air traffic control of transoceanic flights 
–  Tracking ships at sea 

•  In 2009, the TWTA won an R&D 100 Award 
Traveling Wave Tube Amplifier Used 

for the Lunar Reconnaissance 
Orbiter Mission 
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NASA GRC and Goodyear 
 Collaborate to Develop the New 

Spring Tire 

Spring Tire–For the Moon, Mars, and Beyond 
Dr. Vivake Asnani (GRC) 

•  A collaboration between GRC and The Goodyear Tire & Rubber Company 
•  An IPP joint-funded project to improve on the original Moon Tire developed for the 

Apollo Lunar Roving Vehicle (LRV) 
•  Goodyear developed the original tires for the Apollo Lunar Roving Vehicle, along with 

General Motors 
•  Goodyear and GRC to develop a new  

airless, non-rubber, wire mesh tire to use with 
heavier, longer-range exploration and lunar  
construction vehicles required for NASA's  
exploration goals  

•  The Spring Tire has 800 load bearing springs 
•  Possible commercial applications include 

–  Improves safety; eliminates puncture failures 
– Saves energy and reduces fuel consumption 
– Conforms to rough terrain for off-road use 
–  Improves mobility, ride, and maintenance 

needed for off-road vehicles 
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SBIR Award–New Manufacturing Method 
Gary Roberts (GRC) 

•  2001 SBIR award with A&P Technologies (an Ohio company) enabled the 
development of a new manufacturing method for affordable composite fan cases with 
damage-tolerant braided fiber 

•  Adding damage-tolerant braided fiber to the manufacturing process addresses the 
issue of containing failed fan blades in aircraft engines 

•  NASA, A&P Technologies, and General Electric collaborated on an FAA-certified 
composite fan case for use on the GEnx engine 
for the Boeing 787 Dreamliner jet 

•  New manufacturing method helps reduce weight 
and fuel consumption by more than 30 percent 

•  Basic method developed via the SBIR award 
fostered additional work with Honeywell and  
Williams International 

•  Commercial applications for this new method  
include manufacturing of 
– Sporting equipment 
– Prosthetic limb sockets 
–  Furniture 
– Horseshoes 

A Fan Case Made from A&P’s 
Braided Preform, Showing 

Integral Flanges and the Profile 
Formed on the Capstan 
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•  Moen partnered with Glenn to develop a new surface coating technology:  a brass finish 
that does not tarnish, flake, or discolor 

•  Glenn’s Electro-Physics Branch (now the Space Environment 
and Experiments Branch) identified, deposited, and evaluated 
many abrasion- and corrosion-resistant coatings 

•  Using Glenn’s findings, Moen quickly found a coating that met 
their specifications and began manufacturing the LifeShine®  
non-tarnish finish with the following features: 

– Guaranteed to resist normal wear and tear 
– Scratch resistant to cleaning products, including steel wool 

•  After further development, including adding titanium to 
strengthen and increase durability, Moen was able to 
incorporate a variety of finish colors into the  
LifeShine technology 

•  Technology was awarded the 2000 ASM International® 
Engineering Materials Achievement Award 
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Moen – Surface Coating Technology 
Tim O’Brien (Moen, Incorporated) 

Moen Faucets in  
LifeShine Polished Brass (above) 

and Lifeshine Copper (below) 

LifeShine is a registered trademark of Moen Incorporated.. 
ASM International is a registered trademark of ASM International, The Materials  Information Society. 
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•  Partnership began with a Space Act Agreement between MMD and Glenn 
•  MMD leveraged Glenn’s image processing expertise to make a better diagnostic scope 

system for the medical community 

– Glenn’s image processing software was modified to produce clearer and brighter images 
from the scope’s camera 

– Mary Vickerman and the Photovoltaic Branch and Graphics Visualization Laboratory 
provided faster graphic imaging and eliminated transmission interference 

•  MMD partnered with Arthrotec, Inc. (now Biomet Sports Medicine, Inc.), to introduce the 
InnerVue™ product, with features including: 
– Probe diameter is significantly smaller 
– Procedure can be performed in a doctor’s office 
–  Trauma reduced from the smaller probe needle 
– Recovery is shorter and less costly for the patient 

•  GRC, MMD, and the Cleveland Clinic received the 
NorTech Innovation Award (EDI Innovation Award) 

•  In 2010, Biomet announced plans for a next- 
generation InnerVue system 

MMD and Bionet – Diagnostic Scope System  
Mary B. Vickerman (GRC) 

InnerVue is a trademark of Biomet Sports Medicine, Inc., which is a subsidiary of Biomet, Inc. 

InnerVue Diagnostic Scope System 
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Kelly Aerospace – General Aviation Deicing System 
Robert Rutherford (Kelly Aerospace Thermal Systems) 

ThermaWing is a trademark of Kelly Aerospace Thermal Systems. 

•  SBIR contract between Northcoast Technologies, Ltd. and Glenn Research Center began 
the partnership 

•  Researchers from Glenn’s Icing Branch and the use of Glenn’s Icing Research Tunnel  
and Icing Research Aircraft provided 
–  Simulation data on the growth of ice on aircraft 
– Research on the effects of ice on aircraft during flight 

•  Northcoast/Kelly Aerospace developed the ThermaWing™ 
wing and tail deicing system for aircraft and the WTIPS  
deicing system for wind turbines  

•  ThermaWing system is constructed from a flexible,  
electrically conductive graphic foil 

•  Can shed ice in as little as 1 second by breaking the  
bond between the ice and the heating surface 

•  ThermaWing system is available on many new general 
aviation aircraft, including the Columbia 300 

•  Aircraft with 100- 150-amp alternators can be retrofitted 
with the ThermaWing system 

•  General aviation aircraft equipped with the ThermaWing 
system can fly reliably through ice encounters 

Ice on an aircraft wing in the  
Glenn Icing Research Tunnel 

ThermaWing foil applied 
to an aircraft wing 
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Srico – Medical Uses for Fiber-Optic Voltage Sensors 
Sri Sriam (Srico, Inc.) 

Photrode is a trademark of Srico, Inc. 

Photrode Optical Sensor 

Helmet with Embedded  
Photrode Sensors 

•  An SBIR contract between Srico, Inc., and Glenn initiated the  
partnership that produced the fiber-optic voltage sensor 

•  With a follow-on Garrett Morgan Commercialization Initiative 
grant, Srico modified the sensor technology for medical use 

•  Srico’s Photrode™ sensors were first developed for the U.S.  
Army to assess physiological and flight readiness of pilots 

•  Using the new sensor, EEG and EKG measurements can be 
obtained without attaching electrical wires to the patient  

•  Walter Reed Army Institute of Research used the sensors for 
ambulatory alertness monitoring and triage applications 

•  Via a grant from the National Institutes of Health, Srico 
successfully demonstrated that Photrode sensors can be used to 
safely capture brain activity while a patient is having an MRI 

•  The Photrode sensor technology won an R&D 100 Award 
in 2002 
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EGC Enterprises Inc – Thin-Film Heaters 
 Robert Rutherford (EGC Enterprises, Inc.) 

QFoil  is a trademark and ThermaFoil is a registered trademark of EGC Enterprises, Inc. 

Aircraft Wing Testing in 
Glenn’s Icing Research 

Tunnel 

QFoil Thin Film Heater 
Designs 

•  EGC partnered with Glenn and other aircraft OEMs on a thermoelectric thin-film innovation 
•  EGC formed Northcoast Technologies, Ltd. to further develop the technology 

•  Northcoast Technologies is now Kelly Aerospace Thermal  
Systems, LLC, a division of Kelly Aerospace, Inc.  

•  Many heaters were tested using Glenn’s Icing Research  
Tunnel and Icing Research Aircraft 

•  Results from Glenn’s icing tests let EGC rapidly develop its 
QFoil™ Rapid Response Thin-Film Heater 

•  Features include: 
– Bonded together using heater laminates  
– Consists of a ThermaFoil® flexible graphite foil inner layer 

that is electro-thermally conductive 
– Conducts heat well 
– Capable of covering a large area 
– Requires little energy to raise the surface temperature 
– Accomplishes 100 degree change in temperature within 

1 second and configurable to within 3°F 
– Mounts flexibly to objects, regardless of temperature 
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•  Deformation Resistance Welding™ (DRW™) process reduces costs, improves material 
performance, and optimizes the welding process 

•  Delphi initially partnered with NASA’s Glenn Research Center and the Michigan Research 
Institute (MRI) to study uses for the process 

•  Glenn’s test results showed that the DRW process could be used to weld various types of 
metals on Earth and in space 

•  Delphi started SpaceForm, Inc., to commercialize the technology 

•  NASA provided additional funding to Delphi, SpaceForm, and 
the Edison Welding Institute (EWI) 

•  SpaceForm, Inc. received the Michigan Technology Leaders’ 
“Corporate Partnership Award” in 2006 

•  When applied to tubular components, the DRW process  

– Delivers low-cost, reliable, repeatable welds 
– Allows welding of similar and selected dissimilar materials 
– Forms a near-instantaneous, full-strength, leak-tight weld 
– Heats metal surfaces only to the point of softening to ensure  

a full-thickness, superior, solid-state weld 
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New Welding Technique 
Tim Forbes (Delphi Corporation) 

SpaceForm Tubular Space Frames 

Deformation Resistance Welding and DRW are trademarks of SpaceForm, Inc. 

Producing a DRW Process Weld 
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•  NASA’s Illinois Commercialization Center (NICC) helped initiate a partnership between 
Access Optical Networks, Inc., and NASA’s Glenn Research Center 

•  Glenn researchers were interested in the high-speed, multigigabit, and multiterabit data 
transfer capabilities to help analyze patterns in holographic images 

•  Access Optical teamed with Glenn’s nondestructive evaluation team to proof test the high-
speed data processing capabilities of their optical area network product 

•  NASA is looking at the Access Optical technology for use in other space exploration areas 

•  Commercially, marketed as the Alpha-Omega OC-3 and OC-48 products, they offer the 
following features 

– Digital video 
– Network attached storage/storage area 

network (NAS/SAN) data access 
– VoIP with PBX SIP 
– T-1 circuit switch interface 
– Supports 802.11a, b, and g wireless signaling 
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Proof Testing an Optical Peripheral Technology 
Glenn Gladney (Access Optical Networks, Inc.) 

Access Optical Network’s Alpha-Omega Technology 
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•  NASA Glenn was searching for a way to detect subtle variations in temperature in a 
complex and varied thermal background, such as a spacecraft 

•  Innovative Engineering and Consulting (IEC) Infrared 
Systems received a Glenn Alliance for Technology 
Exchange (GATE) award to work with Glenn’s Diagnostics 
and Data Systems Branch and the Microgravity Combustion 
Science Group 

•  IEC developed two thermal imaging solutions that can 
differentiate the intensity of a heat source better than any 
other commercially available system 

•  The NightStalkIR® low-profile thermal/visual imaging system provides both thermal 
imaging and full day/night surveillance capabilities in any weather 

•  The IntrudIR Alert® military forward-looking infrared (FLIR) system provides infrared 
command/control and alarm tracking. It is designed to work with the NightStalkIR system 

•  Both systems are used widely by emergency first responders, facility security personnel, 
and the military 

20 

Advancing Infrared Imaging Technology 
 (IEC Infrared Systems) 

NightStalkIR and IntrudIR Alert are registered trademarks of Innovative Engineering and Consulting 
Infrared Systems. 

NightStalkIR Thermal/Visual 
Imaging System 
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•  Glenn’s SBIR contract with the Clever Fellows Innovation Consortium (CFIC), Inc., 
produced a lighter, more robust linear alternator based on their STAR™ resonant linear 
reciprocating alternator architecture 

•  CFIC produced a 15-kilowatt prototype alternator that reduced 
overall Stirling converter mass by 21 percent, eliminating all 
cold moving parts, valves, and contact seals 

•  NASA used the prototype for its Space Power Research Engine  
(SPRE) advanced technology program 

•  In 2001, CFIC formed Qdrive to market an extended line of 
linear alternators and motor used for cryogenic refrigerators  

•  Guaranteed to resist normal wear and tear 

•  Qdrive’s STAR motors have a wear-fee suspension system,  
unlimited life, and pure single-axis motion which eliminates  
contact between moving parts and the need for lubrication 

•  Qdrive granted Praxair, Inc., a non-exclusive license for  
large cryocoolers (above 4kW electrical) 

•  Qdrive granted Brooks Automation to make and sell its coolers 
for semiconductor and flat panel displays 
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Compact Linear Alternator with Higher Efficiency 
 (Qdrive/CFIC, Inc.) 

Qdrive’s Shrouded, Air-cooled Desktop 
Cryocooler (above) and Qdrive’s Water-

cooled Desktop Cryocooler (below) 

STAR is a trademark of Qdrive, the cryogenic cooler development and manufacturing arm of the 
Clever Fellows Innovation Consortium (CFIC), Inc. 
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•  Glenn’s SBIR contract with A&P Technology, Inc. (in collaboration with the Federal 
Aviation Administration, Ohio State University, and the University of Akron produced a 
prototype composite fan case using a braided material 

•  General Electric Aviation Engines (GEAE) partnered with A&P  
Technology, Williams International, and Honeywell International  
to further develop and start producing the fan cases 

•  A&P Technologies now makes braided fan casings for the 
Genx® jet engines, used on Boeing 787 and 747-8 aircraft 

•  Braided composite fan cases are more fuel efficient, stronger, 
lightweight, and safer than those made with traditional materials 

•  Braided laminate fractures only near the point of impact (by the 
fan blade) while the rest of the braid remains intact 

•  Braided laminate resists cracking since the fibers within each 
layer are interwoven 

•  A&P Technology expects to use its braided composite 
technology in the manufacture of airplane frames, fuselage 
skins, airfoil cases, flaps, and ailerons 

A Damage-Tolerant Fan Casing for Jet Engines 
 (A&P Technology, Inc.) 

Genx is a registered trademark of General Electric Aviation Corporation, a division of General Electric 
Corporation. 

Close-up of A&P Technology’s 
Braided Fan Case Material 

(above) and Sample Braided Fan 
Case Before the Fan Blade is 

Installed (below) 
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Advanced Stirling Convertor 
Gary Wood (Sunpower, Incorporated) 

•  GRC partnered with Ohio-based Sunpower, Incorporated via a NASA Research 
Announcement award to develop this technology 

•  The basis for the technology was an earlier SBIR contract awarded to Sunpower to 
develop a precursor technology, the EE-35 Stirling convertor 

•  The Advanced Stirling Convertor (ASC) is a free-piston Stirling power convertor that 
produces electric power from any heat source 

•  The techology can be used for applications requiring conversion of heat into electric 
power with high efficiency, low mass, and up to 114 watts of power 

•  The ASC is small: 2.6 inches x 7.8 inches and weighs only 2.9 pounds 

•  The technology’s small size, low mass, and high  
efficiency produce a 4-fold increase in specific power  
when compared with competing alternate power  
conversion technologies 

•  The ASC is a critical component of the Advanced Stirling  
Radioisotope Generator (ASRG), developed by Lockheed 
Martin Space Systems Company under contract to the  
Department of Energy 
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The Advanced Stirling Convertor 


