
National Aeronautics and

Space Administration

Space Technology

Mission Directorate Overview
Goddard Symposium

Presented by:

Dr. Michael Gazarik, 

NASA Associate Administrator for 

Space Technology Mission Directorate

March 20, 2013

www.nasa.gov/spacetech



Why invest in Space Technology?

• Enables a new class of NASA missions 

beyond low Earth Orbit. 

• Delivers innovative solutions that 

dramatically improve technological 

capabilities for NASA and the Nation.  

• Develops technologies and capabilities that 

make NASA’s missions more affordable and 

more reliable.

• Invests in the economy by creating markets 

and spurring innovation for traditional and 

emerging aerospace business.

• Engages the brightest minds from 

academia in solving NASA’s tough 

technological challenges.

Value to NASA      Value to the Nation Who:

The NASA Workforce

Academia

Small Businesses 

The Broader Aerospace Enterprise 

Addresses National Needs

A generation of studies and reports 

(40+ since 1980) document the need 

for regular investment in new, 

transformative space     

technologies. 
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Space Technology Portfolio
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Trends in Space Technology



Collaborations with Other Government Agencies

Currently, significant engagements include:

�Green Propellant Infusion Mission partnership with Air 

Force Research Laboratory propellant and rideshare 

with DoD’s Space Test Program (STP)

�Solar Sail Demonstration partnership with NOAA

�Soldier-Warfighter Operationally Responsive Deployer 

for Space (SWORDS) low-cost rocket launch system with 

Army

�UAV Airspace Operations Prize Challenge partnership 

with FAA

�Working with the USAF Operationally Responsive 

Space Office (ORS) for launch accommodations for the 

Edison Demonstration of Spacecraft Networks (EDSN) 

spacecraft. 

�Partnership for Ohio’s first hydrogen generating fueling 

station with Greater Cleveland Regional Transit 

Authority to power city bus

�Partnership with DARPA on “Next Generation 

Humanoid for Disaster Response”

�In discussion with Department of Veteran Affairs for a 

collaborative project with “Exoskeleton” from our 

Humanoid Robotics Program  



New Hardware in Advancing Space Technology

Cryogenic tank

Green Propellant 22N 

thruster

Telerobotic Systems

Low Density Supersonic 
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Re-entry 
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Experiment

Additive 

Manufacturing

BIRD 

focal 

plane 

arrays

PhoneSat



Technology Demonstration and Testing

Reduced Liquid Hydrogen boil off 

test
Mike Fossum with Smart SPHERES checkout R2 using air flow meter

K10 rover deploying 

polyimide film

Low Density Supersonic Decelerator 

Sled Test  

MSL Launch and MEDLI  measurements 

successfully completedLCAT Stagnation Test (50 W/cm2)

ARC Jet Testing 

MISSE-X



Game Changing Technology

SWORDS model for wind 

tunnel testing at NASA 

MSFC 

Nuclear Systems 

delivered the Fission 

Power System 

Technology 

Demonstration Unit (TDU) 

Reactor Simulator

Launch of IRVE-3 –

successful suborbital 

test of 3m HIAD

Space Power 

Systems

First build of flight-

like battery cells

X1 or Exoskeleton wil 

improve life on Earth and 

in space

Next Gen Life Support

Engineer Marlon Cox, 

with one of the 

Variable Oxygen 

Regulators

Arrival and testing of  2.4m 

precursor tank, the largest out-of-

autoclave tank fabricated in the 

world

Successful test of a 

hands-free jet pack



Working Together to Innovate
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Project Summary: High Power Solar Electric 

Propulsion (SEP) consisting of both power 

generation and propulsion, is extensible to human 

exploration missions at 300kW and is a required 

architecture element within the human exploration 

roadmap.

Accomplishments: 

�Two industry-led teams, ATK and Deployable 

Space Systems (DSS), are currently developing 

deployable Solar Array Systems (SAS) through a two 

phase process. 

• Phase 1 the two teams are designing 

developing, analyzing and ground testing 

candidate systems, maturing the 

technology readiness level. 

• Phase 2, one team will further develop the 

down-selected Solar Array System that 

concludes in a flight demonstration. 

Solar Electric Propulsion:

Deployable Solar Array Systems

Images Above show the two types of 

deployable solar array systems under 

development. (left) Artist concept of the ATK 

SAS; (right) DSS-developed SAS.
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Image: Artist concept of a future 

SEP mission.
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Technology Success:

Composite Cryogenic Propellant Tank

Project Summary: Developing composite 

cryogenic propellant tanks using composite 

materials and advanced manufacturing 

techniques potentially  reducing the cost and 

fuel tank mass for heavy-lift launch vehicles

Accomplishments: 

�The Boeing-led team developed the largest 

composite tank ever produced with new 

materials that do not require autoclave 

processing. 

�November 2012, The 2.4 meter diameter 

tank was delivered and will undergo a series 

of hydrogen pressure tests at MSFC’s test 

facility,

�Test results will refine the tank design and 

build a larger 5.5 meter diameter composite 

tank scheduled for testing in early 2014. 

Top Image is a 2.4 meter diameter composite tank test article. Bottom left is 

2.4 meter diameter tank delivered to MSFC for testing. Bottom right image 

shows the manufacture of the 2.4 meter diameter tank.
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Technology Success:

Green Propellant Infusion Missions (GPIM)

Project Summary:  Led by a cross-cutting NASA, 

DoD and Industry team, the project will demonstrate 

the practical capabilities of a high-performance green 

alternative to hydrazine. This innovative, low-toxicity 

propellant is expected to improve overall vehicle 

performance.

Accomplishment:  

�GPIM is currently performing thruster testing with the 

AFRL-developed green propellant and plans to begin 

flight thruster testing later in 2013.  

�The GPIM payload will be integrated onto the Ball 

Configurable Platform, a small compact satellite 

planned for launch in 2015.  

Top image is an artist concept of the GPIM spacecraft.

Bottom right image is engineering model for testing of the thrust chambers.



Project Summary: Developing technologies to 

use atmospheric drag to dramatically slow a 

vehicle as it penetrates the skies over worlds 

beyond our own.  Developing the largest ever 

supersonic parachute ever developed for Mars 

entry – potential infusion in the Mars 2020 

mission.

Accomplishments: 

�Successful drop test and rocket sled test 

occurred in 2012 and early 2013, illustrating 

the ability of the drag devices to slow a 

spacecraft 

�Continue design verification tests of 

parachutes and supersonic inflatable 

aerodynamic decelerators in 2013

�All three supersonic deceleration devices --

the two inflatable vessels and the advanced 

parachute system -- will be the largest of their 

kind ever flown at speeds several times greater 

than the speed of sound

�The first supersonic flight tests are set for 

2014 and 2015.

Technology Success:

Low Density Supersonic Decelerator

Top Right Image: NASA's Low-Density Supersonic 

Decelerator team gathers around the "SIAD-R“ at 

China Lake

Top Left Image: Robotic class supersonic 

inflatable aerodynamic decelerator prototype after 

rapid inflation test at China Lake

Helicopter, cargo parachute, mass simulator 

and attach cabling during first Parachute 

Development Verification test at China Lake 

In March 2012, NASA performed a trial run on a rocket sled test fixture, 

powered by rockets, to replicate the forces a supersonic spacecraft would 

experience prior to landing. 
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Project Summary: In partnership with NOAA 

and L’Garde, the new Solar Sail demonstration 

mission, "Sunjammer”, will deploy and operate a 

solar sail approximately 124 feet long and  will 

test attitude control, assess sail performance and 

stability

Accomplishment: 

�Team is currently performing a series of 

deployment tests of their 89 foot prototype boom, 

the structural support for the solar sail once 

unfurled. 

�Deployment test focused on the spreader 

system which is used to increase the strength of 

the solar sail boom and is particularly important 

for larger solar sails.

�A navigation sequence demonstrating mission-

capable accuracy will also be conducted. 

Sunjammer is planning for a launch in late 2014. 

�Solar sail  is seven times larger than any solar 

sail tested in space to date.

Technology Success:

Sunjammer Solar Sail

Spreader System that will be used to increase the strength of the 

solar sail boom undergoing deployment testing.

Top image is boom stowed in 

configuration. Right Top shows 

boom as start of 

deployment/inflation sequence. 

Right Boom at full deployment 

state (~89 feet).
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Technology Success:

3-D Woven Thermal Protection System

Project Summary: Due to extreme heating as a 

spacecraft enters the atmosphere the Woven 

Thermal Protection System (TPS) uses carbon 

fiber, infused with resin that is then woven in 

three dimensional layers creating lightweight 

materials that are readily available.  This cost 

effective system is fully customizable, providing 

TPS for a wide variety of atmospheric conditions. 

Accomplishments: 

�Selected from the Center Innovation Fund in 

2012 for continuation within Game Changing 

Development. 

�Game Changing is in the process of validating 

this technology, subjecting the material to above 

2,500 degrees Fahrenheit—which would melt 

steel. 

�Following validation of technology, woven TPS 

can be used for Orion crew vehicle’s compression 

pads and to Science for future application on 

planetary missions.  

Above images: Resin infused, pre & post arc jet tested 

coupons, left and right, respectively at test conditions 

similar to those experienced during atmospheric entries.

6 Compression Pads

Orion Multi-Purpose Crew 

Module

3-D Woven 

Multifunctional Ablative 

TPS

Woven Preform architecture shows the precise placement 

of different yarns and the inter-weave architecture that 

allows Woven ablative TPS to be tailorable. 3-D Woven 

TPS has superior performance to meet the challenges of 

Orion compression pad design and is currently being 

evaluated for a lunar flight test in 2017.
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Project Summary: Through fellowships, research 

and development partnerships with small 

businesses, and opportunities to fly payloads in 

relevant spaceflight environments, Space 

Technology is using NASA’s unique capabilities and 

tough technical challenges to inspire the next 

generation.

Accomplishments: 

�With over 350 activities in over 100 U.S. academic 

institutions, Space Technology is actively 

developing the nation ’ s early career, STEM 

workforce.

�Number of Activities through STMD programs with 

U.S. Academic Institutions Include:

•16 - NASA Innovative Advanced Concepts

•148 - Space Technology Research Grants

•57 - Game Changing Development

•50 - Small Business Technology Transfer

•4 - Small Spacecraft

•34- Flight Opportunities Technologies

Space Tech Partners with Universities

University of Washington students 

participate in Activity Monitoring 

experiments during a zero-g 

parabolic flight

NASA partnerships with academic 

institutions across the nation

TechEdSat passes ISS solar 

panels after deployment

Low Cost Hibernating power system built 

by research fellow  through NSTRF



The Exoskeleton can be used on 

Earth as an assistive walking 

device, as a resistance device for 

astronauts on the ISS, and as a 

robotic power boost to astronauts as 

they work on the surface of distant 

planetary bodies. 

Smart SPHERES are free-flying 

space robots that can perform mobile 

sensor tasks, such as environmental 

surveys and camera work inside the 

International Space Station.

Top Image; K10 Rover undergo tests

Left Image: Robonaut 2 (R2) is the 

first humanoid robot in space. The robot 

can work with the same hand tools and 

hardware (switches, connectors, etc.) as 

used by astronauts.

Project Summary: Demonstrates how advanced, 

remotely operated robots can improve human 

exploration missions. The Human Robotic Systems 

project develops innovative new technologies in 

support of future human and robotic missions. 

Accomplishments:

�The Telerobotics team demonstrates continued and 

progressively challenging operations for Robonaut 2 (R2) 

and Synchronized Position Hold, Engage, Reorient, 

Experimental Satellites (SPHERES) on the International 

Space Station. SPHERES has been on the ISS since 

2006

�Demonstration of remote robotic operations, where 

robots on Earth are operated from ISS to simulate similar 

operations of robots at planetary destinations from 

crewed vehicles. 

�R2 Development Team was selected to receive the 

AIAA Space Automation and Robotics Award for 2013 in 

September this year

�The R2 legs will be delivered to ISS for integration and 

testing in 2013. 

Technology Success: 

Human Robotic Systems and 

Human Exploration Telerobotics Projects
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Project Summary: Demonstrate the lowest-cost and 

easiest to build satellites ever flown in space –

features enabled by using off-the-shelf consumer 

smartphones as the on-board computer and control 

system for the satellite.

Accomplishments: 

�NASA has built several prototype smartphone 

satellite versions and successfully tested them in 

extreme environments on sounding rocket and high-

altitude balloon flights. 

�Three NASA PhoneSat satellites (two PhoneSat 

1.0's and one more advanced PhoneSat 2.0) are 

scheduled to launch aboard Antares rocket from 

NASA's Wallops Flight Facility at Wallops Island, Va., 

in early 2013.

Technology Success:

Small Spacecraft Technology - PhoneSat

PhoneSat 1.0 during 

assembly

PhoneSat 1.0 during 

ground testing

PhoneSat 1.0 during 

high altitude balloon test



Project Summary: The MEDLI suite was 

developed to gather engineering data on the 

Mars Science Laboratory (MSL) mission. 

MEDLI measured aerothermal, aerodynamic, 

and thermal protection system performance 

during MSL atmospheric entry.

Accomplishments: 

�On August 6, 2012, during Curiosity’s entry 

and descent into the Martian atmosphere, 

MEDLI successfully collected data in real-time, 

measuring heat, pressure and other heat 

shield performance data. 

�The MEDLI research team is currently 

analyzing the collected flight data 

�MEDLI Hardware Performance Report 

Release is expected in Spring 2013

Technology Success:

Mars Science Laboratory Entry, Descent and Landing 

Instrumentation (MEDLI)

Top left photo of NASA Team prepping MSL heat shield and 

sensors. Top right image of thermal plug instrumentation used to 

measure temperature and changes in thermal projection thickness.

Bottom right photo of pressure transducers attached to the 

backside of the heat shield structure. Bottom left image of the 

electronics box used to collect science and engineering data. Far 

Right image is actual data collected from sensors on MEDLI

Left image of MSL heat shield after jettison.

Right image shows the heat shield impact location on the Martian surface.
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Project Summary: Demonstration of inflatable heat 

shield technologies which can offer the opportunity to 

significantly increase the landed mass and landing 

accuracy capabilities for future missions to other 

planets such as Mars.

Accomplishments:

�On July 23, 2012, successfully demonstrated the 

feasibility of inflatable heat shields through the launch 

of the Inflatable Reentry Vehicle Experiment-3 (IRVE-

3) from the Wallops Flight Facility in Virginia. 

�The sounding rocket test verified that flexible TPS 

and inflatable bladder materials could withstand 

hypersonic entry conditions.

�The rocket took about six minutes to climb 

approximately 450km (280 miles) into the skies over 

the Atlantic Ocean.

�The 308 kg/680 pound IRVE-3 separated from the 

rocket, traveled at Mach 10, experienced peak loads of 

about 20 g’s with its heat shield temperature reaching 

up to 400°C (750°F) as it returned to Earth.

Technology Success: Hypersonic Inflatable 

Aerodynamic Decelerator (HIAD)

Images Above: Images of IRVE-3 

successfully inflated, reconfigured to 

generate lift prior to atmospheric entry, and 

demonstrated re-entry steering capability.

Images Above: Technicians at NASA’s 

Wallops Flight Facility mated the 

components of the Inflatable Reentry 

Vehicle Experiment-3 (IRVE-3) into the 

nosecone and sounding rocket. 


