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and technology. With the
creation of the NASA Office
of the Chief Technologist,
and the selection of its chief,
Bobby Braun, a new agency
champion has emerged
to re-vitalize NASA as a
preeminent research and
development organization.
Expanding on initiatives
of the former Innovative
Partnerships Program,
new models are nurturing
innovations inside and
outside of NASA. In fact,
as part of the OCT, all of
the IPP — now called the
Innovative Partnerships
Office — has been adopted
and its work continued.
Competitive partnership
opportunities such as the

successful Small Business Innovative Research and Small Business

Ronald Young,
Dryden Innovative
Partnerships Office
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The Office of the Chief
Technologist: http://www.
nasa.gov/offices/oct/home/

index.html

SBIR and STTR
information: http://sbir.
gsfc.nasa.gov/SBIR/SBIR.
html

Dryden IPP website:
http://www.nasa.
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Technology Transfer programs continue as part of the OCT
Space Technology programs. Ten such programs are organized
under three divisions: early-stage innovations, game-changing
technologies and crosscutting technology demonstrations. The
individual programs are detailed elsewhere in this publication.

The Innovative Partnerships Office is managing all former
IPP responsibilities for the Space Technology programs. David
Voracek, Dryden center chief technologist, provides oversight
and serves as a representative to Braun’s office. Center chief
technologists guide their respective center’s participation in
the Space Technology programs, and will provide each center’s
“bottom-up” input to the agency’s innovation and technology
strategies and goals.

Selecting and investing in a large number of highly creative
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The Innovative Partnerships Office staff includes, from left, Jason Han-
son, Ron Young, Julie Holland, Greg Poteat and Elizabeth Newcamp.

NASA Photo by Tom Tschida

office is formulated from two previous projects. Ames Research
Center, Moffett Field, Calif., began the Commercial Reusable
Suborbital Research, or CRuSR, activity for the agency’s Science
Mission Directorate. A second project is the Facilitated Access to
the Space Environment for Technology, or FAST, which originated
in the former IPP office. Flight Opportunities officials will seek
and foster capabilities and services from the commercial sector,
initially for suborbital flight services.

As with all change, some has been seamless and some has been
challenging. At Dryden, a valued member of the IPO staff, Russ
Barber, recently passed away. Barber participated in analyzing and
assessing emerging commercial space markets that would foster a
viable commercial industry, bringing these data into NASA’s Space
Technology strategy and selection process. Additionally, in work
with a nascent commercial flight-service community, Barber’s
many years of NASA project management experience and insights
were greatly respected on Flight Opportunities programmatic
challenges. Russ will be sorely missed in a number of ways.

It also is expected to be a year of achievement. The Xaero launch
of the first NASA payload by Masten Flight Systems of Mojave,
Calif,, for the Flight Opportunities program will be a major
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Seeding innovation

Dryden Center Innovation Fund selectees named

A new Center Innovation Fund seeded through the NASA Office of
the Chief Technologist became available when the federal 2011 fiscal
year budget passed in April. The goal of the new initiative, funds from
which are being offered to agency researchers at each of NASA’s field
centers, is to stimulate new ideas and encourage pursuit of promising
technologies.

Dryden researchers submitted their proposals at the beginning of the
fiscal year to David Voracek, Dryden Chief Technologist. So selections
could be made from the submissions as soon as funding became
available, a group composed of two members from each Dryden
directorate ranked the proposals on technical merit, Voracek said.

“The Center Innovation Fund will allow researchers to investigate
ideas they would not be able to fund any other way to see if a concept
has merit for further study. We hope the research funded by the CIF
will lay the groundwork for future NASA investments in developing
these emerging technologies, which will leverage Dryden’s talents and
capabilities,” said Voracek.

Four projects were selected to receive funding and are expected to
reach established milestones by September. Project researchers are listed
alphabetically below with brief descriptions of the projects they will lead.

Jonathan Barraclough

Two-seat and, soon, six-seat aircraft powered entirely by electricity
are closer to becoming reality. The trend is moving toward electrically
powered commercial aircraft, and Dryden researcher Jonathan
Barraclough wants Dryden to be a driver of this new revolution in
technology advancement and integration.

Ideally, an X-plane that integrates all-electric components or a hybrid
aircraft with many electric components would be developed and flown
at Dryden to validate and verify the concepts and integration, which

the commercial sector would then incorporate into new generations
of airplanes. Toward that goal, Barraclough earned funding for
electric aircraft system technology development that dovetails with
Aeronautics Research Mission Directorate visions for less noisy, more
fuel efficient and environmentally friendly
future aircraft.

Barraclough, an electrical engineer, is
specifically interested in electric propulsion,
which he said he believes can dramatically
increase overall efficiency and reduce
environmental impact. Development of
new aerodynamic, structural, control and

powerplant technologies will be required,
but preliminary steps could lead to new
breakthroughs to make future visions possible, ¢ A
he said. Jonathan Barraclough
His task will be to seek out partners in industry and academia
with expertise that can be leveraged in electrical aircraft technologies,
combining benefits of related technologies to help surmount technical
hurdles in creating all-electric aircraft. A report he will write when his
research is complete will focus on partnering possibilities, required
test infrastructure for electric aircraft systems development and
integration and, potentially, conceptual drawings for test systems.

Marty Brenner

Algorithms will be needed for moving acronautics- and physics-
based information from sensors to an aircrafts flight control
computer in real time and success will open a new frontier in controls

See Innovation, page 5

Center chief technologist has a vision

David Voracek has a vision for Dryden in
which technology developed here collaboratively
through partnerships nationwide will cut across
a number of needs for NASA and the nation.
More important, the technology will be ready
for use when it is needed.

As the newly named Dryden Chief
Technologist, Voracek has begun to chart a
course to realize that vision. First, he will have

to determine the range of technologies at the
center and how they fit into the key goals of the
agency’s Office of the Chief Technologist.

“We will develop strategies to get to a technology portfolio that we
really want — including flying technology demonstrations. Fortunately,
we have NASA Center Innovation Funds to help some people bring

David Voracek

4

their ideas from napkins and paper to start implementing them,”
Voracek said.

His vision and his task extend across Dryden.

“The Center Chief Technologist represents technology in all of
the different codes across a NASA center. I am trying to encourage
innovation in everything we do here, from a procurement process to
a flight technology. Innovation can help us do everything better,” he
added.

The agency Office of the Chief Technologist, which also was
recently established, seeks to coordinate all technology efforts across
the agency into a cohesive plan for elevating the readiness level of
key technologies, while helping to foster partnerships to maximize
resources and more rapidly move technology to products that can

See Voracek, page 5
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and aircraft efficiency.

New aerospace vehicle designs will
depend on such an integrated system
that can gather information from an
aircraft’s sensors and feed it into the flight
control computer. What's potentially
revolutionary is then having the flight
control system use new algorithms in
harnessing that information to alleviate
aerodynamic forces and achieve different
system goals, said Dryden researcher

Marty Brenner
Marty Brenner. The research focus will alternately be on
handling quality performance, gust-load alleviation and
aerostructural stability.

Brenner equates the sensors and their information on an
aircraft, feeding back into a fly-by-feel flight control system, to
the human nervous system. In the body, signals to the brain

Voracek ... from page 4

benefit the nation.

A chief technologist was appointed at each NASA center to
represent the centers on the Office of the Chief Technologist
staff. As such, Voracek will be expected to serve as the
principal advisor to Dryden leaders on center-wide technology
development efforts and communicate Dryden technology
capabilities to the NASA Center Technology Council. The
council is comprised of the center chief technologists and NASA
Chief Technologist Robert D. Braun.

Voracek will also serve as the point of contact for the NASA
Center Innovation Fund, when the appropriations process is
complete, and for fund reporting and management. Proposals
already have been requested, collected and are in the process of
being prioritized for when funding does become available (see
article p. 16).

Other duties include being the center focal point for Space
Technology Research Fellowships and leading technology
transfer, Small Business Innovation Research and Small Business
Technology Transfer and commercialization opportunities at
Dryden.

In addition, Voracek is tasked with serving as center change
agent in aiding the workforce’s capacity to innovate, document,
demonstrate and communicate societal impact of center
technology accomplishments and encourage partnerships and
inter-center collaborations.

Voracek first worked with the Office of the Chief Technologist
in April 2010, when he took a temporary assignment at NASA
Headquarters to help with OCT formulation. In May 2010,
he was appointed Dryden center chief technologist and was
permanently appointed to the position in October.

Voracek began his Dryden career in 1987 as a research
engineer in structural dynamics working on flight research
programs such as F-16XL, X-29 and the F/A-18 High Angle
of Attack Research Vehicle, doing ground-vibration testing and

August 2011

from the central nervous system allow a person to react to what is
happening, as it’s happening. If Brenner is successful, as an aircraft
flies, information from the sensors will be fed into the flight controls
and allow the aircraft to adapt to flight conditions.

Called Distributive Adaptive Aecroservoelastic Control Utilizing
Physics-Based Aerodynamic Sensing, the new technology will be
used in pinpointing flow bifurcation points — areas where the airflow
characteristics change significantly — to define a relationship between
different key parameters.

For example, information on the leading-edge stagnation point,
with angle-of-attack or flow separation point and aerodynamic lift
coeflicient, could be used in the control system for decisions on
how to control the aircraft. The system also would help minimize
transitions on the aircraft, such as those from laminar-to-turbulent
and attached-to-separated airflow, and shock waves.

See Innovation, page 29

flight-flutter testing. His research included developing flight-flutter
techniques, active structural damping and piezoelectric systems
tests.

In 1995, Voracek was chief engineer for the F/A-18 Systems
Research Aircraft. He was responsible for working with technologists
from NASA and the Air Force Research Laboratory on integrating
experiments onto the aircraft and coordinating technical engineering
staff and technical briefings.

The technology included electromechanical actuator and
electrohydrostatic actuator systems, fiber optic engine sensors, the
integrated structural antenna, and structural excitation systems.
Voracek’s duties included serving as mission controller and flight
test engineer for the flights. He accumulated 25 flight hours in the
back seat of the F/A-18 aircraft as SRA chief engineer.

From 1998 to 2002, Voracek was chief engineer for the Active
Acroelastic Wing project, a joint project of the AFRL, The
Boeing Company and NASA. Voracek led the formulation team
that developed the research objectives and requirements for the
flight project. He led the technology and engineering staff from
development of requirements through the first flight and aircraft
characterization phase of the project.

In addition, Voracek worked five years in the Dryden Business
Development office with officials from other government agencies
and private industry to formulate technology development programs.
He managed the $1million Dryden Flight Research and Productivity
Tools project, a competitive technology development effort.

In 2008 he was appointed deputy director for Dryden Research
and Engineering, where he helped to supervise a 143-person
directorate and managed the research budget.

Voracek received his acrospace engineering degree from Iowa
State University, Ames, in 1986, a Master of Science in acrospace
engineering from Northrop University in Los Angeles in 1991, and
a Master of Science in systems architecture and engineering from
the University of California, Los Angeles, in 2008.



Fiber optic sensors

Parker’s algorithm shatters a technology barrier

Dryden researcher Allen Parker recently developed an
algorithm that permits information from fiber optic sensors to
move exponentially faster. In other words, information from fiber
optic sensors can now be viewed in real time.

“Sitting at my workbench, a light came on,” said Parker, who
works from the NASA Advanced Technology Laboratory located
at the Aerospace, Education, Research and Operations, or AERO
Institute in Palmdale, Calif. “I saw the problem with a different
perspective and, shortly afterward, submitted a New Technology
Report, and it took off from there.”

A key impediment to widespread use of fiber optic sensor
technology was the speed at which information from the sensors
travelled to the individual needing the information. With his new
mathematical equation, or algorithm, that is no longer a problem.

As a result of the breakchrough, Parker has a patent pending
for his algorithm, which is called Method for Reducing Rate
of Fiber Bragg Grating Sensors. In addition, with removal of a
key stumbling block that was holding the technology back, the
commercialization possibilities are growing. Dryden’s Innovative
Partnerships Office recently announced that a licensing agreement
is now in place with Texas-based company 4DSP to commercialize
the technology, making it readily available for others to use (see
related article).

To put Parker’s fiber optic sensing development in perspective,
the rate of information transfer from fiber optic sensors in
the past was one sample every 30 seconds; Parker’s algorithm
increases that to 100 sweeps of the laser that reads the sensors
per second.

Parker also has worked on miniaturization of fiber optic sensor
systems. When he first saw a fiber optic sensing system — one
developed at Langley Research Center, Hampton, Va. — it took
an entire table to contain a system capable of transferring just one

The metallic panel has both conventional and fiber optic sensors.
The white bundle of cables contains 100 conventional strain gages,
the single yellow cable about 350. Dryden aircraft have been used
in validation of fiber optic sensors. Fiber optic sensors may also have

applications in a number of different fields.

See 4DSP, page 8

scan every 30 seconds.
“Wow, this is neat, but how realistic is it?” Parker said of his

first look at a fiber optic sensing system.
m——thelingley system, Parker has worked to reduce

the size of the fiber optic sensing system by more than 75 percent.
Parker, who was part of a team with William Ko, Anthony Piazza
and Lance Richards, first instrumented a Dryden aircraft in 2008
to prove that the accuracy of the fiber optic sensing system was as
good as traditional sensors. Flights on the Ikhana unmanned air
system validated that point.

With the combination of smaller size and faster data transfer,
the fiber optic sensing system is now ready to go and has been
proven so through flights on both the Dryden Ikhana Predator B
and AeroVironment’s Global Observer. = o

As so often happens, breaking through one technological
barrier has led to a new one, Parker said. Now, the limitation
will be the capability of the laser. Parker has ideas for how to
eventually resolve that ,Problem, too, but for now the algorithm
will be expanded; fiber optic systems that now can gather 100
sample per second as a result of this algorithmrcan be improved
to obtain as many as 250 samples per second, he said.

Though aeronauti_cs,-‘ﬁpa::e, medicine and drilling have been

. mentioned as some of the industries with an interest in fiber optic
sensing system ti:k*nology, Parker said there are no limits to how

gitcan be used.

For example, Parker said he believes a day will come when

aircraft are fabricated with fiber optics and have systems that

“ tell maintainers exact y what'is wrong, without extensive — and
expensive — maintenance down periods.

“One direction is for it to become a large-scale system —

instrument an entire large-scale aircraft with a single, relatively
small system, putting fibers all over the surface of the vehicle to
perform comprehensive vehicle health monitoring,” he said. “Like a

+human nervous system, which has ‘sensors’ embedded throughout
the body from the legs, arms, back and all are mines the
state of the body then feeds that information to the brain — the
same is true for this next-generation aircraft system.”

Sensing is not limited to strain; other parameters such as
temperature, pressure, shape and loads can be measured with a
fiber optic sensing system.

For that reason, the oil and gas industries are interested in
using fiber optics in specialized drill heads that can sense shape as
well as temperature and pressure. A drill operator needs to know
exactly how a drill head is positioned, which can be determined
by knowing its shape. Temperature and pressure can also tell the
operator about the health of the drill.

Dryden’s work with fiber optic sensor systems has garnered
agency-wide attention. The following are awards earned by
Dryden researchers:

e Jaiwon Shin, Aeronautics Research mission directorate
associate administrator, named Dryden researcher Allen Parker

" But Parker said building small, ru.

Closer to home, fiber optics will be added to the F/A-18 No.
853 for flight experiments that could have implications for aero and
space vehicles, as well as for structures in space. Fiber optics can be
used to take measurements on wing and other acrodynamic surfaces
that could be fed into flight control computers for what researchers
call a “fly-by-feel” system. The system would be able to compensate
for conditions and would therefore use less fuel.

Another result of using fiber optic sensing systems as part of

_a control system is managing aircraft structural components
* anticipated to Q‘e made of lighter, more flexible materials, Parker

explained. - -+
The fiber optic sensing system ‘on F/A-18 No. 853 will include
shape as one of the parameters to be measured, fed back into the
flight control system and used to control the shape of its wings.
“We hope to have the fiber optics sensing system on the aircraft

| and start making measurements by end of the year,” Parker said.

Meanwhile, a fiber optic sensing system is in development for
the Dryden G-III, for a new type of composite flap. The Air Force
Research Laboratory wants NASA to design and build a fiber optic
sensing system to monitor the strain distribution and shape of the
new flap.

Also of interest is how a fiber optic sensing system could be used
in assessing the nation’s aging infrastructure. Fiber optics can be
used on bridges to sense cracks or assess damages from natural
disasters such as earthquakes, he said.

During the next several years, Parker envisions working with
components such as lasers and optics to greatly reduce the size and

cost of the next-generation system. Originally, researchers s
scale systems as being able to fit on a rack mo “airplane.
ms with four to eight
fibers for small, unmanned aerial systems has become a priority.
Particularly in new and smaller craft, involving situations in which
a vehicle is performing near its structural limits, a fiber optic sensin
system could be critical, he added.

The capability of having thousands of sens

temperature or pressure also represents a paradigm Snirt.

ew ways
of looking at information — and determining what is important —
are becoming a new area of interest. An adaptive “smart sensor”
is the answer, he said. The new fiber optic sensor systems will be
developed with the capability of focusing on what the researcher
wants, or where the action is, he added. In other words, researcher
would not have to sort through large amounts of data during post
analysis to extract important data features.

Regardless of what the next advancement will be in fiber optic
sensing technologies, one common thread is that Allen Parker and
Dryden researchers will be looking to lead it.

a 2010 recipient of an honorable mention in the technology
innovation category for his fiber optics work.

“An expert in fiber-optic instrumentation, Parker has led the
development of miniaturized fiber-optic based strain measurement



technology that can be used in flight capable systems, and that
provides sample rates appropriate for research data gathering
and for possible use in aircraft control systems and other non-
aerospace technologies,” the wording of the award reads.

“His work on miniaturizing the system’s electronics and
streamlining algorithms running on those electronics resulted
in small suitcase-sized systems that can acquire data from
thousands of individual sensors. NASA is exploring these
systems for active control of extreme lightweight airframe
structures. The medical device industry is exploring use of this
technology in advanced medical instruments.”

® Parker also was part of the NASA Composite Crew Module
Non-Destructive Evaluation and Test team, which also included
Patrick Chan, Anthony Piazza and Lance Richards. The group
was recognized with a group achievement award at the 2010
NASA Engineering and Safety Center Honor Awards.

The honor was in recognition of outstanding contributions in
the field of Non-Destructive Evaluation and test execution on

4DSP «=» from page 6

the Composite Crew Module Project at Langley Research Center,
Hampton, Va. The crew module was instrumented with fiber optic
sensors along the hatch and windows to monitor high-strain areas
during a loading test on the structure.

* The NASA Composite Crew Module Non-Destructive Evaluation
and Test team also received a NASA Group Achievement Award
“for achieving excellence through design and fabrication of a full-
scale composite crew module.”

* Dryden’s Fiber Optic Shape Sensing team, which included
William Ko, Parker, Piazza and Richards, captured a NASA Group
Achievement award.

In 2009, the group won the team award for successfully
demonstrating fiber optic wing shape sensing on the Ikhana
unmanned aerial system. The citation reads, “For the development
and flight testing of fiber-optic strain measurement systems and
algorithms that enabled lightweight deformation measurement of
flight vehicles.”

NASA has chosen nine Phase
II Small Business Innovative
Research  agreement  proposals
submitted by Dryden. The
following list looks at the concepts:

* Systems Technology of
Hawthorne, Calif., earned an
SBIR agreement for its Smart
Adaptive Flight Effective Cue,
or SAFE-Cue, proposal. Piloted
simulation studies conducted
under a previous SBIR agreement
prevented loss of a simulated
aircraft’s control by providing
tactile cues to the pilot through
the control stick. Simulation
tests also verified the ability to
prevent adverse pilot interaction
with adaptive control laws used
to allow a damaged aircraft to
be flyable in conditions such
as the failure of a flight control
surface. An STI partner, Barron
Associates,  developed  the
adaptive control laws used in
Phase I, which will also be used
in Phase II work.

SBIR

Nine Dryden Small
Business Innovative
Research projects
approved for Phase Il

this technology for a prototype
system that will be evaluated
with a series of flight tests using a
Learjet provided by another STT
partner, Calspan. SAFE-Cue
can be applied to any modern
flight control system regardless
of whether it uses an adaptive
controller. It is envisioned

that SAFE-Cue software will

increase safety for commercial
transport and military aircraft.
* Systems Technology also was
awarded an SBIR agreement for
another safety enhancement,
real-time methods for adaptive

suppression of  adverse
aeroservoelastic dynamics.
Adverse aeroservoelastic

interaction is a problem on

repeated  loading,  enhanced

structural  fatigue, undesirable

oscillations  and  catastrophic
flutter.

The  developed  adaptive
aeroservoelastic suppression
algorithms ~ and  subsequent
real-time  piloted  validation

simulations will benefit NASA
flight test programs by providing
a solution for rejecting adverse
aeroservoelastic dynamics.
Such conditions include flight
condition changes, configuration
changes and damage and failure
scenarios.  Potential  benefits
also include adverse dynamic
suppression in manned and
unmanned spacecraft systems.

e The Numerica Corp. of
Loveland, Colo., was awarded
an SBIR agreement for the
companys  estimation  and
prediction of unmanned aerial
vehicle trajectories, a potential
element of integrating Unmanned

Phase II work will advance significantly and economically

See Technology, page 10

aircraft of all types causing

New launch technology idea gains ground

A team including members
from multiple NASA centers
has been formed to examine the

iy B

POPULARE
SCIENCE
BEST

feasibility of an electromagnetic-
catapult concept as a key
component for new launch
technologies.

Stanley Starr, a Kennedy
Space Center, Fla., physicist,
and engineers Paul Bartoiotta
at  Glenn Research Center,
Cleveland, and Dryden’s Kurt
Kloesel are developing a proposal
for the launch system. The
proposal is being developed for
NASAs  Exploration  Systems
Mission Directorate and the Office of the Chief Technologist.

Engineers at Langley Research Center, Va., also are becoming

December 2010 Edition

interested in the concept because it could potentially satisfy gross
takeoff weight and wing loading requirements for a future two-
stage-to-orbit vehicle with a staged ramjet or scramjet engine,
Kloesel said.

Popular Science magazine ran an article and cover graphic in the
December issue to draw interest in the technology. That published
account sparked more interest from a number of NASA researchers

across the agency. Those researchers then decided to joined together
to develop the current feasibility study.

Kloesel began work on the concept of what he calls a highly reliable
reusable launch system with the help of Innovative Partnerships
Program seed funds in 2008. Since then, his idea of packaging
technologies to develop an electromagnetic launch assist vehicle has
continued to generate interest.

In practice, such a vehicle would use the equivalent of an
electromagnetic catapult for a first stage. The propulsion from the
electromagnetic forces would move a spacecraft along a rail system,
with a secondary stage completing the job of propelling the vehicle
into space, Kloesel explained.

This technology could be matured from a concept into a launch
capability that will take spacecraft to low Earth orbit at lower cost,
in a more environmentally friendly way and with greater reliability,
he added.

Kloesel is quick to add that he didn’t originate all of the elements
of the electromagnetic launch assist vehicle and that he continually
seeks help from people he thinks can help evolve the concept. His
key contribution is combining the electromagnetic launch concept
with a hybrid air-breathing system.

With the need for new launch technologies growing, the team
of NASA researchers looking into this concept may be able to
contribute a key component to the development of a next generation
launch system.



Aerial Vehicles, or UAVs, into the national airspace.

A key goal of NASA’s NextGen Airspace plans is to add UAVs
safely into the national airspace. Many UAV aircraft lack a
sense-and-avoid capability to mitigate collision risk, a challenge
that prevents government and private contractors from using
these platforms for routine operations in the national airspace.
Development of target-state estimation and trajectory prediction
algorithms could be a step toward routine use of UAVs for
missions such as homeland security, Earth science and disaster
assessment.

e VIP Sensors of San Juan Capistrano, Calif., was awarded
an SBIR agreement for a fiber optic pressure sensor array. VIP
Sensors proposes a fiber optic pressure sensor array system for
measuring airflow pressure at multiple points on the skin of
aircraft for flight-load test applications. The proposed technology
is applicable to such different types of sensors as accelerometers,
pressure and strain gages. Each sensor in the array is designed to
work at discrete optical wavelengths.

Testing of aircraft requires a large numbers of sensors, each
requiring four to six interconnecting wires. For large systems, this
means large numbers of wires that add weight and occupy space.
The proposed system not only has the potential to significantly
improve pressure measurements for flight load testing, but its
micro-miniature networking optical sensors will benefit many
other aircraft ground and flight testing applications and aircraft,
satellite and ship monitoring.

* Aries Design Automation of Chicago is funded for additional
work on its reconfigurable very-long instructional word, or VLIW,
processor for software-defined radio. The company’s technology
could have applications to radiation-hardened flight-control
computers that NASA uses in many space missions, including
Deep Impact, the Mars Reconnaissance Orbiter and the Mars
Rovers.

The VLIW processor will have reconfigurable functional units
and specialized instructions that will be optimized for Software
Defined Radio applications. The radiation hardening will be
done at the micro architectural level with a mechanism that will
allow the detection and correction of all timing errors — caused
not only by radiation, but also by variations in voltage, frequency,
manufacturing process and chip aging. The work will result in
technology that allows for very quickly designing and verifying
radiation-hardened and reconfigurable VLIW processors that are
binary-code compatible.

e Firestar Engineering of Mojave, Calif., intends to advance
the technology readiness level of its Nitrous Oxide fuel blend,
or NOFBX, monopropellant Mars ascent vehicle, or MAV,
engine. A compact, three-engine cluster provides thrust-vector
control passively with its fixed, canted engine nozzles and flow
control valves. The concept is intended for use on planetary ascent
vehicles but could also be used for the upper-stage engines on a
launch vehicle.

The clustered engine concept coupled with an NOFBX
monopropellant and feed system will allow the company to
provide a single-stage-to-orbit MAV engine. Success could

significantly simplify the MAV architecture. The technology
could also be applied to planetary-sample-return rocket engine
stages, upper-stage launch vehicle and kick motors and small
launch-vehicle engines.

* Busek Company of Natick, Mass., will continue development
work on its magnesium-based rockets for Martian exploration.
Busek will test multiple metal fuel and oxidizer combinations
and then will design, build and test an integrated rocket and
propellant management system.

The company has validated that magnesium can be combusted
with carbon dioxide, water and hydrogen peroxide, all of which
may be obtained from the Martian surface or atmosphere.
Methods for storing, delivering and igniting the propellant have
been identified, and combustion experiments have been carried
out.

This “green” technology could be used for Martian payload
ascent vehicles, Martian rocket-propelled transports, lunar
transit and ascent vehicles and satellites and service modules.
The technology also has applications to satellite station-
keeping, repositioning, attitude control, rendezvous, docking
and separation, multi-mode propulsion systems, launch vehicle
upper stages, and air, surface and submarine applications on
Earth.

e Ultracor of Livermore, Calif., will advance work on its C-SiC
and SiC-SiC honeycomb materials for advanced flight structures,
which are capable of operating at 2,700 degrees Fahrenheit with
reduced oxidation that occurs with carbon-carbon materials. It
is anticipated the C-SiC and SiC-SiC honeycomb materials for
advanced flight structures are materials that could be produced
more economically than can other available materials and could
enable construction of future hypersonic flight vehicles.

A C-SiC honeycomb for advanced flight structures project
Phase I SBIR effort demonstrated the feasibility and efficacy of
a lightweight, C-SiC high-temperature core system capable of
operating at the temperatures experienced during hypersonic
flicht. These results demonstrate that this material is a good
candidate for use in building an aircraft for the extreme
temperatures of hypersonic flight. Further validation of the C-SiC
material, to demonstrate its longevity, and the development of a
SiC-SiC material is what this research is expected to achieve.

e Zona Technology of Scottsdale, Ariz., will pursue research to
develop a comprehensive on-line flutter prediction tool for wind-
tunnel flutter testing using parameter varying estimation, or PVE,
methodology. Specifically, this tool will be applied to rapidly
evaluate parameters, such as modal damping and frequency, which
are required to assess the flutter boundary of a wind-tunnel model
in pre-flutter test conditions. The tool can also be applied to the
flight flutter test for envelope expansion prediction to help ensure
the safety of the pilot and aircraft.

Zona envisions that the proposed Phase II research effort will
result in a commercial product called the PVE Toolbox. The PVE
Toolbox will be a crucial technology for the flight flutter test of
next-generation aircraft, such as the NASA Hybrid Wind Body
Configuration and Quiet Supersonic Transport.

Springing toward
a novel solution

Dryden researcher
submits winning
idea for future
space treadmills

NASA needs to improve its treadmills on
Earth and in space and offered a prize to
NASA researchers who could help with the
technologies to make it happen.

Dryden researcher Christine Jutte
answered this “NASA@Work Challenge”
with a new technology, for which NASA
awarded her an Innovation Award of $200.
In a nutshell, Jutte proposes a new spring
design that, unlike coil springs, maintains
a constant force over a large deflection.

The NASA challenges are intended to
find answers to research questions within
NASA using a collaborative, problem
solving, Web-based approach. Cash awards
were offered to the researcher with the best
solution for each of 20 posted challenges.
The NASA@Work Challenge is one of
the incentive programs developed by
InnoCentive, a Waltham, Mass., company
NASA has contracted to spark innovation
through a series of challenges.

Gail P. Perusek of Glenn Research Center,
Cleveland, is the Exercise Countermeasures
project manager who issued the treadmill
challenge. Perusek’s project is part of
NASA’s International Space Station and
Human Research project offices. She
notified Jutte by e-mail.

“Congratulations,  Christine. ~ Your
‘Customized
force spring’ stood out as an intriguing

contribution, constant-
new avenue that we had not considered,”
Perusek wrote.

Jutte welcomed the news.

“I am excited to see that my previous
rescarch in nonlinear spring design is
useful to this challenge. There are many
applications out there that can be improved
with non-traditional, customized springs;
the fulfilling (and fun) part is discovering
these applications,” she said.

The new concept is a customized

constant-force spring design and was judged
the best idea for meeting the challenge of
minimizing force fluctuations over a person’s
maximum gait displacement of 18 inches,
while also ‘minimizing mass, volume and
power requirements. It replaces gravity so that
someone exercising in a simulated zero gravity
environment on Earth, such as on a horizontal
suspension treadmill, or someone who is
exercising without gravity in space would still
feel the effects of gravity with every footstep
taken on the treadmill.
To  achieve  the
goal, Jutte suggested
simulating gravity with
the constant-force
springs she developed.
The springs, which look
like flattened  wires,
would work by pushing
the person toward the
treadmill to feel the
effects of gravity during
exercise. The springs
could be designed for
each individual user to
accommodate different
sizes and weights and
also so that it can

user and algorithms to scale the springs for
different applications.

Applications for the constant-force spring,
or nonlinear springs in general, could go far
beyond space treadmills to more terrestrial
uses such as improving artificial implants and
prosthetics since many biological materials
have a nonlinear stiffness, she said. The
springs might also help reduce injuries by
making heavier objects feel almost weightless
while a person performs a task. In that
case, the springs are used to counterbalance
the heavier object. When using the same
concept in machines, smaller motors can
replace larger ones, potentially leading to
energy savings.

Regardless of how it will be used, Jutte’s
constant-force spring was judged to be a new
approach that merits further investigation.

I

NASA Photo

simulate both gravity Inthe background, astronaut Edward Lu, Expedition 7 NASA ISS science
conditions on Earth as officer and flight engineer, exercises on the stations Treadmill Vibration

well as lunar gravity, Lolation System. Above, a test subject runs in a zero gravity simulator on

which is one-sixth that Earth in the Exercise Countermeasures Laboratory at Glenn Research Center,

of Earth.

Though some additional engineering
could improve the function of the constant-
force spring for use in space or zero gravity
treadmills, a prototype for proof of concept
showed the merit of Jutte’s ideas. Coincidently,
Jutte’s doctoral thesis was on non-linear
springs, including constant-force springs, and
how to create them. It was on her work at the
University of Michigan, where she also earned
a mechanical engineering master’s degree in
the same area, that she based the foundation
for her NASA challenge work.

Jutte said she was delighted when her
doctoral work culminated in a computer
program that created nontraditional spring
designs from specifications provided by the

Cleveland. Below, Christine Jutte shows a prototype of her spring design.
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Dryden researcher Marty Brenner, left, and Tao Systems president Arun Mangalam are working together on
advanced technology that has been validated and verified in flight on a Dryden F-15B. They hope to see develop-
ment of their ideas continue with the FIA-18 research aircraft pictured at left.

Fly-By-Feel systems represent the
next revolution in aircraft controls

Flight experiments validated
‘hot film’ sensors. Now, the
challenge is to move the
technology to the next level.

See Hot film sensors, page 14 See Fly-by-feel, page 14
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Mangalam brings Dryden ideas, technology

ED10 0223-01 NASA Photo by Tony Landis

Arun Mangalam, Tao Systems president, is working on several Dryden

Fly_by_feel from page 13 projects, including one involving the G-I aircraft behind him.

See Tao of systems, page 27
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_:launches
ASA-' payioad later this

o ._ycar ‘with its Xaero reusable
~ laun vehlcle, 1t will mark

begm ng of a new era in
partnership
as the Flight Opportunities
program takes flight.

The Flight Opportunities
program is one of ten programs
organized under three divisions
comprising the Office of the
Chief  Technologist’s ~ Space
Technology  program  (see
accompanying article). The
Space  Technology program
is focused on foundational
rescarch  and  technology
advances to be made in a wide
range of future missions.

Masten won the NASA-
funded Lunar Lander
Challenge in October 2009
and demonstrated the first-ever
vertical takeoff and landing
vehicle in-air engine re-light in
May 2010. Masten plans for
initial flights to take place at
the company’s 200,000-square-
foot test area at the Mojave
Air and Space Port. The Xaero
vehicle is a reconfiguration of
the company’s Xoie platform,
which won the Lunar Lander
Challenge.

Masten officials are confident
they will meet the conditions of
the $250,000 contract NASA
awarded them for launching
NASA payloads to required
test conditions, said John Kelly,
Dryden Flight Opportunities
program manager. In fact,
NASA has guaranteed payment
for launch services only when
they have been successfully
rendered.

Armadillo Aerospace
of Heath, Texas, with its
SuperMod  launch  vehicle,
also was awarded a $250,000
contract for launch services.
Earlier Mod vehicles were
successful competitors
in NASAs Lunar Lander
Challenge, the earlier version

taking first prize in 2008 and
the SuperMod version winning
second place in 2009.

SuperMod ~ was  severely
damaged during a flight test in
June. Company officials decided
that rather than continue with
a vehicle that is now part of
the company’s legacy, they
would put all attention and
resources into development of a
Suborbital Transport Inertially
Guided reusable rocket program,
which is “going very well,”
said Neil Milburn, Armadillo
vice president of program
management.

Success in the development of
the STIG family of rockets— STIG
A-IT is under construction and
an inaugural flight is anticipate
later this summer — will make the
company competitive in future
Flight Opportunity contracts,
Milburn said.

Challenges have delayed both
Masten and Armadillo, but
that’s to be expected in a nascent
industry experiencing many of
the same growing pains that
characterized early development
of the airplane, Kelly said.

The program is fashioned after
the successful Kennedy Space
Center, Fla., launch services
contract. Both contracts rely on
companies to have the ability
to provide the services NASA
needs.

“We are like a broker in that
we are looking for payloads and
flight platforms for achieving
the technical benefits we want,”

Kelly said.

Meeting of the minds

Before the first request
for proposals had been fully
developed, Flight Opportunities
officials met at Dryden in
January with suborbital reusable
launch vehicle providers and
payload integrators during an
Industry Day. The goal of the
event was to determine which
companies were interested in
providing services and to convey

ED10 0226-05

Patrick Chan, second from left, explains components of the Dryden-
developed fiber optic strain-sensing technology to Bobby Braun, second
d Jfrom right. Also pictured are Tom Horn, left, and Robbie Schingler.

OCT structure is
focused on tech

NASA Administrator Charlie Bolden created the Office
of the Chief Technologist in 2010 and named Bobby Braun
to head it.

Since then, that office has been tasked with focusing
NASA’s technology efforts across the agency, eliminating
duplication and creating a new structure in which to
advance the agency’s technology-development goals. Three
divisions, each representing a higher technology-readiness
level, and their key elements, are listed.

Early Stage Innovation

The Early-Stage Innovation Division sponsors a range
of efforts aimed at advanced concepts and emerging
technologies across academia and industry, at NASA field
centers and at other research institutions. The Early-Stage
Innovation programs include:
e NASA Innovative Advanced Concepts — focused on
visionary aeronautics and space system concepts
* Space Technology Research Grants —focused on innovative
research in advanced space technology and fellowships for
graduate student research in space technology
e Small Business Innovative Research, also known as
SBIR, and Small Business Technology Transfer, or STTR,
programs — intended to engage small businesses in acrospace
research and development for infusion into NASA missions
and the nation’s economy
* Centennial Challenges — provides prize incentives
to stimulate innovative solutions by citizen inventors

See OCT, page 18

NASA Photo by Carla Thomas



to the industry NASA’s
intended direction on
acquiring  commercial
launch services, Kelly
said.

Representatives of
more than 20 acrospace
firms met with Flight
Opportunities  officials.
In addition to companies
learning about NASA’s
plans, company
representatives were
given an opportunity to
comment on the request
for services that NASA
planned to issue.

“We considered the
feedback from industry,
and we clarified a few
items and made a few
adjustments  prior  to
releasing the request for
proposals,” he said.

Also at that event, Steve
Meier, director of the Cross-
Cutting Demonstrations
Division of NASA’s Office of
the Chief Technologist, stressed
the  partnership  approach
that NASA seeks to take with
commercial ~ launch  vehicle
firms. Michelle Murray of the
Federal Aviation Administration
Office of Commercial Space
Transportation outlined FAA
licensing and the commercial-
launch approval process.

A new paradigm

Offcials said they hope the new
approach will lead to significant
cost savings to NASA as reusable
launch  vehicle  technology
matures. In addition, they hope
the research that will take shape
is inspiring to students and will
result in technology development
of benefit to the nation.

Unlike  past  development
efforts, in which NASA has
contracted for a vehicle and
then paid for its operation to
achieve agency goals, the Flight
Opportunities program is
structured to enable NASA to use
commercially available vehicles
for its own research and provide
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" Photo cm;rtesy of Armadillo Aerospace

Armadillo Aerospace  sees its  Suborbital
Transport Inertially Guided reusable rockets,
pictured in this image, as an answer to getting
scientific payloads to flight conditions.

opportunities  for  researchers
across the nation, Kelly said.

Dryden was selected to manage
the Space Technology’s Flight
Opportunities program under
NASA  Headquarters program
executive Laguduva Kubendran,
a former member of Dryden’s
technical management staff.

The  Flight  Opportunities
program  incorporated  two
existing projects. Ames Research
Center, Moffett Field, Calif.,
began the Commercial Reusable
Suborbital Research activity for
the agency’s former Innovative
Partnerships ~ Program  office.
The second project, Facilitated
Access to the Space Environment
for Technology, also originated
in the former IPP office. Flight
Opportunities officials will seek
and foster capabilities and use
services from the commercial
sector, initially for suborbital
flight services.

Flight-testing is expected to
reduce risk inherent in the use of
emerging technologies, procedures
and overall space operations by
demonstrating application in a
relevant environment. A measure
of program success will be the
extent to which it can infuse

OCT «=« from page 17

and independent teams outside the traditional acrospace
community
e Center Innovation Fund - stimulates creativity and
innovation at NASA field centers

The Early Stage Innovation programs are an incubator for
a multitude of high-risk, high-payoff ideas that, if successful,
will result in further development as part of higher-level
technology-development programs or adoption into other
government or commercial efforts. Participation in all of these
programs is based on competitive selection.

Game-Changing Technology

The Game-Changing Technology Division focuses on
maturing advanced space technologies that may lead to new
approaches for NASA's future space missions and solutions to
significant national challenges.

The two programs in this division, the Game-Changing
Development Program and the Small Satellite Subsystems
Technologies Program, determine the feasibility of novel ideas
and approaches that have the potential to revolutionize future
space missions.

Through significant ground-based testing and/or laboratory
experimentation, the Game-Changing Technology Division
matures technologies in preparation for potential system-level
flight demonstration. Those demonstrations could be within
the Crosscutting Capability Demonstrations Division, other
NASA mission directorates or other government agencies.

The focus on game-changing technologies is that over time,
despite expected challenges pushing the limits of new ideas,
the overall investments are expected to result in dramatic
advances in space technology. Those advancements will enable
new NASA missions and potential solutions for a wide variety
of society’s technological challenges and will be measured. In
this division, more than 70 percent of funds are competitively
awarded.

Crosscutting Capability

One of the greatest challenges NASA faces in incorporating
advanced technologies into future missions is bridging the
mid-technology readiness level gap between early conceptual
studies and infusion of new technologies into the planning of
a science or exploration mission. Maturing a space technology
to flight readiness status through relevant environment testing
present a significant challenge in management of cost and
risk. The Crosscutting Capability Demonstrations Division
matures a small number of technologies that are beneficial to
multiple customers. Technology considered too risky or too
costly for a mission can be proven mission-ready.

The Crosscutting Capability Demonstrations Division
consists of three programs that will demonstrate technologies
in a relevant environment:

* Technology Demonstration Missions Program

* Edison Small Satellite Demonstration Missions Program

* Flight Opportunities Program

new technologies into NASA
missions while encouraging
development of commercial
space services as well as a
customer base for the emerging
industry.

- The commercial suborbital
flight services offer access
to a flight environment that
provides 3-4 minutes of
microgravity during  which
technology payloads can be
tested. Also as part of the
program, technology payloads
will be tested on parabolic
aircraft flights that can simulate
microgravity and the reduced
gravity environments of the
moon or Mars, with the goal
of maturing applications for
future space missions.

The Flight Opportunities
program Dryden’s
experience and expertise in
planning and conducting flight
tests of new aeronautical and

leverages

spaceflight concepts, Kelly said.

Launch services

About a dozen companies
make up the
suborbital

commercial
launch  industry.
The industry’s capabilities are
evolving, however, and a much
smaller group stands ready to
provide commercial payload
service in the immediate, Kelly
said.

To make it easier for NASA
to broker deals with scientists
and researchers seeking launch
services and the companies
that provide them, the agency
issued a request for proposals,
which closed in June, secking
companies to provide future
launch services for the next two
years.

Each company chosen is
guaranteed minimum funding
of $10,000 and will be able to
compete for launch payloads
provided through NASA’s
Flight Opportunities office.
Total funding to be made
available through the two-year
program is $10 million and
will center around three flight

ED11 0021-14

NASA Photo by Tom Tschida

Michelle Murray of the FAA Commercial Space Transportation office spoke to representatives of aerospace firms Jan.
25 during a Flight Opportunities Program Industry Day at Dryden.
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space  technologies to
be demonstrated and
validated in
environments.

relevant

Payloads and teams
from 10 states and the
District of Columbia
were selected from among

applications received in
response to a NASA call
Laguduva Kubendran John Kelly issued in December. Of

levels, all of which are suborbital,
Kelly said.

It’s expected the first contract
awards will be made before the
end of September. Some of the
flight opportunities that will be
funded will include experiments
aimed at advancing science,
technology and education.

Payloads announced

In May, Flight Opportunities
officials announced the selection
of 16 payloads for flight on the
commercial Zero-G  parabolic
aircraft and two suborbital
reusable launch vehicles. The
flights provide opportunities for

the payloads, 12 will ride
on parabolic aircraft flights, two
on suborbital reusable launch
vehicle test flights and two on
both platforms.

The  commercial  Zero-G
aircraft payloads will be flown
during a weeklong campaign
from Houston’s Ellington Field in
mid-July and another flight series
in September. The suborbital
reusable launch vehicle payloads
will be flown on Masten’s Xaero.

Proposals for payloads to
be flown on the commercial
vehicles will be accepted until
Dec. 31, 2014. Drydens Flight
Opportunities office manages the
commercial suborbital reusable

launch vehicle contracts. Payload
activities for the program are
managed at Ames Research Center.
A complete list of the 16 proposals
chosen and more information
on the Flight Opportunities
program are available at heep://
flightopportunities.nasa.gov.
Four more parabolic aircraft
flight opportunities are set for
2012. These flights will include
microgravity
environments that simulate near
zero gravity, the gravity of the
moon and the gravity of Mars.

experiments  in

Pilots will fly the parabolic
profiles for brief periods of reduced
gravity while the researchers tend
to their experiments in the aircraft
cabin. Each flight will permit
as many as 60 reduced-gravity
opportunities.

Regardless of whether the
opportunity is provided on a new
launch vehicle or on an aircraft,
the Flight Opportunities office
strives to break new ground in
technology development as it
forges new partnerships with
commercial flight providers.
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Dryden helps determine
whether sonic booms will
create false alarms

By Gray Creech
Dryden Public Affairs
Dryden and Seismic Warning Systems Inc., Scotts Valley, Calif., are
evaluating the company’s QuakeGuard earthquake warning system
to determine whether sonic boom&‘iause the system to register false
alarms. |
Under a NASA Space Act agg;.eengen; “the company has installed
two of their QuakeGuard wasnmg vselsmometers at Dryden. With
the system in test mode, not warning mode, devices were installed in
- Dryden’s main office building, spaced about 100 feet apart and tied
into the building’s foundation. Vertical accelerometers in the devices,
using the company’s proprietary algorithms, are designed to detect
precursor, or “P” waves that travel ahead of the primary, destructive
“S” shockwaves generated by earthquakes.
Drydens Innovative Partnership Program Office, which is now
known as the Innovative Partnerships Office, helped establish the
Space Act Agreement that is the foundation for the partnership. In
_addition, the IPO Office and NASA’s Airborne Sciences program
funded the purchased of seismometers.
Also as part of the Space Act Agreement, Seismic Warning Systems
loaned Dryden additional seisometers for the flight research.
So far, normal sonic booms are not causing the system to generate
false alarms. But Dryden, in an effort dubbed SonicBREWS, or Sonic
Boom Resistant Earthquake Warning System, put the system to the
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NASA/JPL/USGS/Google
The UAVSAR aboard NASAs Gulfstream I research aircraft captured
this interferogram of the magnitude-7.2 Baja California earthquake
that struck on April 4, 2010. The interferogram is overlaid atop a Google
Earth image of Californias Coachella Valley-Salton Sea region. Dryden is
evaluating Seismic Warning Systems’ earthquake-warning seismometers
to determine whether sonic booms could create false alarms.
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ED11 0022-13 NASA Photo by Tom Tschida

Dryden sonic boom researcher Ed Haering answers questions on NASA
sonic boom research during a Jan. 25 NASA.gov Web chat. At right is
Gray Creech from Dryden public affairs.

test with three flights during which an F/A-18 aircraft made sharp
dives to generate sonic boom shockwaves directly on the building,
thereby better mimicking the P waves.

Such a system is currently in operation in California’s Coachella
Valley, with warning devices installed in several schools and fire
stations. The system worked during one of California’s most recently
felt quakes, the 7.2-magnitude Baja California earthquake that
occurred April 4, 2010, the strongest in the region in 18 years. The
earthquake was larger than the devastating 7.0 Haitian earthquake of
last January.

The QuakeGuard system successfully detected the Baja quake’s P
wave 90 seconds before arrival of the S waves and set off alarms that
included the automatic raising of local fire station doors, which are
integrated into the system. During earthquakes, fire station doors
are frequently jammed shut, interfering with local fire department
response.

Depending on the geographic distance from an earthquake
epicenter, officials estimate such warning systems could provide up
to five minutes warning prior to the arrival of a distant quake, but
only seconds ahead for a device located near the epicenter. Though
90 seconds may sound like little warning, that much time or less is
enough to allow people to take shelter, for automated valves on gas
company pipes to shut gas off and for fire station doors to open.

Plans are being developed for installation of such a system in the
Lancaster-Palmdale area, which lies adjacent to the San Andreas Fault
about 70 miles northeast of Los Angeles. Due to the frequency of
sonic booms in the area from flight test aircraft operating out of
Edwards Air Force Base, Seismic Warning Systems must determine
whether sonic booms need to be filtered out of the system.

Additionally, Dryden is working with the company on a white-
paper study of the technology and the effects of sonic booms, or
lack thereof, on its capabilities.

Aerovations

Fastener

Hyper-Therm High Temperature Composites of H |
Beach, Calif., has developed a low-cost ceramic composite
mechanical fastener system that may become an enabling
technology for the next generation of propulsion systems and
hypersonic and space vehicles.

As a result of NASA Small Business InnovativedB
Hyper-Therm completed with Dryden overs
developed and validated the high-te
Currently, the company is in discussi
aerospace companies about potential

For example, interest in Hyper
fastener has resulted in a partners or turbine
engine manufacturer. That compa more than
$170,000 for continued develop
fastening methods, said Wayne Ste
and principal investigator for the
artnership, which constitt

steners and

project.

ase II work, for *}/}ellopment and valida

emperature fasteners. The new fasteners are considere

omical compared to alt
niques, Steffier said. In ad
incapable of withstandin

ative fasteners and fastening
hough metallic fasteners
treme temperatures of

ructures capable of withstanding

nsional, ceramic, mechanical
ated out of flat, laminated, plate-

In the
background

is the high-
temperature
Jastener system.
At right are
composite

lap joint test
articles.

Photos courtesy Hyper-Therm High Temperature Composites
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does not look like a traditional bolt that you buy
ore. We are able to greatly reduce the cost of a typical
ause we are using flat, plate, laminated material and we
eed to machine threads into the ceramic composite element
fastener,” Stefhier said.
cause the fastener is fabricated with the same materials as the
ining structure it is being used to fasten together, it is essentially
al-stress free. This reduces a lot of the complexity associated
joining high-temperature structural assemblies.”
w valuable was the SBIR work in advancing this concept?
“It would still be sitting on the back burner if it were not for
SA funding the effort,” Steffier said.
ryden was helpful as the overseer of the work, he added. More
ifically, he said Dryden contracting officer Craig Stephens
elped focus the concept on applications NASA has interest in,
such as hypersonic vehicles. That direction led to Lockheed Martin’s
interest in using the technology in development of a potential future
personic vehicle, Steffier said.
oversaw SBIR Phases I and II work.
premise of the SBIR effort was to develop a high-
ner that was lower-cost than traditional methods.
nperature fasteners are usually made from three-
igh-temperature, composite materials, which
egifnl with and then you have to machine specific
5 the cost per bolt becomes fairly significant,”
Stephe
Hype

sed a more cost effective, high-temperature
e I work, which the company was awarded.
eloped a design based on plate material,
perature fastener that is much more cost-
as to develop the concept and conduct initial
g of the fastener design.

the company began to acquire more data on the
s capability. Hyper-Therm completed planned room
emperature and high-temperature testing of the fastener and
ceramic composite lap joint sub-elements at different orientations
relative to the primary orientation of the two-dimensional fastener.
The research enabled them to characterize how the fastener would

NASA is interested in high-temperature fasteners for joining
sections of thermal protection systems, hypersonic engines and
flight control surfaces, Stephens added.

Working with Hyper-Therm has gone well.

“Hyper-Therm is a good company and Wayne Steflier was very
excited about this effort. He was very interested in the concept and
spent a lot of time coming up with analysis techniques,” Stephens
said. “It is exciting to see an SBIR [project] that has this kind of
business potential.”

The SBIR program is an important tool for allowing businesses to
explore new ideas and for NASA to determine if these ideas can be
matured into new technologies, he added.

“Knowing that the NASA SBIR process is available provides
NASA opportunities, when we are talking to companies, to direct
them to the program and help them mature a potential technology
that may be beneficial to both organizations,” Stephens said.

This SBIR work has benefited the company.

See Fasteners, page 29
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When Dryden researcher
Sunil  Kukreja
a team for an Innovative
Partnerships  Program  Seed
Fund effort to begin looking
at  health monitoring  of
composite material airframes,
he did so with partners from
the University of Michigan,
Ann Arbor.

Kukreja, who holds a
doctorate in nonlinear system
identification,  forged  the
partnership with his long-
time University of Michigan
colleague Dennis Bernstein,
who has a doctorate in control
engineering, and Bernstein’s
students. Recently, Amy Wu
and Tony D’Amato, two of
Bernstein’s students involved
in that research, visited Dryden
to share the results of the
collaboration.

assembled

The  collaboration  too
the team steps closer in the
theoretical mathematical
formulation and development
of algorithms required fo
on-line health monitoring o
next-generation aircraft made
from composite materials. The
work could ultimately allow for
greater passenger safety and cost
savings for airliners, enabling
users of the technology to learn
from the aircraft when and
where maintenance is required
and reducing the need for long
inspections currently required,
Kukreja said.

The way the team was looking
at achieving the goal was by

ED10 266-05

representation —
sensors in the

presence  of

variations from the baseline
operation and external factors
during  ambient  conditions.
Validation of the fault detection
architecture could allow health
monitoring in real time on board
with the addition of the proposed
algorithm and software to existing
cockpit computers.

The work has been a success and
Kukreja and his team learned

NASA Photo by Tom Tschida

Craig Stephens, right, makes a point during a tour of the Dryden Flight Loads Laboratory. From left are Dryden
researcher Sunil Kukreja and two University of Michigan students with whom he worked on a recent project,
Tony D’Amato and Amy Wa.

for new recarch on multiple that the math and theory had
input multiple output, or application not only to what I
MO, formulation and the _am doing, but that there are all
nonlinear effects on sensor-
only system identification..
This award advances the team’s
previous work.
Wu, a second-year grad
student in

engineering, worked

aerosp

system identification
part of a sensor-onl
detection. It was a
learning experience, she
“Its  good

problems with someor

to wor

See Partnerships, page 23 -

about in class, but I think more
about it now that I've heard it
from them [the researchers].
Sometimes you get lost in the
research. What you are trying
to achieve, getting the codes
to work — it can be frustrating.
But I learned it’s the nature of
research and you just have to
deal with it and keep at it,” she
said.

During the visit and tour of
Dryden, she had a favorite part.

“I worked on the 747-8 at
Boeing and I liked secing
the Shuttle Carrier Aircraft.
It had a special meaning for
me. Being in the aircraft and
knowing it carried the shuttle
was pretty cool. I know people
who have been to Dryden, but
now I have seen it for myself.
I really appreciated the level of
questions from the engineers
and their interest and what
they shared with me,” she said.

D’Amato’s work focused on
the development of structural-
health monitoring techniques
based on system identification
and estimation methods.

“Thus far we have developed
techniques for the linear case
and several nonlinear models.
The goal of the research is
to use models obtained with
identification and estimation
to facilitate damage detection
and localization in aerospace
structures,” he said.

D’Amato said he
much from the proje

“The most importa
that I learned from ¢
so far is the differenc
practical applicatio
theoretical '

is nonlinear and, worse yet, most
of the assumptions we impose on
our methods and algorithms are
violated when operating in the
real world. Through this project,
I had the opportunity to work
with real data gathered from
experimental setups. This gave
me the chance to reflect critically
on my work so far and determine
which assumptions were valid and
which were unrealistic,” he said.
The hard work paid off.

“The most rewarding aspect
of the work so far has been
the presentation of our results
at national and international
Meeting  other
researchers interested in the same
types of problems, discussing
the complications and possible

conferences.

resolution helps to give the
project perspective. When I
get stuck, I think back to these
conversations and realize that I
am not the only one struggling
to solve these issues. Sometimes a
simple informal discussion about
the work has led to great ideas,
which helped to push the project
forward,” D’Amato said.

Working with researchers helped
focus his efforts.

“The overall goal of the project
is fairly clear, namely, to detect
and find damage in aerospace
structures. The problem is that
this is really an interdisciplinary
subject, specifically, structures,

dynamics and modeling wi
any potential routes and just as
any dead ends. I have found it
1sy to get discouraged. However,
ing  with  experienced
cchers  has  helped me
issues under the simplest
s and then expand
ideas until the issue is
I have learned how to
research in a scientific
nd then communicate
and results in a clear

ise fashion to other
» ’ .

“The  greatest  challenge
so far was recognizing the
multidisciplinary  nature  of
the work and learning how
to incorporate advice and
guidance from my peers and
mentors. I was challenged to
function as a team member to
solve a complicated problem.
As a senior student in our
research group, I am expected
to act as a mentor to incoming
students. This perspective helped
me realize that engineering is
fundamentally a team effort
and the unique experiences and
backgrounds of the individual
team members are what make the
group more capable of solving
difficult problems,” he said.
D’Amato said he enjoyed the
tour of Dryden facilities.

“We  were
explanations

offered  great
and  discussion
on the various projects and
experiments. I enjoyed the static
aircraft displays, especially the
SR-71 and the X-15. I had never
seen these aircraft in person, but
had read extensively about the
programs. Without a doubt,
it was projects like these that
influenced me from early on to
become an aerospace engineer.
It had also been a dream to
work with NASA, so getting the
opportunity to visit and tour
the_facility was somethi

¢ advantage of
working with Dryden.
“Working with the researchers
at Dryden has helped me make
the connection between the
fundamental tools we learn as
students in engineering and
real-life  problems faced by
researchers advancing the state
of the art,” D’Amato said.
Kukreja said the students
worked hard on the project and
he enjoyed working with them.

he shared his specialties in non-
linear  system identification
as the keynote speaker at the
International Conference
on Non-Linear Problems in
Aerospace World Congress in
Brazil.

With  the University of
Michigan students, Kukreja said,
solid work was accomplished.

“We developed good
algorithms for a sensors-only
approach. That means we don’t
need inputs to excite the system
to determine the health of a
structure,” he said.

With the revolution under way
with fiber optics, determining
structural health will be possible
in the future. Kukreja is already
analyzing real flight data from
accelerometers, as well as
strain and loads data obtained
from fiber optic sensors, in
preparation for in-flight research
to obtain critical information
about aircraft health and or
performance in real time, as it
is being collected on an aircraft
in flight. Such an algorithm
could then be fully developed,
paired with the mathematical
estimation work and packaged
for commercial use.

“The algorithm will work in a
simulation environment such
as Simulink in Metlab,” he said,
ferring to the software used
n testing, “but does it work
n reality with interaction and
complications in  real-world
situations? Will the flight test
data validate the algorithm for
structural health monitoring?”

In time, progress on the
algorithms and mathematical
framework for the concept
could lead to a new day in safety
and maintenance of composite
structures. For now, researchers
such as Kukreja will continue
and

to work collaborate

with studen
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esearch and software being developed at Dryden S 1t H
could provide future aircraft designers with a B I R op po rtu n Itles
better prediction tool that will accurately gauge 1 i
how axf aircraft would fly when a flight cfntr%)l hel p teCh I n n ovatl o n
surface is damaged and adaptive, or “intelligent,” flight
control software is used to compensate for the loss.
Ample handing-quality metrics are available for standard
areas of the flight envelope. However, damage to a flight
control surface may require the aircraft to operate in regimes
for which there currently are no handling-quality scales
or tools that can predict how the aircraft will fly or if it is
flyable, explained Bruce Cogan, a Dryden researcher and
lead on the project.
One example is cross coupling, which causes an unexpected
response to the aircraft when the pilot moves the control
stick. If the pilot pulls back on the control stick to climb the
aircraft may climb, but it will also roll to the left or right.
That left or right motion could make the aircraft hard to
control. This situation is generally not a concern, except in a
case where the aircraft has been damaged.
This research is intended to provide a metric for use by
future designers in measuring cross coupling and building
control laws to eliminate it, Cogan said. The tool could
eventually be part of standard engineering software that
aircraft designers use. Somewhat ironically, research with one
of the few fixed-wing aircraft where cross coupling applied
also was done at Edwards Air Force Base. The AD-1 research
aircraft, which was flight tested at Dryden, exhibited heavy
cross coupling due to the ability to change the angle of the
wing in flight.
The concepts were developed initially through Small
T Business Innovative Research work with Hoh Aeronautics
ED10 0042-16 - NASA Photo by Tom Tschida Inc. of Lomita, Calif., and are based on a metric developed
for helicopters. Unlike fixed-wing aircraft, helicopters
exhibit cross coupling in routine flight. The overall concept
is to apply helicopter cross-coupling metrics to a damaged
fixed-wing aircraft.

The end result is software that predicts how an aircraft
would fly when damage occurs in flight and how well an
adaptive controller compensates for cross coupling. That
software recently took flight in a U.S. Air Force Test Pilot
School simulator and on the F-16 variable-stability in-flight

simulator test aircraft, or VISTA.
“The VISTA is a good test bed for the research because the

aircraft software is easy to modify and the aircraft is able to

| |
‘fly’ like different aircraft,” Cogan explained. “In this case,
the software was modified to fly like an F-16 and simulate
effects of various degrees of simulated cross-coupling damage

to the flight control surfaces.”
For the flight tests, the aircraft took off under student

NeW tOOI cou Id accu rately gauge how an control and in the air the instructor pilot would switch to

one of 25 pre—progra_mmed conﬁgurations, changing it to

ai rc raft Wi I I fly Wh en a fl i g ht CO ntrOI SuU rface enable the student to fly the new configurations, Cogan said.

Also, safety trips were in place to ensure that flight controls

is damaged and adaptive flight contrOI reverted to those of a standard F-16 in case the aircraft
software compensates for the loss Stz aditetion G ey

A software-development team prepares for a flight with a new research tool. In the aircraft, from left, are Ryan McMahon and David Marten. Outside the
cockpit, from left, are Katherine Ryan, an unidentified technician, Gianmarco Di Loreto, Jade Lemery and Bruce Cogan.
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Filling a need

Chief test pilot says partnership engaged students
and offered an example of what flight test is all about

X-Press editor Jay Levine recently talked with William Gray, the U.S.
Air Force Test Pilor School chief test pilor and staff advisor for Project
Icarus: A Limited Handling Qualities Evaluation of Cross-Coupling.
Gray talked about the value the project had for students in their
partnership with Dryden researcher Bruce Cogan.

What was the biggest benefit to the TPS with this research project?
Every student in every class is involved in a student test-
managemc&t project. It’s al real-world test project. We want
it to be somethin; important, valuable and new. There is a

This particular one was really good

wing aircr it needed to be done. It was a chance for our
students to be 1nvolved ina pro;ect that would, no kidding, affect

otivation of “it matters.” Its not a make-believe thing. We don’t
do many make-believe things, but some things are more interesting
than others and this is a particularly interesting one.”

w were students selected for this project?
dents have opportunities to request the projects they work on,
atch for several who were selected for it. It was
orqulth englneén)liaences for which
ucation. There was a lot of benefit to bringing

t of benefit in te
ach them here about aircraft flying-

tr_cstmg — r
What were the blggest challenges> =8 ‘ %
From my point of 1ew, the biggest challengc on any project ke
this is scoping it. ecaus really, fully answer the questi
that [Dryden res ch ] Br; [Cogan] ‘had, that NASA d
and that we had, w have taken easily 10 tx{ncs more flight
hours and man hks to do. We had to scope it into something
the students can

hours a day. This is something that they do in addition to their
regular schoolwork. We had to scope it [the project] to the
point where they had a chance to get good, solid answers and
not be overwhelmed with the amount of data or preparation.
Nevertheless, they had to work hard. This was not a simple subject.

What was the biggest success from a TPS standpoint?
There were problems they had to solve and whenever they are

of bringing

e they were still attending school elght

solving problems, they are learning. From the standpoint of the
school, once again, we are producing information that is adding to
the body of knowledge on how aircraft fly and how pilots interact
with aircraft. We learn a lot when we put together a project like

this.

How did the aircraft fly with the algorithms?

W had to build these algorithms so that vfcould change B way

the airplane flew in predictable ways. The big question was, if a
pilot is controlling the pitch by pulling back on the stick to raise
the nose, what if the alrplane also rolls? So now the pllot would
have to control that, too. It could roll a little bit, or it could zoll 2
lot. It could roll so much that the pilot would lose control of the
airplane. Vice versa, what if the pilot goes to roll the aircraft and
it pitches too? Same thing. If it pitches a little bit, the pilot may
not notice it. If it pitches a lot, it may give the pilot problems.
If it pitches too much, the pilot may lose control of the aircraft.
We looked at both of those factors from [the standpoint of] how
much any given change would affect the flyability of the aircraft.
There were numerous times where we would run the algorithm on
the NF-16D VISTA control laws, and students who were doing
the flying in the front seat would lose control of the aircraft and
the safety systems in VISTA reverted back to st:indard controls. It

was very phyﬁs‘ﬁalj‘y demandlng
2 A, & *
How did it fly? e ' \r
Sometimes it really wéll sometimes really, really
bad. They needtd those datz}m see how the aircraft

would fly with a certain ount of cross corTol

What do you thir about e prospects of the flight
experiment? i

Data obtained from  the flights resulted in devclopmcnt of a

credible prehmlnary [flight] envelope. In a nutshell, designers

could use the information in determining how an aircraft would

fly with certam'\i and the extent to which it could be

controlled.

We understand the problem better now. A lot of times, when
you are just starting out research, you sometimes create more
questions than you answer but it just brings you that much
closer to solving the original problem. With the guidance
they have come up with, I think we are pretty far down the
path toward having useful information for future designers.

Aerovations

approached dangerous conditions. Then, TPS students flew
and rated the controllability of the aircraft in about 230 flight
scenarios during nine research flights.

As a whole, the software predicts cross coupling and the
controllability of the aircraft, which were then compared to the
students” experiences. Students used the Cooper-Harper scale, a
recognized pilot rating system for flying qualities, to judge the
aircraft performance. A tracking task was designed by the students
to evaluate the aircraft. Early results showed a good comparison
between predicted and actual handling qualities for varying
degrees of cross coupling,.

The enthusiasm and contributions of the student pilots added
to the positive results, Cogan said.

“We listened to their comments, and they thought of things we
didn’t about introducing cross-coupling challenges,” Cogan said.
“They wanted to get good results for us on what was a very tight,
compact schedule. It was a win-win.”

The Air Force Test Pilot School team included project pilots
Maj. Dail Fields, Maj. David Marten and Italian Air Force Capt.
Gianmarco Di Loreto. Project engineers included Robert Koo,
Jade Lemery and Katherine Ryan. Bill Gray was staff advisor for

Tao of systems .=« from page 15
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the project, which the Test Pilot School called Project Icarus:
Limited Handling Qualities Evaluation of Cross Coupling.

The work wasn’t accomplished without a lot of perseverance
and patience, as the concept originated in 2004.

Proposals originally were written for testing the ideas on
the F-15 Intelligent Fight Control Systems aircraft. Dryden
researcher Peggy Hayes first saw the need for this information
when she was working on intelligent flight control systems on
the F-15 and began looking for a solution to the problem.

The ideas were developed with help from Dave Mitchell
through the Dryden SBIR agreement with Hoh Aeronautics.
Mitchell was the principal investigator and used his experience
in handling qualities and helicopters to make the program a
success. Early simulation tests proved successful and led to the
current effort. When Hayes moved on to another project, Cogan
took on the work. Cogan hopes to analyze the information and
refine it for potential use on Dryden test aircraft, such as the
F/A-18 no. 853.

Now that the concept is proven through flight the development
process will continue, leading to validation for its use in helping
make aircraft safer.




DIMNFis a bright idea

Three Dryden researchers are studying the Dynamic Inertia
Measurement Method, or DIMM. DIMM could augment ground-
vibration tests with additional software and hardware to make mass
properties measurements for large structures more accurate and
efficient, less costly and safer.

Claudia Herrera and Leonard Voelker were awarded a NASA
Innovation Fund Program grant last summer to use the DIMM to
calculate mass properties on large structures. It had previously been
proven that the DIMM could be used effectively to measure mass
properties on desktop-sized objects. The latest research was completed
last fall in the Dryden Flight Loads Laboratory.

“Conventional methods for measuring mass properties are an
incredibly big production,” said Herrera, principal investigator on the
project.

“Tt takes a lot of people and it exposes the vehicle to a lot of risk because
for just about every setup you have to do a critical lift. You usually have
to design some big, expensive test fixtures and then you have to analyze
and test those fixtures to show they are structurally
sound for support of the test article.

“In addition, for just about every mass property
value you are trying to measure, you need a
different configuration, which adds risk to the
test article.”

Not so with the DIMM, she said. Because
most of what is required for its use is available
during ground-vibration testing, mass properties
measurements could be taken with just a little
more effort.

As an example, it took a month to obtain
information on seven of 10 mass properties
measurements required to construct a full mass
properties matrix on the crew module used as part
of the May 6 Orion Pad Abort 1 test at White
Sands Missile Range, N.M., Herrera said. With
the DIMM, all the mass properties could have
been obtained in about one quarter of the time
“with one configuration and just one critical lift.”

Because of the ease of use, Herrera said using the
DIMM for large objects could make it valuable for
a number of different design projects, especially

17,000-pound test article built for the research. DIMM test methods
were evaluated with sensors, including six-degree-of-freedom load
cells to measure the support force, or the force on the structure
that is supporting the test article. The excitation, or force input to
the structure to make it vibrate, was achieved through use of an
impact hammer and a shaker and measured through use of a tri-
axial force transducer. Seismic accelerometers were used to measure
the response from the structure as a result of the excitation.

Hardware issues during the tests limited the analysis window, Herrera
said. For that reason, further study is needed for DIMM application
on large test articles for the full-analysis window, which can reduce
uncertainty in results before moving on to the next step: proving and
demonstrating the method on a full-size aircraft.

The research showed promise and additional investigation could
validate use of the DIMM, Herrera said. Success could lead to a day
when the DIMM is used for measuring mass properties that are more
accurate, less expensive and time intensive and with less risk.

in the acrospace and automotive worlds.
“People don’t complete a lot of mass properties
measurements because of the complexity.

Photo courtesy Claudia Herrera

However, with this method, people would look Dynamic Inertia Measurement Method, or DIMM, team members are, from left, Kevin

at the magnitude of difference in obtaining that Napolitano, Ralph Brillbart and William Fladung of ATA Engineering; Dave Brown of the

information, compared to traditional methods, University of Cincinnati; and Dryden team members Starr Ginn, Claudia Herrera and John

and use it,” she said.

Bakalyar. The team is working to validate and verify that augmenting ground-vibration test

Traditional methods and the DIMM concept hardware and software can improve the accuracy, affordability and safety of mass properties
were compared with separate evaluations of a measurements for large structures.
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Innovation ... from page 5

Chan-gi Pak

The capability for flexible motion control will help increase
design options for lighter-weight aircraft, which can lead to
increased fuel efficiency and reduce noise. Reducing aircraft
weight usually means reducing stiffness and increasing
flexibility. Increased flexibility translates into an aircraft
being more susceptible to aeroelastic
phenomena such as flutter, divergence,
buzz, buffet and gusts.

For  lighter-weight  aircraft  and
spacecraft, use of the new materials and
structures, coupled with the new control

methodologies, could lead to drastic
weight reduction and corresponding cost

savings, said Dryden researcher Chan-gi
DPak.

In the past, a key way of meeting

SR
Chan-gi Pak
design challenges with flexible aircraft structures was to design
aircraft using ridged materials in areas where designers were
worried about aeroservoelastic instabilities. Pak said he wants
to change that assumption by seeking to control flexibility
motion through an active control system he calls the Active/
Adaptive Flexible Motion Controls with Aeroservoelastic
System Uncertainties.

He would like to see his control methodology ultimately
flown on an aircraft during a flight test. The predicted results
of his control laws then would be compared to the actual
aircraft measurements and used on a test flight in concert with
standard control laws. The capability to turn off the adaptive
portion of the system provides a mechanism for comparing
the performance of each set of control laws and adding flight
safety to early-stage development.

Curt Hanson
A day may come on which aircraft companies could
cooperate to maximize fuel savings and fly aircraft in formation

Hoh Aeronautics
.= from page 25
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to destinations across the nation. It’s a vision Dryden researcher
Curt Hanson can see, and he isn’t alone.

Gregory Hornby, who has a doctorate in
computer science and is a senior scientist
at Ames Research Center at Moffett Field,
Calif., estimates that if formation flight were
applied to just 5 to 10 percent of national
airspace traffic, an annual fuel savings of as
much as $750 million could be realized.

Dryden research into algorithms that can
identify the peak of acrodynamic forces and
autonomously reconfigure the airplane to
improve efficiency will be key to achieving
those levels of savings, Hanson said. Repositioning aircraft
surfaces to reduce drag could cut fuel use in half and drastically
reduce emissions.

el

Curt Hanson

“An aircraft flying in another aircraft’s wingtip vortex creates
a big rolling moment, and traditional trim schedules deflect the
ailerons anti-symmetrically. It turns out that that type of trim
scheme is exactly the wrong thing to do when flying in formation
for drag reduction.

“CFD [computational fluid dynamics] analysis performed by
the flow physics group here at Dryden will determine the optimal
control trim configuration scheme, and then I will apply a peak-
seeking control algorithm scheme to find that solution in real
time,” he explained.

The technology is called Wing Morphing for Optimal Drag
Reduction in Formation Flight. Futuristic wings may have the
capability to alter their own camber and twist to optimize lift
distribution in the presence of another aircraft’s vortex.

A peak-seeking controller will continually adjust the wing
shape and control trim to account for changes in flight condition,
aircraft weight and uncertainty in the strength and shape of the
leading airplane’s vortex.

Eventually, the peak-seeking controller could be tested on a
Dryden research aircraft.

Fasteners ... from page 21

Hyper-Therm made a presentation at the 35th Annual
Conference on Composite Materials and Structures in
Florida in January as a result of its SBIR work. Several
large aerospace companies approached the company to
learn more about the high-temperature fasteners, Steffier
said. For example, The Boeing Company’s Phantom Works
division in Huntington Beach inquired about the Hyper-
Therm ceramic fasteners for use in a potential reentry
vehicle, he said.

As discussions continue for tapping the new high-tech
fasteners, it is the combination of bright ideas generated
in private industry and insight from NASA through SBIR
work that will ensure the technology is ready when it is

needed.
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For Dryden researchers looking pesss
to protect their ideas, or seeking to ,
commercialize their work, the center has
added a key person to help them.

Julie Holland, who has experience
with Dryden and NASA, recently
accepted a position at the center
as the partnership  development
manager. In essence, she is looking for
“everything and anything novel” that
has licensing or infusion — also known
as commercialization — potential.

Holland’s key goal is to “help the IPP office build an effective
program that contributes to Dryden’s success,” she said. “Both
by facilitating infusion partnerships and leveraging the taxpayer’s
investment by making internally developed innovations available
to the public and private sectors. I thoroughly enjoy putting the
pieces together. There is some real potential here, and that makes
me excited.”

Holland has been involved in all types of intellectual-property
issues, including patenting and technology commercialization,
from the ground up. One example is the establishment of
the NASA Commercialization Center at the California State
Polytechnic University in Pomona, Calif., where she was
responsible for the feasibility study and raising the funds that
created the center. She then was appointed to lead the new
center’s development.

For six years beginning in 1998, she was the director of the
center, a project developed under a cooperative agreement
between NASA and the university. Her job was to develop
the 40,000-square-foot facility, which is the anchor of the
university’s 60-acre technology park. In addition to having

CPP students aid in
new-tech evaluation

When a researcher develops a technology or novel
approach to completing a task, he or she writes and submits
a new technology report, or NTR. If he or she needs help, it
can be found at the Dryden Innovative Partnerships office.

The IPO office, known previously as the Innovative
Partnerships Program office, offers help through its new
NTR Plus program. NTR Plus is designed to collect the
information most relevant to assessing the discovery’s patent
and partnership potential, said Julie Holland, Dryden’s
partnership development manager.

Once an NTR is approved, the IPO office completes the

Julie Holland

See Students, page 31

ED11 0115-05

the center becoming financially self-sufficient within two years of
opening, she pioneered a novel technology-commercialization service
model for early-stage companies preparing to launch new products.

Success of participating companies resulted in NASA’s request for
Holland to build a national business services model targeting the
particular needs of Small Business Innovative Research awardees.
The National Academy of Sciences gave the model favorable reviews.
Also during that time, she organized the team that has supported
Dryden’s evaluation of the commercialization section of SBIR and
Small Business Technology Transfer proposals and championed
equity investment in early-stage technology companies.

She finished her tenure at Cal Poly Pomona as executive director
of business services for the college of the extended university, where
she was promoted to lead college-wide operations. She directed
accounting and finance, registration, information technology,
marketing, contracts and the NASA Commercialization Center.
In that position, she also wrote a successful proposal and made a
presentation resulting in a grant award of $2 million from the U.S.
Economic Development Administration to add four wet labs to the
NASA Commercialization Center that resulted in making highly
specialized labs available to early-stage businesses at an affordable
price.

Holland has also worked to take “game-changing technology,”
a term NASA uses for an advancement that revolutionizes how
something is done, or makes it possible to do something at all, to the
marketplace. Game-changing technology is something Holland has
been working with her entire career, including in her first job after
college graduation, when she was responsible for helping launch an
automated chemistry analyzer in the clinical laboratory marketplace.
She had responsibility for overseeing the training, customer support

See Holland, page 32

NASA Photo by Tom Tschida

Cal Poly-Pomona participants, from left, are Tjler Frisbie, Julio Perez,
Ashley Knoblach, Ravin Kumar, Winny Dong and Olukemi Sawyerr.

Students ... from page 30

initial technology screen, which evaluates how unique the idea or
invention is, what is available that is like it and the possibilities for
commercialization. The evaluation can lead to a full assessment if
the technology shows promise.

That's where students from California State Polytechnic
University, Pomona, come in. In the three-month Tech Screen
pilot project — and, soon, in a six-month trial run — a technical
student/business student pairing chose a Dryden technology to
evaluate. Supervised by a professor, the student teams complete
a preliminary assessment that includes market research, research
that might be competitive with it, a search of the U.S. Patent
Office database for similar ideas, commercial possibilities and
recommendations for pursuing a patent or non-patent track with
the new discovery.

In April, two of the student teams and two faculty advisors
came to Dryden to present information on the technology each
team had chosen for the pilot project. At this meeting, students
and center representatives compared notes on what worked and
what could be refined for the larger, six-month project that will
soon begin.

A preliminary meeting to ensure that the students understand
what the technology is was one of the suggested improvements.
Overall, the Dryden representatives were encouraged by the
students’ work, which included areas of thought no one at
the center had considered, a key reason for seeking student
collaboration.

“It points us in a direction,” Holland said. “We wanted to give
students the framework, but we didnt want to taint how they
would see the possibilities. Put creative minds together and you
experience the power of novel insights.”

The Dryden IPO, previously known as the Innovative
Partnerships Program office, funded the grant. The Aerospace,
Education, Research and Operations, or AERO Institute in
Palmdale administered the grant.

In addition to inspiring students with resume-building
work, the project aims to contribute to science, technology,
engineering and mathematics, or STEM, education, providing
a qualified external capability for Dryden technology
screening. In addition, Cal Poly-Pomona’s three-quarter
entrepreneurship program, which is part of the university’s
Innovation and Commercialization Laboratory, adds a
technology component.

The laboratory is co-taught by Olukemi Sawyerr of the
university’s college of business, and Winny Dong of the college of
engineering, principal investigator on the project. The idea is for
students to learn about business development, entreprencurship
involving technology and product development in a hands-on
manner while working on an interdisciplinary team.

Students had another incentive: the assignment could be a
door to starting their own business, or a pathway to selling a new
product to an established business.

“This program is novel in that non-patent-track technologies
allow opportunities for students to put a business plan together.
If they come up with a plan in the Cal Poly-Pomona curriculum,

“Working directly with NASA on the
newest, coolest stuff and getting insight
into how | can fit into NASA was the best.

It was also like being thrown into ice water,
trying to figure out if it was marketable and,
if it is, who would want to buy it.”

Ravin Kumar
Cal Poly-Pamona mechanical engineering student

they are expected to go out and raise the money, make a prototype,
then launch and sell it if they can. An example is an algorithm that
might not be patent-track, but still might be very useful for games
or an application of some kind. There are all kinds of possibilities,”
Holland said.

The professors managing the program see the opportunities for
their students.

“Students tested their capabilities in an unknown context.
Bringing a business student and an engineering student together
to do a tech screen for NASA is not something that many students
have the opportunity to do,” Sawyerr said. “They were nervous
about whether they would be able to do it. We didn’t give them
much structure, and we let them struggle with the idea because
the real world is unstructured. Then they were doing the research,
collecting the data and coming out here, delivering and having such
a positive reception.

“That’s priceless.”

“I like the fact that the students were able to see the intellectual
property side of technology,” Dong said. “Engineering courses do
not cover the importance of protecting intellectual property. How

you protect ideas, when do you patent — exposure to that world was

valuable for them.”

The students included Tyler Frisbie, Ashley Knoblach, Ravin
Kumar and Julio Perez.

Perez, a business and supply chain management student, said he
learned from a project that, at first, was as complicated to understand
as hieroglyphics.

“The collaborative aspect was valuable — I never had experience
with mechanical engineering,” he said. “Understanding how it
works was a challenge in itself. Speaking to engineering professors,
[ started figuring it out. I was so used to everything having to do
with business; I had to go outside my comfort zone to figure out
what all these engineering terms mean. [The experience] was very
valuable.”

His partner, Kumar, who is studying mechanical engineering, had
another point.

“Working directly with NASA on the newest, coolest stuff and
getting insight into how I can fit into NASA was the best. It was
also like being thrown into ice water, trying to figure out if it was
marketable and, if it is, who would want to buy it,” he said.

The project reinforces that Dryden and academia make good
partners; Dryden’s new technologies are getting a much-needed
boost from the partnership with Cal Poly-Pomona.



Holland ... from page 30

“The decision to move on
something too soon and not
adhere to cross-functional
development best practices
can make your company into
a Harvard case study. No one
wants to be a Harvard case
study.”

Julie Holland
Dryden partnership
development manager
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