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A Gosmic Energy Source in 3-D

SwRI-developed Hot Plasma Composition Analyzers will fly aboard
four satellites studying magnetic reconnection as part of NASA’s
Magnetospheric Multiscale mission

By David T. Young, Ph.D.

agnetic reconnection is

one of the most explosive

sources of energy in the

known universe. By releasing
forces created by highly stressed mag-
netic fields, reconnection creates power-
ful jets of charged particles and radiation
that result in the Earth’s aurora, solar
flares, and even X-ray emission beamed
from magnetized neutron stars. The lat-
ter, for example, can release more energy
through reconnection in one second
than the sun produces in a million years.

Conceptually, reconnection is easy

to describe but important physical details

are complex and poorly

understood. Nowhere

can this enigmatic

phenomenon be stud-

ied up close than in

the Earth’s magneto-

sphere. Here the mag-

netic fields are relatively

weak compared to the

sun and stars, but the pro-

cess remains the same. NASA's
Magnetospheric Multiscale mission
(MMS), for which Southwest Research
Institute (SwRI) has major responsibili-
ties in leadership and instrumentation,
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is designed to solve the
mysteries surrounding this
powerful but elusive phe-
nomenon.
Earth’s magnetosphere
is constantly buffeted by
the solar wind, a magne-
tized plasma consisting of
ions and electrons flowing
outward from the sun at roughly
a million miles per hour. As the solar
wind rams into the magnetopause, the
boundary of the Earth’s magnetic field,
magnetic lines of force are draped and
stretched across its surface. Although the
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solar wind’s magnetic field is highly vari-
able, it points oppositely to the Earth’s
field roughly half the time. Where the
two magnetic fields collide, thin sheets of
intense electrical currents arise to keep
them apart. This topology is inherently
unstable, setting up ideal conditions for
reconnection. A similar situation exists in
the long tail of the magnetosphere where
field lines from the northern and south-
ern polar regions reconnect across the
current sheet that maintains the tail.
Theoretical models suggest that
reconnection starts when turbulence in
the current sheet causes the current-
carrying electrons to scatter within a
small volume, tens of kilometers (km)
across, called the electron diffusion
region. Plasma resistivity increases
sharply as the electrons diffuse across
magnetic field lines, ultimately disrupt-
ing the currents supporting the fields.
Current breakdown destroys the mag-
netic field, releasing enormous amounts
of stored energy in a matter of seconds.
Magnetic fields bordering the electron
diffusion region then “reconnect” and
relax from their stressed condition. The
relaxing field lines contract, acting like
slingshots that accelerate the plasma
into high-speed jets seen from far away
as exhaust byproducts of reconnection.

Dr. David T. Young is a program director in SwRI’s Space Sci-
ence and Engineering Division. His expertise is centered on
understanding the chemical composition of solar system mag-
netospheres, ionospheres and atmospheres, and on developing
a wide range of mass spectrometers that enable their measure-
ment. Over the past 40 years, he has contributed to the design
and development of 13 instruments on 11 NASA and ESA

science missions.

At Earth, the jets provide evidence for the
existence of reconnection. Similarly, X-rays
from neutron stars thousands of light years
away are evidence of reconnection on a
cosmic scale.

Although a universal phenomenon,
reconnection can be studied in situ only
at Earth. While telltale magnetic fields and
plasma jets have been seen by satellites,
the electron diffusion region where the
whole process begins is so small it can
easily be missed. A similar but somewhat
larger ion diffusion region is another
unknown. Finding these relatively small
volumes of space is like stumbling on
needles in a very large haystack. But that is
the primary task of MMS.

MMS relies on four spacecraft flying
in a pyramid-like tetrahedral formation to
track down reconnection events scattered
across the magnetopause and magneto-
tail. Each spacecraft is equipped with 10
state-of-the-art plasma and field experi-
ments designed to capture the 3-D aspects
and temporal behavior of reconnection
in exquisite detail. The spacecrafts’ orbits
will skim the day-side magnetopause and
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The Hot Plasma Composition Analyzer was
developed and constructed at SwRI for use
on the four Magnetospheric Multiscale mis-
sion spacecraft, set for launch in 2014.

penetrate the plasma sheet on the night
side out to distances of 150,000 km from
Earth. Probabilistic studies indicate that
MMS should capture more than 50 of
these elusive events during its two-year
mission.

The Hot Plasma Composition
Analyzer (HPCA), developed by SwRI
scientists and engineers over the past five
years, identifies and measures the energy
of ions participating in reconnection.
Using novel technologies developed at
SwRI, the four HPCA instruments, one
on each spacecraft, will give scientists
a detailed 3-D snapshot of the highly
dynamic ion diffusion region once every
ten seconds. By separating solar wind
composed of ions of hydrogen (H*) and
helium (He*) from terrestrial plasmas,
primarily ions of hydrogen (H*), helium
(He*) and oxygen (O*), HPCA can lead
scientists to the source of the plasma and
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An MMS spacecraft
contains a suite of scien-
tific instruments stowed for
launch within its 12-foot-
wide body. Below is a
cross-section schematic
drawing of the Hot Plasma
Composition Analyzer
instrument’s ion optics.

pin down the rate at
which it flows into the
diffusion regions. Out-
side of reconnection,
HPCA will also contrib-
ute to our understand-
ing of other important
processes, such as
geomagnetic storm
growth and decay.
HPCA capabili-
ties are defined by the
properties of recon-
nection. For example,
ions flow into recon-
nection with energies
of roughly 1 kilo-elec-

tron-volt (keV) and are

spit out in jets at up to 40 keV, defining the
HPCA energy detection range. More-

over, ion jets can come from almost any
direction in the sky. In response, HPCA
must be able to view the entire sky every
10 seconds in synchronization with the
spacecraft rotation rate of 3 rpm.

The HPCA can be thought of as a kind
of camera, but with optics made from
electric fields rather than glass, to focus
and transport ions. Unlike an ordinary
camera, HPCA optics are separated into
two very different elements. A collimator
and electrostatic energy analyzer (ESA)
first separate the ions according to their
energy and direction of arrival. Then a
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mass, and hence their identity, can be
determined.

The ESA optics comprise two
concentric toroids. An adjustable
voltage applied to the inner toroid
creates an electric field that matches
the entering ion’s energy. Setting a
particular voltage determines the
energy and arrival angle of incoming
ions. HPCA electronics sweep this
voltage, capturing an energy spec-
trum every 625 milliseconds.

HPCA optics al feature
360-degree cylindrical symmetry,
which is divided into 16 pie-shaped

D018673

“pixels” capable of detecting ions arriv-

ing from any direction. Spacecraft rotation
sweeps the pixels across the sky, yielding a
3-D measurement resolved into 256 pixels.
While this angular resolution is not par-
ticularly high, at each pixel the HPCA col-
lects 32,000 bytes of data representing one
256-channel time-of-flight spectrum taken at
each of 64 energy steps.

Once the ion energy is known, it remains
to measure velocity, from which ion mass can
be calculated using the high school physics
formula E = amv2. Unfortunately, there are
no simple “velocity meters” that can be flown
in space. Instead, HPCA determines velocity
by measuring ion time-of-flight across a very
short but well-established distance of 3.4
centimeters. lons leaving the ESA are acceler-
ated by 15 keV, giving them enough energy to
punch through ultra-thin carbon foils roughly
50 atoms thick. The foils give off electrons
that strike the detector, starting a timing
circuit. Meanwhile the ions continue onward,
reaching the detector some 10 to 150 nano-

time-of-flight spectrom-
eter measures ion veloci-
ties from which their

A three-view panel illustrates
the progression of magnetic
reconnection between two
plasmas. Magnetic fields are
oriented upward on the left
(green) and downward on
the right (brown). The arrows
indicate the direction of
plasma flow into and out of a
region of reconnection.
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seconds later. Their arrival stops the tim-
ing circuit, allowing HPCA's high-speed
electronics to calculate their velocity and
identify the ion species. lon flux, another
important parameter, is derived from the
number of ions arriving at the detector
per second.

The flood of data reaching the
ground helps scientists locate the source
of reconnection as well as the energy,
density and composition of the jets. In
order to accurately measure these param-
eters, HPCA needs very high sensitivity in
the Earth’s magnetotail, where oxygen ion
densities can be as low as 1,000 per cubic

Powerful jets of charged particles can be ejected from the Sun,
shown with an arch of magnetic fields and hot, turbulent plasma
erupting at its top right-hand corner; and Nebula N49, a supernova
remnant in the Large Magellanic Cloud. Buried within the nebula is a
highly magnetized neutron star.

meter. However, at the
day-side magnetopause
on the magnetosphere’s
leading edge, the proton
densities can be nearly
a million times higher,
posing a threat to the
sensitive detector and a
problem even for HPCA's
electronics with giga-
hertz response.

SwRI scientists and engineers
addressed this problem in a novel way
by adding a radio frequency (RF) electric
field to the static ESA field that deter-
mines ion energy. The protons dominat-
ing plasma composition on the dayside
have energies from 1to 4 keV, corre-
sponding to velocities from 400 to 900
kilometers per second. The RF field is
tuned to a frequency that matches proton
velocities, causing them to hit the walls
of the ESA toroids. Although protons are
lost, the tuned RF field does not match
the velocity of the heavier ions, so they
are transmitted. Using this technique,
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proton fluxes can be attenuated by
factors of 30 or more before they get to
the detector.

Because HPCA measures such
awide range of ion energies, arrival
angles, masses and densities, calibration
is a challenge. SWRI engineers solved this
problem by building a unique facility that
accelerates ion beams of any composi-
tion from 0.01 to 40 keV, at intensities as
low as one-tenth of a trillionth of an amp.

The first HPCA flight unit was cali-
brated and delivered to NASA’s Goddard
Space Flight Center for integration on
the first MMS spacecraft in May 2012. The
other three units are scheduled to be
calibrated and delivered before the end
of 2012. Following delivery of all instru-
ments, each spacecraft is then integrated
to form an “observatory.” Once all four
observatories pass environmental tests,
they are stacked together and shipped to
Cape Canaveral for launch, scheduled in
October 2014.

Initial studies of reconnection will
begin on the day side of the magneto-
sphere. Over the following six months
the observatory orbits will move to the
night side of the magnetosphere and
then back to the day side. Once the data
start flowing, theories of reconnection
developed over the past 50 years will be
put to the test. If history is any guide,
data returned by HPCA and other MMS
instruments will turn out to be more
surprising than the theories could ever
have predicted.

Comments about this article?
To discuss this article online see
www.swri.org/forums

To illustrate how applying a radio frequency (RF)
electric field limits the dynamic range of ion flux
within the electrostatic energy analyzer, the image
at left shows angle and energy response of the
HPCA instrument to a 995 eV proton beam. Ap-
plying the RF electric field (at right) dampens the
signal by 85 percent. Normalized particle intensity
is indicated by the color scale at right.
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Technology Today recently
asked Bruce Bykowski, vice pres-
ident of the Engine, Emissions
and Vehicle Research Division,
and Daniel Stewart, the division’s
executive director of Engine and
Vehicle Research and Develop-
ment, to reflect on the history
and prominence of consortia

as a tool for business as well as
technological development. The
two, whose division accounts for
many of the Institute’s consortia,
offered their thoughts.

earch

SwRI’s extensive consortia experience
stems from a 1984 law

What was the origin of SWRI’s consortium approach to research?

BB: The consortium approach to research came into being at the Institute in the early
1980s. Diesel engine manufacturers were being challenged to meet particulate emis-
sions limits. At that time the manufacturers were comfortable with one approach,
and that was improving combustion through engine design. They did not have any
groups in their companies that focused on emission control, or aftertreatment. They
didn’t understand the technology and felt they didn’t need the technology. When the
technology of diesel filters, or diesel particulate traps, was developed as a possible
solution, the engine manufacturers, government and academia were applying the
technology without understanding fully how it worked. There was a lot of trial and
error. Money was being spent to apply a technology that had mixed results. At about
the same time, President Reagan signed the National Cooperative Research Act. It
was designed to promote innovation, facilitate trade and strengthen the competitive-
ness of the United States in world markets. What it really did was to limit the antitrust
liability of joint research and development ventures. The law was passed on October
14, 1984. Ten days after the act was signed, on October 24, we solicited a pre-proposal
to more than 32 recipients to use this concept to obtain joint funding for pre-
competitive project work, basically to understand this new fledgling technology.

How did the industry respond?

BB: We obtained sufficient responses such that on March 18, 1985, we
developed the formal proposal content of the consortium and began
solicitation. During those five months, a lot of time and effort were spent
to educate the industry on what the National Cooperative Research Act
was, and that there was no fear of collusion in working together, and then
trying to promote the objective. The consortium was formed on July 1, 1985,
and ended December 1, 1987. So, in no more than three years after the Act
was signed we ran this first consortium. It ended up with 28 members. Since
that time we’ve had about 20 consortia, with the peak year being 1991 when we
formed seven in our automotive divisions.

DS: | didn’t get involved in consortia until about 1990. We were visiting all the
diesel engine companies around the world and realized that they didn’t have
a good technical solution to meet U.S. 1991 emissions standards. This lack of
combustion technology provided the idea for a new consortium. The Clean
Heavy Duty Diesel Engine consortium was initiated in 1991. It was a four-year
program that started with just seven members. The success of the first Clean
Diesel consortium led to five more successive four-year programs. During
Clean Diesel IV we obtained as many as 46 members. The consortium grew
into a major technical and social event for the diesel industry. Meetings had to
be held off the SWRI campus to accommodate more than 100 attendees. Clean
Diesel is still going on today, although with a slightly different emphasis. By
the end of Clean Diesel V, our members were concerned about the new fuel
economy standards for on-highway trucks, so we created Clean High-Efficiency
Diesel Engine VI. The new program is developing technologies to reduce carbon
dioxide emissions at fixed NOx and particulate levels.

How do you know when a consortium is the right approach?
BB: We have many tools to not only identify whether a consortium is feasible, but
how to form it, put it in place and run it. If you have a group of clients that are ask-

ing for a consortium, that’s the simplest way; you prepare a proposal and go to it.
Or you may send out a letter of interest, like a survey. If you get enough response,
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you go to the next step. Or, you might
put together a symposium at the
Institute to discuss a specific topic.
You try to see if there are unanswered
questions, and whether the audience
would be interested to work together
to develop solutions. Through the
years, we've gotten so good at identi-
fying consortium potential that we can
streamline them and get them in place
pretty quickly.

DS: We have developed a business
culture around the formation and
management of consortia. It's an im-
portant part of our business, because
we've got six key consortia going on
right now with a total revenue exceed-
ing $25M. Bruce kicked it off, but now
the next generation of engineers is
picking it up. They're the ones actually
initiating these new consortia.

If selling clients on the first consor-
tium was difficult, how hard is it now?

Bruce Bykowski
BB: One of the strengths that make
consortia an — | won't say easy sell,
because nothing’s ever an easy sell — is that when members

are pooling their resources together, it’s very difficult not to
understand that the return on their investment is multiplied
times the number of members. So 10 members, 10-to-1

return on your investment. Twenty members, 20-to-1 return.

DS: Consortia are attractive today, for two reasons. One is,
there aren’t many companies that can cover all the research
subjects. There’s so much technology, and it's growing at
such a rapid pace, that companies no longer can do all
research in-house. And the other point, as Bruce said, is that
everybody can’t afford to do all the research work them-
selves. It's much more efficient to do it as a group.

Once the legal obstacles were removed, did clients find it
easy to join consortia?

BB: We have had to do a lot of educating and convincing
our client base not only of the value of consortia, but also of
improving the comfort level of working with their competi-
tors. Now, as we expand to other areas with perhaps a new
group of clients, those companies also are having the same
concerns and sensitivities about their confidential data and
working with their competitors. You can see that that same
potential could exist in other divisions at SwRI, which have
still other client bases.

DS: | remember when we were starting the Clean Diesel
consortium. When you first bring competitors into the
meeting room, they're all very uncomfortable because
they’ve never worked together in a group. But over time
they get used to it. I'm seeing the same thing now, with the
new EssEs consortium, because we are pulling together
battery companies that are really competitors. They’ve never
worked together before. Some companies are very active in
meeting discussions where more conservative companies
sit back and listen.

D018567-7845 D018567-7735

Daniel Stewart

How do consortia affect your core business of confidential, single-
client research?

BB: In many cases, we hope consortia will be the seeds for larger
single-client projects. Remember, it's pre-competitive, which means
it's more basic and less product-oriented, so everyone starts at the
same point in time and dataset. Then, to make it competitive, they
can dip into that database and start applying it specifically to their
product. A lot of the preliminary work was done and cost-shared,
and now we can have single-client, confidential, one-on-one
projects with our members.

DS: Sometimes it's a little of a double-edged sword. Maybe some-
times we don’t get the single-client project because clients are
already working with us in the consortium. A consortium can have a
lot of different objectives. One is to help develop the base technol-
ogy and then pursue single-client research, but it’s also a way for us
to advertise our capabilities. If you conduct a single-client project,
you can't talk about it because of confidentiality, whereas if you do
a multi-client consortium project, the objective is to advertise the
consortium to the whole world.

Who owns the intellectual property rights to the technology
developed by a consortium?

DS: SwRI retains the IP, but we give the members royalty-free
licenses to use it. Clients participate knowing they’ll get free use of
the intellectual property. Sometimes that’s actually a strong market-
ing point: We tell companies that they can’t afford to be left out. If
all your competitors are developing IP in a large program, you need
to join, if nothing else, as an insurance policy against the IP going to
production.

Is that the main reason why clients decide to join?

BB: Clients join for so many different reasons. I've heard soup to
nuts. We've had them jump on the bandwagon, as Daniel said,
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because they may be missing out on something that their competitors are doing. I've had
people say they're using it as a training ground for their younger engineers because it's

a cost-effective way to do it. I've had companies say, “We're trying to expand our market,
and we have all our clients in the room.”

DS: Each member joins for different reasons. If you understand what that reason is,

you can get them to participate. For example, when visiting companies that are trying

to develop new products, the selling point is that the audience we bring together for a
consortium meeting might have more than 100 participants, representing 40 companies
from all over the world. If you bought airline tickets to visit all those clients individually,
it'd cost more than the consortium membership, so come join and I'll give you an oppor-
tunity to present your technology to the whole group.

In addition to science and engineering resources, what does SwRI bring to the table?

DS: We share the results of our internal research projects that are the building blocks
for the consortium. We typically put together a whole string of internal research projects
in new technology areas before and during the consortia. We let the clients know that
SwRI’s contribution is sharing our internal research. In some consortia we've shared the
results of four or more internal research projects. It adds value for the members.

Who sets the agenda for the consortium, and who guides and manages the
research program?

BB: The short answer is that SWRI sets the agenda and our engineers manage
the consortium. However, it's more complex than that. One of the character-
istic traits of a consortium manager is that you have to be a good diplomat, an
arbitrator in many cases, because the consortium’s Program Advisory Commit-
tee is an advisory committee, not a steering committee. A steering committee
is quite different. It is made up of several companies, and all of the decisions
are made by committee vote. With the advisory committee, we basically are
seeking their advice so we can make the sole decision. You have to look at
every member’s interest and give at least their money’s worth. Sometimes that
can be a little contentious.

DS: It comes back to trying to understand what each client wants from the
consortium. A typical consortium might have four or five research projects in
it. Selecting the projects so that you keep the interest of all your members sometimes
can be quite challenging.

Did the recession help, or hurt consortium participation?

BB: Consortia are multi-year and the members are already committed. The
value they get as a member is one of the last things that they would cut. They
might cut internal spending or major project spending, but | don’t think we
had hardly anybody drop out of our consortia during the recession.

Can you point to tangible technological advances that have come about as a
result of SWRI’s consortia over the years?

DS: One example is the application of exhaust gas recirculation (EGR) to diesel
engines. EGR reduces diesel combustion peak flame temperature, which, in turn,
reduces the formation of nitrogen oxide (NOx) emissions. We applied EGR to a diesel
engine in 1991 during the first Clean Diesel consortium. SwRI conducted basic
research to determine the effect of EGR gas composition, temperature and intro-
duction method on NOx formation. Today diesel engines in passenger cars, trucks
and off-road vehicles employ EGR. Diesel particulate traps, lean NOx catalysts and
the Dual Coil Offset ignition system, which won an R&D 700 Award last year, were
also developed within our automotive consortia and are available for use by con-

sortium members.

BB: There are also technologies that were developed outside the consortia, but as

a result of them. For example, in one consortium several candidate materials were
identified for high-temperature trap media. One, silicon carbide, had been
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previously studied under SwRI internal
research and was patented. Several clients
went on to commercialize it and other
materials. Other examples would be gaso-
line engine cold-start emission reduction
technologies and approaches, such as
molecular sieves and burners; and improve-
ments to diesel particulate trap regen-
eration using fuel additives, burners and
electronic control strategies. Consortia also
have led to studies of the importance of lu-
bricating oil effects on the performance of
aftertreatment equipment and to the devel-
opment of tools to study those effects, such
as SWRI’s FOCAS® catalyst aging system.

What are the prospects for enlarging or
expanding the consortium program?

DS: Consortia can be more expensive to

promote than single client projects so typi-

cally we make them four years long so we

can get a better return on the investment. With Clean Diesel being
the business model, now in its 21st year, some of our other multi-
year consortia are also being extended. We hope they continue to
go on and grow, but at the same time our younger staff members are
coming up with new ideas for consortia, so we encourage them to
start new programs.

BB: Another opportunity for consortia that we are starting to see is
the formation of multidivisional groups that include experts outside
of automotive engineering, like the International Alternative Fuels
Technology Center. Another effort, the Energy Storage Technology
Center, could involve at least five SwRI divisions. When you have
these multidisciplinary capabilities, the concept of a consortium is
something made in heaven.

DS: We've set up consortia where we're the expert in the field, like
some of the early particulate trap consortia or Clean Diesel, where
we had 40 years of diesel experience before we started. But | think
we've also successfully used consortia to get into new markets.
The EssEs consortium is a good example of that. We purchased the
equipment for a new cell-level battery facility and started the EssEs
consortium before we even had a chance to install all the equip-
ment. We have some very talented staff in the division who made
this project a success despite the steep learning curve.

Do other institutions make use of consortia as much as SwWRI does?

BB: It is difficult to match not only our experience, but the structure
of the Institute that allows it. Because we have such an active internal
research program, because we encourage creative thinking and
innovation from our staff, ideas for consortia flow. Others have tried
but they have not been as successful, and for whatever the reason
there do not seem to be many challenges to our concept with con-
sortia. What we need to strengthen is the public perception that we
are not just a research institute, but that we understand it all the way
to production.

Questions about this article? Contact Bykowski at (210) 522-2937 or
bruce.bykowski@swri.org, or Stewart at (210) 522-3657 or
daniel.stewart@swri.org.
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Automotive Consortia at SWRI

e Particulate Sensor Performance and Durability (PSPD),
organized in 2012.

e Pre-ignition Prevention Program (P3), organized in
2011.

® Energy Storage System Evaluation and Safety (EssEs),
organized in 2011.

¢ Clean High Efficiency Diesel Engine (CHEDE),
organized in 2011, sixth round of consortium origi-
nated as Clean Diesel in 1991.

¢ Diesel Aftertreatment Accelerated Aging Cycle
(DAAAC), organized in 2008.

¢ High Efficiency Dilute Gasoline Engine (HEDGE),
organized in 1995 and in its third iteration.

¢ Diesel Particulate/NOx Exhaust Aftertreatment Using
Plasma or Corona Discharges, 1995-97.

¢ Diesel Aftertreatment Sensitivity to Lubricants/Non-
Thermal Catalyst Deactivation (DASL/N-TCD).
1991-95.

¢ |Investigation of the Potential Poisoning Effects of Lu-
bricating Oil on Diesel Flowthrough Catalysts, 1991-93.

¢ Feasibility Study on Using Zeolites for Lean NOx
Control, 1991-92.

¢ Development of a High Temperature-Resistant Diesel
Particulate Trap, 1988-90.

e Evaluation of the Mechanisms of Heavy-Duty Diesel
Particulate Trap Regeneration, 1985-87.
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A Cast of ThouSandiths

An SwRI-developed method of casting

diesel engine cylinder heads with greater
precision wins an R&D 100 Award

novel method that combines

sand and space-age ceramics

to cast precision metal engine

parts was recognized as one of
the 100 best innovations of the year by
R&D Magazine.

Southwest Research Institute (SwRI)
has won 37 R&D 100 Awards, sometimes
called the “Oscars of Innovation.”

The new process, called Hybrid
Ceramic-Sand Core Casting, combines
aerospace ceramic and automotive sand
core casting processes, enabling preci-
sion casting of extremely small passages
in automotive cast iron or steel compo-
nents. This product was developed in a
joint effort with United Kindom-based
Grainger and Worrall, Ltd., as part of a
three-year, multi-phase research and
development program. The goal was to
develop a new generation of heavy-duty
diesel engine architecture with sig-
nificantly higher peak cylinder pressure
(PCP) capability than current state-of-
the-art engines. This is needed to enable
future exhaust emissions-reduction and
high-efficiency combustion technologies
without sacrificing engine performance,
size or weight characteristics.

Cylinder head manufacturing

The conventional method for
manufacturing iron cylinder heads for
internal combustion engines is to use
a sand-casting process, because the
internal fluid passages are geometrically
complex and sand casting is inexpensive.
With its intricate shape capability, ease of
extraction from finished castings and low
material cost, sand casting is well-suited
for the functional and economic require-
ments of making engine cylinder heads.
However, newer geometries that allow
higher peak-cylinder-pressure operation,
as well as high cooling velocity and effi-
ciency, require internal passages that are
too small to manufacture reliably using
conventional sand casting.

The critical limiting factor of sand
casting is the minimum achievable size
of internal passages. As cross-sectional
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dimensions are reduced,
the ability to resist pre-
mature breakdown in the
presence of molten metal
is also reduced. Thus, there
are limiting dimensions be-
low which a sand core will
disintegrate during casting
because of factors such as
thermal shock, evaporation
of chemical binder agents and physical
penetration from the molten metal.

By contrast, ceramic cores, such as
those used in the aerospace industry to
cast cooling passages in turbine blades,
do not break down in the presence of
molten metal, even at very small sizes.
However, because they are relatively
expensive they are not commonly
employed in the automotive industry.
They have never before been used in a
hybrid ceramic-sand core design.

D018668

A ceramic-sand hybrid

For the new hybrid ceramic-sand
core product, the ceramic portion forms
the coolant passages between the
engine’s gas exchange port walls and fuel
injector or spark plug boss in the lower
water jacket core. The ceramic section
is used to form valve bridge passages as
well as the annulus around a cast injec-
tor sleeve. Using ceramic for this part of
the core allows much smaller passages
to be formed than if the core were made
entirely of sand.

To demonstrate this technology,
samples were cast using a core profile
manufactured using both a conventional
100 percent sand core technology with
representative minimum cast passage
diameters of ~5 mm, and the new hybrid
ceramic-sand technology employing
varying section thicknesses through the
valve bridge area to quantify its benefit
with a minimum width on the order of
1.5 mm. Casting trials using the conven-
tional sand core technology resulted
in extensive sand burn-in that blocked
passages through the injector bore and
valve bridge regions. The ceramic-sand
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A CAD drawing shows models representing
the sand cores required to produce a
cylinder head casting.

core casting trials resulted in completely
clean bridge areas free of burn-in, even
at the smallest bridge width. Additionally,
no finning or defects of any kind were
observed at the sand-ceramic interface,
indicating a sufficient bond between the
core materials.

The hybrid process is extremely scal-
able, unlike the conventional technology.
This allows it to be considered for future
downsized, high-output engine concepts
designed for optimized cooling and high
PCP structure rather than having to design
around the limitations of sand cores.

Integrating ceramic and sand

The ceramic insert is a preformed
shape designed to fit into the same core-
box into which the sand core is blown,
thereby consolidating the insert. The
insert is manufactured from a ceramic
slurry, using an injection molding process
that involves relatively low-cost tool-
ing and processing. Ceramic inserts are
mechanically and chemically stable, which
translates to long shelf life and the capac-
ity for high-volume repeat usage.

The interface design between the
sand core and the ceramic insert is de-
signed to provide maximum grip to main-
tain overall mechanical integrity of the hy-
brid sand core and offer maximum surface
area for subsequent dissolution in caustic
media during the clean-out process.

The ceramic material, silicon carbide
(SiC), has extremely low thermal expan-
sion which in all trials thus far has enabled
the core to survive the thermal loading
during pouring of the casting at 1,300 de-



grees C. This survival ensures that liquid
metal is unable to penetrate the core
and obstruct the eventual passageway. By
comparison, conventional sand cores are
a mixture of sand grains bound by a ther-
mosetting resin binder, neither of which
is immune to extreme thermal loading,
even when coated with a protective bar-
rier known as “core wash.” The eventual
failure mode of a conventional sand core
will be initiated by a fracture of coating
or core under the influence of thermal
expansion and or buoyancy loads in the
liquid metal such that penetration occurs
and the passageway is obstructed.

The relatively small volume of the
ceramic insert does not affect in any
measurable way the solidification dynam-
ics of the casting. Removal of the insert
is mostly via dissolution in a caustic bath,
although some mechanical removal is
considered possible as well.

The final shape of the passageway
formed by the ceramic insert is extremely
accurate and smooth. This confers the
benefit of highly repeatable dimensions
and pressure drop rates for optimized
coolant flow. This innovation has been
successfully used at dimensions smaller
than 2 mm, a value unob-
tainable by sand core alone.

SwRI members of the Hybrid
Ceramic-Sand Core Casting
Technology Development
team are (from left): Principal
Designer Doug McKee,
Assistant Director Marc Megel
and Program Manager Barry
Westmoreland, all from SwRI’s
Engine, Emissions and Vehicle
Research Division.
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Improvements over conventional products

Zircon sand with core wash in a hot
box configuration can approach the per-
formance of the ceramic-sand hybrid de-
sign, but zircon sand is expensive and also
is currently in short supply. A key benefit
of the Hybrid Ceramic-Sand Core Casting
technology is its scalability to smaller-
bore diameter engine components. As the
engine bore becomes smaller, so does the
bore spacing and the available space for
cooling and air passages. Most conven-
tional casting technologies have minimum
section thresholds that limit their ability to
implement features for high cylinder pres-
sure and high cooling efficiency on en-
gines with bores below ~110 mm. Finally,
high-velocity targeted cooling in cast com-
ponents can be achieved using machined
drillings. This is possible where access
allows, and may not be feasible when con-
sidering the more complex diesel porting
and six-bolt pattern configurations imag-
ined for high-PCP engines. The issue with
employing the machined drilling approach
is that it requires line-of-sight access to
drill the passages and as such cannot be

D018655
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packaged within concealed regions, un-
like the hybrid core technology.

Principal applications

Principal applications of this product
include complex cylinder head and block
castings for high-efficiency, low-pollutant/
greenhouse gas emission, high-power
density diesel, gasoline and gaseous fuel
engine applications, especially smaller-
bore diameter (<120 mm) applications,
because space to package all necessary
features for high-cylinder pressure, good
cooling and good volumetric efficiency
becomes significantly limited. High
cylinder pressure is critical to high power
density as well as ultra-low-pollutant
emitting, high-efficiency, low CO2 emis-
sion diesel, natural gas and gasoline com-
bustion technologies. Additionally, this
technology can be used in any industry
currently using sand-core metal casting
techniques where small diameter pas-
sages may be advantageous but unattain-
able or experiencing high scrap rates due
to the process limitations of conventional
sand casting.

The innovation also is realistically
“future-proof” in terms of scalability,
both larger and smaller, where the latter
permits similar concepts to be incorpo-
rated in passenger-car-size engines, for
example. Financial benefits to the con-
sumer are derived from overall combus-
tion efficiency and fuel economy
improvements, and the potential to
position such technology in the premium
sectors confers pricing opportunity to
manufacturers as well.

Questions about this article? Contact
Marc Megel at (210) 522-3079 or marc.
megel@swri.org.

D018656

A traditional, reddish sand core contains white ceramic material at its
center (left photo) to produce the finished product (right photo).
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By Ryan D. Lamm

Ithough combatants experimented
Awith remote-controlled, explo-

sives-laden vehicles for land, sea
and air as early as World War I, by World
War Il Germany successfully deployed an
unmanned ground vehicle (UGV). “Goli-
ath,” a small, tracked vehicle fielded in
1944, was controlled via a 400-meter cable
and was intended solely to deliver an
explosive charge at a stand-off distance.

By the late 1960s, one of the first

autonomous vehicles, a mobile robot
nicknamed “Shakey,” was developed
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Ryan D. Lamm is a manager in the Intelligent Systems Department of SwRI’s Automation and Data
Systems Division. He has more than 15 years of experience in intelligent vehicle system research and
development, foreign and domestic. He is a senior member of IEEE and a U.S. expert for ISO TC204
in Vehicle/Roadway Warning and Control Systems, and has published more than 20 technical articles.

in the United States. Its practicality was
limited, however, in that it took almost an
hour to decide where and how to move
about in the laboratory.

Over the next 40 years, scientists and
engineers, by then referred to as roboti-
cists, strived to develop electro-mechan-
ical vehicle systems capable of real-time
perception and navigation in unstructured
environments to perform various dull,
dirty and dangerous operations. The
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technology has made great strides in
the past two decades, largely led by
the Defense Advanced Research Proj-
ects Agency’s two Grand Challenges in
2004 and 2005 and the Urban Challenge
in 2007. These challenges resulted in
impressive demonstrations of autono-
mous navigation by full-size passenger
vehicles, but at an extremely high and
deployment-prohibitive cost for their
sensor and computing implementation.



The military
deployed thousands
of small tele-operated
robotic systems for
purposed, determinis-
tic tasks such as route
reconnaissance and
countering improvised
explosive devices in sup-
port of Operation Iraqi
Freedom, Operation
Enduring Freedom and
the International Secu-
rity Assistance Force.

While not autonomous,

these robotic systems

proved effective and

saved the lives of hun-

dreds of warfighters.

Several recently developed mid-size
robotic systems with semi-autonomous
functionality are undergoing testing

in war zones. To get to the next level,
however, fully autonomous tactical
unmanned ground vehicles need reliable
and safe performance in military-relevant
scenarios at a much lower cost.

Since the DARPA Challenges, the
science and technology community has
continued to advance the performance
and reliability of autonomous navigation.
The U.S. Army Tank Automotive Research,
Development and Engineering Center
(TARDEC) sponsored a Robotics Rodeo in
September 2009 at Fort Hood, Texas, and
at Fort Benning, Georgia, in October 2010
and again in June 2012, to bring together
representatives of industry, the war-
fighter and those who set requirements
for robotic vehicles, to observe the latest
technology advancements and facili-
tate a dialog to accelerate technology
deployment. A team of engineers from
Southwest Research Institute (SWRI) par-
ticipated in all three events, showcasing
applied technology that addressed barri-
ers to deployment, such as cost and reli-
ability. This applied technology included
new, sophisticated algorithms, based on
those originally developed under SwRI’s
internal research and development pro-
gram known as the Mobile Autonomous
Robotics Technology Initiative (MARTI®),
as well as technology developed on two
externally funded projects.

SwRI created the MARTI software to
develop UGV enabling technology for
the autonomous control of tactical and
combat military ground vehicles, passen-
ger cars, commercial trucks, agriculture/
construction tractors and mobile robots.
One of the fundamental aspects of the
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program was rapid portability to multiple
platforms. The SwWRI team emphasized
unique custom perception and control
algorithms using commercial-off-the-
shelf hardware. The result was an autono-
mous vehicle benchmarking platform
uniquely suited to rapidly assess sensor
and algorithm performance over a wide
array of environments, missions and
behaviors. The multidisciplinary team
included engineers with backgrounds

in active and passive sensor processing,
machine vision, sensor fusion, robot-

ics, control systems, wireless commu-
nications, safety and reliability systems,
modeling and simulation, multi-agent
cooperative systems, engineering dynam-
ics, independent testing and evaluation,
software architectures and electrical and
mechanical system design. In Novem-
ber 2008, SWRI publically demonstrated
MARTI’s autonomous capabilities on

a Ford Explorer on the streets of New
York City, where it successfully negoti-
ated intersections, interacted with other
manned and unmanned vehicles, avoided
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Southwest Research Institute
demonstrated its MARTI
unmanned ground vehicle
(green vehicle) in both leading
and following positions in

a convoy operation at Fort
Hood, Texas.

D018666

dynamic obstacles such as vehicles and
pedestrians, and coordinated maneuvers
with other vehicles and roadside infra-
structure devices such as traffic signals.
The MARTI internal research and devel-
opment program concluded in 2011.

Robotics Rodeo

At the first Robotics Rodeo at Fort
Hood in 2009, SWRI demonstrated how a
UGV can reliably support military multi-
vehicle convoy operations. The modular-
ity of the SwRI-developed autonomous
UGV technology allowed MARTI’s auton-
omous behaviors to be rapidly adapted
to directly satisfy a U.S. Army Operational
Needs Statement — Convoy Logistics/
Operations. SWRI’s demonstrated tech-
nology at Fort Hood provided the ability
for convoy operations to utilize a UGV in
numerous ways. For example, a convoy
can instruct a UGV to “lead upon com-
mand,” and “follow where appropriate,”
in various formations, navigate an urban
environment as the lead of a convoy
and then fall back into formation upon
command, and rapidly switch between
human operation and fully autonomous
modes. The Cooperative Convoy System
(CCS) technology also enables a UGV to
convoy using either GPS waypoints and a
defined map or active sensors to track a
leading vehicle.

At the second Robotics Rodeo one
year later, SWRI demonstrated MARTI's
ability to autonomously follow a dis-
mounted warfighter at low speed without
the need for active RF beacons or tags
carried by the soldier, using a combina-
tion of electro-optical (cameras) and light
detection and ranging (LIDAR) sensing.
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The operator selects the desired dis-
mount from a video image displayed on
a touch-screen control unit, and the UGV
then identifies and tracks the selected
pedestrian. Additionally, SWRI demon-
strated a tele-operation capability allow-
ing an operator to remotely control the
unit within line of sight, or tele-operate
the unit beyond line of sight. The seam-
less switching between different auton-
omy modes was highlighted.

The recent 2012 Robotics Rodeo at
Fort Benning included one of the largest
demonstration operations ever conducted
by SwRI. In all, 15 technical and support
staff members from the Institute were on-
site at various times, using five vehicles in
two independent demonstrations, one of
which involved two other companies. The
demonstrations were successful despite
100-degree temperatures, blowing sand
and Georgia clay, high humidity and very
long days in the field.

Small Unit Mobility Enhancement
Technology (SUMET) Program

The first demonstration highlighted
low-cost electro-optical perception on a
UGV. Performance results from the Small
Unit Mobility Enhancement
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Technology (SUMET) program, funded by
the Office of Naval Research (ONR), were
demonstrated in real time to more than
20 government subject-matter experts.
The SUMET program aims to increase

the platform capability and affordability
of unmanned, ground vehicle-enabling
technologies to include low-cost, video-
based perception systems, advanced
video processing techniques, cognitive
reasoning architectures and novel algo-
rithm coding methodologies. A primary
objective is to achieve reliable autono-
mous vehicle operation in austere, harsh,
off-road environments without depend-
ing on GPS. SUMET achieves this by using
electro-optical perception and advanced
path-planning algorithms.

For the SUMET program, SwRI devel-
oped a low-cost perception system that
uses data from eight forward-looking
cameras (six of which are spectral cam-
eras), two cameras on each side of the
vehicle and two cameras in the rear. This
pure electro-optical system provides
some unique advantages over more com-
monly used active sensing, such as radar
and LIDAR. Additionally, SWRI has been
able to achieve full processing at 12 Hz,
fast enough for off-road navigation by a
tactical vehicle.
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Technical approach

The local ground segmentation
process uses the disparity image to dis-
tinguish between the ground plane and
vertical obstacles. Its nodes incorpo-
rate the v-disparity and Hough lines to
identify which disparities correspond to
the ground plane. The disparities that
are close to the ground line within a
predefined threshold are therefore seg-
mented as the ground plane. All dispari-
ties that are not contained on the ground
plane are segmented as obstacles. The
height of an obstacle is calculated based
on height from the ground plane and also
published, in addition to the ground and
obstacles.

Material classification uses the
imagery from all eight forward-looking

cameras to classify individual pixels in

the scene. The system produces a

stream of images labeled to indicate

their material classification. Clas-

sification features include depth

perception, derived from stereo

images, whether the object has
been identified as part of the ground
plane or as an object protruding from the
ground plane; the spectral values from the
six spectral cameras; the spectral values
obtained from the color camera; and a
myriad of statistical and textural measure-
ments computed from one of the left
images.

The object-tracking process detects
and tracks nearby pedestrians and vehi-
cles. The system contains separate detec-
tion nodes for pedestrians and vehicles
that have been previously programmed
offline. As objects are detected, their
positions are continuously updated and
provided to the tracking node, which
updates a “world” model of the vehicle’s
environment with the objects’ positions
for continuous tracking. As the objects
are being tracked, the world model is also
being updated with the new position and
trajectory estimates.

The world-model software manages
persistent data from the other subsystems
into a common frame in a central location.
It combines range-sensor and material-
classification data into a common frame
over time, storing data and querying it for
information about tracked objects such
as pedestrians and vehicles, vehicle and
system state, elevation data, aerial imagery,
situational awareness and mission configu-
ration, as well as generating maps for navi-
gation based on the different data models.
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The localization system is con-
nected directly to several traditional,
low-cost localization sensors, such as
an inertial measurement unit and a
fiber-optic gyro. It also is connected
to the controller-area network bus
and to the vehicle network over ether-
net, which allows it to receive sensor
data from the low-level controller, the
actuators themselves and GPS. The
localization system fuses these inputs,
along with visual odometry, to provide
an estimated positional change from
one sample to another. This allows the
vehicle to operate without depending
on GPS for extended periods of time.

The near-field planning occurs
within the platform perception hori-
zon to generate low-level paths that
facilitate obstacle avoidance. Costmaps
are generated using perception data
stored in the world model. These are
fused and converted into gridded, or
rasterized, representations of ground
and voxel (volumetric picture ele-
ment, analogous to a 3-D pixel) data
that assign costs to specific parts of
the near-field environment. Higher
costs represent less traversable parts
of the environment, while lower costs
represent more traversable, and desir-
able, parts of the environment to drive
through. The processor runs a search
algorithm to find the best path for the
vehicle to follow to a goal waypoint.
This goal waypoint is generated along
the far-field route at a prescribed
distance in front of the vehicle. The
goal “state” is extended from this way-

point, perpendicularly to
the far-field route in either
direction, allowing near-
field paths to be generated
that do not explicitly reach
the near-field goal way-
point (useful if the far-field
route is partially blocked
by obstacles or difficult
terrain, thus allowing the
vehicle to “wander” or feel
its way through difficult
environments that the far-
field route traverses). The
low-level controller runs a
control loop that attempts
to minimize cross-track and
heading error between the
current platform position
and orientation and the path
segment representation

of the near-field solution
path. Actuator commands
are calculated for steering,
throttle, and brake accord-
ing to the control scheme
and are passed down to the
drive-by-wire system for
actuation.

Robotics Rodeo
demonstration of SUMET

At Fort Benning, the SwRI team and
the Naval Surface Warfare Center Dahl-

gren Division jointly demonstrated a high-

mobility motorized multi-wheel vehicle
(HMMWYV) equipped with the SUMET
system where it successfully navigated
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These images illustrate the SUMET system’s real-time
visualization applications.

a range typically used for testing vehicle
mobility. During the demonstration, sev-
eral visual elements of the real-time sys-
tem were transmitted to an observation

point and were displayed and described
in real time to subject-matter experts
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attending the demonstration.
This included a live image from a
forward-looking RGB camera, a
processed image highlighting the
material classification from the
electro-optical algorithms, and an
aerial image with a costmap over-
lay, along with both the far- and
near-field planned paths.

The demonstration repre-
sented the first time the SUMET
system had been tested off SWRI
grounds in a tactical environ-
ment. Following the demonstra-
tion, SWRI engineers were able
to capture a significant amount
of data relative to different types of ter-
rain around Fort Benning, with help from
the Maneuver Battle Lab, also located at
Fort Benning, for use in a future program
experiment.

Gesture recognition

The second Robotics Rodeo demon-
stration of 2012 was a joint demonstration
among SwRI, AM General LLC and
Synexxus Inc.

The team demonstrated the SwRI-
developed AM General Gesture Recog-
nition System for UGVs, consisting of
an image-processing algorithm capable
of identifying and distinguishing dif-
ferent arm gestures of a dismounted
warfighter to allow more natural inter-
action between the warfighter and the
autonomous vehicle and enable the UGV
to function as a member of the squad.
Commands such as follow-me, stop, and
offset right and left were demonstrated
through integration of gesture recogni-
tion with SwRI’s existing dismount follow-
ing capability. The framework allows for
adding other commands to meet specific
squad tactics.

In the second part of the demon-
stration, a Command, Control, Communi-
cations, Computers, Intelligence,
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Gesture-based signaling instructs an unmanned ground vehicle during SwRI’s

demonstration of C4ISR applications.

Surveillance and Reconnaissance (C4ISR)
system from Synexxus was installed in an
SwRI-owned, fully autonomous HMMWV
1165. The HMMWYV was directed to a
forward position to provide overwatch
or surveillance using the C4ISR system.
While not integrated directly into the
autonomous vehicle’s navigation system,
the currently fielded C4ISR system was
used onboard with the UGV acting as a
host mobile platform to give the warfight-
ers monitoring the C4ISR additional stand-
off distance from the area of operation.
The third element of this demon-
stration highlighted the ability of the
hardware running the autonomy soft-
ware, and the manned vehicle kit — the
hardware used in manned vehicles in a
convoy — to be removed in less than 20
seconds and switched between different
host tactical platforms. This demonstra-
tion element was a direct result of a post-
MARTI IR&D program size, weight and
power reduction effort during the past 12
months by Automation and Data Systems
Division engineers. That effort not only
produced packaging for autonomous
capability that is no longer deployment-
prohibitive, but also reduced the overall
system cost.
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The MARTI algorithms utilized in the
SUMET system have been provided to
the government as government-purpose
rights, along with background intellectual
property rights from subcontractors on
the SUMET program. The SwRI team'’s
UGV demonstrations sparked significant
discussion within the military community.
The focus on technology maturation,
platform portability, high functionality
and low-cost sensing and packaging,
along with tactically relevant and scalable
autonomous behaviors, has positioned
SwRI as a leader in the unmanned sys-
tems industry.

Questions about this article? Contact
Lamm at (270) 522-5350 or
ryan.lamm@swri.org.
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Brief notes about the world of science and

technology at Southwest Research Institute

U.S. Department of Energy awards $700,000 to advance clean
coal technology

Southwest Research
Institute and industry collabo-
rator Thar Energy LLC have
received $700,000 from the
U.S. Department of Energy to
demonstrate a novel, super-
critical carbon dioxide (sCO,)
power cycle using pressurized
oxy-combustion, a process
that uses pure oxygen instead
of air as the primary oxidant.
“The goal of this one-year
effort is two-fold: to achieve 90 percent CO, removal at no
more than a 35 percent increase in the cost of electricity and
to achieve high overall plant efficiencies with 90 percent CO,
capture and compression to 2,200 psi,” said Dr. Klaus Brun, a
program director in SWRI’s Mechanical Engineering Division.
Project objectives include demonstrating the advantages
of the proposed power cycle using an engineering design
analysis to refine the cycle, demonstrating cycle efficiencies
and identifying critical components that have a significant
impact on cycle performance.
Contact Brun at (210) 522-5449 or klaus.brun@swri.org.

SwRI, industry collaborators receive funding for
energy research projects

Southwest Research Institute and industry col-
laborators Solar Turbines Inc., Oak Ridge National Lab-
oratories, German Aerospace Center and San Diego
State University have been awarded a $3.8 million con-
tract by the U.S. Department of Energy to develop a
novel gas turbine combustor for a concentrating solar
power (CSP) hybrid gas turbine system. The award was
given through DOE'’s SunShot Initiative, a collaborative
national effort to make solar energy cost-competitive
with other forms of energy.

The majority of today’s commercial CSP plants
generate steam to support steam turbine electric
power generation. The steam generated by these
state-of-the-art commercial CSP plants is limited to
a maximum temperature of 400°C, yielding approxi-
mately 40 percent thermal efficiencies. Even for devel-
opmental CSP technologies, these efficiencies are well
below those achievable with gas turbine combined
cycle plants, which can be well above 55 percent ther-
mal efficiencies and as high as 62 percent for state-
of-the-art combined cycle power plants. This project
aims to combine the advantages of highly efficient gas
turbine power plants with concentrating solar power
systems by operating the gas turbine at up to 1,000°C
combustor air inlet temperatures.

Contact Brun at (210) 522-5449 or klaus.brun@swri.org.

SwRI receives award for lithium-ion battery technology

Southwest Research Institute (SWRI) has been
awarded a $712,500 contract from the U.S. Department of
Energy to investigate the behavior of lithium-ion batter-
ies during charge and discharge. The contract award is
one of 19 projects that will receive $43 million in fund-
ing from the Department’s Advanced Research Projects
Agency-Energy (ARPA-E) to develop breakthrough energy
storage technologies.

“This contract will give us the opportunity to analyze
the capacity and health of lithium-ion batteries over time,”
said Jeff Xu, a principal scientist in SWRI’s Engine, Emis-
sions and Vehicle Research Division and a co-principal
investigator of the project.

The two-year project, “Strain Estimation Technology
for Lithium-lon Batteries,” will explore the potential of
tracking physical expansion and contraction of lithium-
ion batteries during charge and discharge cycles as a new
method for analyzing battery capacity and health. The
award was given through ARPA-E’s Advanced Manage-
ment and Protection of Energy Storage Devices (AMPED)
to focus on innovations in battery management and
storage to advance electric vehicle technologies, help
improve the efficiency and reliability of the electrical
grid and provide important energy security benefits to
America’s armed forces.

Contact Xu at (210) 522-5103 or jeff.xu@swri.org.

SwRI adds test cell to flow
component test capabilities

A new cell for testing valves
and other pressure-containing and
pressure-controlling products has
been added to Southwest Research
Institute’s Flow Component Testing
Facilities.

To ensure the safety of pipe-
lines, refineries, offshore platforms
and chemical processing plants,
valves and similar devices operating
under high pressure must be tested
to established standards. SWRI has
offered these testing services to the
oil and gas and chemical industries
for more than 35 years.

“This new test cell augments a
suite of test facilities housed in one centralized location,” said Shane
Siebenaler, a group leader in SWRI’s Fluids and Machinery Engineer-
ing Department who oversees the facility.

The cell can evaluate products up to 30,000 psi with gas hydrau-
lic pressure. Other capabilities of the cell include cryogenic testing
(to —320°F), elevated temperature testing (up to 750°F), fugitive emis-
sions testing and thermal cycling, among others.

Contact Siebenaler at (210) 522-5758 or shane.siebenaler@swri.org.
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Crack Growth and Reliability Analysis.” Paper
presented at the ASME International Gas
Turbine Institute Turbo Expo, Copenhagen,
Denmark, June 2012.

McComas, D.J. “The Heliosphere from
IBEX — Results and Consequences.” Paper
presented at the 39th COSPAR Scientific
Assembly, Mysore, India, July 2012.

McComas, D.J. “Physics Derived from IBEX
ENA Fluxes and Direct Interstellar Neutral
Measurements.” Paper presented at the Solar
Wind 13 Conference, Kona, Hawaii, June 2012.

McFarland, J.J., G.O. Musgrove, S.Y. Chang and
D.L. Ransom. “Calibration of Gas Turbine Blade
Temperature Predictions Using Surrogate
Models.” Paper presented at the ASME
International Gas Turbine Institute Turbo Expo,
Copenhagen, Denmark, June 2012.

McGinnis, R.N., A.P. Morris, D.A. Ferrill

and K.J. Smart. “Stress and Strain Analysis

of a Laramide Induced Cretaceous Fold:
Persimmon Gap, Big Bend National Park,
West Texas.” Paper presented at the American
Association of Petroleum Geologists (AAPG)
Annual Meeting, Long Beach, Calif., April 2012.

Miller, C.S. “Learn to See — Learn to Save:
Case Studies in Sustainable Manufacturing.”
Paper presented at the The University of
Texas at San Antonio (UTSA) Sustainable
Manufacturing Lecture Series, San Antonio,
April 2012.

Mitchem, S. “Is Energy Storage Ready for our

Sustainable Energy Future?” Paper presented

at the 6th Annual UTSA Students Conference,
San Antonio, April 2012.

Mitchem, S. “Thoughts and Considerations
of a Plug-in Electric Vehicle (PEV) Future.”
Presentation at the Plug-In-2012 Conference,
San Antonio, July 2012.

Moore, J.J., A.H. Lerche, T.C. Allison and B.S.
Moreland. “Development of an Internally
Cooled Centrifugal Compressor for Carbon
Capture and Storage Applications.” Paper
presented at the ASME International Gas
Turbine Institute Turbo Expo, Copenhagen,
Denmark, June 2012.

Moore, M., J. Price and K. Griffith-Boyle.
“Deploying Vehicular Integration for
Command, Control, Communications,
Computers, Intelligence, Surveillance, and
Reconnaissance/Electronic Warfare (C4ISR/
EW) Interoperability (VICTORY) Architecture

and Specifications.” Paper presented at the
Ground Vehicle Systems Engineering and
Technology Symposium (GVSETS), Troy,
Mich., August 2012.

Moore, T.Z. and F.S. Anderson. “A Dual
Wavelength Ti:sapphire Laser Using a Ramp-
Hold-Fire Seeding Technique for Resonance
lonization of Rb87.” Paper presented at the
Frontiers in Optics Conference, San Jose,
Calif., October 2011.

Moore, T.Z., and F.S. Anderson. “Generating
Multiple Wavelengths, Simultaneously, in a
Ti: Sapphire Ring Laser with a Ramp-Hold-Fire
Seeding Technique.” Paper presented at the
SPIE Exhibition, San Francisco, January 2012.

Morris, A.P., K.J. Smart, D.A. Ferrill, N.E. Reish
and P.F. Cowell. “Fault Compartmentalization
in a Mature Clastic Reservoir: Analysis

of the Elk Hills Field.” Paper presented at

the American Association of Petroleum
Geologists (AAPG) Annual Meeting, Long
Beach, Calif., April 2012.

Moryl, J.A. “Flashlight™ Soldier Combat
Identification System (FSCIS) Air-to-Ground
Testing.” Paper presented at the National Fire
Control Symposium, Las Vegas, July 2012.

Mousis, O., J.I. Lunine, S. Picaud, D. Cordier,
J.H. Waite Jr. and K.E. Mandt. “Removal of
Titan’s Atmospheric Noble Gases by Their
Sequestration in Surface Clathrates.” Paper
presented at the 2011 EPSC-DPS Joint
Meeting, Nantes, France, October 2011.

Musgrove, G.O., A M. Rimpel and J.C. Wilkes.
“Tutorial: Applications of Supercritical

CO, Power Cycles — Fundamentals and
Design Considerations.” Paper presented

at the 57th ASME International Gas Turbine
and Aeroengine Congress and Exposition,
Copenhagen, Denmark, June 2012.

Musgrove, G.O., K.A. Thole, E. Grover and
J. Barker. “Performance Measurements of
a Unique Louver Particle Separator for Gas
Turbine Engines.” Paper presented at the
ASME International Gas Turbine Institute
Turbo Expo, Copenhagen, Denmark, June
2012.

Neely, G.D. and S. Sasaki. “Improving the
Fuel Economy vs. Emissions Trade-off for
LDDE with Low Compression Ratio.” Paper
presented at the 2011 Society of Automotive
Engineers (SAE) Light-duty Diesel Emissions
Control Symposium, Ypsilanti, Mich.,
November 2011.

Nixon, C.A., K.E. Mandt and R.D. Lorenz.
“Titan’s Timescales: Constraints on the Age

of the Methane-supported Atmosphere.”
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Paper presented at the Titan Through Time Il
Workshop, Greenbelt, Md., April 2012.

Ogasawara, K., M.1. Desai, L. Wang, R.P.

Lin and G.M. Mason. “Comparative Study
of Energetic Upstream lon and Electron
Events Observed by Wind Spacecraft.”
Paper presented at the 2011 Asia Oceania
Geoscience Society (AOGS), Taipei, Taiwan,
August 2011.

Ogasawara, K., S.A. Livi, M.A. Dayeh, F.
Allegrini, M.1. Desai and D.J. McComas.
“Low-energy lon Detection by Avalanche
Photodiodes.” Paper presented at the 2012
Society of Radiation Measurements and
Applications (SORMA-West), Oakland, Calif.,
May 2012.

Ogasawara, K., S.A. Livi, M.I. Desai, F. Allegrini
and D.J. McComas. “The Potential Capability
of Solid State Devices to Detect Suprathermal
Solar-wind Plasmas.” Paper presented at the
AGU Fall Meeting, San Francisco, December
2011.

Ogasawara, K., S.A. Livi, D.G. Mitchell,

T.P. Armstrong and N. Krupp. “Properties

of Energetic Particle Bursts at Dawn-side
Magnetosheath: Cassini Observations During
the Earth Swing-by 1999.” Paper presented at
the 2011 Asia Oceania Geoscience Society
(AOGS), Taipei, Taiwan, August 2011.

Olkin, C.B. and C.C.C. Tsang. “Lessons
Learned Regarding Payload Usability from
Training for Suborbital Spaceflights.” Paper
presented at the Next-Generation Suborbital
Researchers Conference, Palo Alto, Calif.,
February 2012.

Osborne, D.T,, S.G. Fritz, D. Biagini, M.
Jaczola, H. Holmes and M.E. Iden. “PR30C-
LE Locomotive with DOC and Urea based
SCR: Baseline and Initial After-treatment
Emissions Testing.” Paper presented at the
ASME Internal Combustion Engine Division
2012 Spring Technical Conference, Turin,
Italy, May 2012.

Oxley, J. “Atomization Processes.” Paper
presented at the IFT Microencapsulation in
Food Applications Short Course, Las Vegas,
June 2012.

Oxley, J. “Encapsulation Challenges

and Future.” Paper presented at the
South American Symposium on
Microencapsulation, Limeira, Brazil, April
2012.

Oxley, J. “Materials Used in Encapsulating
Bioactives.” Paper presented at the 4th
Industrial Workshop on Microencapsulation,
Geneva, Switzerland, May 2012.
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Oxley, J. “Microencapsulation: Chemical
Processes.” Paper presented at the 4th
Industrial Workshop on Microencapsulation,
Geneva, Switzerland, May 2012.

Oxley, ). “Stability and Prediction of Shelf-life
of Microencapsulated Flavors and Bioactive
Compounds.” Paper presented at the 4th
Industrial Workshop on Microencapsulation,
Geneva, Switzerland, May 2012.

Patrick, E., K. Mandt, M. Libardoni, J. Mitchell,
G. Williams, E. Mitchell, C. Seifert and K.
Younkin. “In-situ Study of Cave Atmospheres
in Central Texas.” Paper presented at the
Texas Speleological Association Spring
Convention, Boerne, Texas, March 2012.

Pogorelov, N., S. Wu, J. Linker, G. Zank,

S. Borovikov, B. Jackson, R. Ebert and T.
Kim. “Modeling Heliosheath Flow with
Observational Boundary Conditions.”
Paper presented at the COSPAR Scientific
Assembly, Mysore, India, July 2012.

Pogorelov, N.V., S.N. Borovikoy, L.A. Burlaga,
R.W. Ebert, B.V. Jackson, T.K. Kim, I.A.
Kryukov, S.T. Suess, H.S. Yu and G.P. Zank.
“Unsteady Processes in the Vicinity of the
Heliopause.” Paper presented at the 13th
International Solar Wind (Solar Wind 13)
Conference, Kona, Hawaii, June 2012.

Randol, B.M., D.J. McComas and H.A. Elliott.
“lsotropic Spectra of Pickup lons from New
Horizons/Solar Wind Around Pluto (SWAP)
at 11 and 17 Astronomical Units.” Paper
presented at the AGU Fall Meeting, San
Francisco, December 2011.

Randolph, L. “Travel Times Using Bluetooth.”
Paper presented at the Western States Rural
Transportation Technology Implementers
Forum, Yreka, Calif., June 2012.

Retherford, K.D. “New Horizons
Observations of lo Aurora and Oxygen
Neutral Clouds.” Paper presented at the lo
Workshop, Boulder, Colo., June 2012.

Retherford, K.D., G.R. Gladstone, S.A. Stern,
A.F. Egan, P.F. Miles, D.E. Kaufmann, J.W.
Parker, W.R. Pryor, A.R. Hendrix, D.M. Hurley,
P.D. Feldman, T.K. Greathouse, M.H. Versteeg,
M.W. Davis, ). Mukherjee, A.J. Bayless,

P.M. Rojas and A.J. Steffl. “Lunar Far-UV
Albedos Reveal Water Frost and Porosity in
Permanently Shaded Regions (PSRs).” Paper
presented at the NASA Lunar Science Forum,
Moffett Field, Calif., July 2012.

Richard, M.S., T.E. Cravens, C. Wylie, K.

Mandt, J.H. Waite Jr., A.M. Rymer, I.P.
Robertson and D. Webb. “Primary lon
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Production Rates in Titan’s lonosphere.”
Paper presented at the AGU Fall Meeting, San
Francisco, December 2011.

Rimpel, A.M., T.C. Allison, J.J. Moore, ].
Grieco, P. Shy, J. Klein, and J. Brady. “Open-
loop Aerodynamic Performance Testing of a
105,000 rpm Oil-free Compressor-expander
for Subsurface Natural Gas Compression and
Reinjection.” Paper presented at the ASME
International Gas Turbine Institute Turbo
Expo, Copenhagen, Denmark, June 2012.

Rimpel, A.M., ].J. Moore, J. Grieco, P. Shy,

J. Klein and ). Brady. “Rotordynamics of a
105,000 rpm Oil-free Compressor-expander
for Subsurface Natural Gas Compression and
Reinjection.” Paper presented at the ASME
International Gas Turbine Institute Turbo
Expo, Copenhagen, Denmark, June 2012.

Rimpel, A.M., G.O. Musgrove and J.C. Wilkes.
“Supercritical CO, Power Cycles.” Paper
presented at the ASME International Gas
Turbine Institute Turbo Expo, Copenhagen,
Denmark, June 2012.

Roth, L., J. Saur, P.D. Feldman, D.F. Strobel
and K.D. Retherford. “Variations of the UV
Emission from the Atmosphere of the Jovian
Moon lo.” Paper presented at the European
Geophysical Union General Assembly,
Vienna, Austria, April 2012.

Schattenberg, H. “Southwest Research
Institute Support of USDA APHIS Horse
Protection Act.” Paper presented at the
Tennessee Walking Horses of Today Equine
Conference, Murfreesboro, Tenn., June 2012.

Seifert, C., E.J. Mitchell, K.E. Mandt and

E.L. Patrick. “Comparison of Infrared

and Quadrupole Mass Spectrometer
Measurements of Carbon Dioxide in Cave
Environments.” Paper presented at the GSA
South Central Meeting, Alpine, Texas, March
2012.

Shukla, P.K., T.S. Mintz, B. Dasgupta and

J. Fisher. “Using Local Electrochemical
Impedance Spectroscopy to Detect
Coating Defects on Buried Pipelines.”
Paper presented at the CORROSION 2012
Conference, Salt Lake City, March 2012.

Sillanpag, ., R. Ebert, H. Elliott and E. Kallio.
“Preliminary Model for the Solar Wind
Interaction with Pluto’s Extended Plasma
Tail.” Paper presented at the 2012 European
Geophysical Union (EGU) General Assembly,
Vienna, Austria, April 2012.

Simmons, H.R,, V. lyengar and T.C. Allison.
“Effects of Stator Flow Distortion on Rotating
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Blade Endurance, Part 2 — Stress Analysis and
Failure Criteria.” Paper presented at the ASME
International Gas Turbine Institute Turbo
Expo, Copenhagen, Denmark, June 2012.

Smart, K.J., D.A. Ferrill, A.P. Morris and R.N.
McGinnis. “Geomechanical Modeling of
Stress and Strain Evolution in Fault-related
Folding.” Paper presented at the American
Association of Petroleum Geologists (AAPG)
Annual Meeting, Long Beach, Calif., April 2012.

Smart, K.J., G. Ofoegbu, K. Das and D. Basu.
“Geomechanical Modeling of Hydraulic
Fracture Initiation and Propagation

in a Mechanically Stratified Geologic
System.” Paper presented at the 46th U.S.
Rock Mechanics/Geomechanics Symposium,
American Rock Mechanics Association,
Chicago, June 2012.

Smith, I.S., M. Fortenberry, J. Noll and W.
Perry. “Stratospheric Airship Design
Sensitivity.” Paper presented at the 39th
COSPAR Scientific Assembly, Mysore, India,
July 2012.

Sokol, J.M., M.A. Kubiak, M. Bzowski, M.
Tokumaru, K. Fujiki, D.J. McComas, P.
Bochsler and P. Wurz. “Survival Probabilities
of ENAs in the Heliosphere.” Paper
presented at the 39th COSPAR Scientific
Assembly, Mysore, India, July 2012.

Spencer, J.R., K.L. Jessup, C.C.C. Tsang, N.
Cunningham and K.D. Retherford. “Evidence
for Volcanic Support of lo’s Jupiter-facing
Atmosphere from Constraints on Post-eclipse
Atmospheric Changes.” Paper presented at
the Lunar and Planetary Science Conference,
The Woodlands, Texas, March 2012.

Stern, S.A., K.D. Retherford, C. Tsang, P.D.
Feldman, W.R. Pryor and G.R. Gladstone.
“Lunar Atmospheric Helium Detections by
the Lyman Alpha Mapping Project (LAMP) UV
Spectrograph on the Lunar Reconnaissance
Orbiter.” Paper presented at the Dust,
Atmosphere and Plasma: Moon and Small
Bodies Meeting, Boulder, Colo., July 2012.

Tan, C.K. and M. Feng. “Glycerol to
Oxygenates and Chemicals in Supercritical
Fluids.” Paper presented at the American
Institute of Chemical Engineering (AIChE)
Spring Conference, Houston, April 2012.

Tan, C.K. and M. Feng. “Novel Biodiesel
Production Technology.” Paper presented

at the Biodiesel Technical Workshop,
National Biodiesel Council, Kansas City, Kan.,
November 2011.
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Tavares, T.S. “Testing Capabilities in Support
of Modeling and Simulation.” Paper
presented at the Schlumberger Modeling
and Simulation Workshop, Sugarland, Texas,
June 2012.

Tavares, T.S. and J.T. Gatewood. “Tutorial:
Gas Turbine and Centrifugal Compressor
Performance Testing in the Field.”

Paper presented at the 40th Eastern Gas
Compression Roundtable, Moon Township,
Penn., May 2012.

Thompson, T. “Temporally Coherent
Communications.” Paper presented at the
Joint Navigation Conference 2012, Colorado
Springs, Colo., June 2012.

Thorn, E. and K. Kozak. “SUMET Path Planning
Overview.” Paper presented at the Office of
Naval Research (ONR) Code 30 Autonomy TIA
Integration Workshop. San Diego, May 2012.

Tsang, C.C.C. “Venus Near-infrared
Atmosphere from a Suborbital Platform.”
Paper presented at the Next-Generation
Suborbital Researchers Conference, Palo
Alto, Calif., February 2012.

Tsang, C.C.C,, J.R. Spencer and K.L. Jessup. “lo’s
Atmosphere in 2010: Synergistic Observations
of Longitudinal Distribution in the Near-
ultraviolet and Mid-infrared.” Paper presented
at the Lunar and Planetary Science Conference,
The Woodlands, Texas, March 2012.

Tsang, C.C.C., J.R. Spencer and K.L. Jessup.
“lo’s Atmosphere: Support by Direct
Volcanic Injection or Ice Sublimation.” Paper
presented at the Volcano-ice Interactions

on Earth and Other Planets Conference llI,
Anchorage, Alaska, June 2012.

Tsang, C.C.C,, J.R. Spencer and K.L. Jessup.
“Synergistic Observations of lo’s Atmosphere
from Near-UV and Mid-IR.” Paper presented at
the lo Workshop 2012, Boulder, Colo., June 2012.

Visscher, C. “Chemical Processes in
Exoplanet Atmospheres.” Paper presented at
the Comparative Climatology of Terrestrial
Planets Meeting, Boulder, Colo., June 2012.

Walker, ).D., D.J. Grosch, I.S. Chocron, KA.
Dannemann, R.P. Bigger, T.Z. Moore and
T.T. Kirchdoerfer. “A New Technique for
Monitoring Inhomogeneous Deformation
During Flyer Plate Impact.” Paper presented
at the SEM XII International Congress and
Exposition on Experimental and Applied
Mechanics, Costa Mesa, Calif., June 2012.

Weivoda, M.M., G.E. Gutierrez, G.R. Mundy,
J.R. Edwards, et al. “BMP-2 eNOS Axis
Controls Normal Skeletal Development
and Statin-induced Bone Formation.”

Paper presented at the Annual Meeting

of the Orthopaedic Research Society, San
Francisco, February 2012.

Westlake, J.H., H.T. Smith, D.G. Mitchell, C.P.
Paranicas, A.M. Rymer, J.M. Bell, J.H. Waite
Jr. and K.E. Mandt. “Energetic Particle Energy
Deposition in Titan’s Upper Atmosphere.”
Paper presented at Titan Through Time I,
Greenbelt, Md., April 2012.

Wilkes, J.C. “A General Model for Two-point
Contact Dry-friction Whip and Whirl.” Paper
presented at the ASME International Gas
Turbine Institute Turbo Expo, Copenhagen,
Denmark, June 2012.

Wilkes, J.C. and D. Childs. “Improving
Tilting-pad Journal Bearing Predictions: Part |
— Model Development and Impact of Rotor
Excited Versus Bearing Excited Impedance
Coefficients.” Paper presented at the ASME
International Gas Turbine Institute Turbo
Expo, Copenhagen, Denmark, June 2012.

Wilkes, J.C. and D. Childs. “Improving
Tilting-pad Journal Bearing Predictions: Part
Il — Comparison of Measured and Predicted
Rotor-pad Transfer Functions for a Rocker-
pivot Tilting-pad Journal Bearing.” Paper
presented at the ASME International Gas
Turbine Institute Turbo Expo, Copenhagen,
Denmark, June 2012.

Wilkes, J.C. and D. Childs. “Tilting Pad
Journal Bearings — A Discussion on Stability
Calculation, Frequency Dependence, and
Pad and Pivot Flexibility.” Paper presented at
the ASME International Gas Turbine Institute
Turbo Expo, Copenhagen, Denmark, June
2012.

Wood, P. and S. Baldor. “Software
Adaptation Layer for Increased Plug-and-
Play Compatibility.” Paper presented at the
Reinventing Space Conference 2012, Los
Angeles, May 2012.

Yau, A., D. Camann, M. Heikkinen and

S. Viet. “Determination of Semivolatile
Organics in Floor Wipes by GC/MS: Selected
Reaction Monitoring Versus Selected lon
Monitoring.” Paper presented at the 2011
International Society of Exposure Science
Annual Meeting, Baltimore, October 2011.
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Ahr, L. “Development of a New and Novel
Blackbody Filament Constant Power
Controller.”

Alvarez, J. and L. McDaniel. “Reconfigurable
V/UHF N-Channel Signals Intelligence
Receiver.”

Bartley, G., T. Alger, R. Gukelberger
and J. Gingrich. “D-EGR, WGS Catalyst
Development and Optimization.”

Boice, D. and R. Goldstein. “Capability
Development for Modeling Small Icy Bodies
in the Solar System.”

Boice, D., R. Goldstein, ). Mukherjee and
W. Huebner. “Capability Development for
Modeling Small Solar System Bodies.”

Broerman, B., S. Simons, A. McClung, J.
Gatewood and K. Brun. “A Comprehensive
Approach to Predicting Vortex-Shedding-
Induced Pulsation Amplitudes in Piping
Systems.”

Brown, T. “Traffic Signal Interface
Concepts.”

Davis, M., R. Gladstone, J. Goldstein, T.
Greathouse, K. Retherford, G. Winters
and B. Sandel. “Capability Development
for Extreme Ultraviolet Imaging and
Calibration.”

DeForest, C. and T. Howard. “Scientific
Design Studies for a Polarizing Heliospheric
Imager Nanosatellite Mission.”

Huynh, A. “Conformal and Beamformed
Antenna Array for Airborne DF
Applications.”

Jones, M. “Determination of Thermal
Boundary Conditions for Light-Duty, High-
Performance Aluminum Engines.”

Musgrove, G. and D. Ransom.
“Improvement of Wet Gas Compressor
Performance Using Gas Ejection.”

Noll, J. “Analysis and Testing of a Ceramic

Column Grid Array Component for Space
Applications.”
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Ogasawara, K. and S. Livi. “Development
of a Low-Speed Neutral Atom Instrument
Calibration Facility for Planetary Missions.”

Pickens, K., G. Miller, J. Roberts and B.
Teolis. “A Low Resource Mass Analyzer.”

Retherford, K., M. Davis, R. Gladstone, T.
Greathouse, J. Spencer, A. Steffl, A. Stern,
G. Dirks, J. Eterno, K. Persson, S. Persyn,
B. Walther, D. White, G. Winters, M.
McGrath and P. Feldman. “An Advanced
UV Spectrograph Concept for the JUICE
(Jupiter Icy Moon Explorer) Ganymede
Orbiter Mission.”

Roming, P. “Scaling Superconducting
Imaging Arrays.”

Rossini, G. “Applied Dermal Delivery Nano-
Formulations.”

Rubal, M. “The Next Generation of
Chlorine Dioxide Light-Activated Releasing
Additives.”

Schultz, V. “Hexagon.”

Young, E. “Flight Demonstration of a

Daytime Star Tracker with 0.1-Arcsecond
Pointing Resolution.”
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Patents

Benke, R. “System and Method for
Acquiring Radiation Spectral Data in a
Radiation Field and Determining Effec-
tive Dose Rate and Identifying Sources of
Localized Radiation.” U.S. Patent

No. 8,183,523. May 2012.

Chan, K., N. Cheruvu and W. Liang. “Cor-
rosion Resistant Coatings Suitable for
Elevated Temperature Application.” U.S.
Patent No. 8,230,797. July 2012.

Chocron, I, A. Nicholls, C. Anderson Jr.
and J. Walker. “Techniques to Measure
Strain Development and Failure in a
Fabric.” U.S. Patent No. 8,240,200. August
2012.

Gordon, C., C. Harbold and H. Hanson.
“Method of Insertion of an Expandable
Intervertebral Implant.” U.S. Patent

No. 8,257,440. September 2012.

Moore, J., T. Allison and A. Lerche.
“Squeeze Film Damper Valve for Com-
pressor Cylinders.” U.S. Patent

No. 8,240,330. August 2012.

Sasaki, S. and J. Sarlashkar. “Hybrid Sys-
tem for Motor Vehicle with Internal Com-
bustion Engine and Motor-Generator.”
U.S. Patent No. 8,214,094. July 2012.

Siemsen, P. and R. King. “Portable Pop-up
Direction Finding Antenna.” U.S. Patent
No. 8,253,638. August 2012.

Wei, R. and E. Langa. “Method and Appa-
ratus for High Rate, Uniform Plasma Pro-
cessing of Three-dimensional Objects.”
U.S. Patent No. 8,252,388. August 2012.
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RECENT FEATURES

Recent Features from Technology Today

Clues from Burning Furniture (Spring 2012)
Marc L. Janssens, Ph.D., FSFPE

An SwRI-led study of how upholstered furniture
burns will help fire investigators reduce uncer-
tainty in determining the cause of a fire.

Searching the Moon’s Shadows (Spring 2012)
Lunar Reconnaissance Orbiter’s LAMP reveals
craters’ hidden features.

Secrets Written in Dust (Spring 2012)
Kristin Favela, Ph.D.

Research chemists at SWRI investigated dust for its
ability to retain unique source attribution profiles.

Aiming for the Stars (Spring 2012)

Eliot F. Young, Sc.D.

An SwRI-led team examined the potential for a
balloon-borne telescope to acquire and track celes-
tial targets.

Seeing Sea Ice (Winter 2011)

Michael Lewis, Ph.D., and Marius Necsoiu, Ph.D.
SwWRI scientists analyze satellite radar data to gain
insight into annual changes in the volume of sea
ice near Antarctica.

Controlling Greenhouse Gases (Winter 2011)

J. Jeffrey Moore, Ph.D., Andrew Lerche, Hector Delgado and Tim

Allison, Ph.D.

SwRI researchers develop advanced centrifugal compressor technology for carbon
capture and sequestration.

Solar Wind Storm (Winter 2011)

Craig DeForest, Ph.D.

An SwRI-led team’s analysis of data from NASA’s STEREO spacecraft yields new,
detailed images of a coronal mass ejection headed toward Earth.

Improving Surface Properties of Materials (Winter 2011)

Ronghua Wei, Ph.D., Christopher Rincon, Kent E. Coulter, Ph.D.,

and Michael Miller, Ph.D.

SwRI researchers are using advanced processes and diamond-like carbon (DLC)
coatings to reduce wear and strengthen materials.

Keeping Jet Fuel Clean and Dry (Summer 2011)

Gary B. Bessee

SwWRI’s aviation filtration test facility helps fuel handling facilities remove
contaminants and ensure smooth flow, from storage tanks to aircraft fuel tanks.

Particle Emissions from Direct Injection Gasoline Engines (Summer 2011)

Imad Khalek, Ph.D.

A team of SWRI engineers examines how emissions systems and engine
technologies can affect the mass, numbers and average sizes of exhaust particles
from gasoline engines.

Fax requests for articles previously published in Technology Today to

(210) 522-3547 or e-mail jfohn@swri.org. Recent Technology Today features, as
well as a listing of older titles, are available online at technologytoday.swri.org.
To receive an online subscription, visit update.swri.org.
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coming up

Trade Shows

Look for Southwest Research Institute at
the following:

* 2012 National SBIR Beyond Phase Il Conference,

Indianapolis; September 10-13, 2012
e AUTOTESTCON, Anaheim, Calif,;

September 10-13, 2012
¢ 2012 F-16/Proven Aircraft World Wide Review,

Ogden, Utah; September 10-14, 2012
e American School of Gas Measurement

Technology, Houston; September 17-20, 2012
¢ 41st Turbomachinery Symposium and

the 28th International Pump Users Symposium,

Houston; September 24-27, 2012
e Algae Biomass Summit,

Denver; September 24-27, 2012
¢ Gas Machinery Conference,

Austin; September 30-October 3, 2012
* 4th AIChE Regional Process Technology Con-

ference, League City, Texas; October 4-5, 2012
¢ International Telemetering Conference/USA

(ITC/USA) 2012,

San Diego; October 22-25, 2012
¢ ASNT Fall Conference,

Orlando, Fla.; October 29-November 2, 2012
e SupplySide West,

Las Vegas; November 5-9, 2012
¢ ASIP Conference,

San Antonio; November 27-29, 2012
e Underwater Intervention,

New Orleans; January 15-17, 2013
¢ International Filtration Conference,

San Antonio; March 5-7, 2013
¢ Middle East Turbomachinery Symposium,

Qatar; March 17-21, 2013
¢ NACE Corrosion Conference and Expo,

Orlando, Fla.; March 17-21, 2013
e Aircraft Airworthiness and

Sustainment Conference,

Grapevine, Texas; March 25-28, 2013

emp|oyment

Southwest Research Institute is an indepen-
dent, nonprofit, applied research and develop-
ment organization. The staff of more than 3,000
employees pursue activities in the areas of
communication systems, modeling and simula-
tion, software development, electronic design,
vehicle and engine systems, automotive fuels
and lubricants, avionics, geosciences, polymer
and materials engineering, mechanical design,
chemical analyses, environmental sciences,
space sciences, training systems, industrial
engineering and more.

SwRl is always looking for talented technical
staff for its San Antonio facilities and for
locations elsewhere in the United States. We
welcome your referrals. An Equal Employment
Opportunity Employer: Race, Color, Religion,
Sex, National Origin, Disability, and Veteran
Status. Check our employment opportunities at
jobs.swri.org.

29



Technology Today Nonprofit Org.

. U.S. POSTAGE
Southwest Research Institute PAID

6220 Culebra Road .

P.O. Drawer 28510 germpl\t No. 23;1

San Antonio, Texas 78228-0510 an Antonio, Texas

United States

Benefiting government, industry and the public
through innovative science and technology

Southwest Research Institute
WWW.SWri.org



	A Cosmic Energy Source in 3-D
	Shared Research
	A Cast of Thousandths
	Unmanned and 
Downrange
	Technics
	Technical Staff Activities
	Recent Features

