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Portable Power
from the Sun

An SwRI-developed solar module for warfighters

could reduce weight and expense

By Jeffrey L. Boehme

dvances in telecommunica-
tions and electronics have given
warfighters better effectiveness
and situational awareness in the
field, but those improvements tend to
come with added weight and expense.
Batteries make up 20 percent of the
weight a warfighter must carry in-theater
and rank second behind munitions in
annual infantry battalion expenditures,
according to a 2011 U.S. Army study.

Both weight and mc
saved by using secondary batteries t
can be recharged through energy har-
vesting techniques. Solar energy panels
known as thin-film photovoltaics are por-
table and easily deployable, and can be
rolled up or folded for storage; thus they
are often the preferred system for energy
harvesting. However, their energy per
unit of volume or weight is limited unless
their exposure to sunlight is optimized
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through the use of concentration optics
or solar-tracking mechanisms.
A team of engineers from South-
west Research Institute (SwRI) has
begun to develop a portable yet rugged
solar module system based on state-
of-the-art photovoltaics (PV) research.
Its approach focuses on treating the
solar module as a system of discrete
components combined in a way that

maximizes conversion efficiency and
* 4



minimizes weight, volume and operat-
ing cost. SWRI’s solar module system
contains a dispersion/concentration

PV system, a solar tracking module, a
secondary harvesting system and some
biologically inspired, anti-reflective
coatings.

Dispersion/concentration
photovoltaic system

The SwRI-designed system’s pri-
mary energy-harvesting unit is a con-
centrator photovoltaic system (CPVS),
which addresses two major factors
affecting PV efficiency. The first major
factor is the number of photons striking
the PV surface. Increasing the number
of photons that strike a PV surface is
relatively straightforward using light-
concentrating optics, such as Fresnel
lenses or parabolic mirrors.

The second factor, the band-gap,
or zone of sensitivity of the semicon-
ductor material in the device, is more
complex. Photons with energy less
than the band-gap of the PV material
are not absorbed by the cell, and those
whose energy exceeds the band-gap are

re-emitted as heat or light. When only one

semiconductor material is used, a sig-
nificant portion of the solar spectrum’s
energy does not get converted into elec-
tricity. Therefore, it is desirable to include
multiple semiconductor materials in a PV

system, either through vertical stacking or

lateral splitting. In vertical stacking, layers

of semiconductor materials are grown atop
one another such that photons with differ-

ent wavelengths are selectively absorbed
or transmitted by the materials in the
vertical stack.

The selective absorp-
tion of photons within a
specific wavelength region
allows each photon-sensing
junction within the multi-
junction PV cell to convert
energy very efficiently. For
example, according to the
National Renewable Energy
Laboratory (NREL), the
efficiency of four-junction
PV cells has reached 37.8
percent, compared to 28.8
percent for the best single-
junction PV cell. Although
vertically stacked, multi-
junction PV cells are highly
efficient, they are typically
more expensive than single-
junction cells because of
the multi-step processes
required to deposit multiple
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Dr. Jeffrey L. Boehme is a staff scientist in the Applied Physics Division, with a background in tailor-
ing the color of electrochromic polymers and devices. His work at SwRI has included developing
low-cost techniques for fabricating organic light-emitting devices and photo detectors without the
use of vacuum. He was principal investigator on an internally funded research product to develop
active thermal control devices using electrochromic materials, and is currently program manager of a
program to investigate the survivability of nanoparticles in harsh environments.

materials, plus the complex deposition
procedures required to match inter-

layer lattice constants and currents. Their
higher cost per kilowatt-hour often pre-
cludes their widespread use for civilian

as well as military applications.

Lateral splitting, on the other hand,

exploits the efficiency gains associated
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with narrow-band illumination by using
optical components to split the solar
spectrum into multiple narrow-band
beams that impinge upon single-junction
PV cells manufactured from different
semiconductor materials. Because single-
junction PV cells are easier to manufac-
ture, a variety of low-cost, off-the-shelf
PV cells is available for use
in lateral solar cell archi-
tecture. The difficulty, and
therefore the expense, of
those systems often lies in
their spectrum dispersion
optics.

Researchers have
used curved microprism
arrays, holographic
optical elements and

Three layers of semiconduc-
tor materials that selectively
gather photons of different
wavelengths, below a light-
concentrating Fresnel lens (at
right), are superimposed atop
a scavenger photovoltaic cell
module (interior).

D019274_4363
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An engineer inspects the
photovoltaic cell atop a portable
solar module onto which a
"moth-eye" light-absorbing
coating has been applied using
a rotating fixture (top inset) and
a vacuum-deposition chamber
(bottom inset).

dichroic surfaces to split the solar
spectrum into two or more narrow-
band beam components, with vary-
ing degrees of success. Because
many of these optical elements can
be difficult and expensive to mass-
produce, the SWRI team selected
a spectrum dispersion system that
lends itself to easier manufacturing.
This system is based on flat sheets
of molded linear microprism arrays.

Although it is more desirable to
divide the solar spectrum into three or
more wavelength bands, the team chose
to disperse the solar spectrum onto
two PV cells in the prototype design to
reduce complexity.

In addition to the spectrum disper-
sion optics, the team added a Fresnel
lens as an optical concentrator to further

D019274_4456

increase module-level efficiency. Para-
bolic mirrors often have larger accep-
tance angles than Fresnel lenses, but
they are larger, heavier, and often
require an inverted PV mounting
system. Minimizing weight and vol-
ume while maximizing ruggedness
was considered more important for
defense applications.
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Solar tracking mechanism

The SwRI team also added a solar track-
ing mechanism to improve sun-catching
efficiency. While high-precision, multi-axis
mechanisms are the norm for conventional
concentrator photovoltaic systems, they are
far from ideal. They are often placed on a
pedestal and rotated about one or two axes
throughout the day. They are typically large,
heavy and expensive, primarily because
the mechanism must support the
weight of the concentrator photovol-
taic system as well as wind-induced
loads, which can be substantial.
Again, weight and volume are critical
for mobile Department of Defense
(DoD) applications where the human
and physical costs of transport are
significant. With that in mind, the
SwRI team implemented a modified,
compact solar tracking mechanism
that fits within the enclosed solar
module unit.

Secondary energy harvesting system

Solar tracking errors, actuator
limitations and optical effects such
as reflection or scattering reduce
the amount of light striking the pri-
mary PV cells and result in efficiency
losses. The SwRI-designed system
contains a number of secondary,
broadband PV cells that can harvest stray
photons that do not strike the primary PV
cells. The secondary PV cells are located on
the periphery of the spectrally tuned pri-
mary PV cells to scavenge weakly concen-
trated light from the Fresnel lens concentra-
tor as well as highly concentrated, spectrally
separated light that does not strike the
primary PV cells.



Sunlight

PV cells operate bet-
ter at shorter wavelengths,
and in most multi-junc-
tion PV systems (includ-
ing SWRI’s two-cell primary
energy harvesting system)
the lowest-energy photons
in the spectrum are not col-
lected. As much as 7 per-
cent of the solar energy
resides in the short- to
mid-wavelength infra-
red (IR) region (1,400 nm
— 8,000 nm). Because the
solar spectrum is later-
ally split in the SwRI solar
module, some of the IR
energy can be harvested by
incorporating a thermoelec-
tric generator (TEG) into the
solar module design. By plac-
ing a heat sink on the back of
the unit, a thermal gradient
across the TEG will be estab-
lished (generating electricity)
and heat will be dissipated from
the primary and secondary PV
cells (enhancing the efficiency of
the energy conversion process). Via
these two routes, the solar module
system can generate additional energy.

“Moth-eye” anti-reflective coatings

To maximize the efficiency of the
energy harvesting system, it is neces-
sary to maximize the amount of light
absorbed by the PV cell. Because of the
high refractive index of most PV cells,
reflectance at the surface is estimated at
upwards of 30 percent. To minimize Fres-
nel reflections and improve light cap-
ture, the surfaces of PV cells are often
textured, creating three-dimensional
structures that increase the likelihood
that a reflected photon will be cap-
tured by a neighboring PV cell surface.
Anti-reflective (AR) coatings also can
be deposited onto PV surfaces using
various methods. A key issue with AR
coatings, however, is their responsiv-
ity over the entire solar spectrum and
their effectiveness at a variety of incident
angles. While several layers with varying
refractive indices and thicknesses can be
deposited, each layer increases the cost,

Chromatic
concentrator

Broadband
scavenger
PV cell

Moth-eye
absorption
coating

such that the cost-effectiveness of AR
coating may be brought into question.

To address the cost issue, SWRI
researchers have begun to develop bio-
logically inspired AR surfaces based on
the eye structure of nocturnal moths.
Nocturnal moths have excellent night
vision due to regular, high-aspect-ratio,
sub-wavelength photonic structures on
their corneal surface that trap broad-
band light over a large range of incident
angles. The SwRI team tried to fabricate
biologically inspired AR coatings based
on the glancing angle deposition tech-
nique. In this process, a substrate mate-
rial is rotated around an axis perpendicu-
lar to its surface and deposition flux is
applied at an oblique angle. High-aspect-
ratio structures are formed by the effect
of shadowing during film deposition,
and the shape of the formed structures
is regulated by controlling the substrate
rotation parameters.
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When sunlight strikes the solar
module, three unit-cells collec-
tively absorb short, medium and
longer wavelength photons and
a Fresnel lens focuses remaining
light on a broadband scavenger
photovoltaic cell with “moth-eye”

light absorption coating applied.

Conclusion

SwRI researchers examined
the effectiveness of various solar
module components to develop
an optimized lateral solar sys-
tem module. The theoretical and
experimental results indi-
cate that optical losses in
the spectrum dispersion
system must be carefully
weighed against the gains
associated with narrowband PV
illumination. For the prism angles
and materials tested, a 24-degree
microprism array is an adequate compro-
mise between Fresnel reflection losses
and spectrum dispersion ability. Prism
orientation and direction play a signifi-
cant role in optical losses and spectrum
dispersion. As a result, additional analysis
is currently underway. Based on an inter-
nal review of module fabrication and
assembly processes, surface roughness,
prism rounding and machining debris
are believed to significantly reduce the
light transmitted to the primary PV cells.
While optical losses are not atypical for
lateral solar cell architectures, the SwRI
team is currently working to minimize
these losses through improving fabrica-
tion techniques and incorporating sec-
ondary energy harvesting units into the
system. More research is needed before
the system can harvest solar energy at
the desired efficiency, but initial results
are promising toward development of
an optimized solar module system for
defense applications.

Questions about this article? Contact Boehme
at (210) 522-5979 or jeffrey.boehme@swri.org.
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By Patrick Siemsen

arfighters on the frontlines of
the battlefield typically have
to rely on communication
with distant and remote ra-
dio direction finding (DF) assets to obtain
tactical information about the location
and strength of the enemy. The sheer bulk
and weight of traditional direction-finding
antenna arrays and their processing equip-
ment, let alone large mast-mounted anten-
nas that give away their location, have
limited their suitability for battlefield de-
ployment, relegating them instead to rear
areas or airborne or shipborne stations,
or in some cases, behind the frontlines as
strategic assets.

A team of engineers from the Tacti-
cal Products Department of the Signal
Exploitation and Geolocation Division at
Southwest Research Institute (SwRI), using
internal research funding, is designing
and developing novel direction finding
antenna arrays to help alleviate this prob-
lem. Significant electromagnetic numerical
modeling is employed in this effort using
CAD software. Two such products recently
developed are the AVM-375 DF Antenna
Set and the AP-460 DF “Tent” antenna. The
AVM-375 consists of up to four low-profile
DF sub-arrays that are distributed around
the body of military vehicles, providing
“on-the-move” DF capability with low
visible signature. The AP-460 is a patented
human-transportable direction-finding

antenna array
made of conduc-
tive fabric that
collapses and
stows into a sol-
dier’s backpack for
easy transportation.
Along with new and
innovative antenna
arrays, SWRI engineers also

develop advanced DF processing
architectures and software that run on
field-programmable gate arrays (FPGA)

in low size, weight, and power (SWaP)
configurations. Together, these advanced
technologies are helping bring direction
finding systems to the frontlines.

Vehicle-mounted, low-profile antenna
sub-arrays

Adding traditional direction finding
equipment onto military vehicles, such as
the high-mobility multipurpose wheeled
vehicle (HMMWYV, or Humvee’), requires
an antenna array on a mast that extends
significantly above the vehicle to get it
away from external clutter located on the
vehicle’s roof. For the Humvee, one such
clutter agent is a rotating turret which,
because of its rotating nature, cannot be

removed through calibration. Elevating the
antenna severely limits vehicle mobility and
also reveals its mission. SWRI'’s solution was
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Optimal locations for
mounting direction
finding antennas on
tactical vehicles like
the Humvee (above) are

complicated by signal

interference from combat
equipment mounted atop
the vehicle, and also by

the need to miniaturize its
onboard electronic signal pro-
cessing system (detail inset).

to distribute groups of linear DF antenna
sub-arrays around the vehicle’s body,
each consisting of miniature low-profile
directional antenna elements. The arrays
face outward, away from vehicle clutter.
Any remaining effects from the vehicle
can be remedied through calibration. A
new version of SWRI's beam-steer vector
match (BSVM) DF algorithm was devel-
oped specifically for distributed arrays,
removing the effects of inter-array spac-
ing from the DF solution.

The AVM-375 DF antenna set com-
prises four sub-arrays, each containing
three antenna elements per band, linear-
ly aligned behind a conductive backplate.
The backplate, in addition to serving as
the mounting mechanism, provides an
electromagnetically reflective surface to
shield the array from scattering effects
coming behind the array and also to give
the individual antenna elements more
directivity facing out from the backplate.



The sub-arrays—with one facing front,
rear and two broadside —work together
to provide 360-degree coverage. Two
different antenna element types are
used: balanced-shielded loop antenna
elements to cover VHF frequencies and
tapered-slot antenna (TSA) elements
for UHF. Each sub-array design was

30 inches long by 7.5 inches tall by 3.5
inches deep for this platform.

The novel approach was proven
through a government-sponsored dem-
onstration on a Humvee. Because of
specific mission constraints, the front-
and rear- facing arrays had to be moved
to the sides of the vehicle for this
installation. Two of the sub-arrays were
custom-designed to fit behind the front
fenders. The remaining two sub-arrays
were moved closer to the rear of the
vehicle but faced broadside. Although
not ideal, 360-degree coverage was still
provided. The sub-arrays were mounted
using existing bolt holes wherever
possible to facilitate ease of installa-
tion. Cables were routed underneath
the fender skirts and into the vehicle’s
interior through existing holes in the
body. Other installations on the vehicle
included a reference discone antenna
(so named because it comprises disc-
shaped and cone-shaped elements), a
wireless modem antenna and dual GPS

This visual display from the graphical user
interface of the field programmable gate array
(FPGA)-based DF processor on the Humvee
shows the DF spectrogram after rotating the
vehicle's turret 360 degrees in azimuth.

antennas. The reference discone antenna
and the wireless modem antenna were
mounted on posts on the rear of the
Humvee. The dual GPS antennas were
mounted to the hood.

A miniaturized processor using SWRI-
developed DF architecture and software
was installed in the vehicle’s cab and a
laptop computer provided visual display
of reported lines of bearing. The DF
processor operated from battery power,
but could also be powered through the
vehicle's own power distribution. The RF
cables from the antenna arrays connect-
ed directly to the processor.

Engineers calibrated the system by
turning the vehicle around in circles
while collecting calibration data at specif-
ic frequencies. Only a single calibration

Portions of an SwRI-designed AVM-
375 antenna system’s sub-arrays are
shown with their protective radomes
removed, and as mounted on a vehi-
cle, beneath light tan-colored radomes
that are visible here ahead of the front
door and at the right-rear corner.

is needed for installation of a given
platform type, as long as the sub-arrays
are installed the same way.
Vehicle heading information was
provided during the demonstration by a
dual GPS antenna array mounted on the
hood. The demonstration involved driv-
ing around the SwRI antenna field site
while collecting DF data on a number of
fixed and hand-held transmitters at the
site. DF lines of bearing were collected
in both a DF mapping mode and a data
logging mode. For the DF mapping mode,
lines of bearing were continuously dis-
played on a satellite map of the SwRI field
site, emanating from the location of the
vehicle as it was driven. For the data log-
ging mode, continuous calculated lines
of bearing and actual direction of arrival
(calculated from knowing the latitude
and longitude of both the transmitter and
the Humvee) were logged to a data file
for post-processing, from which DF error
was obtained. Additional DF tests were
performed on over-the-air signals and
while rotating the vehicle’s turret. Finally,
“fox hunts” were performed, where the
vehicle crew would search for a hand-
held transmitter at an unknown location.
Stationary DF testing prior to the
demonstration, with the vehicle sitting
on a rotator, yielded an overall RMS DF
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error across frequency of 3.8 degrees.
For mobile testing, the 68th percentile
(one standard deviation) of the DF error
averaged between 5 and 10 degrees. DF
results collected during the demonstra-
tion matched closely with those results.

Human-transportable “tent” antenna

The logistics and transportation of DF
equipment to the front lines of the battle-
field are rather difficult given its traditional
large size and extreme weight. In addi-
tion, the setup process is painstaking. The
SwRI-designed AP-460 DF “tent” antenna
is a lightweight, collapsible, human-trans-
portable DF antenna specifically designed
for tactical field applications, where
the operator requires quick setup and
teardown time (less than 5 minutes). The
antenna elements and associated cabling
are fully integrated into a cube-shaped
fabric structure (the “tent”) that collapses
and stows into a soldier’s backpack. An-
tenna elements are made from conductive
fabric and small printed circuit boards.
The total weight is less than 5 pounds. The
antenna is mounted on a tripod with mast
that extends 20 feet above the ground.
The tent portion is supported to the mast
using shock-corded fiberglass poles much
like those that campers use to support
their tents.

The tent structure is cube-shaped,
with four outward faces made of polyes-
ter mesh material supported by a flexible,

An SwRI-designed AP-460 “tent”
antenna is shown alongside the
numerical model used for analyzing
its performance. Antenna elements
embedded in the “tent” lining

are evident.

\ Advances in FPGA
| processing technology

flat-spring steel outer frame around each
face. The top and bottom are open.

The AP-460 DF antenna provides full
coverage across the VHF/UHF frequency
ranges in three separate but concen-
tric antenna arrays fabricated into the
single pop-up structure. Each antenna
array covers a different portion of the
operating frequency range. The lower
frequency array covers from 20 MHz to
160 MHz and is made up of four shielded
loop antennas, one on each face of the
structure. The loop antennas are made
from flexible RF cable routed through
channels sewn around the outer edge of
each face. Small circuit boards serve as
the feed points and electrical gap for the
shielded loops. The middle frequency
array covers from 160 MHz to 650 MHz
and consists of eight bow-tie type anten-
nas, with two on each face. The bow-
tie antenna elements are made using
conductive cloth material sewed directly
onto each face. The higher-frequency
array covers from 650 MHz to 3 GHz and
consists of eight tapered slot antennas,
with two on each face. The tapered slot
antenna elements are made out of circuit
board material that fits into pockets sewn
onto the faces. All circuit boards are
small enough so that the structure can
still collapse.

The same processing equipment used
with the Humvee-mounted antenna can
be used with the tent antenna. Power can
be provided through solar-rechargeable
military radio pack batteries. With the
DF processor, the tent antenna produces
exceptional DF line-of-bearing (LOB) ac-
curacy of better than 5 degrees RMS across
the operating frequency range.

Technology Today e Spring 2014

Through SwRl’s
internally funded
research program, a joint
software/firmware “system

on a chip” (SOC) processing
architecture has been developed

that uses field-programmable gate
arrays (FPGA) in a low size, weight and

power (SWaP) configuration. FPGAs are
integrated circuits that can be configured
after manufacture. The low SWaP is a key
requirement for deploying the technology
on small, tactical platforms. Unlike previ-
ous designs which suffer from low-speed
data transfer between the FPGA and the
processor, SoC technology eliminates
this bottleneck and simplifies resource
allocation. Faster FPGA-based digital
signal processing capabilities, combined
with an expanding array of intellectual
property cores and development tools for
FPGAs, enable new system architectures
and thus new capabilities on small tactical
platforms. In addition, portable software
libraries running on FPGAs have been
achieved for prosecution of wideband
communications signals.

Direction finding missions

These products have applications
not only for the military, but also in law
enforcement, border patrol and other
functions. A number of government
agencies have expressed interest in these
products. External funding has recently
been secured for application of the AVM-
375 onto a helicopter platform. As with the
Humvee, the DF sub-arrays are custom-
fitted to the vehicle’s unique mounting
requirements.

The complete SIGINT/DF sensor for
mobile platforms, including ground ve-
hicles, aircraft, UAVs, and others, is made
possible by these enabling technologies
from SwRI: novel antenna designs and
advanced signal-processor architecture.

Questions about this article? Contact
Patrick Siemsen at (210) 522-2995 or
patrick.siemsen@swri.org.



An SwRI-developed concept allows easy transport and

autonomous launch of lighter-than-air vehicles

By William D. Perry

ver since the days of observation

balloons, rigid airships and Navy

blimps, inflating and launching

most lighter-than-air (LTA) systems
have required a large open space, spe-
cialized equipment and a well-trained
launch crew. Even for non-rigid airships
and balloons, unpacking and laying out
the hull for inflation typically must be
done inside a very large hangar, or out-
doors under very low wind conditions,
because the hulls can be several hundred
feet in length and are made from very
lightweight material.

Throughout the lengthy inflation
and launch process, the hull is at risk of
damage from wind gusts or contact with
obstacles. Usually, large handling equip-
ment and an experienced
launch team are also need-
ed to get the LTA system v -
aloft without damage.

Given a choice,
most military op-
erators would
prefer to de-
ploy their LTA
systems quickly
from remote,
unimproved sites,
using minimum
personnel with
limited training.
For this reason, a
team of engineers
from Southwest Re-
search Institute (SWRI)
undertook an inter-
nally funded research
project that resulted

10

in the Tactical Aerobotic Launch System
(TALS) concept by which LTA systems can
be launched from a self-contained, easily
portable package that provides inflation,
stabilization, protection and release. TALS
can be operated by a small team, or by
remote control or autonomous launch on
command. The concept is adaptable to
balloons, airships and tethered aerostats.

TALS applications

Tactical military applications for LTA
vehicles require deployment under widely
varied conditions, from sites that may be
unimproved, and with limited space. Possi-
ble launch sites can include a jungle clear-
ing, lake or sea surface, beach, a helipad
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on a naval vessel or a mobile ground
vehicle. The self-contained TALS can be
shipped using available military vehicles
and stored, completely integrated and
ready to go for rapid deployment.

Deployed LTA systems provide a plat-
form for a variety of electronic systems
used for communication relay, real-time
surveillance, communications intercept
and other functions.

Aerobotic launch concept

The TALS concept uses a single ship-
ping container in which the LTA system is
packed along with a supply of lifting gas
(helium or hydrogen). The inflation sub-
system includes batteries for

power and digital electronics
that control the inflation
and launch processes.
The container can be
transported by truck
or helicopter to the
launch site, where a
small team secures
he container to the
ground, vehicle or
other heavy

The TALS shipping
container is packed

with lifting gas, batteries
and launch-control
electronics as well as the
vehicle itself.



The Tactical Aerobotic Launch System (TALS) enables a lighter-than-air vehicle
to be launched autonomously from a portable, self-contained package, in remote
and unimproved environments.

structure. Once the container is secured,
the LTA system can be launched immedi-
ately or left for autonomous launch at a
later time using a timer or telecommand.
After launch, the container can be recov-
ered and refurbished for reuse.

At the planned launch time, the
integrated control system determines
whether the wind velocity and direction
are acceptable. If so, the inflation and
launch process begins with the top of the
container opening to expose the protec-

tive tent that covers the folded LTA sys-
tem. Guy lines with automated extension
and tensioning, which are attached to the
tent, provide stability during the inflation
process. The inflation rate and total gas
quantity are automatically controlled.
The hull rises from the container as it is
inflated inside the protective tent, and
when a predetermined amount of lifting
gas has been injected, gas flow ceases
and the top of the tent opens, allowing
the LTA vehicle to escape and ascend.

DM019527_2325
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Expanding the envelope

SwRI has a long history of designing
and operating autonomous LTA
vehicles, such as HiSentinel, a non-rigid,
electric-powered, autonomous airship
that was partially inflated with helium on
the ground and launched like a balloon.
It assumed its aerodynamic shape as the
helium expanded with increasing altitude
and decreasing atmospheric pressure. By
the time HiSentinel reached its operating
altitude around 65,000 feet, the expanded
helium had pressurized the gas
envelope enough to provide rigid-
ity and structural strength. TALS
builds on that experience by
addressing additional, non-flight
issues such as storage, transport,
inflation and launch logistics.

TALS, an SwRI disruptive tech-
nology internal research project,
was conducted in two phases.

After first successfully com-
pleting the feasibility study and a
full-scale TALS preliminary design,
funding was provided for the

William Perry is an Institute
Engineer in the Space Systems
Directorate of the Space
Science and Engineering
Division. He manages the
Institute’s lighter-than-air
section, which designs and
tests advanced lighter-than-air
vehicles for military and science
applications.

11



In this artist’s rendition, a truck-transported
container serves as the inflation and launch
platform for a TALS application in an
austere environment.

design, construction and testing of a
functional, one-third scale TALS to dem-
onstrate rapid automated launch of large
LTA systems from remote, unimproved
sites using only a small team, in windier
conditions than conventional launch
methods allow.

In Phase I, SWRI engineers estab-
lished the performance requirements
for a tactical launch system, sized for a
HiSentinel 80 airship, which is 200 feet
long and weighs about 1,100 pounds. The
SwRI team determined the optimal size,
shape and mass of the launch container
and completed a preliminary design that
included packing, power, control, com-
munications, tent and lifting gas systems
for launching a full-scale airship. Total
weight of the full-scale TALS container
and its contents was less than 6,000
pounds. At 9 feet tall, 8 feet wide and 14.6
feet long, the container would be eas-
ily transportable by aircraft, helicopter,
truck or ship. Based on the results of the
feasibility study, the team next designed
a maller, one-third scale TALS to serve as
a feasibility demonstrator.

12

In Phase 11, the TALS feasibility dem-
onstrator was fabricated and integrated.
Itis fully automated, with all of the basic
functions of a full-size model, except
an external supply of helium is used to
minimize cost. The TALS demonstrator
launches a one-third scale model of a
HiSentinel-80 airship. The scale airship’s
volume and mass are approximately 4.3
percent of those of the full-scale airship.
The team fabricated and assembled the
TALS demonstrator that included the con-
tainer, stabilization system, inflation sys-
tem and launch release. Raven Aerostar
fabricated the tent and one-third scale
airship test hulls to the SwRI designs. A
custom trailer for transporting the TALS
demonstrator and its helium supply to
the field for testing was also assembled.

Testing the TALS demonstrator

In preparation for field testing, the
SwRI team evaluated each subsystem
independently before integration. They
next performed extensive functional test-
ing of the completed demonstrator in the
laboratory under controlled conditions.
The team performed two field tests under
light wind conditions, resulting in a list of
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changes and refinements that were
needed before the system would be
ready for demonstration.

The TALS team spent another year
modifying, refining and testing the TALS
hardware and software in preparation
for an on-site demonstration. Laboratory
tests under ideal conditions, along with
field tests over a range of wind condi-
tions, resulted in many changes that
mproved reliability and performance. The
laboratory tests included more than 20
inflation and release cycles using air for
safety. These tests verified the inflation
and release sequence but could not test
the loads produced by the lift of the
helium gas and effects of wind and mois-
ture. Only field testing using helium for
lift and under real weather conditions
could verify the TALS performance.

The team completed eight fully
automated field launches under a range
of wind and moisture conditions. Pre-
launch setup times averaged five minutes
once the launch container was placed in
position. Inflating and launching the test
airship took fewer than 10 minutes. Based
on these results, a full-scale airship would
take about 20 minutes to set up, inflate
and launch, making the entire process



well within the target of less than
one-half hour.

The TALS stabilization line
system demonstrated that it could
control the tent and keep it verti-
cal during the inflation process.
No sailing or flagging of the tent
occurred, even with winds up to
12 knots (14 mph). The system has

a 20-knot (23 mph) design
limit, which the team hopes to
verify during future field tests.
Meanwhile, testing revealed
that the launch process and
all of the TALS elements were
working well.

Balloon in a box

As a final step, the SWRI
team would need to demon-
strate the concept for repre-
sentatives of the military. The
team made plans for a live, on-
site demonstration of the 1/3
scale TALS for representatives
from the Department of De-
fense (DoD) encompassing the
U.S. Army Space and Missile
Defense Command, Defense
Advanced Research Projects
Agency and the Office of the
Secretary of Defense. When
a budget-related government
shutdown prevented travel to the planned dem-
onstration, the SWRI team conducted the TALS
demonstration and sent a video of the successful
automated launch demonstration to the DoD
representatives. Based on the promising results
of the scale-model proof-of-concept demonstra-
tion, they have requested a full-scale TALS be
included as an integral part of the next genera-
tion HiSentinel Airship program.
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The TALS package comprises the airship, protected within a launch
tent, along with all equipment required to launch it.

Conclusion

The SwRI LTA team’s design and
successful demonstration of its TALS
system proved the feasibility of a fully
automated launch system concept that
is applicable to balloons, airships and
aerostats. The self-contained TALS can
launch LTA vehicles, directly from the
container, under local or remote con-
trol, in less than 30 minutes, in winds as
high as 12 knots, without problems.

Questions about this article?
Contact Perry at (210) 522-2747 or
bill.perry@swri.org.
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After 10-year voyage,
the spacecraft will
rendezvous with a
comet in 2014

By Ray Goldstein, Ph.D.

n terms of time and distance, it's been among
the longest space voyages. After 10 years and no
fewer than four gravity-assist swings past Earth

(3) and Mars (1), the European Space Agency’s
Rosetta spacecraft will pull into a gentle rendezvous
orbit around Comet 67P Churyumov-Gerasimenko
(C-G for short) sometime in August 2014.

At the end of January 2014, the comet-chasing
spacecraft was awakened from a two-and-a-half-year
hibernation and set on its final approach toward
rendezvous, even as C-G itself begins its closest
approach toward the Sun, reaching perihelion on
August 13, 2015 at 1.24 AU from the Sun (1 AU = the
distance between Earth and the Sun).

Comet CG is one of the smallest destinations
ever for a spacecraft mission. At just 3 kilometers
wide and 5 kilometers long, its gravity is so weak that
when Rosetta dispatches a lander named Philae to
the comet’s surface in November 2014, the lander
will fire a harpoon into the comet to act as an anchor
so its spring-cushioned legs won’t rebound it into
space.

During Rosetta’s rendezvous mission, its instru-
ment payload will gather data to investigate scientific
questions such as how and when the comet’s nucleus
will become active, what properties the nucleus pos-
sesses, what makes up the neutral gas and plasma
that form its coma or “tail,” how the comet interacts Courtesy ESA- C. Carreau/ATG medialab
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with the solar wind, and what comprises
its cometary dust.

The why and what of studying comets

Scientists believe that comets were
born in the outer reaches of the Solar
System, more than 4 billion years ago
when the planets were forming. Far away
from the Sun, they formed out of icy
material as well as rocky matter, which
turned them into the “dirty snowballs”
(or perhaps “icy dirtballs”) of space. As
the most primitive objects in the Solar
System, comets are believed by many sci-
entists to have kept a record of the physi-
cal and chemical processes that occurred
during the early stages of the evolution
of the Sun and Solar System. Cometary
material, therefore, represents the closest
we can get to the conditions that
occurred when the Solar System was
born. Like the original Rosetta Stone,
which allowed 19th-century archeologists
to translate ancient Egyptian hieroglyph-
ics for the first time, the Rosetta space-
craft’s instrument suite will help 21st-
century scientists better understand the
composition and processes that existed
at the Solar System’s formation.

While planets orbit the Sun in rough-
ly circular fashion, comets’ orbits are
notably eccentric, taking an elliptical path
that can alternate between the dark and
cold of the Solar System'’s edge and the
Sun’s burning heat. For example, Comet
C-G’s 6.45-Earth-year orbit varies from
1.24 AU to 5.68 AU.

When a comet approaches the Sun,
the fuzzy, tailed star-like body that we see
in the night sky is the product of a com-
bination of physical and electromagnetic
phenomena. The nucleus of a comet -
the dirty snowball part — consists of not
only ice and rock, but an exterior dust
coating, or mantle. As it speeds toward
the Sun, the comet plows directly into
the solar wind, a stream of electrically
charged particles, or plasma dragging
along a magnetic field, flowing outward
from the Sun at a million miles an hour.
A thick plasma bow-shock wave forms in
front of the comet’s nucleus. Meanwhile,
ultraviolet solar radiation begins heating
the ice in the nucleus as the comet nears
the Sun, causing outgassing and ionizing
water vapor, forming the “coma” and tail
structure that we see and think of as a
comet. Dust particles become electrically
charged and levitate off the comet’s sur-
face, contributing to the “tail.”

Rosetta’s instruments and what
they do

Rosetta and the Philae
lander will approach Comet C-G
with an onboard suite of instru-
ments specializing in unlocking
the interactions of the comet
and the plasma environment as
it reaches its nearest approach to
the Sun. The spacecraft is pow-
ered by two solar panels with
a combined area of 64 square
meters, stretching out 32 meters
tip-to-tip.

Among Rosetta’s 11 science
instruments are two contributed
by Southwest Research Institute.
SwRI space scientists are princi-
pal investigators for the lon and
Electron Spectrometer (IES) as
well as ALICE, its ultraviolet imaging spec-
trograph. Other instruments include the
Comet Nucleus Sounding, secondary ion
mass analyzer, grain impact analyzer and
dust accumulator, a micro-imaging analysis
system, microwave instrument, imaging
system, and visible and infrared mapping
spectrometer.

The Philae lander carries 10 addi-
tional instruments, which include an
alpha proton X-ray spectrometer, an
evolved gas analyzer, a magnetometer
and a plasma monitor, a sample and dis-
tribution device, a surface electric sound-
ing and acoustic monitoring experiment,
and a cometary sampling and composi-
tion experiment.

SwRI’s lon and Electron Sensor (IES),
a member of the Rosetta Plasma Consor-
tium (RPC) consisting of five particles and
fields instruments, measures the flux of
electrons and ions as functions of energy
and direction. Its principal investigator
is Dr. Jim Burch, vice president of SwRI's
Space Science and Engineering Division.
Along with other members of the RPC, it
will investigate the solar wind’s interac-
tion with the comet nucleus and atmo-
sphere (i.e. coma), and the processes
that govern the composition, structure,
and dynamics of the atmosphere. An
important aspect of the measurements
is observing the evolution of the density
and structures in the coma as C-G moves
closer to the Sun. This has never been
done before. Ground-based observations
of comets give only the overall appear-
ance and composition and large-scale
structure of the coma. Results of the
measurements can then be compared
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Dr. Raymond Goldstein, a staff scientist in the
Space Science and Engineering Division, has
an extensive background in the design, test-
ing and data analysis of laboratory as well as
space instrumentation. He led the preliminary
design of an ion mass spectrometer that

flew by comet Halley on the European Giotto
spacecraft and has been co-investigator for
instruments aboard NASA and European
Space Agency missions, including DS-1,
Rosetta and Bepi Columbo.

with predictions from theoretical models.
Disagreement means corrections to the
models will be in order.

The ALICE instrument from SwRI,
whose principal investigator is SWRI
Associate Vice President Dr. Alan Stern, is
an ultra-violet (UV) imaging spectrometer,
measuring the intensity of UV light emit-
ted by or reflected from the nucleus or
coma as a function of wavelength. These
measurements will help determine the
properties of the nucleus surface and dust
grains, plus the composition and details
of the chemical reactions in the emitted
gases. As in the case of IES, ALICE will also
follow the evolution of these characteris-
tics of the comet as it moves along its orbit
around the sun. Some of the processes
that occur at a comet that both IES and
ALICE will be studying also are known to
occur throughout the universe.

Rosetta is a project of the European
Space Agency (ESA) with contributions
from several individual European coun-
tries as well as NASA.

Questions about this article? Contact

Goldstein at (210) 522-6223 or
raymond.goldstein@swri.org.

15

D019527_1835



TECHNICS

New research finds “geologic clock” that Brief notes about the entists previously demonstrated that the
helps determine Moon’s age world of science and abundance in the Earth’s mantle of highly

technology at Southwest siderophile elements, which are atomic
= hi . elements that prefer to be chemically
esearch Institute associated with iron, is directly propor-

tional to the mass accreted by the Earth

An international team of planetary
scientists including researchers from
Southwest Research Institute deter-

mined that the Moon formed nearly 100 after the Moon-forming impact.

million years after the start of the solar system, according to a From these geochemical measurements, the newly es-

paper published April 3 in Nature. This conclusion is based on tablished clock dates the Moon to 95 +32 million years after

measurements from the interior of the Earth combined with the beginning of the solar system. This estimate for the Moon

computer simulations of the protoplanetary disk from which formation agrees with some interpretations of radioactive

the Earth and other terrestrial planets formed. dating measurements, but not others. Because the new dat-
The team of researchers ing method is an independent and direct

from France, Germany and
the United States simulated
the growth of the terres-

trial planets (Mercury, Venus,
Earth and Mars) from a disk
of thousands of planetary
building blocks orbiting the
Sun. The scientists discovered
a relationship between the
time the Earth was impacted
by a Mars-sized object to cre-
ate the Moon and the amount
of material added to the Earth
after that impact.

Augmenting the com-
puter simulation with details
on the mass of material added
to the Earth by accretion after
the formation of the Moon

measurement of the age of the Moon, it
helps to guide which radioactive dating
measurements are the most useful for
this longstanding problem.

“This result is exciting because in
the same simulations that can success-
fully form Mars in only 2 to 5 million
years, we can also form the Moon at 100
million years. These vastly different
timescales have been very hard to cap-
ture in simulations,” said author Dr. Kev-
in Walsh, a research scientist in SwRI’s
Space Science and Engineering Division.

This research was funded by the
European Research Council, as well as
NASA’s Astrobiology Virtual Planetary
Laboratory, Planetary Geology and Geo-
physics, Lunar Science Institute and
Solar System Exploration Research Vir-

revealed a relationship that tual Institute programs.
works much like a clock to The paper, “Highly Siderophile ele-
date the Moon-forming event. This is the first “geologic clock” ments in Earth’s Mantle as a Clock for the Moon-forming
in early solar system history that does not rely on measure- Impact,” by Seth Jacobson, Alessandro Morbidelli, Sean Ray-
ments and interpretations of the radioactive decay of atomic mond, David O’Brien, Kevin Walsh and David Rubie, was pub-
nuclei to determine age. lished in the April 3, 2014, issue of Nature.
Published literature provided the estimate for the mass
accreted by Earth after the Moon-forming impact. Other sci- Contact Walsh at (303) 546-9670 or kevin.walsh@swri.org.
New combustion catalyst and aftertreatment developed to treat emissions, and identify al-
consortium ternative uses for catalysts that can reduce fuel
consumption and harmful emissions,” said Cary
Southwest Research Institute (SwRI) is form- Henry, principal engineer in SwRI’s Engine,
ing the Advanced Combustion Catalyst and After-  Emissions and Vehicle Research Division.
treatment Technologies (AC?AT) consortium. The Institute will pursue patents for tech-
The four-year joint-industry consortium, nology developed by the AC?AT program, and
scheduled to kick off in June 2014, is open to participants will receive a royalty-free license to
original equipment manufacturers and affiliated use AC?AT-developed technology. Consortium
businesses in the automotive industry and pro- members benefit from the combined funding,
vides a collaborative approach to evaluating en- providing substantially more pre-competitive
gine emissions and novel catalyst technologies. research than would be possible with funding from a single client.
Annual membership is $95,000. As an independent applied R&D laboratory, SWRI has extensive experi-
“As future emission regulations are pro- ence managing consortia. The AC?AT consortium will be the eighth automotive
posed, it is important for engine and equipment industry-related consortium currently managed by the Institute. For more
manufacturers to understand the detailed com- information see ac2at.swri.org.

position of emissions from these advanced com-
bustion concepts, evaluate what strategies can be  Contact Henry at (210) 522-2424 or chenry@swri.org.
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SwRI launches new automotive consortium focusing on fuels
and lubricants

Southwest Research Institute (SwRI) has announced it is
launching the Advanced Engine Fluids (AEF) consortium to bet-
ter understand fuel and lubricant chemistry and its effects on
engine combustion. The AEF will hold its first meeting on July 7,
2014, at Southwest Research Institute in San Antonio.

Sharing costs through a consortium gives companies
access to more research than would be feasible if funded
individually, according to Dr. Thomas Briggs, a manager in the
Engine Systems Research and Development Section in the
Engine, Emissions and Vehicle Research Division. Also, mem-
bers will receive free licensing for any patents that are pro-
duced from the consortium’s work.

Membership in the AEF consortium is $100,000 per year and
may be renewed annually. Members receive monthly updates
and meet quarterly.

“Engine technology is changing so rapidly that it has
become difficult for fuel and lubricant technologies to keep
up,” said Briggs. “The new technologies being applied to
engines are dramatically changing the demands placed on the
fluids. We are also seeing more and more evidence that the
chemical and physical details of the fluids significantly impacts
engine performance.”

The AEF consortium will research the impact of fuels and
lubricants on engine combustion and the requirements needed
for optimizing future engine technologies.

McComas to receive 2014 COSPAR
Space Science Award

The Committee on Space Research
(COSPAR) has selected Dr. David J.
McComas, assistant vice president of
the Space Science and Engineering
Division at Southwest Research Institute
(SwRI), to receive a 2014 COSPAR Space
Science Award during the inaugural
ceremony of the 40th COSPAR Scientific
Assembly, August 4, in Moscow. The
award recognizes outstanding contribu-
tions to space science.

“l am incredibly honored and
humbled to be receiving COSPAR'’s
Space Science Award,” McComas said.
“It’s really a tribute not to me, but to
all of the great people that | have been
privileged to work with here at SWRI
and, before that, at Los Alamos

of NASA's Interstellar Boundary Explorer
(IBEX) and Two Wide-angle Imaging
Neutral-atom Spectrometers (TWINS)

“Our research will
focus on ways to accel-
erate improvements
for fuels and lubri-
cants to keep up with
emerging fuel econo-
my standards,” Briggs
said. “SwRI's decades-
long experience in
fuel and lubricant
testing combined with
our industry-leading
research on advanced
engines gives us
unique insight into the
challenges facing modern fuel and lubricant companies.”

SwRI has managed a number of automotive consortia,
including two long-running programs: the High-Efficiency,
Dilute Gasoline Engine (HEDGE®) consortium, now in its third
phase, which seeks to improve gasoline engine technology for
heavy-duty applications, and the Clean High-Efficiency Diesel
Engine VI consortium, the industry’s longest-running diesel
research consortium, which develops efficiency and emissions
solutions for future diesel engines.

Contact Briggs at (210) 522-5153, or e-mail at
thomas.briggs@swri.org.

Society and the American Association for
the Advancement of Science. He is also
a member of the NASA Advisory Council
(NAC), for which he chairs the NAC Sci-
ence Committee.

McComas holds six patents and has
authored more than 500 refereed scien-
tific papers that have been cited approxi-
mately 18,000 times, spanning a range of
research topics including coronal, solar
wind, heliospheric, magnetospheric,
cometary, planetary and interstellar sci-
ence, as well as numerous space flight
instruments and techniques.

COSPAR was established in 1958,
just at the start of the space age, by
what is now the International Council
for Science. Worldwide membership in
COSPAR has grown to include 43 mem-
ber nations involved in space research.
Over the past three decades there have

National Laboratory, and all of my many
other excellent colleagues and collabo-
rators from around the world.”

Since joining SwRI in 2000,
McComas has helped lead SwRI'’s
overall space science and engineering
program. He is principal investigator

missions. He also is principal investigator
for space science instruments on numer-
ous other NASA missions, including two
instruments for the Solar Probe Plus mis-
sion, scheduled to launch in 2018.
McComas is a Fellow of the American
Geophysical Union, the American Physical
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been 25 prior recipients of COSPAR’s
Space Science Award worldwide, start-
ing with its first recipient — James A.
Van Allen in 1984.

Contact McComas at (210) 522-5983 or
david.mccomas@swri.org
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SwRI plays a major role in the history of a deep- §
water research submersible. 5

Logistical Support (Winter 2014)
Supplying, maintaining, updating, testing
and developing the equipment that supports
warfighters and military machines is a sig-
nificant part of Southwest Research Institute’s
research and development activity and
a representative sample of the Insti-
tute’s interdisciplinary and interdivisional
capabilities.

Protecting the Warfighter in Combat
(Winter 2014)

Christopher J. Freitas, Ph.D., James T.
Mathis, Nikki Scott and Rory P. Bigger
SwRI researchers develop human head surro-
gate for behind-helmet blunt trauma research.

A Driving Force (Winter 2014)
Sean Mitchem and Yaxi Liu
SwRI engineers expand electric vehicles’ role in managing the power grid.

Powering the Way to Better Fuel Economy (Summer 2013)
Dedicated EGR offers superior efficiency, emissions.

Planetary Time Machine (Summer 2013)

F. Scott Anderson, Ph.D.

An SwRl-developed geochronometer measures the age of rocks on the
Moon and other planets without need to return samples to Earth.

A New Use for an Old Standby

(Summer 2013)

Terry Grimley

SwRI researchers are testing Coriolis flow meters for natural gas industry
applications.

Robots at Work (Summer 2013)

Clay Flannigan

SwRI-developed technologies are guiding the future of automation in
industry.

Stress Management (Spring 2013)

David A. Ferrill, Ph.D., Alan P. Morris, Ph.D., Kevin J. Smart, Ph.D. and
Ronald N. McGinnis

Structural geology and geomechanics are applied to energy exploration
and production.

A Good Scout™ (Spring 2013)

James H. Nixon

An SwRl-developed tool enables signal analysts to scan an area’s radio
spectrum and locate signal sources.

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.

coming up
Trade Shows

Look for Southwest Research Institute at the
following:

¢ Offshore Technology Conference, Houston;
May 5-8, 2014
¢ AUVSI Unmanned Systems North America,
Orlando, Fla.; May 12-15, 2014
¢ International School of Hydrocarbon Measurement,
Oklahoma City; May 13-15, 2014
e Eastern Gas Compression Roundtable,
Moon Township, Pa., May 13-15, 2014
¢ STLE Annual Meeting and Exhibition,
Lake Buena Vista, Fla.; May 18-22, 2014
e 30th National Space Symposium,
Colorado Springs, Colo.; May 19-22, 2014
¢ Institute of Food Technologists,
New Orleans; June 21-24, 2014
* The 40th Annual Meeting and Exposition of the
Controlled Release Society, Chicago; July 13-16, 2014
* AIAA Small Satellite, Logan, Utah; August 2-7, 2014
¢ ITS World Congress, Detroit; September 7-11, 2014
e Opportunity Crudes Conference,
Houston; September 14-16, 2014
¢ ITS 3C Summit, Mobile, Ala.; September 14-17, 2014
* AUTOTESTCON, St. Louis, Mo.; September 15-18, 2014
* ASGMT, Houston; September 22-25, 2014
¢ 43rd Turbomachinery and 30th Pump Symposia,
Houston; September 22-25, 2014
¢ International Telemetering Conference/USA (ITC/USA),
San Diego; October 20-23, 2014
* Automotive Testing Expo 2014 North America,
Novi, Mich.; October 28-30, 2014
¢ ASIP, San Antonio; December 2-4, 2014

employment

Southwest Research Institute is an independent, non-
profit, applied research and development organization.
The staff of nearly 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 engineer-
ing, 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. The Institute

is an Equal Opportunity Employer, Affirmative Action,
Minority/Female/Disabled/Veteran, committed to diversity
in the workplace. Check our employment opportunities
at jobs.swri.org.
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