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Powering and cooling
embedded electronics
Engineers tap the power of commercial processors while combating

power and thermal challenges luith modern electronics.

BY Courtney E. Howard

Aerospace and defense missions,
today and for the foreseeable future,
are driving the need for ever more
advanced electronics. It is no longer
sufficient to use solutions that sim-
ply are capable and efficient; rath-
er, current and future electronic sys-
tems and subsystems also must be
full-featured, multifunctional, and
robust—not to mention affordable.

Industry engineers are meeting
these demands with the help of
commercial off-the-shelf (COTS) and
custom aerospace and defense tech-
nologies. Increasingly, systems en-
gineers are opting to implement the
latest commercial computing com-
ponents, including the hottest pro-
cessors from Intel, AMD, NVIDIA,
and others.

Though powerful, these chips of-
ten are power-hungry and produce
copious amounts of heat; this trend
is upping the need for innovative
power electronics and thermal man-
agement, as well as prompting sys-
tems designers to partner with and
seek the advice of aerospace and de-
fense industry leaders.

SWaP-C considerations
The sheer size of aerospace and de-
fense platforms—be they aircraft,
satellites, ground vehicles, or un-
manned systems—and the pro-
grams that fund them tend to be
shrinking, whereas the amount of
electronics being employed in each
is growing by leaps and bounds.
Current size, weight, power, and
cost (SWaP-C) requirements are per-
haps more strict than ever. Indeed,
engineers often are faced with the
need to deliver as many capabili-
ties and as much functionality in as
small size, weight, power, and cost
as possible.

"As more and more electronic
capability is packed into modern
military and aerospace (mil/aero)
systems, designers are faced with
ever-increasing power system com-
plexity, but under simultaneous
pressure to reduce costs," says Steve
Butler, director of advanced product
development at VPT Inc. in Blacks-
burg, Va. "A steady stream of re-
quirements for higher power, more
voltages, and tighter specifications
must be carefully managed to main-
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tain high system reliability and
minimize cost."

Engineers often are required to
accept trade-offs, such as gaining
processing power but suffering a
power-consumption setback. "On
the extremes, a design can be the
most reliable but over budget, or it
can be the lowest cost but take a
lot of risk using commercial com-
ponents," Butler affirms. "Most sys-
tems end up in the middle, balanc-
ing reliability with cost."

To help engineers optimize sys-
tem designs within budget con-
straints, industry vendors provide
a broad range of power electronics
products. VPT, for example, offers
multiple levels of power products,
from radiation-hardened, space-
grade products and hermetic mil-
itary-qualified products to cost-ef-
fective, high-reliability (hi-rel) COTS
products. "Choosing the right level of
product for each application is key to
maintaining high system reliability
while minimizing cost," Butler adds.
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Behlman DMCA 4000 COTS power supplies support the operation of

key electronics on the RC-135V Rivet Joint reconnaissance aircraft.

Life expectancy

As electronics are optimized for aerospace and defense
applications, engineers must take into account time in
the field and temperature—"typical factors which de-
grade or shorten the life of electronics," VPT's Butler
admits. "As there is little one can do about the amount
of time a device is powered, every effort should be
made to reduce the operating temperature to maximize
the life of the DC-DC converter."

VPT strives to increase efficiency, make the most
of internal thermal conduction, and use the most
conductive materials available, Butler says. Yet, "if a
customer does not employ proper thermal manage-
ment practices, all the thermal design benefit of the
DC-DC converter is lost and long-term reliability is
potentially reduced."

The company provides application notes and tech-
nical videos on thermal-management considerations
for customer design applications, as well as offers ther-
mal pads designed to work with its DC-DC convert-
ers to make the most of thermal interface between the
converters and customers' thermal conductive surface.
"Many of our customers appreciate the importance of
thermal management," Butler says, "and to that ex-
tent, they will contact VPT directly either to gain fur-
ther insight or ask VPT to review their thermal design
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to ensure optimal thermal manage-
ment as it applies to our products."

Custom-COTS combination
A continuing trend in aerospace and
defense is "to move away from ful-
ly custom-designed power systems
and move toward a combination of
standard power converter modules
and external custom circuitry," But-
ler explains. "By using standard off-
the-shelf power modules, system
design time, cost, and risk can all be
reduced."

Mil/aero system designers should
choose carefully the quality level of
DC-DC converters for their appli-
cation, recommends Butler and his
colleagues at VPT. "Temperature
range and input voltage range are

two parameters which quickly dif-
ferentiate Hi-Rel DC-DC converters
from commercial or telecom prod-
ucts. A typical Hi-Rel temperature
range is -55C to lOOC or 125C. A typ-
ical input voltage range for 28-volt
systems is 16 to 40 volts or the wid-
er 15 to 40 volts," Butler says.

"Transient capability or the
availability of transient protection
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and electromagnetic interference
(EMI) filter modules is also impor-
tant," Butler adds. "Power modules
should be designed for harsh en-
vironments. Things to consider in-
clude Defense Logistics Agency
(DLA) certification or a vendor's in-
ternal qualification plan, hermetic-
ity, an EMI-shielded package, de-
vice screening, and a vendor's
experience or reputation in the
mil/aero market."

Data deluge and the GPU
Aerospace and defense industry
pundits recognize that missions are
now achieved with bytes, rather
than bullets. Information is king and
compute power is key on the digi-
tal battlefield. For this reason, mod-
ern military and aerospace electron-
ics harness the power of compute
processing units (CPUs) and graph-
ics processing units (GPUs) working
in tandem.

NVIDIA CPUs have been adopted
for myriad defense applications, from
signal processing to digital forensics
to image and video analytics of data
captured by satellites and unmanned
aircraft systems (UAS). "CPUs are
used to perform local analytics, too,
to do pre-analysis of the data and
even collision avoidance in an un-
manned aerial vehicle (UAV)," says
Sumit Gupta, general manager of Tes-
la CPU accelerated computing busi-
ness at NVIDIA in Santa Clara, Calif.

"The vision of the defense world
is that every warfighter will have a
handheld device and computing de-
vices in every aircraft, Humvee, and
tank," Cupta says. The vision of the
U.S. Department of Defense (DOD),
specifically, encompasses "hundreds
of thousands of sensors sending data
on the battlefield—including sensors
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The ßehlman COTS DMCA4000 power supply

is employed on U.S. Air Force aircraft.

on the ground, in the air, and on sat-
ellites, as well as analysis and data
crunching done in the field with-
out being connected to a back-end
server."

Militaries "require very high com-
puting capabilities but they are lim-
ited by power," Gupta adds. To ful-
fill this need, NVIDIA is bringing
mobile chips into the defense em-
bedded market to provide very high
compute density, hundreds of giga-
flops of performance within a few
watts. NVIDIA CEO and co-found-
er Jen-Hsun Huang introduced the
NVIDIA Jetson TKl Developer Kit,
being described as the first mobile
supercomputer for embedded sys-
tems, during the NVIDIA GPU Tech-
nology Conference last month in
San Jose, Galif

The new Jetson TKl DevKit har-
nesses Tegra Kl compute capabil-
ities to usher in and enable new
computer-vision, image processing,
and real-time data processing ap-
plications in aerospace and defense,
including robotics and avionics. Ap-
plications also exist in the automo-
tive and medical markets, officials
say. NVIDIA'S embedded develop-
er kit is "completely changing the
compute capabilities; the use cases
are unimaginable" and far-reaching,
Gupta says.

The DOD and defense contractors
already have shown interest, say-
ing NVIDIA mobile chip technology
delivers the exact computing den-
sity needed for the embedded de-
fense market. "The mobile industry

is driving innovation for compute
which we can now use in military
environments to meet the need for
local computing," Gupta says.

"The NVIDIA Jetson TKl Devel-
oper Kit provides developers with
the tools to create systems and

applications that can enable robots
to seamlessly navigate [and] drones
to avoid moving objects," accord-
ing to a company spokesperson. The
NVIDIA Jetson TKl Development Kit,
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re-engineering work, which would
cost too much money. The switch
provides the network connectivity
necessary for the aircraft's SAMS-
ESA system to operate.

Crystal is ruggedizing the switch
to operate in harsh military air-
craft environments. The Crys-
tal switches will offer basic RIP
and static routing; four SFP-based

gigabit ports; stackability to enable
as many as nine switches to oper-
ate in one unit with one IP address;
and will packaged in lU 19-inch air
transport racks or transit case EIA
form factors.

The switches also will have Del-
rin glides or fixed mounts; will op-
erate in temperatures from -15 55
degrees Celsius per MIL-STD-810F;

and will operate at altitudes to
40,000 feet. The unit measures
17.75 inches wide by 14.7 inches
deep, by 1.75 inches high. Air Force
officials say. <•

FOR MORE INFORMATION
visit Crystal Group online at

iuiuiu.crystalrugged.com, or the 1st

Special Operations Contracting
Squadron at wvjw.huúhurt.af.mil.
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priced at $192, is available for preor-
der now from NVIDIA and resellers
in the U.S., Europe, and Japan.

"Having the level of performance
and energy efficiency Jetson TKl
offers can potentially support the
development of robots with real-
time object recognition and com-
pelling autonomous navigation ca-
pabilities. Our experience with the
previous generation CUDA devel-
opment kit has already enabled us
to make great progress training ro-
bots to interact more intelligent-
ly with their environment," says
Chris Jones, director of strategic
technology development at iRobot
Corp. in Bedford, Mass.

"Tegra Kl can change what's pos-
sible in the rugged and industrial em-
bedded market," says Simon Collins,
product manager at GE Intelligent
Platforms in Charlottesville, Va. "We
expect to be able to offer solutions in
the sub-10 watt space that previously
consumed 100 Watts or more."

Processing
The most challenging problem fac-
ing military/aerospace systems to-
day is processing more data at

www.militaryaerospace.com

higher speeds and with less weight,
which requires higher data band-
widths and more power," says Jer-
ry Hovdestad, director of COTS en-
gineering at Behlman Electronics
in Hauppauge, NY. "The problem is
being addressed by VPX technolo-
gy, which now enables evolution-
ary leaps in processing speed. All
this technology requires power, and
power means heat that needs to
be removed from the system. High
temperatures can damage electron-
ic systems or, at best, the protective
circuitry will shut them down."

Major defense contractors have
selected Behlman VPXtra power
supply cards for use in new, ad-
vanced VPX-based systems for their
available power, efficiency, and
thermal management, Hovdestad
says. He credits the cards' perfor-
mance to attention to detail in elec-
trical and mechanical design, state-
of-the-art heat pipes to optimize
thermal performance, and "the ju-
dicious use of materials to address
heat transfer vs. weight. For exam-
ple, copper can transfer approxi-
mately twice the heat of aluminum
yet weighs almost twice as much."

Behlman officials are actively
involved in exploring new cooling
technologies to enhance product
performance. "We participate on
national engineering committees
responsible for writing the speci-
fications to define new techniques
for cooling systems," Hovdestad
says. "The hottest trends in tech-
nology are those which are facili-
tating the goals described, increas-
ing speed, decreasing weight, and
improving thermal performance.
VPX technology, optical back-
planes, and advanced cooling are
some of the areas that are address-
ing these issues. Efficient, high-
power, and optimally cooled power
supplies like Behlman's VPXtra are
critical to this effort.

"Over temperature will dam-
age or shut down critical electron-
ic systems and, therefore, requires
you pay careful attention to the ac-
tual thermal performance of the
system and be aware of every as-
pect of the thermal cooling path.
Chassis design and tolerances as
well as all conductive elements are
critical to system performance,"
Hovdestad advises. <•
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