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A proposed microelectromechanical
system (MEMS) containing a closed-
Brayton-cycle turbine would serve as a
prototype of electric-power generators
for special applications in which high
energy densities are required and in
which, heretofore, batteries have been
used. The system would have a volume

of about 6 cm3 and would operate with
a thermal efficiency >30 percent, gen-
erating up to 50 W of electrical power.
The energy density of the proposed sys-
tem would be about 10 times that of
the best battery-based systems now
available, and, as such, would be com-
parable to that of a fuel cell.

The working gas for the turbine
would be Xe containing small quanti-
ties of CO2, O2, and H2O as gaseous
lubricants. The gas would be con-
tained in an enclosed circulation sys-
tem, within which the pressure would
typically range between 5 and 50 atm
(between 0.5 and 5 MPa). The heat
for the Brayton cycle could be sup-
plied by any of a number of sources,
including a solar concentrator or a
combustor burning a hydrocarbon or
other fuel. The system would include
novel heat-transfer and heat-manage-
ment components. The turbine
would be connected to an electric
power generator/starter motor.

The system would include a main
rotor shaft with gas bearings; the bear-
ing surfaces would be made of a ce-
ramic material coated with nanocrys-
talline diamond. The shaft could
withstand speed of 400,000 rpm or per-
haps more, with bearing-wear rates less
than 10–4× those of silicon bearings and
0.05 to 0.1× those of SiC bearings, and
with a coefficient of friction about 0.1×
that of Si or SiC bearings. The compo-
nents of the system would be fabricated
by a combination of (1) three-dimen-
sional x-ray lithography and (2) highly
precise injection molding of diamond-
compatible metals and ceramic materi-
als. The materials and fabrication tech-
niques would be suitable for mass
production.

The disadvantages of the proposed
system are that unlike a battery-based
system, it could generate a perceptible
amount of sound, and, if it were to burn
fuel, then it would also generate ex-
haust, similarly to other combustion-
based power sources.

This work was done by Dean Wiberg,
Stephen Vargo, Victor White, and Kirill
Shcheglov of Caltech and Philip Muntz of
the University of Southern California for
NASA’s Jet Propulsion Laboratory.
For further information, access the Tech-
nical Support Package (TSP) free on-line
at www.nasatech.com/tsp under the Ma-
chinery/Automation category.
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Miniature Gas-Turbine Power Generator
Energy density would greatly exceed that of a typical battery system.
NASA’s Jet Propulsion Laboratory, Pasadena, California

When the ground starts to shake and things are being 
torn up , the last thing you want to worry about is the
shock and vibration resistance of your systems’ enclosures.
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the actual tests. We will also provide information
to properly load the cabinets for your company’s 
own seismic tests.

When your project calls for electronics  
packaging, standard or custom, you’ll have solid
support with Equipto Electronics’ Heavy Duty
enclosures.

For personal assistance, engineering assistance, 
or a catalog, call us today at 800-204-RACK 
or view information on our Web site at 
www.equiptoelec.com/seismic

ur line of “Heavy Duty” modular, seismic 
hardened cabinets have been successfully 
tested through Zone 4, the most severe test 
for earthquake resistance.

With our Heavy Duty cabinets, you can meet
such stringent requirements as MIL Spec 810
and 901 for shock and vibration, EMI/RFI,
FCC/VDE, EMP/TEMPEST, metric and more
without changing cabinet lines or your design.

As proof we offer copies of the Bellcore audit to
Network Equipment-Building System (NEBS) 
specification TR-NWT-000063 and a video of
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“Reference herein to any specific commercial product, process or service by trade
name, trademark manufacturer or otherwise, does not constitute or imply its
endorsement by the United States Government or the Jet Propulsion Laboratory,
California Institute of Technology.”

“The work described here was carried out at the Jet Propulsion Laboratory,
California Institute of Technology under contract with the National Aeronautics
and Space Administration.”




