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Books & Reports

Plasmoid Thruster for High
Specific-Impulse Propulsion

A report discusses a new multi-turn,
multi-lead design for the first generation
PT-1 (Plasmoid Thruster) that produces
thrust by expelling plasmas with embed-
ded magnetic fields (plasmoids) at high
velocities. This thruster is completely
electrodeless, capable of using in-situ re-
sources, and offers efficiencies as high as
70 percent at a specific impulse, Isp, of
up to 8,000 s. This unit consists of drive
and bias coils wound around a ceramic
form, and the capacitor bank and
switches are an integral part of the as-
sembly.  Multiple thrusters may be
ganged to inductively recapture unused
energy to boost efficiency and to in-
crease the repetition rate, which, in turn
increases the average thrust of the sys-
tem.

The thruster assembly can use stor-
able propellants such as H2O, ammonia,
and NO, among others.  Any available
propellant gases can be used to produce
an Isp in the range of 2,000 to 8,000 s
with a single-stage thruster.  These capa-
bilities will allow the transport of greater
payloads to outer planets, especially in
the case of an Isp greater than 6,000 s.

This work was done by Peter Fimognari of
the University of Alabama in Huntsville and
Richard Eskridge, Adam Martin, and
Michael Lee of Marshall Space Flight Center.
Further information is contained in a TSP (see
page 1). MFS-32364-1

Analysis Method for Quanti-
fying Vehicle Design Goals

A document discusses a method for
using Design Structure Matrices (DSM),
coupled with high-level tools represent-
ing important life-cycle parameters, to
comprehensively conceptualize a
flight/ground space transportation sys-
tem design by dealing with such variables
as performance, up-front costs, down-
stream operations costs, and reliability.
This approach also weighs operational
approaches based on their effect on up-
stream design variables so that it is possi-
ble to readily, yet defensibly, establish
linkages between operations and these
upstream variables.

To avoid the large range of problems
that have defeated previous methods of

dealing with the complex problems of
transportation design, and to cut down
the inefficient use of resources, the
method described in the document iden-
tifies those areas that are of sufficient
promise and that provide a higher grade
of analysis for those issues, as well as the
linkages at issue between operations and
other factors. Ultimately, the system is de-
signed to save resources and time, and al-
lows for the evolution of operable space
transportation system technology, and
design and conceptual system approach
targets.

This work was done by Edgar Zapata of
Kennedy Space Center and A.C. Charania
and John Olds of Spaceworks Engineering.
Further information is contained in a TSP (see
page 1). KSC-12797

Improved Tracking of Tar-
gets by Cameras on a Mars
Rover

A paper describes a method devised to
increase the robustness and accuracy of
tracking of targets by means of three
stereoscopic pairs of video cameras on a
Mars-rover-type exploratory robotic ve-
hicle. Two of the camera pairs are
mounted on a mast that can be adjusted
in pan and tilt; the third camera pair is
mounted on the main vehicle body. Ele-
ments of the method include a mast cal-
ibration, a camera-pointing algorithm,
and a purely geometric technique for
handing off tracking between different
camera pairs at critical distances as the
rover approaches a target of interest. 

The mast calibration is an extension
of camera calibration in which the cam-
era images of calibration targets at
known positions are collected at various
pan and tilt angles. In the camera-
pointing algorithm, pan and tilt angles
are computed by a closed-form, non-it-
erative solution of inverse kinematics of
the mast combined with mathematical
models of the cameras. The purely geo-
metric camera-handoff technique in-
volves the use of stereoscopic views of a
target of interest in conjunction with
the mast calibration.

This work was done by Won Kim, Adnan
Ansar, and Robert Steele of Caltech for NASA’s
Jet Propulsion Laboratory. 

The software used in this innovation is
available for commercial licensing. Please

contact Karina Edmonds of the California
Institute of Technology at (626) 395-2322.
Refer to NPO-42756.

Sample Caching Subsystem
A paper describes the Sample

Caching Subsystem (SCS), a method for
storing planetary core and soil samples
in a container that seals the samples
away from the environment to protect
the integrity of the samples and any or-
ganics they might contain. This process
places samples in individual sleeves that
are sealed within a container for use by
either the current mission or by follow-
ing missions.

A sample container is stored with its
sleeves partially inserted. When a sample
is ready to be contained, a transfer arm
rotates over and grasps a sleeve, pulls it
out of the container from below, rotates
over and inserts the sleeve into a funnel
where it is passively locked into place
and then released from the arm.  An ex-
ternal sampling tool deposits the sample
into the sleeve, which is aligned with the
tool via passive compliance of the fun-
nel. After the sampling tool leaves the
funnel, the arm retrieves the sleeve and
inserts it all the way into the sample con-
tainer. This action engages the seal. Full
containers can be left behind for pick-up
by subsequent science missions, and
container dimensions are compatible
for placement in a Mars Ascent Vehicle
for later return to Earth.

This work was done by Paul G. Backes and
Curtis L. Collins of Caltech for NASA’s Jet
Propulsion Laboratory. Further information is
contained in a TSP (see page 1). NPO-44154

Multistage Passive Cooler
for Spaceborne Instruments

A document describes a three-stage pas-
sive radiative cooler for a cryogenic spec-
trometer to be launched into a low orbit
around the Moon. This cooler is relatively
lightweight and compact, and its basic de-
sign is scalable and otherwise adaptable to
other applications in which there are re-
quirements for cooling instrumentation
in orbit about planets.

The cooler includes multiple light-
weight flat radiator blades alternating
with cylindrical parabolic infrared re-
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flectors. The radiator blades are ori-
ented at an angle chosen to prevent in-
frared loading from the Moon limb at
the intended orbital altitude and atti-
tude. The reflectors are shaped and ori-
ented to position their foci outside the
radiator surfaces. There are six radiator-
blade/reflector pairs — two pairs for
each stage of cooling. The radiator
blades and reflectors are coated on their
front and back surfaces with materials
having various infrared emissivities, in-
frared reflectivities, and solar reflectivi-
ties so as to maximize infrared radiation
to cold outer space and minimize inad-
vertent solar heating. The radiator
blades and reflectors are held in place
by a lightweight support structure, the
components of which are designed to
satisfy a complex combination of ther-
mal and mechanical requirements. 

This work was done by Jose I. Rodriguez of
Caltech for NASA’s Jet Propulsion Labora-
tory. Further information is contained in a
TSP (see page 1). 
NPO-44960

GVIPS Models and Software
Two reports discuss, respectively, (1)

the generalized viscoplasticity with po-
tential structure (GVIPS) class of
mathematical models and (2) the Con-
stitutive Material Parameter Estimator
(COMPARE) computer program.
GVIPS models are constructed within a
thermodynamics- and potential-based
theoretical framework, wherein one
uses internal state variables and de-

rives constitutive equations for both
the reversible (elastic) and the irre-
versible (viscoplastic) behaviors of ma-
terials. Because of the underlying po-
tential structure, GVIPS models not
only capture a variety of material be-
haviors but also are very computation-
ally efficient. 

COMPARE comprises (1) an analysis
core and (2) a C++-language subpro-
gram that implements a Windows-based
graphical user interface (GUI) for con-
trolling the core. The GUI relieves the
user of the sometimes tedious task of
preparing data for the analysis core,
freeing the user to concentrate on the
task of fitting experimental data and ul-
timately obtaining a set of material pa-
rameters. The analysis core consists of
three modules: one for GVIPS material
models, an analysis module containing a
specialized finite-element solution algo-
rithm, and an optimization module.
COMPARE solves the problem of find-
ing GVIPS material parameters in the
manner of a design-optimization prob-
lem in which the parameters are the de-
sign variables.

This work was done by Steven M. Arnold of
Glenn Research Center and Atef Gendy, Atef F.
Saleeb, John Mark, and Thomas E. Wilt of the
University of Akron. Further information is
contained in a TSP (see page 1). 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Innovative
Partnerships Office, Attn: Steve Fedor, Mail
Stop 4–8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-17999-
1/8000-1

Stowable Energy-Absorbing
Rocker-Bogie Suspensions

A report discusses the design of the
rocker-bogie suspensions of the Mars Ex-
ploration Rover vehicles, which were
landed on Mars in January 2004. Going
beyond the basic requirements regard-
ing mobility on uneven terrain, the de-
sign had to satisfy requirements (1) to
enable each suspension to contort so
that the rover could be stowed within
limited space in a tetrahedral lander
prior to deployment and (2) that the sus-
pension be able to absorb appreciable
impact loads, with limited deflection,
during egress from the lander and tra-
versal of terrain. 

For stowability, six joints (three on the
right, three on the left) were added to
the basic rocker-bogie mechanism. One
of the joints on each side was a yoke-and-
clevis joint at the suspension/differen-
tial interface, one was a motorized twist
joint in the forward portion of the
rocker, and one was a linear joint cre-
ated by modifying a fixed-length bogie
member into a telescoping member. For
absorption of impact, the structural
members were in the form of box beams
made by electron-beam welding of ma-
chined, thin-walled, C-channel, titanium
components. The box beams were very
lightweight and could withstand high
bending and torsional loads.

This work was done by Brian Harrington
and Christopher Voorhees of Caltech for
NASA’s Jet Propulsion Laboratory. For more
information, contact iaoffice@jpl.nasa.gov.
NPO-40967


