|EPC-99-001

Electric Propulsion Activities in U.S. Industry

Dr. Frank M. Curran*

*Schafer Corporation, Arlington, VA, USA

Abstract

The commercial development of electric propulsion
in the United States continues to expand as the 21*
century approaches. The use of long-accepted
resistojets has continued and expanded to orbit
insertion applications.  Arcjets are now firmly
entrenched as workhorse devices for north-south
stationkeeping. Ion thruster systems are also now in
use for both primary propulsion and north/south
stationkeeping  of commercial geosynchronous
satellites. Hall thruster development continues at a
number of companies and new pulsed plasma thruster
technology will be demonstrated shortly. In addition
to the thruster/power processor systems themselves,
innovative propellant feed system technologies are
also being developed.  This paper provides a
summary of the major electric propulsion programs
currently in progress in the United States.

Introduction

The benefits of electric propulsion (EP) for a variety
of in-space applications are beginning to be realized
and significant growth is anticipated in the coming
years. Resistojets, arcjets, and ion engines have all
reached operational status. When compared to
chemical propulsion traditionally used for
applications such as stationkeeping and final orbit
insertion, electric systems can provide reductions in
on-board propellant that can reduce launch vehicle
requirements or be translated into significant
increases in payload and/or mission lifetime. Thus,
the use of electric propulsion systems can have
profound economic impacts on many mission classes
and large commercial spacecraft programs are now
incorporating EP for operational applications with
regularity. Figure 1 shows the spacecraft now on
orbit utilizing EP.

Geostationary communications satellite market
demands for more capable spacecraft have driven the
move toward electric propulsion. Lockheed Martin
spacecraft routinely employ arcjet thrusters for north-
south stationkeeping (NSSK) and Hughes spacecraft
currently employ ion engines for NSSK- and will
shortly use ion technology for final orbit insertion.
Hall thruster technology has been flown on Russian
spacecraft for years and a low power system was
recently tested on a U.S. spacecraft for the first time.
A number of propulsion suppliers are developing
Hall thrusters and near term commercial applications
are anticipated.

Over the past two years, the use of EP expanded
dramatically to mid-Earth orbit space with the

deployment of the IRIDIUM constellation. This
deployment was successfully accomplished using
hydrazine resistojet systems and launches of
additional spacecraft have continued. Multiple high
bandwidth spacecraft constellations are currently in
the planning stages and these new systems will also
use EP for orbit raising to reduce launch costs.

In all, the commercial market for electric propulsion
has seen tremendous growth in the 1990’s and is
expected to expand greatly in the next century. This
paper details recent developments in EP in the
industrial arena.

Technology and Application Programs

Arcjets and Resistojets

The use of electrothermal devices, both arcjets and
resistojets, continued to expand. Primex Aerospace
Company (PAC) is continuing to develop and supply
production-class arcjets. The qualification of the MR-
512 arcjet system was recently completed and this
new addition to the PAC product line is capable of
providing greater than 500 seconds of specific
impulse for satellites with lower voltage buses. The
MR-512 power processing unit (PPU) is qualified for
30 V operation and the thruster incorporates
improvements to the standard MR-509. Two shipsets
of four arcjets and PPUs each were delivered to
MELCO for integration into the NASDA DRTS
satellites in November. Production of PAC’s high
specific impulse (600 s) MR-510 arcjet systems for
use on Lockheed Martin Corporation's A2100
communication spacecraft also continues. In the very
recent past, five A2100’s (Koreasat, LMI-1, NIMIQ,
Telecom, and Chinastar) carrying MR-510’s for
NSSK were launched to bring the total count on orbit
to ten.

The successful use of PAC resistojets to insert the
Iridium™ constellation demonstrated the value of
electric propulsion for primary in-space propulsive
applications and it is anticipated that this will be just
the first of many near term examples of the use of
electric propulsion for prime spacecraft movement.

- Resistojets will also be: supplied .for NSSK on two

upcoming GEO broadcast satellites to be launched in
late 2000 and early 2001.

High power arcjet propulsion technology was
demonstrated in the Air Force-sponsored Electric -

Propulsion Space Experiment (ESEX). TRW was
the prime contractor for the 26 kW ammonia arecjet
system that was launched as part of ARGOS on
February 23, 1999. The arcjet system was the
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manufactured by PAC. Successful operation of the
system made it the highest continuous power electric
propulsion system flown in space to date. Major
ESEX experiment objectives were to demonstrate the
performance of the arcjet in space, to identify any
impacts of the operating arcjet on spacecraft systems,
and to collect data necessary for thorough
comparison to ground results. The ESEX system
included the arcjet, a propellant feed system, a power
subsystem comprised of a PPU and silver-zinc
storage batteries, a command and control unit, and
on-board diagnostics. Flight operations focused on
scheduling firings concurrent with observable passes
over ground-based sensors in northern California and
Maui. During the flight, data from both the on-board
diagnostics and several ground-based instruments
were collected for each of the firings. The thruster
performed as expected in flight (787 seconds specific
impulse and 1.93 N thrust), the system did not
negatively impact spacecraft systems, and no
deleterious effects were monitored by on-board
diagnostics.

In addition to the efforts noted above, Busek, Inc. is
developing a 1 to 2 kW-class arcjet designed to
operate on MMH. The work is sponsored by
BMDO/NASA. An MMH arcjet would provide
spcecraft utilizing MMH/NTO bipropellant chemical
systems the same “dual mode” advantage currently
obtained with hydrazine arcjets. The device under
development is expected to provide specific impulse
values in the low 500 s range with efficienies as high
as 0.40. To date, successful operation of the arcjet on
MMH has been demonstrated and in short duration
tests, operation without internal carbon deposition or
evidence of soot in the plume has been observed.

Finally, Moog continues development efforts on a
scaleable Xe risistojet in conjuction with GRC. To
date, extensive vacuum chamber testing has been
performed at Moog and testing on a precision thrust
stand has been done at GRC.

Pulsed Plasma Thrusters

The Pulsed Plasma Thruster (PPT) system for
NASA’s Earth Orbiter 1 (EO-1) satellite was
developed by PAC and delivered in early 1998. On
EO-1, the PPT will be used on one axis to
demonstrate reaction control functions normally
performed by reaction wheels. The flight PPT unit
has successfully passed integration tests with the host
spacecraft and is now fully mated to EO-1. Launch
is scheduled for the first quarter of CY00.

In addition to the EO-1 system, PAC is continuing
development of PPT technology. In one effort, PAC
is working with students. at the University of
Washington (UW) to develop a miniaturized PPT for
use on the UW Dawgstar nano-satellite. Dawgstar is
being developed as part of the Air Force/University
NanoSat program. On Dawgstar, PPT’s will provide
three axis rotational control and translational control
in two axes. The total fueled mass estimate for the
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Dawgstar PPT system, including eight thrusters and
the required power processing, is 3.8 kg. Each
thruster will provide at least 120 ! 'N thrust at 2 Hz
and 0.012 kW input power. The initial design
concept is complete, and testing of the proposed
electrode configuration will be completed using the
PAC Modular Test Unit in October of this year.

Finally, an industry team including Unison
Industries, PAC, and CU Aerospace is working under
contract to the NASA Glenn Research Center (GRC)
to develop improved PPT power processing, energy
storage, and discharge initiation. This industry team
is currently in the process of completing technology
trades for improved power processing topologies,
improved energy storage (including solid capacitors),
and long life discharge initiators. Studies are to be
completed in early CY00.

Ion Thrusters

The NASA Solar Electric Propulsion Technology
Application Readiness (NSTAR) system was
launched on NASA’s Deep Space 1 (DS-1) on
October 24, 1998. DS-1 is the first technology
demonstrator to be flown under the New Millennium
program and the demonstration of ion engine
technology for primary propulsion in planetary
missions is a primary program goal. The NSTAR
ion engine is 30-cm in diameter and the system
(engine and PPU) is designed to operate at power
levels between about 0.6 and 2.5 kW (into the PPU).
Hughes Electron Dynamics Division (HEDD) was
the ion system manufacturer and delivered both the
flight system and a flight spare. The NSTAR ion
system is currently performing very well in space.
To date, almost 3000 hours of operation have been
accumulated at power levels between 0.57 and 2.1
kW. NASA recently announced the extension of the
DS-1 mission to include flybys of Comets Wilson-
Harrington and Borrelly in the year 2001. To
accomplish the flybys, the total NSTAR system
operating time will increase to on the order of 10,000
hours. In ground based testing, the HEDD-supplied
flight spare has now successfully completed 6400
hours of operation in an extended life test at varying
power levels. A major goal of this extended test is to
demonstrate Xe throughput of 125 kg with NSTAR
hardware. If this goal is successfully met, the Comet
Nucleus Sample Return program is expected to
provide funding to extend the test to end-of-life.

Hughes 13-cm ion systems continue to provide
NSSK  for  geosynchronous communications
satellites. At present, six HS 601 HP spacecraft
equipped with 13-cm thrusters (four per spacecraft)

are on-station and providing services. All 24 on-orbit -

ion systems have been functionally tested and are
operating as anticipated. In the very near term,
Hughes is planning the launch of the first 25-cm ion
thruster on its HS 702 bus. In addition to NSSK, the
25-cm system will provide primary propulsion for
final orbit insertion. The use of ion systems (both
13-cm and 25-cm) is slated to grow significantly in

2



the near future. Hughes currently has a backlog of
15 HS 601HP and HS 702 spacecraft and all of these
will carry either the 13-cm or 25-cm ion systems.
Eleven of these spacecraft are schedule for launch
between now and the end of CY00.

Research and development on next generation ion
systems is also continuing. Both PAC (teamed with
the University of Michigan and Texas Tech
University) and Hughes were recently selected as
Phase I suppliers for GRC’s Low Power Ion Thruster
Development Program. The program goal is to
develop a low power (0.1 — 0.5 kW), low mass (1.5
kg) system capable of operating at 3000 to 4000 s
specific impulse with an efficiency greater than 0.40.
System design concepts will be complete by mid-
2000 and a Phase II effort to design and develop an
Engineering Model thruster and PPU is planned.

Hall Thrusters

Hall thruster development continued to be an area of
significant investment and application of Hall
thruster systems on Western spacecraft is anticipated
in the near future. Several companies are involved in
these development efforts as discussed (in
alphabetical order) below.

Atlantic Research Corporation (ARC) continued its
effort on the Integrated High Payoff Rocket
Propulsion Technology (IHPRPT) program High
Performance Hall System (HPHS) contract with the
Air Force Research Laboratory (AFRL) Propulsion
Directorate, Edwards AFB. The HPHS program, co-
funded by International Space Technology, Inc.
(ISTI), is developing a 4.5 kW Hall system based on
the Fakel SPT-140 stationary plasma thruster and the
Space Systems/Loral (SS/L) PPU. Fakel has
completed development of the SPT-140 thruster,
including acceptance testing and qualification-level
environmental testing of the thruster, a critical design
review, and a 1,200-hour “mini” life test. During
testing at Fakel, the thruster exhibited thrust
efficiency of over 0.58 (including cathode flow,
magnet power and vacuum correction).  This
efficiency exceeds the contractual goal of 0.55.
Further, a development model thruster (DMT) has
been delivered to the U. S. where it has undergone
performance verification, EMI, and plume testing at
GRC (tests were co-funded with AFRL by GRC). In
these tests, performance and efficiency similar to that
achieved at Fakel were demonstrated. The DMT has
also undergone detailed plume ion energy testing at
the University of Michigan’s Power and Electric
Propulsion Laboratory. The DMT is currently at the
Aerospace Corporation -where it is undergoing
additional testing. Fakel is completing fabrication of
qualification model thrusters and one of these will
undergo full duration life testing at AFRL. The life
test is expected to begin in late 1999 or early 2000.
Fully integrated testing of the SPT-140 thruster and
the SS/L PPU under common vacuum is also planned
for the contract.
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The SS/L PPU being developed on the HPHS
contract has completed its critical design review.
During testing with the breadboard unit, SS/L
demonstrated an efficiency of 0.951 on the main
discharge supply and a 0.944 overall PPU efficiency.
PPU total mass is less than 13 kg including all
required housekeeping and switching functions,
modules to control the Xenon flow controllers and
the cathodes, plus all required telemetry functions.
The unit is capable of operating either of two
thrusters via a thruster selection module.

SS/L has announced plans to utilize the SPT-140
system developed on the HPHS program (both the
SPT-140 and the PPU-140) on its new, high power
20.20™ satellite bus. The SPT-140 system will be
used for both on-orbit control and orbit topping on
this bus. Other near-term uses for the SPT-140 are
also being explored.

ARC, teamed with Fakel, continued its development
effort under a Phase I contract from GRC to evaluate
the feasibility of a 2.3 kW Hall thruster capable of
providing 100 mN of thrust at a specific impulse of
3,200 sec. If successful, this Hall thruster will offer
performance comparable to gridded ion thrusters, but
at potentially lower cost. To date, Fakel has built two
laboratory model thrusters, one a high-voltage single-
stage unit, and the second a two-stage thruster. Both
devices are undergoing testing at Fakel and one will
be selected for further testing at NASA GRC late this
year. If a Phase II effort is initiated thruster work
would continue and a PPU development effort would
start.

Boeing has been working to bring propulsion systems
based on Hall effect thruster technology to the
marketplace.  Missions of interest cover the full
range of near-Earth applications from LEO
constellation growth and maintenance to GEO
satellite stationkeeping. The corner pieces of the
system are TsNIIMASH's thruster with anode layer
(TAL) technology and Boeing's PPU. TsNIIMASH
offers a complete suite of thrusters operating at
power levels from 0.1 to 50 kW and Boeing
complements this capability by providing state-of-
the-art PPU technology for propulsion system
control. Boeing also provides all necessary
propulsion system engineering, integration, and test
capabilities.

Major current activities at Boeing include component
characterization and a system level performance
demonstration of the TAL-110 at the Jet Propulsion
Laboratory. A successful 1000-hour life test of the
TAL-110 on xenon- was completed at the 3 kW
power level. Testing has also included propulsion
system performance maps on propellant mixtures
ranging from 100% krypton to 100% xenon. The
Boeing-TsNIIMASH team is also developing a high
specific impulse thruster through a. NASA. contract
from the GRC with a specific goal of demonstrating a
2.3 kW device capable of providing 100 mN of thrust
at a specific impulse of 3250 s. The device being
developed employs two electrical stages and will be
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capable of operating either in a single stage, high
thrust mode or in a two-stage, high specific impulse
mode. li is hoped that this dual mode capability
would bring a new degree of flexibility to the mission
planner. In a mission requiring both primary and
auxiliary functions, for example, the high thrust
mode could be used for orbit raising where trip time
is a critical parameter, followed by a switch to the
high specific impulse mode for highly -efficient
stationkeeping.  Finally, the Boeing-TsNIIMASH
team is also exploring high power propulsion systems
for the future. A 50 kW-classTsNIIMASH TM-50
was recently demonstrated at the Glenn Research
Center. Operating in single stage mode at 23 kW, the
TM-50 produced 966 mN of thrust at a specific
impulse of 3250 s.

Busek, Inc. has built and tested a family of Hall
thrusters with both circular and racetrack shaped
discharge chambers. The circular thrusters include
0.2, 0.6, 1.0, 1.5, 2.5 and 8 kW models. The
racetrack shaped thrusters include 0.15, 2.0, 3.0 and
5.0 kW models.

Busek’s Hall thruster technology, in the power range
of 1.5 to 6.0 kW, has been licensed to PAC in
Redmond, WA. In a cooperative development effort,
Busek and PAC successfully demonstrated and life
tested a 2 kW design and PAC now offers 2 and 4
kW commercial products designated the BPT-2000
and BPT-4000, respectively. Here, BPT stands for
Busek-Primex Thruster.

In a program sponsored by AFRL, Busek is
developing a 0.2 kW-class thruster system designated
the BHT-200. Low power, miniaturized hollow
cathode and PPU technology are included as part of
the Busek effort. The BHT-200 employs a unique
magnetic design using a single electromagnetic coil
located in tandem with the discharge chamber that
has two distinct zones for propellant injection,
dispersion, ionization, and acceleration.

Most recently, Busek has concentrated on the
development of an 8 kW thruster in a program also
sponsored by AFRL. In preliminary testing the
thruster has achieved an efficiency of 0.63 at a
specific impulse greater than 1900 sec (excluding
cathode flow) at 300 V applied voltage. A high
current hollow cathode was also developed to operate
with the 8 kW thruster.

PAC is following the successful flight of the
RHETT/EPDM PPU (launched on STEX in
November 1998) with continued Hall thruster system
development. As noted above, both the 2 and 4 kW
power levels were addressed with the development
and demonstration of the BPT-2000 and BPT-4000
thrusters in a collaboration with Busek, Inc. A full
system test with a 4 kW thruster and a PAC flow
control unit was completed in November 1998. PAC
is continuing to advance its .Hall thruster
development work, and is now testing the 4.5 kW
BPT-4000A thruster. In testing at both at PAC and
GRC, the unit produced 271 mN of thrust at a
specific impulse of 1960 s. The BPT-4000A
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successfully completed an accelerated life test at the
Jet Propulsion Laboratory that demonstrated a
lifetime capability of over 6500 hours. In addition to
Hall thruster development, PAC also continues to
advance PPU technology. PAC's 4.5 kW modular
PPU design was modified to produce a modular 1.5
kW PPU. A complete breadboard unit based on this
modular design was built and successfully
demonstrated in a full system test with both 4.5 kW
and 1.5 kW Hall thrusters. Testing demonstrated
automated ignition sequencing, throttling over more
than a 4:1 range, and shutdown. PAC has also
recently expanded its diagnostic capabilities. An
improved technique for measuring ion current in the
Hall thruster plume was demonstrated as were a suite
of material sample collimators for direct erosion and
deposition measurements.

Space Power, Inc. (SPI) currently has 5 significant
government-sponsored projects that focus on electric
propulsion. The largest of these is the EXPRESS
program in which a 4.5 kW-class Hall thruster will be
demonstrated on a Russian EXPRESS satellite. In
this program, SPI is the prime contractor in the U.S.
TRW is a major U.S. subcontractor and the Keldysh
Research Center (KeRC) and NPO-PM are
subcontractors in Russia. KeRC is supplying the
thruster and SPI and TRW are building the PPU. SPI
designed the PPU based on a series-parallel array of
COTS modules. The flight hardware is being
assembled at TRW by a team of SPI and TRW
personnel and is to be completed in 1999. The flight
system is then to be integrated into the EXPRESS 3A
satellite by NPO-PM. Launch is scheduled for the
year 2000.

SPI has also designed and built a large T-220 Hall
effect engine for the IHPRPT program as a
subcontractor to TRW. The design power level of T-
220 is in the range of 10 to 20 kW and is intended for
orbit transfer and deep space mission applications.
The T-220 was tested at GRC at power levels up to
11kW for its initial operation and met almost all of
the program goals in the first series of tests.
Structural improvements to the T-220 have recently
been completed and the engine is ready for further
testing at power levels above 11 kW. The engine
was recently sent to TRW for testing in their CEPTS
facility.

SPI designed, built, and tested a midsize engine
(designated the T-140) as an in-house development.
The T-140 is intended for use in a combination of
orbit transfer and stationkeeping applications. To
date, the engine has undergone two series of
performance tests in the' CEPTS. facility at TRW. A
system test was also performed in which the engine
was started and then controlled by an active
proportional flow controller (multi-function valve)
developed by Marotta. ~ The lightweight T-140 was
recently improved to provide a wider operating
power range. Good efficiency and specific impulse
were demonstrated and the device was shown to
operate with low amplitude current oscillations. The
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T-140 is now the basis of several proposals for
commercial satellite applications.

SPI currently has two Air Force-sponsored SBIR
contracts for the development of a low power Hall
thruster and associated PPU for small satellite
applications. Under these coordinated programs, a
small T-40 thruster has been designed and fabricated.
This engine -is currently awaiting testing at the
Phillips Lab at Edwards AFB. A refined laboratory
model of a PPU capable of operating and controlling
the T-40 was built and tested on resistive loads.
Operational tests of the thruster and PPU are
expected soon.

Finally, SPI has a NASA funded SBIR contract to
modify the internal components of commercial high
power density DC-DC converter modules, so that
they will be radiation hardened and single event
tolerant. A team of industrial subcontractors is
redesigning certain Application Specific Integrated
Circuits (ASIC) in these modules. Custom versions
of the modules will be constructed with radiation-
hardened ASICs and other special components.
These modules intended to be building blocks in
future space qualified power electronics to be built
by SPI for EP systems.

TRW continued work in both Hall thruster ground
testing and flight experiments. In 1998, TRW's Hall
thruster test facility became operational and was used
to perform long duration research and development
testing of a US built T-140 (provided by SPI). This
test was extended to include an integrated system
demonstration test employing a TR W-built discharge
power supply, a cathode from MOOG and a Marotta
Scientific Controls multi-functional valve for flow
control.

Other Technologies

Many electric thrusters require stable, long-lived
electron emission sources. State-of-art Hall and ion
systems employ thermionic hollow cathodes (HC).
Thermionic HC’s, however, typically require power
for both heaters and keepers and consume gas from
the propellant system without contributing to the
thrust. While the losses in efficiency due to these
requirements are essentially negligible in moderate to
high power systems, they can become severe in low
power devices. The successful development of ve
low power field emission cathodes (FEC) that do not
require gas for operation would be of great value to
the emerging low power area. Busek, Inc. is
currently funded by the Air Force Research
Laboratory to develop a diamond-based FEC and by
BMDO/NASA to develop FEC technology based on
. carbon nanotubes. Cathodes of both types have been
fabricated and have already demonstrated adequate
emission current density for small thruster
applications. FEC life is now being addressed.

Busek is also teamed with MIT and Yale University
to develop colloid-based propulsion for microsatellite
applications. The ongoing effort is sponsored by
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GRC. In this research, an array of emitters was
constructed, and specific impulse in the range of 500-
1000 s was demonstrated at relatively low voltage (<
5 kV) using propellants other the glycerol that was
the propellant of choice in earlier colloid thruster
development efforts. Practical systems of this type
would employ FEC’s (as mentioned above) for
neutralization.

Testing of the Moog Hollow Cathode Assembly
(HCA) with a Hall effect thruster continued at a
TRW test facility under a working arrangement with
SPI. To date, 100’s of hours of operation have been
successfully completed.

Feed Systems

Marotta Scientific Controls has completed the
development of four miniature components
specifically designed for electric propulsion feed
system applications. The first is the Marotta Multi-
Function Valve which includes isolation (internal

leakage < 1x10™  sccs GHe), 6000:1 pressure
reduction, and precise modulating pressure/flow
regulation (closed loop control via telemetry
feedback) capabilities. Next is a miniature latching
solenoid valve that is capable of operating at
pressures up to 2000 psia and has a mass below 0.05
kg. Third, the normally closed miniature solenoid
valve has a demonstrated internal leak rate of less

than 1x10™ sccs GHe at 100 psia and has a mass of
less than 0.03 kg. Finally, Marotta has developed a
0.012 kg Micro-Gas Rheostat. This solid state device
utilizes a micromachined silicon chip with integral
filter and heater to regulate Xe mass flow over a 3:1
throttling range using self-sensing, closed-loop
control.

Over the last year, Moog Inc. Space Products
Division has made great progress in advancing
technology for EP feed systems and components.
Moog feed system products also continue to operate
very well in in-space applications. Development
efforts continued on the Proportional Flow Control
Valve (PFCV). The PFCV was successfully tested
with a Hall effect thruster using engine discharge
current as a feedback command. The PFCV provides
a 100:1 throttling range and consumes less than
0.0015 kW of power.  The Moog Model 50-858
Propellant ~ Management ~ Assembly  (PMA)
successfully completed a delta qualification program.
This new PMA uses flight-proven, heritage
technology. It has an optimized layout and improved
operational performance with higher inlet pressure
capabilities and an increased flow capacity. The
Moog Model 50E771 Xe Control Assembly (XCA)
continues to operate successfully on DS-1 and this
provides in-flight heritage for a number .of Moog
components and integration techniques. Operation of
this critical component will be extended with the
extension of the DS-1 flight.  Finally, Moog
continues to deliver Xe regulators to support Hughes
ion engine-equipped spacecraft.
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The Stanford Mu Corporation is making significant
inroads in the development and manufacturing of Xe
regulators for various customers. For Alcatel,
redundant regulators are being fabricated for the
Stentor and Astra 1K programs. For MELCO,
redundant regulators are being fabricated for the ETS
VIII program. Stanford Mu also has a regulator
contract with the Electric Propulsion Laboratory and
has recently delivered hardware under this contract.
Finally, Stanford Mu IRAD work is focusing on the
development of a light-weight (sub-0.15 kg) titanium
titanium regulator for a broad range of propellant
system applications.

For over 35 years, VACCO has been a world leader
in the design and production of propellant feed
system components for spacecraft. With the
emergence of EP, VACCO has become a dominant
supplier of Xe valves and filters for western
spacecraft. Today, VACCO is providing complete
feed systems, such as the Xe Propellant Management
Sub-Unit currently in production for the Ion
Propulsion System used on the ETS-8 spacecraft.

While current feed systems utilize traditional valve
technology, VACCO has identified the need to
develop a new, advanced, proprietary technology
called Chemically Etched Miniature Systems or

ChEMS™. As its name implies, ChEMS™ is based
on VACCO’s extensive in-house capability of
precision chemical etching of metals. The VACCO

ChEMS™ modules consist of multiple layers of
etched metal sheets that, when stacked and bonded
together, form an assembly consisting of all of the
required components and their interconnecting flow
paths. Size and mass of the module is reduced by
enabling  fabrication of components and
interconnecting features that are smaller than are
practical using traditional machining techniques.

ChEMS™ modules are a fraction of the cost of
systems fabricated using other methods. In
traditional systems, components are made of
individually machined piece parts. Component costs

in ChEMS™ assemblies are reduced due to the
inherently lower cost of precision etching as
compared with traditional manufacturing techniques.
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Cost is further reduced by simultaneously etching the
equivalent of individual piece parts for many
components into a single sheet of material. Valves,
filters, flow resistors and pressure transducers are
traditionally fabricated, assembled and tested as
discrete components. These components are then
integrated and tested as an assembly.  With

ChEMS™, the assembly of the components and the
integration of those components into a module takes
place simultaneously as the sheets are bonded
together.  This significantly reduces component
assembly and system integration costs.

Summary

As evidenced by its rapid proliferation, EP is clearly
coming of age. U.S. industry is playing a key role in
bringing new, reliable, and high performance EP
technology to the marketplace. Commercial
resistojet, arcjet, and ion systems are in common use
and Hall thrusters will be used on U.S spacecraft in
the very near future. It is expected that the use of EP
will continue to expand and that U.S. industry will
continue to provide major innovations in this truly
high impact field.
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Operational Satellites with Electric Propulsion
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