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Abstract: The NASA's Evolutionary Xenon Thruster (NEXT) ion propulsion system
has been in advanced technology development under the NASA In-Space Propulsion
Technology (ISPT) project. The government/industry team has completed the highest
fidelity NEXT hardware planned. This paper describes the status of the development of
NEXT, provides the current system performance characteristics, summarizes recent studies
of the application of NEXT to NASA missions, and describes planned activities in continuing
the transition of NEXT technology to a first space flight. The team is working towards
completion of project Phase 2 and achievement of Technology Readiness Level 6 in fiscal
year 2010. System integration and thruster long duration testing have provided significant
additional information on system performance, including an updated thruster throttle table.
NEXT has been chosen as the baseline propulsion system for three major funded NASA
science mission concept studies over the last two years, the Titan Saturn System Mission, the
New Worlds Observer terrestrial planet finding mission, and a Comet Surface Sample
Return pre-phase A mission concept. This level of user interest has supported a NASA
decision to provide incentives to propose NEXT in the recent New Frontiers mission
Announcement of Opportunity. NASA commitment to NEXT is further exemplified by
additional, post-phase 2, funding designated for NEXT to continue thruster long duration
testing and to address risk reduction supporting transition-to-flight.
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I.

Introduction

T

HE NASA's Evolutionary Xenon Thruster (NEXT) system is an advanced ion propulsion system (IPS) oriented
towards robotic exploration of the solar system using solar-electric power. It is based on an evolutionary design
that has strong heritage to the NSTAR (NASA’s Solar Electric Propulsion Technology Application Readiness) IPS
that is currently flying on the Dawn spacecraft. Potential mission destinations that can benefit from a NEXT Solar
Electric Propulsion (SEP) system include inner planets, small bodies, as well as outer planets and their moons when
chemical or aerocapture approaches are used for orbit capture at the destination body. This range of robotic
exploration missions generally calls for ion propulsion systems with deep throttling capability and system input
power ranging from 5 to 25 kW, as referenced to solar array output at one Astronomical Unit (AU). The NEXT
system has been in advanced technology development under the NASA In-Space Propulsion Technology (ISPT)
project. The government/industry team has now completed the highest fidelity NEXT hardware planned, including:
a flight prototype model (PM) thruster, an engineering model (EM) Power Processing Unit (PPU), EM propellant
management system (PMS) assemblies, a prototype gimbal, and control unit simulators. Transition of the NEXT
technology for a first space flight is now a primary challenge to the project team.

II.

System Development Status

The NEXT project has completed much of the planned subsystem development activities. Figure 1 summarizes
the completion of key planned subsystem verification tests. These have been reported in detail in References 1-8.
The major development activities in fiscal years 2008 and 2009 have focused on system integration testing, Thruster
life validation and completing PPU technology validation.
The project performed two planned
system integration tests in 2008, a SingleString System Integration Test (SSIT)9 and a
Multi-string System Integration Test (MSIT).
The scope of the SSIT was to verify that the
integrated system of NEXT components
meets the project requirements in a relevant
environment. The primary objectives were to
demonstrate:
• operation of the thruster over the
throttle table with the PPU and PMS,
• operation of the system at off-nominal
conditions, and
• recycle and fault protection operation.
Additional objectives were to verify a wide
Figure 1. NEXT subsystem development test status
range of system-level requirements, including
functional, performance, environmental and
interface requirements. The test configuration included the PM1R ‡ thruster, EM PPU, the EM PMS as well as a
digital control interface unit (DCIU) simulator. The test started in May 2008 and continued through August when a
PPU part failure, described below, interrupted the test sequence. Remaining testing that did not require the PPU was
then completed, resulting in completion of 70-80 percent of the test objectives. Key findings of the SSIT are
described in Section III. Upon completion of the PPU recovery, the balance of the SSIT objectives will be
addressed.
A Multi-string System Integration Test (MSIT) was conducted immediately following the SSIT, demonstrating
successful operation of three thrusters (PM1R and two EM thrusters) with the PMS High Pressure Assembly (HPA)
and three Low Pressure Assemblies (LPA) controlled by the DCIU simulator. Testing successfully demonstrated
integrated operations:
• Thruster performance was nominal,
• There were no interactions noted within the three PMS Low Pressure Assemblies.
Test results will be reported in detail at a later date.

‡

PM1R is the designation of the first PM thruster after rework following the first set of environmental tests.
2
The 31st International Electric Propulsion Conference, University of Michigan, USA
September 20 – 24, 2009

Significant progress has been made in thruster life validation, with continuation of the EM3 thruster Long
Duration Test (LDT) and a short duration wear test of the PM1R thruster. The EM3 LDT is being conducted in
Vacuum Facility 16 at NASA Glenn Research Center (GRC). 10, 11 The thruster has a high degree of similarity to the
Aerojet PM thruster in elements related to thruster wear mechanisms. EM3 has Aerojet-manufactured prototypemodel ion optics. The cathode assemblies replicate the geometry and materials of the elements of the PM units that
are exposed to wear. The discharge chamber is geometrically identical and has the same magnetic circuit design.
This supports direct translation of LDT results to the flight-build thrusters. The thruster has demonstrated over
24,300 hours of operation and over 434 kg of xenon throughput as of September 1, 2009. This represents a total
impulse >16.1x106 N-s. The demonstration exceeded the project design goal of 300 kg in March 2008, with planned
operation to 450 kg by the end of 2009. The thruster operates at different throttle conditions to characterize erosion
rates over the entire range of the throttle table. ISPT funding for the LDT continues through fiscal year (FY) 2013,
with the aim of demonstrating up to 750 kg of xenon throughput. The PM1R wear test was conducted in GRC
vacuum facility 5 from December 2008 to May 2009. The thruster accumulated 1680 hours of operation at two
throttle points. The results of this test are reported in Ref. 12.
Completion of PPU technology validation has been hampered by two part failures, the first of which occurred
during system integration testing, the second during subsequent diagnostic testing of the PPU. The first failure was
of multiple diodes on the output rectifier stage of one of the six parallel beam modules. This failure occurred during
vacuum testing, with the PPU operating at the 50 °C upper limit of the allowable temperature range, as measured at
the baseplate interface. A failure review team was assembled and the project has completed a review board process.
The failure was attributed to differing electrical performance of a second vendor source part that was implemented
on this one beam module. A second source part was selected to mitigate possible risks in future part procurements.
The reverse recovery characteristics of this part at ambient temperature were similar to the primary vendor source
part as stated in specification sheets. However, testing revealed that the reverse recovery characteristics at elevated
temperatures associated with this PPU application were significantly different, with the second source diode having
longer reverse recovery durations and thus power dissipation into the part. This resulted in degradation of the second
source diode through metal diffusion, and subsequent shorting in operation. The primary source diode characteristics
were validated with burn-in testing and life analysis, and primary source diodes have been installed into the failed
beam module. Additional corrective actions have been identified for further consideration within the NEXT
technology development project and for future flight system development. In particular, the project will consider
revising the thermal mounting scheme for these parts to improve thermal margins; and additional diode screening
for reverse recovery time and current at elevated temperatures will be required for part selection for future flight
units. The second PPU part failure was of an input filter multi-layer ceramic capacitor on another of the six beam
modules. This failure investigation is still in progress. Upon completion of the PPU rework to correct these failures,
and additional circuit adjustments to address findings of the SSIT, the PPU will undergo verification testing,
including qualification-level vibration and thermal/vacuum testing, EMI/EMC testing, and a burn-in test.

III.

System Performance Characteristics

A. Thruster Throttle Table Update
The NEXT thruster throttle table has been updated to version 10 based on PM thruster testing and the EM3 long
duration test results to date. The new table includes updates to discharge losses and neutralizer flow margin.
Accelerator electrode voltage changes are also made for the three lowest power throttle points. The impact of these
changes on performance is negligible, with minor improvements in thruster efficiency at low power points.
However, the reduction in magnitude of the accelerator electrode voltages should significantly reduce erosion at
these throttle levels. PPU efficiency values, while not controlled by this throttle table, have also been updated to the
values determined from PPU and integration testing.9 Finally, the throttle table structure has been expanded to cover
additional points in the thruster life and extends to 450 kg throughput. Thruster performance parameters at
beginning-of-life (BOL) are presented in Table 1. The detailed throttle table is available by request to the authors of
this paper.
B. System Integration Test Results
The Single-String System Integration Test was performed in stages, with increasingly complex system
configurations, providing validation of the overall system and key system performance parameters. Reference 9
provides a thorough description of the SSIT, including descriptions of test planning, the hardware-under-test, the test
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configuration and support equipment and results. Summarized here are key results addressing NEXT subsystem and
system performance characteristics.
1. Preparatory Testing
The initial preparatory test was a repeat of the PM1R thruster Performance Acceptance Test (RePAT). This test
established baseline performance in the facility and test set-up of the SSIT, as well as verified that thruster
performance had not changed since the initial PM1R PAT prior to environmental testing. A second preparatory test
was calibration of the PMS while connected to the PM1R thruster. Calibration errors were low and were almost
always < 3% except for the lowest main flow rate during normal operation, but this was due to an improperly
determined calibration equation.
2. Thruster-PMS Testing
The first integration test was operation of the EM PMS and PM1R thruster together, using a laboratory power
console for thruster power. The DCIU Simulator was used for all PMS testing and also controlled the xenon feed
support equipment (XFSE). The sum of the LPA indicated branch flow rates measured during the PM1R-PMS
integration test were found
to be within 3% of the mass
Table 2. LPA indicated and mass flow controller flow rates measured during
flow controller flow rates.
the PM1R-PMS integration test.
Table 2 illustrates the LPA
indicated and mass flow
controller
flow
rates
measured
during
the
PM1R-PMS
integration
test. Thruster parameters
were also collected and
compared to PAT and
RePAT data; results were
all
comparable
within
measurement uncertainties.
3. Thruster-PPU-PMS Testing
The EM PPU was then added to the test configuration for integrated thruster-PPU-PMS testing. The DCIU
Simulator controlled both the PMS and PPU, as well as the XFSE. Propulsion system demonstrations were
conducted with PPU baseplate temperatures across the allowable flight temperature range of 25 – 50 °C, and across
the allowable range of PPU and PMS low power input bus voltages. Thruster performance over the range of system
operating conditions was nominal, demonstrating that there are no system issues impacting thruster operations.
Key PMS operating parameters were collected during the testing, including flow rate accuracy and power
consumption. The total LPA indicated flow rate (i.e.
the sum of the indicated LPA branch flow rates)
error measured during the two propulsion system
performance tests is plotted in Fig. 2. Also included
in the plot is the maximum commanded LPA branch
flow rate error requirement for reference. Total LPA
flow rates were found to be within 3.25% of the
mass flow controller flow rate. The LPA total flow
rate error was also found to increase with decreasing
flow rate. This was largely due the main LPA
branch flow calibration, which dominated the total
flow rate and tended to yield higher flow rate errors
at lower flow rates. Mass flow controller error is
shown as green error bars in the figure. Mass flow
controller error was ±1.0% of reading for all flow
rates except the two lowest, which reached ±1.4%.
Figure 2. LPA indicated total flow rate error as a
PMS power consumption was also measured during
function of LPA total flow rate.
testing. Average power consumption for the HPA
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and LPA at the nominal 28V input was 1.61 W and 7.9
input voltage range were less than 0.7 W.
PPU efficiency and low power bus housekeeping
power consumption were collected during the full
system integration testing. PPU efficiency as a
function of throttle level, input voltage and baseplate
temperature were collected, as shown in Fig. 3. Here,
total efficiency is the output power divided by the sum
of the high and low power bus input powers, while
power efficiency excludes the low power bus input
power. The currents and voltages used for these
calculations were independently measured with
multimeters and current shunts at the PPU vacuum
facility feed-throughs and were further corrected to
exclude any line losses. The peak PPU power
efficiency was 0.954 and occurred at the highest beam
supply voltage. The PPU exceeded the required
efficiency at all specified points. Power processor
housekeeping power (from the low power bus) as a
function of the number of operational beam modules is
plotted in Fig. 4 at various input voltages for a 25 °C
PPU baseplate temperature. For the NEXT PPU, the
number of parallel beam modules that are operated is
selectable from the values 1, 2, 4 and 6, allowing the
PPU to operate efficiently over a broad power range.
As expected, the PPU housekeeping power is a strong
function of the number of operational beam modules.
Figure 4 data were collected at 25 °C baseplate
temperature; 50 °C data were nearly identical. The
maximum PPU housekeeping power was 28.1 W,
which satisfied the ≤ 30 W requirement.
The PPU completed almost all of the planned
propulsion system performance tests, but failed during
full power thruster operation as described in an earlier
section. SSIT testing continued using a laboratory
power console for those test segments that did not
address PPU functionality and performance.

W respectively. Variations across the 22 – 34V nominal

Figure 3. PPU efficiency as a function of input
voltage, baseplate temperature and beam power
supply voltage

Figure 4. PPU housekeeping input power as a
function of the number of operational beam
modules and input bus voltage

4. PMS Operations Testing
A number of additional PMS functionality and performance tests were completed with the PMS-PM1R-power
console test configuration. The PMS-thruster operations were tested with a PMS HPA inlet pressure of 900 psia,
with low HPA inlet pressures simulating end-of-life residual propellants, and in LPA proportional flow control valve
(PFCV) fault modes. All thruster performance results obtained during the remaining three PMS integration tests
were compared to those of the RePAT, and results from the PMS integration tests demonstrated that for the range of
PMS operating modes tested, the PMS could successfully interface with and operate a NEXT ion thruster with no
anomalous thruster or PMS behavior. High inlet pressure testing was successful, with only minor differences in
resulting PMS performance parameters. For PFCV fault mode operation, all possible LPA PFCV failure modes were
simulated. During a LPA PFCV-failed-closed fault, the failed LPA branch’s latch valve was opened to an adjacent
branch and the adjacent branch’s PFCV was used to regulate pressure to both branches while thermal throttle
temperature was varied to control the flow rate. The cathode LPA branch is the one branch that is common to the
other two branches, and so all LPA PFCV-failed-closed fault modes included the cathode branch. For a LPA PFCVfailed-open, the HPA PFCV is used to regulate branch pressure. However, to maximize the PMS’s capability to
achieve the full range of flow rates, the failed branch’s latch valve must be opened to the adjacent branch, and both
branches must use thermal throttle temperature to control the flow rate. For either failed case, the remaining branch
is operated normally. As the PMS operates in a temperature control loop mode using the thermal throttles in these
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fault modes, LPA power consumption is higher than the nominal pressure control loop operations. LPA power
consumption ranged from 7.7 to 21.53 W across the various fault modes, as reported in detail in Ref. 9.
To drain the propellant tank to low pressures during a mission, the NEXT PMS would operate with the HPA
PFCV fully opened and the LPA inlet pressures would be allowed to be as low as that indicated in Table 3 based on
the desired throttle point. The selection of these low pressures was based on the largest of the three LPA branch
pressures at a particular
throttling point plus the
Table 3. Residual propellant capability as a function of LPA inlet pressure
anticipated pressure drop
across the HPA PFCV with
margin. To simulate this
mode of operation, HPA
inlet pressures were still
maintained at 50 psia,
however, the HPA outlet
pressure was set to the
pressures indicated in the table. Also calculated in the table is the resulting residual propellant, assuming a 1500 psia
tank pressure at 25 °C and accounting for the anticipated pressure drop across a fully open HPA PFVC. As shown in
the table, the highest and lowest beam current cases would yield residual propellant masses of 0.55% and 0.45%,
respectively, of the initial propellant load. Indeed, even the normal mode of operation (i.e. at a 35 psia HPA outlet
pressure) would yield a residual propellant mass of 0.72% of the initial propellant load. All of the aforementioned
results meet the ≤ 1% propellant residual requirement.
5. PPU/PMS Functionality and Fault Handling Testing
A number of PPU and PMS functionality and fault handling tests were conducted without thruster operation, as
reported in detail in Ref. 9. To demonstrate the PMS flow throttling capability, the PMS was throttled over a total of
11 different sets of flow rates. The maximum flow rate throttling transition time was measured to be
155 s, which was within the 300 s requirement. The results of PPU power supply regulation range tests on a resistive
load demonstrated that the PPU power supplies satisfied required output current and voltage ranges against which
they were tested. In some cases, demonstration was limited by the capability of the resistive load, but has been
separately confirmed during nominal thruster/PPU operations. Although the neutralizer and discharge current
interlocks were set 0.8 A and 0.2 A too low, respectively, results of PPU interlock tests on a resistive load showed
that in all cases, the interlocks properly safed the PPU.
As a result of the PPU component failures, a number of propulsion system demonstrations of functionality and
fault handling could not be completed. These remaining demonstration tests will, therefore, require further system
testing and will be completed following the repair of the PPU.
6. System Characteristics
Key NEXT system characteristics, with the basis
of estimate, are summarized in Table 4.

Table 4. NEXT system characteristics summary

C. Thruster Life Validation
As described above and reported in detail in Refs.
10 to 12, the EM3 thruster long duration test is
continuing and a PM1R short duration test was
recently completed. In parallel to the tests,
computational models were developed, incorporating
LDT data, to predict total xenon throughput
capabilities of the thruster design.13 The models
simulate wear mechanisms and rates of critical
thruster components, such as ion optics, discharge
keeper, etc. These models are continually updated
with the latest experimental data as it is collected. The
NEXT project requirement, based on a range of
mission analyses, is for a qualified throughput of 300
kg per thruster. Projection of the first wear-out failure of the NEXT thruster is to occur at greater than 750 kg xenon
throughput for the majority of the throttle table. This provides a qualified capability of greater than 500 kg
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throughput. For the three lowest power throttle points, as listed in Table 1, throughput capability is less than 750 kg
xenon due to wear rates at those accelerator grid voltages. However, with the low xenon flow rates at these throttle
points, first failure is projected to be greater than 45,000 hours of operation at any of these conditions.
Thruster lifetime in throughput can be converted to total impulse by considering mission thruster power, as
depicted in Fig. 5. For example, assuming the projected thruster throughput rating of 500-kg xenon, a single thruster
can provide approximately 1.3 to 2.1 x 107 N-s total impulse, the range being a function of input power and
throttling approach. Increased total impulse per thruster provides the capability to perform higher ΔV missions with
fewer thrusters.

Figure 5. NEXT thruster total impulse capability
While thruster life analyses are complex and thorough
analyses must be performed for any system configuration and
mission profile under consideration, coarse estimates of thruster
life capability can be projected based on test and analysis
results to date. Table 5 provides a conservative estimate of
percentage of thruster rated lifetime expended as a function of
operating time within given input power ranges. For each
range, a different wear-out mechanism may be the driving
lifetime limit. The percentage of rated lifetime consumed is
calculated using the projected first failure at that general power
level, derated by a factor of 1.5 associated with subsystem
qualification levels; i.e. for <1000 W, the projected first failure
at >45,000 hrs is derated to approximately 30,000 hrs.

IV.

Table 5. Thruster rated lifetime
expenditure vs. input power
Input Power
Rated Lifetime,
% life / khr
<1000 W
3.4
1000-1999 W

0.7

2000-3099 W

2.1

3100-3999 W

2.7

≥4000 W

4.1

Mission Applications

The maturation of NEXT technologies has resulted in continuing mission interest in NEXT from a variety of
NASA science community interests.
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A. Titan Saturn System Mission
In 2008, NASA and the European Space Agency conducted detailed concept studies for two candidate Outer
Planet Flagship missions, the Titan Saturn System Mission (TSSM) and the Europa Jupiter System Mission (EJSM).
The Jet Propulsion Laboratory (JPL) led the NASA team for both studies and engaged a variety of organizations on
the study teams.14
The TSSM baseline mission concept, illustrated in Fig. 6,
includes a SEP stage, with a NEXT-based ion propulsion
system, to significantly reduce trip time, increase mass
margins and provide launch opportunity flexibility. During
SEP thrusting, the flight system makes use of a Earth-VenusEarth-Earth gravity assist trajectory that delivers it to Saturn
approximately 9 years after launch. When the SEP stage is no
longer useful due to increasing distance from the sun, about
five years after launch, the SEP stage is jettisoned. The SEP
stage includes two solar array wings, providing approximately
15 kW to the SEP system at 1 AU. The SEP system is
composed of three NEXT thrusters and PPUs, with two
operating together over much of the SEP thrusting phase of
Figure 6. TSSM spacecraft concept,
the trajectory and a third thruster/PPU string available as a
including NEXT-based SEP stage
spare. The xenon usage for the nominal trajectory is
approximately 450 kg, or 225 kg per thruster; well within the
lifetime capability of NEXT thrusters. While the EJSM was selected for further development, the detailed TSSM
concept study demonstrated the benefits of SEP and NEXT for outer planet exploration, as has been published
previously. 15-17
B. New Worlds Observer Mission
The search for Earth-like planets orbiting other stars is one of the most compelling science objectives facing
NASA today. More than 200 exoplanets have been discovered to date, primarily through indirect detection
techniques. The New Worlds Observer (NWO) mission concept provides a new approach to direct imaging and
spectroscopic characterization of Earth-like planets in other solar systems’ habitable zones, the range of orbits that
provide conditions that are likely to support life. The NWO concept has been under investigation since 2004. The
most recent concept definition work occurred under the Astrophysics Strategic Mission Concept Study NASA
Research Announcement, for which the study principal investigator, Dr. Webster Cash/University of Colorado, was
awarded a full award, including an integrated design study at the Goddard Space Flight Center (GSFC) Mission
Design Laboratory.
The concept consists of two spacecraft, a 4 meter-class telescope and a separate starshade, working together in
an orbit at the Earth-Sun L2 Lagrange point. The telescope spacecraft simply orients to the direction of the target
star. The starshade spacecraft translates to a position
along the telescope spacecraft line-of-sight to the
target, at a separation distance that effectively
occults the target star while allowing the habitable
zone to be imaged. This concept requires the
starshade spacecraft to execute a large total velocity
change over the mission duration, 7 – 10 km/s, thus
favoring electric propulsion. A NEXT ion
propulsion system was selected to provide the most
science at a low SEP system mass, also providing
significant flexibility in extended mission capability
and response to mission performance sensitivities.18
The starshade spacecraft, illustrated in Fig. 7,
includes a 16 kW-class solar power system much of
which is dedicated to power a NEXT SEP system.
The SEP system is composed of three NEXT
Figure 7. NWO starshade spacecraft concept
thrusters and PPUs, with associated xenon feed,
gimbal, and control equipment. In order to perform
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the baseline mission of 100 target observations in 5 years, two NEXT thrusters are generally run at full power during
starshade spacecraft translation maneuvers. The third thruster/PPU string provides redundancy. Approximately 900
kg of xenon are expended during the baseline 5-year mission, or 450 kg per primary thruster, as defined by design
reference mission analyses. This throughput is the most demanding mission-based requirement identified to date, but
is well within the expected NEXT thruster lifetime capability. The starshade spacecraft carries additional xenon to
support an extended mission, at which time residual primary thruster life and the spare thruster would be used.
The New Worlds Observer mission will continue to be considered in upcoming NASA astrophysics strategic
mission decisions. NEXT-based solar electric propulsion will be critical in accomplishing the NWO science
objectives.
C. Comet Surface Sample Return Mission
Under request from the NASA Science Mission Directorate (SMD), the Johns Hopkins University Applied
Physics Laboratory (APL) performed a pre-phase A mission concept study for a medium-class Comet Surface
Sample Return (CSSR) Mission. The study was completed and reported to NASA in 2008.19 The study developed
both chemical propulsion and NEXT-based SEP approaches to the mission. While both solutions met the basic
science and mission requirements, the SEP solution
provided significantly better launch opportunity
flexibility, offering a one-year launch delay without
impacting the overall mission. The spacecraft concept,
illustrated in Fig. 8, included a 17.4 kW solar array
and a 1+1 NEXT ion propulsion system (one engine is
used, the second is a spare). The xenon required to
perform the mission varies with launch opportunity,
with a maximum of 405 kg excluding reserves. As this
study was performed earlier in the thruster life
validation process, additional analyses were performed
to determine thruster life margins. Based on the
mission profile, it was determined that accelerator grid
Figure. 8 CSSR mission spacecraft concept
pit and groove erosion would be the life limiting wear
mechanism. Applying the methodologies developed in
Ref. 13, it was projected that the CSSR would erode through approximately 40% of the accelerator grid thickness,
providing a significant thruster life margin. Other thruster wear mechanisms reached less than 25% of their life
capability. The APL CSSR study further confirmed the user community interest in near-term use of NEXT ion
propulsion.
D. New Frontiers Missions
The NASA SMD released an Announcement of Opportunity (AO) for New Frontiers missions on April 20,
2009.20 In recognition of progress in NEXT technology development, the AO provided incentives to include NEXT
technology in mission proposals. As stated in section 5.2.3 of the AO, NASA SMD is assuming responsibility of
maturing NEXT technology to Technology Readiness Level (TRL) 6, thus relieving the mission team from the
associated budget and risks. Further, to capture NASA’s plan to share in the flight development costs of NEXT, the
cost cap on the mission cost is raised by $15M for missions that use NEXT, as described in section 5.9.3 of the AO.
These incentives reflect NASA SMD’s commitment to transitioning the NEXT technology to application on NASA
missions, and directly address the common technology-to-flight gap problem.

V.

Transition to Flight

The NEXT project has made substantial progress towards TRL6 to date. The ISPT project intends to continue
funding the NEXT project through FY14, with resources primarily focused on continuation of thruster life validation
testing and analysis, but with some resources available for other risk reduction tasks. In combination with thruster
diagnostic testing under a Space Act Agreement with The Aerospace Corporation, the flight readiness of NEXT ion
propulsion system elements will continue to improve.
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A. NEXT Project Phase 2 Completion
Completion of Phase 2 of the NEXT project is planned to occur in FY10. The PPU failure recovery and
environmental testing are the primary outstanding tasks from the project Phase 2. In addition, some residual SSIT
tests will be performed when the PPU is available for testing. Finally, it is likely that the test will surpass 450 kg
throughput within the timeframe of Phase 2 completion.
The Phase 2 project will be formally completed with two significant reviews, a Phase-2 Close-out Review and a
Technology Maturity Assessment.21 Both reviews support the processes defined by NASA Procedural Requirement
7120.8 for technology project management. The entirety of the Phase 2 development activities will be reviewed to
evaluate the completion of project objectives and to establish the TRL of the system. In addition, the group will
identify, assess and prioritize any perceived high-risk items so that the balance of project resources, available after
the completion of all Phase 2 tasks, will be applied to risk reduction activities in FY10 and beyond. The reviews
will have panels comprised of electric propulsion technical peers and representatives from the mission-user
community. The project objective is to establish that the key components of a NEXT system, the thruster, PPU and
PMS elements, are at TRL6 at the completion of Phase 2; and that other elements, the gimbal and DCIU, are at a
sufficient state of maturity to support flight implementation. Separate DCIU development tasks performed by JPL
under the In-Space Propulsion Technology project support this objective.
B. Continuation Under ISPT
Current budgetary planning within ISPT includes two tasks that support continued NEXT testing and risk
reductions, beyond Phase 2, through FY14. These tasks support the NASA SMD commitment to support transition
to flight, as exemplified by the New Frontiers AO described above.
The objective of the first continuation task is to continue the thruster long duration test and hardware evaluation
through FY13. If the test is executed at a high thruster beam current and the duty cycle is comparable to that
achieved over the last two years, the throughput could exceed 750 kg xenon prior to the end of FY12. Funding in
FY13 would be dedicated to detailed post-test thruster characterization and life determination. Alternatively, if the
thruster has not yet reached the first failure, testing could be continued.
The second continuation task provides resources for risk reduction. At the current time, the PPU is the subsystem
element of highest concern due to current technical issues and status; thus, the expectation is that risk reduction task
will be focused on PPU flight development readiness. This, however, may change with completion of the Phase 2
tasks and assessment through the aforementioned Close-out Review and Technology Maturity Assessment. Risk
reduction resource levels and duration are less certain, but are currently planned to continue into FY14.
C. Aerospace Corporation Space Act Agreement
An area in which further NEXT work has been needed is that of precise plume, particle, and field
characterization. A non-reimbursable Space Act Agreement (SAA) was enacted by NASA and The Aerospace
Corporation
to
establish
a
collaborative
measurement program intended to examine the
plume, particle, and field environments of the latest
generation NASA ion propulsion technology.
While the NEXT ion engine is the current subject of
this effort, subsequent work on Hall thruster
technology is anticipated under the same umbrella
agreement, with HiVHAC22 the likely candidate. A
series of measurements is currently in progress to
verify basic characteristics of NEXT operation and
expand on the available public-domain and internal
databases regarding NASA technology and its
potential use on non-NASA spacecraft systems.23
Among the work elements planned are in-depth
EMI/EMC, plume particle and plasma probe, optical
emission, and laser diagnostic measurements. This
work is of considerable relevance to future
Figure 9. Photograph of NEXT thruster installed in
spacecraft integration of the subject thrusters.
The Aerospace Corporation vacuum facility
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The NEXT evaluation at Aerospace includes measurement of ion beam flux and divergence, charge state ratios,
charge exchange ion flux, plume optical emission spectrum and absolute flux, radio frequency and microwave
absolute emission spectrum plus time-domain emissions, carrier wave attenuation and phase effects, plume erosion
and molybdenum contamination effects, absolute thrust, and thrust correction factors. Current work is being
performed with an engineering model NEXT thruster manufactured by NASA GRC (see Fig. 9). It has a form and
function very close to that of the NEXT prototype model (PM) thruster manufactured by Aerojet under contract. It is
anticipated that a PM thruster will become available for this project, and critical measurements can be repeated with
that thruster. This PM thruster has the form, fit, and function identical to a flight article.

VI.

Summary

The NEXT project has made considerable progress over the last two years and is nearing completion of the
project Phase 2. Thruster life validation has advanced considerably through continuation of the long duration test
and execution of a short duration wear test with the PM1R thruster. The system integration testing completed in
2008 accomplished most of the system level testing necessary to achieve TRL6. Completion of Phase 2 has been
hampered by parts failures in the EM PPU, which is still in resolution. Upon completion of the PPU failure
recovery, the final tasks include PPU re-acceptance and environmental testing, residual SSIT PPU-thruster tests, and
continuation of the thruster LDT. Phase 2 will be formally completed with a Close-out Review and Technology
Maturity Assessment.
Recent tests and analyses have further defined NEXT system performance characteristics. An update to the
thruster throttle table has been issued. PPU and PMS operating and performance parameters have been measured in
system integration testing. Continuation of thruster life validation, including a recent PM1R short duration wear test,
have enhanced the data foundation for thruster life determination.
The user community has continued to consider NEXT for their mission concepts and has baselined a NEXT ion
propulsion system for three major mission concepts, the Titan Saturn System Mission, New Worlds Observer and a
Comet Surface Sample Return mission, developed by JPL, GSFC and APL respectively. NASA SMD has reinforced
their commitment to NEXT technology by offering incentives to propose NEXT in the New Frontiers AO, and by
continuing to fund NEXT development beyond Phase 2 completion to support flight readiness.
NEXT technology development activities are planned to continue through FY14, with continuation of thruster
life validation and resources allocated to risk reduction. The thruster LDT may exceed 750 kg xenon throughput and
reach the first failure within that timeframe. Resources are planned to subsequently perform a thorough post-test
hardware evaluation and life capability determination. Risk reduction resources are also planned over the next four
fiscal years to implement desired PPU modifications to address project findings to date and possible future issues
encountered in PPU environmental testing. These resources will also be used to address other shortcomings
identified through the project close-out process.
Under the assumption that the first flight of NEXT technology occurs under a competed mission development
(such as New Frontiers or Discovery), the earliest expected Mission Preliminary Design Review would occur in the
2013 timeframe. Per NASA guidelines, it is at this point that all technologies must have been demonstrated to TRL6.
With the expectation of achieving TRL 6 within NEXT Phase 2, and resources allocated to further risk reduction
within ISPT, the project is in a good position to readily meet this criterion. Supplemental testing, such as the
Aerospace SAA, will further enhance the information set available to the first user of NEXT.
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