
Appendix I. NASAôs Evolutionary Xenon Thruster (NEXT) 
 

I.1 Starshade Propulsion 

 

A key functional element of the starshade spacecraft is to move, within the Lagrange 

space, from observation state vector to observation state vector. On the order of 70-80% 

of the starshade spacecraft life cycle is spent in these translation maneuvers. This mission 

characteristically has a very large mission delta-V. With the current baseline New Worlds 

Observer concept, the translation maneuver delta-V for the primary mission is on the 

order of 7-8 km/s. Electric propulsion systems can execute this delta-V with significantly 

less propellant than a chemical propulsion system. The baseline concept requires 

approximately 900 kg of xenon propellant. Use of a bi-propellant chemical propulsion 

system, while reducing the mission delta-V, drives the propellant mass well above 10,000 

kg. Such an approach is mass-prohibitive. Thus, considering findings from earlier studies 

and updates to analyses, the decision was made to baseline electric propulsion at the 

beginning of this study. 

 

I.2 Requirements Flow-Down  

 

The effectiveness of the Starshade Spacecraft propulsion system directly translates to 

science return. Key mission-level requirements that drive the Starshade Spacecraft 

propulsion system concept include: 

1. The system shall be capable of detecting an Earth twin at Quadrature in a Solar 

System twin that is up to 10 (TBR) parsecs away.  

2. The system shall be capable of finding at least 30 Earth twins if all target stars have 

such a planet. 

These requirements drive the key elements of the telescope/starshade architecture, 

including distance between spacecraft, relative angles between spacecraft with respect to 

heliocentric space, starshade size and thus mass, and the number of observations that are 

required in the baseline mission. The current mission concept has determined a 

conceptual baseline for these parameters as documented in the Mission Design 

Laboratory study products. The key mission parameters that drive the Starshade 

Spacecraft propulsion system design are: 

- Spacecraft dry mass: assumed to be 3523 kg based on MDL results, including 

contingency mass growth 

- Telescope-to-Starshade Spacecraft separation distance: 80,000 km 

- Minimum number of observations in the 5-year primary mission: 100 

- Number of observation extensions in the 5-year primary mission: 30 

- Slew angle, or the distance the Starshade Spacecraft must travel between 

observations: A function of the specific mission plan. Prior design reference 

missions indicate that the mission-average slew angle for coverage of high value 

targets is 20 ï 25° (telescope slew angle), which translates to 28,000 to 35,000 km 

translation distances for the Starshade Spacecraft.  

- Total æV capability of Starshade Spacecraft (assuming electric propulsion): 12 

km/s 

 



I.3 Electric Propulsion System Selection 

 

A variety of electric propulsion systems were considered for use on New Worlds 

Observer. The best candidates that fit the possible range of performance parameters and 

technology readiness are summarized below. 

 

NSTAR: NSTAR is a gridded ion thruster system that was developed for NASA deep 

space applications. It was successfully demonstrated on the New Millennium Program 

Deep Space 1 mission.[Ref. 1] This led to the selection of an NSTAR system for the 

Discovery-class Dawn mission, which is now on the way to the main belt asteroids Vesta 

and Ceres.[Ref. 2] With continued success on Dawn, the NSTAR system is at TRL9. 

 

XIPS: XIPS is a gridded ion thruster system that was developed by industry for 

commercial geosynchronous satellite applications.[Ref. 3] The XIPS system is used for 

orbit-raising and on-orbit stationkeeping, and has two nominal throttle conditions 

associated with these functions. XIPS has been flown in two varieties, a 13 cm and 25 cm 

beam diameter thrusters. The XIPS-13 was used on Hughes (Boeing) 601 bus satellites, 

the XIPS-25 on Hughes (Boeing) 702 bus satellites. The 25 cm version was considered in 

this analysis. While the XIPS system is at TRL9 for itôs current application, NASA 

standard practices dictate that it be re-rated as TRL5 because of the significantly different 

environments associated with deep space missions.[Ref. 4] Qualification of XIPS-25 for 

NASA deep space missions is being pursued.[Ref. 5] The technology readiness and 

qualification status of XIPS-25 for this mission would need to be further evaluated.  

 

BPT-4000: BPT-4000 is a Hall-effect thruster that was developed by industry for 

commercial geosynchronous satellite applications. The BPT-4000 system is used for 

orbit-raising and on-orbit stationkeeping, and has two nominal throttle conditions 

associated with these functions. BPT-4000 has been qualified for this application (TRL8), 

and is planned to first fly on an upcoming advanced communications satellite. [Ref.6] 

NASA standard practices dictate that it be re-rated as TRL5 because of the significantly 

different environments associated with deep space missions.[Ref. 4] The technology 

readiness and qualification status of BPT-4000 for this mission would need to be further 

evaluated. 

 

NEXT: NEXT is a gridded ion thruster system that is in technology development for 

NASA deep space missions.[Ref. 7] In many regards, it is an evolution of the NSTAR 

concept. The NEXT technology project is funded under the NASA Science Mission 

Directorate In-Space Propulsion Technology Project. It is completing the second phase of 

development, with the objective of reaching TRL6 for the critical elements of the ion 

propulsion system. 

 

The critical performance parameters of these options are summarized in Table I-1. 

Parameters are stated at full power conditions, where most of the NWO propulsion 

operations are likely to occur. 



 

Table I-1 Applicable Electric Propulsion System Characteristics 

 NEXT NSTAR XIPS-25 BPT-4000 

Thrust, mN 236 91 166 254 

Specific Impulse, s 4190 3070 3550 2150 

Input Power, kW 6.9 2.3 4.2 4.5 

Xenon Throughput, kg 300 - 500 155 - 200 150 275 - 300 

[Refs. 5, 8, 9, 10, 11] 

Throughput values require additional research and referencing as applicable to NWO 

operating conditions. These values represent ranges considered in analyses below. 

 

The four thruster choices were analyzed for the NWO reference mission, as defined by 

the following assumptions: 

- Primary Mission Duration: 5 years 

- Number of Observations: 100 

- Telescope-Starshade Separation Distance: 80,000 km 

- Average Distance per Translation Maneuver: 30,500 km 

- Average Duration per Observation: 4 days 

 

The analysis was performed assuming free-space maneuvers. Prior comparisons have 

shown this to be conservative with respect to high fidelity simulations of design reference 

missions, over-predicting required æV by 10-20%. All thrusters are assumed to be 

running at full power. In this analysis, it is assumed that the spare thruster is available to 

support extended mission operations. Comparisons were generated under two scenarios: 

1. The initial wet mass and xenon load was constrained to match the MDL design 

solution of 5220 kg and 1220 kg respectively, with mission capability derived. In 

this case, number of targets observed was left to vary. 

2. The initial wet mass and xenon load was allowed to vary such that 100 targets 

within the 5-year primary mission was accomplished, or for the XIPS-25 case, to 

achieve similar extended mission xenon reserves. 

 

Scenario 1 results: 

 

 

 

Table I-2 EP System Trade Results, Scenario 1 

 



In Table I-2, the EPS Element Dry Mass represents the total mass of the thrusters, PPUs, 

gimbals, and per-thruster feed system elements associated with the lower number in the 

total thruster range. Xenon tank and other feed system elements (that do not vary with 

thruster count) are not included, as this scenario assumes a fixed xenon load.  

NEXT provides the best solution with efficient use of the available xenon, allowing the 

opportunity for extended mission operations, and the simplest propulsion system 

configuration, at the cost of higher power requirements.  

BPT-4000 provides a solution that has a minimum power requirement, due to itôs higher 

thrust-to-power, and a relatively simple system configuration. It is also lowest dry mass 

solution primarily due to the lower mass of the PPU relative to NEXT. This solution does 

not achieve the minimum number of targets, nor does it provide any extended mission 

capability, due to the specific impulse of the thruster and the mass constraints of this 

scenario. If the number of operating BPT-4000 thruster/PPU strings is increased to 3, at 

13.5 kW input power, 96 targets can be accomplished with the baseline 1220 kg of 

xenon, improving the BPT-4000 mission capability only marginally. 

While the specific impulse of the XIPS-25 provides efficient xenon use and extended 

mission capability, the poor lifetime capability of the thruster and lower thrust drives the 

system complexity to a prohibitive level.  

The NSTAR solution is limited in effectiveness by the low power per thruster and limited 

thruster lifetime capability. The complexity of the resulting system is prohibitive. 

 

Scenario 2 results 

 

Table I-3 illustrates the assessment results for scenario 2. The EPS element dry masses 

would be similar for this scenario, except that the BPT-4000 would be penalized with 

additional xenon tank mass.  

The NEXT solution remains the same as a baseline solution. The BPT-4000 system 

requires a significant increase in xenon mass to achieve the minimum 100 target mission, 

with the associated increase in initial wet mass. This illustrates that the BPT-4000 

approach is very sensitive to changes in this solution space. The additional xenon 

Table I-3 EP System Trade Results, Scenario 2 

 



throughput required also drives the system configuration complexity significantly. The 

XIPS-25 solution was modified to allow mass to grow to provide a similar extended 

mission xenon reserve as the NEXT baseline. The complexity of this system remains 

prohibitive, as for the NSTAR solution. 

 

The results of these analyses illustrate that the NEXT ion propulsion is the optimum 

approach for the NWO mission concept currently baselined. The specific impulse of the 

NEXT thruster provides efficient use of propellant and provides significant extended 

mission capability with the selected xenon propellant load. The high power per thruster 

allows the translation maneuvers to be done with a reasonable number of thrusters 

operating. The long-life capability of each thruster minimizes the number of thrusters 

needed to accomplish the primary mission. The resulting system configuration is the 

simplest of all options considered and also provides the maximum opportunity for science 

return.  

 

I.4 NEXT Background 

 

The NEXT ion propulsion technology project is under development within the SMD In-

Space Propulsion Technology (ISPT) Project. ISPT resides under the Planetary Science 

Division, where most NASA science mission use of electric propulsion is anticipated. 

The NEXT project was awarded a Phase 1 project, with an option for Phase 2 follow-on, 

in 2002 under a competitive NASA Research Announcement. The intent of Phase 1 was 

to establish the initial capabilities of the proposed technologies to meet the NRA 

requirements. Based on a successful Phase 1, Phase 2 was awarded in 2003. The defined 

objective of the Phase 2 project was to advance ion engine propulsion technologies at the 

component and system level to TRL5, with significant progress made toward TRL6. The 

required scope of the effort included thrusters, power processing units, propellant 

management, and other technology integrations. The NEXT team proposed and 

developed the 7 kW NEXT thruster, the PPU, the propellant management system (PMS) 

High Pressure and Low Pressure Assemblies, a new technology gimbal, and a Digital 

Control Interface Unit (DCIU) simulator to facilitate demonstration at the system level. 

The primary members of the NEXT project team are: 

- NASA Glenn Research Center: technology lead 

- NASA Jet Propulsion Laboratory: system integration lead  

- Aerojet Corporation: thruster, PMS, and DCIU simulator 

- L3 Communications Electron Technologies, Inc.: PPU 

In addition, ATK (Swales) designed and fabricated the gimbal under the guidance of JPL, 

Applied Physics Laboratory and Goddard Space Flight Center have had supporting tasks, 

and University of Michigan, Colorado State University and Wright State University have 

supported thruster modeling and analysis under grants. 

 

The technology development status of NEXT is described in section I.9 below. 

 



I.5 NWO Starshade System Configuration 

 

The NEXT system configuration for the NWO Starshade Spacecraft is driven by the 

thrust required to accomplish translation maneuvers associated with the 100-target 

primary mission, the number of thrusters needed to process the necessary xenon, and 

single fault tolerance requirements. The ion propulsion system configuration is shown in 

Figure I-1. 

With the projected mass of the spacecraft and planned telescope/starshade separation 

distance, two NEXT thrusters must be operated during translation maneuvers. A NEXT 

Prototype Model thruster is shown in 

Figure I-2. With only one thruster 

operating, the translation maneuver 

durations would increase, thus 

decreasing the number of target 

observations achievable in the 5-year 

primary mission. For example, a single 

NEXT thruster would accomplish less 

than 80 target observations (per the 

groundrules described in I.2).  Two 

NEXT thrusters can process the xenon 

estimated to be necessary to complete 

the primary mission, as described in 

more detail in I.7 below. Thus, 

additional thrusters are not required for 

lifetime capability. A third thruster is 

required to provide single fault 

 
Figure I-1 NEXT Electric Propulsion System Configuration for the Starshade Spacecraft 

 
Figure I-2 NEXT PM Thruster in 

Acceptance Testing 



tolerance. The current technical baseline assumes that the spare thruster and remaining 

capacity of the two primary thrusters is used for the extended mission phase.  

 

Two PPUs are required to power the two operating thrusters, a third PPU provides 

redundancy. Each PPU can be cross-strapped to two thrusters, such that loss of a thruster 

or PPU does not negate use of the associated unit in that thruster string. Cross-strapping 

is not illustrated in Figure I-1 for clarity. The PPU incorporates the functionality of the 

DCIU, which can also be implemented in a separate unit. The DCIU element of the PPU 

interfaces to the spacecraft and controls the PPU and LPAs, thus controlling the NEXT 

thruster within that string. The NEXT EM PPU is shown in Figure I-3. 

 

The propellant management system consists of a single xenon tank, a single NEXT High 

Pressure Assembly (HPA), a NEXT Low Pressure Assembly (LPA) for each thruster, and 

assorted service, purge and isolation components (not shown in Figure I.1). The single 

xenon tank was selected during the MDL definition study; multiple smaller tanks would 

serve adequately at likely higher mass. The HPA is internally redundant, such that the 

failure of a critical component does not result 

in loss of capability. The LPAs also have 

similar internal failure tolerance capability. The 

NEXT LPA (upper photo) and HPA EM 

assemblies are shown in Figure I-4. The HPA 

is controlled by the spacecraft; this function 

could also be accommodated in the PPU/DCIU. 

 

Each thruster has a gimbal to provide thrust 

vector control for both spacecraft orientation 

control and attitude control during translation 

maneuvers. The gimbal is controlled directly 

by the spacecraft, interfacing to the guidance, 

navigation and control system. Each gimbal has 

three actuator motors; the thruster/gimbal can 

continue to be operated after failure of one 

 
Figure I-3 NEXT EM Power Processing Unit 

 
Figure I-4 NEXT EM Propellant 

Management Assemblies 


