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New Frontiers Program

Agenda

• Desire to Infuse New Technologies

• In-Space Propulsion Technology (ISPT) program

• Propulsion Technology Infusion in the New Frontiers 3 AO

• The NASA’s Evolutionary Xenon Thruster (NEXT) ion engine

• The Advance Materials Bi-propellant Rocket (AMBR) engine

• Propulsion Technology Infusion Plan requirement

• More resources on NEXT and AMBR
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New Frontiers Program

Desire to Infuse New Technologies

• NASA recognizes that it would be desirable to fly new technologies
– Enable new scientific investigations or enhance science return

• New Frontiers Missions potentially provide opportunities                  
to infuse advanced technologies developed by NASA
– Advance NASA’s technology base & enable a broader                       

set of future missions 

• The 2006 Solar System Exploration Roadmap identifies   
technology development needs for Solar System exploration
– NASA will strive to maximize the payoff from its technology investments

Either by enabling individual missions or by        
enhancing classes of missions with creative solutions

– Identifies transportation technologies as a “Highest priority”
And, notes that solar electric propulsion could be “Strongly     

enhancing” for most missions

Dawn with the NSTAR 
electric propulsion 

thruster stacked on the 
launch vehicle
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New Frontiers Program

In-Space Propulsion Technology (ISPT) Program

December5, 2008

• ISPT Objective: “develop in-space propulsion 
technologies that can  enable or benefit near to 
mid-term NASA science missions by significantly 
reducing travel times   required for transit to 
distant bodies, increasing scientific payload 
capability or reducing mission costs”

• The ISPT project is the only NASA project that 
addresses the primary propulsion technology 
needs  for the agency’s future robotic science 
missions. 

– Development occurs in the TRL 3-6+ range.

The current ISPT project focus is on 
completing near TRL6 products
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Propulsion Technology Infusion

• Two of these technologies are: 

– Electric propulsion technologies include 
completing NEXT (NASA’s Evolutionary Xenon 
Thruster), a 0.6-7kW throttle-able gridded ion 
propulsion system 

– Chemical propulsion technologies include 
completing AMBR (Advanced Material Bi-
propellant Rocket), a high-temperature storable 
bi-propellant rocket engine providing higher 
performance for lower cost

• SMD’s In–Space Propulsion Technology (ISPT) program has developed 
several technologies that are nearing TRL 6 and that are therefore 
potentially applicable to New Frontiers missions

NEXT

AMBRDecember5, 2008 4



New Frontiers Program

Propulsion Technology Infusion

• In order to maximize the payoff from its technology 
investments, NASA will provide an incentive to      
encourage the infusion of the NEXT system or the       
AMBR engine into New Frontiers mission proposals              
in response to this AO. 
– Proposers are offered the option of selecting one (or neither) of 

these two specific technologies for insertion into their missions. 

• NASA will share in the flight development costs of the 
proposed advanced technology. The cap on the PI-
Managed Mission Cost will be raised by a specific amount 
depending on which technology is proposed. :
– $15M (FY 2009) for missions that utilize NEXT

– $5M (FY 2009) for missions that utilize AMBR

NEXT gridded ion thruster

AMBR engine
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New Frontiers Program

New Technologies/Advanced Developments 
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• This AO solicits flight missions, not technology development projects. 
• Proposed investigations are generally expected to have mature technologies, 

specifically all technologies at a Technology Readiness Level (TRL) of 6 or 
higher 

• Proposals with a limited number of less mature technologies are 
permitted
– As long as they contain a plan (Requirement 23) for maturing all technologies 

to TRL 6 no later than KDP-C (Confirmation) and adequate backup plans in 
the event that the technologies cannot be matured as planned. 

• This AO provides guidelines for infusion of NASA’s Evolutionary Xenon 
Thruster (NEXT) ion propulsion system and the Advanced Material Bi-
propellant Rocket (AMBR) into New Frontiers missions. 
– NASA SMD assumes the responsibility for maturing these 

technologies to TRL-6. 
– Therefore, proposals that include utilization of either of them 

will not be required to include a maturation plan for them.
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New Frontiers Program

Propulsion Technology Infusion Requirements
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• Proposers will be responsible for the required NEXT or         
AMBR flight hardware development and integration,         
including the flight hardware development schedule

• Clearly describe the application of NEXT or AMBR         
in the proposed investigation (Requirement 83)

• Identify costs associated with NEXT or AMBR 
(Requirement 83)

• The ISPT program would like to monitor the NEXT or 
AMBR flight hardware development, receive IV&V test 
results, flight development lessons learned, and 
performance data during flight
– Help ISPT to continue improving its product development 

approach and ensure future products are ready to 
transition to flight development

Xenon Feed System Integration
On the Dawn Spacecraft

AMBR Performance Test
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New Frontiers Program

Feasibility of the Mission Implementation
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• The application and development of the NEXT or AMBR 

flight hardware will be evaluated as described in the 

Feasibility of the Mission Implementation, Including Cost 

Risk section of the AO

– The application and scope of any proposed use of 

NEXT or AMBR will be evaluated for appropriateness 

and conformance to the appropriate specific 

requirements

• To clearly describing the application and identifying the 

costs of NEXT or AMBR in the proposed investigation

– The implementation feasibility and risk of the proposed 
use of NEXT or AMBR will be evaluated

– Feedback will be provided on the proposed use of 

NEXT or AMBR

Sample Mission Trajectory 
Analysis
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Propulsion Technology Infusion

• The table below provides a high-level ISPT assessment of potential
NEXT and AMBR applicability to candidate New Frontiers missions.

December5, 2008

Candidate New 
Frontiers Missions 

NEXT Applicability AMBR Applicability 

South Pole-Aitken 
Basin Sample Return  

Limited 
applicability  Limited applicability  

Venus In Situ Explorer Limited 
applicability Limited applicability 

Comet Surface Sample 
Return 

High degree of 
applicability  

High degree of applicability 
for some mission designs 

Network Science 
 

Limited 
applicability  Likely not applicable 

Trojan/ Centaur 
Reconnaissance 

Limited 
applicability  Likely not applicable 

Asteroid Sample 
Return 

High degree of 
applicability  

High degree of applicability 
for some mission designs 

Io Observer 
 Applicable Applicable 

Ganymede Observer 
 Applicable Applicable 
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Advance Materials Bipropellant Rocket (AMBR)

Objective
• Improve the HiPAT bipropellant engine Isp

performance by fully exploiting the benefits 
of advanced thrust chamber materials

• Goals
* 335 seconds Isp with NTO/N2H4
* 1 hour operating (firing) time 
* 200 lbf thrust
* 3-10 years mission life
* Lower cost (up to 30% savings on the chamber)

Approach
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Remaining Tasks for 
Achieving TRL6

Carrying out 
environmental tests:
(in 4th Qtr 2008/1st 
Qtr 2009)

– Vibration (Aerojet)

– Shock (JPL)

– Hotfire life test 
(Aerojet)

• Evaluate materials and 
fabrication processes

• Develop advanced injector 
and chamber design

• Operate engine at higher 
temperatures and 
pressures

• Perform performance and 
environmental testing

Increased Chamber 
Pressure

Efficient Injector Design

Optimal Chamber/
Nozzle Contour

Increased Area Ratio

R-4D-15 Baseline

328
330
332
334
336

AMBR
(NTO/Hydrazine)

322

Isp
(S

ec
)

326
324

NRA Goal

Completed EL-Form 
Ir/Re Chamber

AMBR Engine
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AMBR a Proven Design for Higher Performance

AMBR AMBR (preliminary)
Design Characteristics HiPAT DM Design Test Results (10/1/08)
• Trust (lbf)  (N2H4/NTO) 100 200   150
• Specific Impulse (sec)     326 / 329 335  333.5
• Inlet Pressure (psia) 250 400  275
• Chamber Temperature (F) 3100 4000  >3900
• Oxidizer/Fuel Ratio 0.85 1.2 1.1
• Expansion Ratio            300:1 / 375:1 400:1
• Engine Mass (lbm)        11.5 / 12 12
• Physical Envelope (Within existing HiPAT envelope (R4D-15-DM))

–Length (inch)          24.72 / 28.57 25.97
–Nozzle Exit Dia (in.)  12.8 / 14.25 14.6  

• Propellant Valves           R-4D Valves R-4D valves

The AMBR technology is an improvement upon the existing 
HiPATTM engine

• The HiPATTM engine is one of the Aerojet Corporation’s R-4D Family of 
thrusters

• The R-4D family of thrusters carries the heritage:  >1000 engines 
delivered, >650 flown, 100% success rate

23.5(596.9)

2.47 (62.74)

Dimensions: inches (mm)

14.600
(370.84)

0.38 (9.52)

23.5(596.9)

2.47 (62.74)

Dimensions: inches (mm)

14.600
(370.84)

0.38 (9.52)

AMBR Engine Dimensions

23.5” (597mm)

2.5” (63mm)

14.6”
(371mm)
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AMBR System Studies Show Benefit

• Conducted mission and system studies to identify propulsion technology 
requirements and impacts

AMBR Engine potential mass reduction (payload gain) for various missions

Total Propulsion System Mass 
Reduction (Kg)

Isp (sec) 320 325 330 332.5 335
GTO to GEO 0 16 30 37 45
Europa Orbiter NA 0 12 16 24

Mars Orbiter N/A 0 14 22 29

T-E Orbiter N/A 0 29 45 60

• Results show increased 
performance can 
reduce the propellant 
required to perform 
spacecraft maneuvers.

• Propellant reduction can 
increase payload or 
margin

Broad mission applicability. Lowers cost and increases 
performance. TRL 6 in 2009!
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Electric Propulsion
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EP uses electrical power to provide kinetic energy to a gas propellant

• Provides higher exhaust velocities than chemical engines
- Reduces propellant mass needed to provide a given impulse

- Allows reduction in launch mass or increase in payload/margin; 
can provide substantial benefits in mission cost 

• Opens launch window over chemical systems in certain scenarios

• Electric propulsion primarily benefits large total impulse missions
- Orbit raising, repositioning, long-term station keeping 

- Robotic planetary and deep space science missions 

- Precise impulse bits for formation flying (pulsed EP systems)

• Electric propulsion employed on over 200 spacecraft

– Including science missions such as 

DAWN (asteroid fly-by)

Hayabusa (asteroid sample return)

SMART-1 (lunar imaging)

DS-1 (comet fly-by)

Additional considerations…
• Significantly lower thrust to 

weight than chemical engines
- Small but steady 

acceleration, vs. short-burn 
chemical engines

- EP engines must be 
designed for long life 
(thousands of hours)

• Increased dry mass due to:
- Solar arrays
- Power processing unit
- Other EP specific hardware

• Spacecraft integration 
considerations:

- Electric power requirements
- Plasma plume and potential 

EMI
Completed Dawn Spacecraft
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NASA’s Evolutionary Xenon Thruster (NEXT)

Objective: Improve the performance and life of 
gridded ion engines to reduce user costs and 
enhance/enable a broad range of NASA SMD 
missions

Thruster Attribute
Thruster power range, kW 0.5 - 6.9
Max. Specific Impulse, s 4,190
Thrust range, mN 26 - 236
Propellant Throughput, kg 450
Mass (with harness), kg 13.5
Envelope dimensions, cm 43.5 x 58.0
Power Processing Unit Attribute
Power Processing Unit mass, kg 33.9
Envelope dimensions, cm 42 x 53 x 14
Input voltage range, V 80 - 160
Feed System Attribute
High Pressure Assembly mass, kg 1.9
Low Pressure Assembly mass, kg 3.1

NEXT addresses the entire ion propulsion system
- Gridded ion thruster
- Power processing unit (PPU)
- Propellant management system (PMS)
- System integration (including gimbal                     

and control functions)

Primary Partners
- NASA Glenn Research Center: Lead
- JPL, Aerojet Corp., L3 Comm. 

NEXT gridded ion thruster NEXT PM ion thruster operation at NASA GRC

NEXT Thruster String

PPU

LPA

GimbalHPA

Thruster

DCIU
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NEXT Benefit chart

CHARACTERISTIC NSTAR 
(SOA) NEXT Improve-

ment NEXT BENEFIT

Max. Thruster Power (kW) 2.3 6.9 3x

Max. Thrust (mN) 91 236 2.6x
Enables high power missions with 
fewer thruster strings

Throttling Range
(Max./Min. Thrust) 4.9 13.8 3x Allows use over broader range of 

distances from Sun                               

Max. Specific Impulse (sec) 3120 4190 32% Reduces propellant mass, enabling 
more payload and/or lighter spacecraft

Total Impulse (106 N-sec) 4.6 >18 >3.9x

Propellant Throughput (kg) 150 450 3x
Enables low power, high ∆V Discovery-
class missions with a single thruster

Mission Performance Finding
Discovery - Small Body Missions Higher net payload mass with fewer thrusters than NSTAR system

New Frontiers -
• Comet Surface Sample Return
• Titan Direct Lander

CSSR: Higher net payload mass than NSTAR, with, simpler EP System: 2+1 
NEXT vs 4+1 NSTAR thrusters

Titan: > 700 kg entry package with 1+1 NEXT system

Flagship - Saturn System Missions
• Titan
• Enceladus

> 2400 kg to Saturn Orbit Insertion with 1+1 NEXT system, EGA+Atlas V EELV     -
Doubles delivered mass of chemical/JGA approach

> 4000 kg to Saturn Orbit Insertion with 3+1 NEXT system, EGA+Delta IV Heavy 
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NEXT is Nearing TRL6 Validation

PM1 PM1R PPU Feed 
System

Gimbal

Functional & Performance 
Testing Complete Complete Complete Complete Complete

Qual-Level Vibration Test Complete* Complete FY08 Complete Complete

Qual-Level Thermal/  Vacuum 
Test Complete Complete FY08 Complete Not 

planned

• Critical tests have been 
completed, or are imminent, 
on high fidelity hardware

• Single-String System Integration Test: Complete
• Multi-String System Integration Test: Complete
• Thruster Life Test: In progress & continuing through FY2010

– >18,000 hours and >367 kg of xenon processed as of 9/30/08
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NEXT or AMBR Propulsion Technology Infusion Plan
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In a 5 page appendix, describe any proposed utilization of NEXT or AMBR if not 
addressed in the proposal body. (Req. 72) At a minimum, address the following :

1) Demonstrate your understanding of the NEXT or AMBR technology
• Describe your understanding of any inherent risks associated with the technology

2) Your assessment of and rationale for determining the TRL of NEXT or AMBR

3) Describe technology infusion implementation plan w.r.t. using NEXT or AMBR
• Describe the required NEXT or AMBR flight hardware development and 

integration plans for producing flight-qualified hardware/software

• If any fallbacks/alternatives are planned, describe liens imposed on the 
baseline design and decision milestones for their implementation

4) Description of the application, appropriate use, and benefits of NEXT or               
AMBR in the proposed investigation 

• Including how this technology would enhance the proposed 
investigation‘s science return

5) Description of how you would engage with the ISPT program
• ISPT desires insight into the NEXT or AMBR flight hardware 

development, IV&V testing and results, flight development lessons  learned, and 
performance data obtained during flight.

HiPAT Utilized on a Geosynchronous Satellite
Courtesy of Aerojet Corporation

Dawn
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More Resources

• New Frontiers Program Library
– Description of the ISPT program 

The NASA’s In-Space Propulsion Technology Project Overview, 
Near-Term Products, and Mission Applicability document

– In-depth descriptions of the NEXT ion propulsion system are 
provided in:

The NASA’s Evolutionary Xenon Thruster (NEXT) Ion 
Propulsion System Information Summary document, and 
The The NEXT Ion Propulsion System for Solar System 
Exploration briefing package 

– In-depth descriptions of the AMBR rocket engine are provided in:
The Advanced Materials Bi-propellant Rocket Information 
Summary document, and
The AMBR Engine for Science Missions briefing package

– Description of trajectory tools developed by the ISPT program that 
would be useful for determining mission trajectories if NEXT is 
utilized 

The In-Space Propulsion Technology Project Low-Thrust 
Trajectory Tool Suite document
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Questions?

Anyone requiring further information should contact David J. Anderson, ISTP Project Manager, NASA’s Glenn 
Research Center (Telephone: 216-433-8709; E-mail: david.j.anderson@nasa.gov).
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Back-Up
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NEXT - System & Integration Benefits

• NEXT retains critical heritage to NSTAR, while addressing complex system 
integration issues encountered on Dawn

• NEXT thruster is very similar to NSTAR thruster in physics, concept, and 
functions

– High relevance in transferring NSTAR thruster life and throttling knowledge to NEXT 
thruster validation

• NEXT PPU encompasses functionality of NSTAR PPU
– Additional functions simplify system and improve efficiency across throttle table
– Main advances are in modularity and producability of unit

• Spacecraft integration is simplified by NEXT capabilities and features
– Less thruster strings per mission total impulse
– Modular, simplified xenon feed system
– PPU is compatible with wider baseplate thermal range than NSTAR
– Gimbal has smaller footprint than NSTAR

December5, 2008 21


	Agenda
	Desire to Infuse New Technologies
	In-Space Propulsion Technology (ISPT) Program
	Propulsion Technology Infusion
	Propulsion Technology Infusion
	New Technologies/Advanced Developments
	Propulsion Technology Infusion Requirements
	Feasibility of the Mission Implementation
	Propulsion Technology Infusion
	Remaining Tasks for Achieving TRL6
	AMBR a Proven Design for Higher Performance
	AMBR System Studies Show Benefit
	Electric Propulsion
	NASA’s Evolutionary Xenon Thruster (NEXT)
	NEXT Benefit chart
	NEXT is Nearing TRL6 Validation
	NEXT or AMBR Propulsion Technology Infusion Plan
	More Resources
	Questions?
	Back-Up
	NEXT - System & Integration Benefits

