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Development of Grid-Life Evaluation Tool for Ion Engines
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Development of Grid-Life Evaluation

Tool for lon Engines
JIEDI(JAXA lon Engine Development Initiatives)

Asteroid Explorer
“HAYABUSA”

| Rendezvous
. in Sep 2005 Crusine

Launch by Dimensions
‘MSMROCk&I)R :1.0mx1.6mx1.1m
iy May 200
\ Earth Swing-by - & We|ght ! 380kg(ny)
©in May 2005 .

' o Chemical Fuel 70kg

@ Xe Propellant 60kg

Total 510kg
J Electric Power : 2.6kW@Earth
"Eath  Communication : X band

Direct Reentry
e inJun 2007

Crusing by lon Thrusters
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Microwave Discharge lon Engine
Single microwave (4.25 GHz) generator drives lon Source and
Neutralizer without hollow cathodes.
No time limitation for air exposure.

C-C composite material grids are used instead of Molybdenum.
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Achieve 26,000hours space operation in 2005

\Achieve 30mN thrust in 2005
T/P: 10mN/KW %
Isp:10, 000sec
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Failuare modes on DC discharge ion engines

(a) Flakes on screen grid disturb ion acceleration and causes direct
impingement to accel grid and resultant structual break.

(b) Flakes between grids cause electrical short or degrade electrical
isolation.

(c) CEX ions cause structual break of accel grid.

(d) Enlargement of accel grid hole leads electron back flow.

(e) Heater snapping of hollow cathodes.

(f) Erosion of hollow cathode due to plasma impingement in ion source.
(g) Erosion of screen grid due to plasma in ion source.

J.R. Brophy, J.E. Polk and V.K. Rowlin, “Ion Engine Service Life Validation by

Analysis and Testing”, AIAA-96-2715, 1996
6

This document is provided by

JAXA.



WEBR IS A~HlIaL—arvU—rva v PR]ES

39

(4B ARDU—Y THul
@ ok FYvE JYvE

| 7
DC Discharge lon Engines
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Microwave
Neutralizer

Ion
Beam

Magnets

PM-Phase Endurance Test History

PM-phase endurance test achieved 20,000 hours at end of 2002.
Whole PM ion thruster head with neutralizer has generated screen
current enough to I/F performance during test.

There was no interruption except FM performance test and
maintenance of test facility.
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Accel Grid Erosion on EM endurance test

Before Test After 18,000-hour Test
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Objectives

Construction of Development Scheme of lon Engine System
JAXA lon Engine Development Initiative (JIEDI)

Development of Grid-Life Evaluation Tool

Grid-Life Approval Method
JIEDI Tool + Long Term Operation

Development Scheme

Workshop 2006-2007
Preliminary Version will be applied to HAYABUSAZ2

Tool Development 2008-2009
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JAXA lon Engine Development Initiatives (JIEDI)
Endurance Qualification Scheme

Old Method

Design — Manufacture — [ P M 1 (Endurance Test: 2years)
— | P M 2 (On-off Cycle Test: 1year)
— FM — Performance Test — Integration

Proposed Method

Design — Manufacture - FM — Performance Test — Integration

Outlines of JIEDI Tool

(1) Three dimensional and asymmetric
(2) Constant and Time-dependent Bias
(3) Collision between ions and neutrals
(4) Grid deformation
due to sputtering and contamination
(5) Failure modes:
Electron back-stream

Electrical isolation between grids RISy S Y
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Technologies for JIEDI Tool
Item S e e ey e i ——difficult
Dimension : 2D symmetric 3D symmetric 2D asymmetric
lon : lon Track Particle Collision PIC
CEX Momentum Coulomb DSMC
Neutral : |Rarefied DSMC
Electrode : fixed transformation
sputtering contamination DSMC
impinge angle | ejection distribution
energy accommodation rate
two grids | three grids
Failure : electron back—-flow electrical short
CPU : fast parallel
Goal
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