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Numerical Simulations of Ion Beam Optics and Grid Erosion for
Ion Engine Systems
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Numerical Simulations of lon Beam Optics and
Grid Erosion for lon Engine Systems

Masakatsu Nakano
Tokyo Metropolitan College of Aeronautical Engineering

Outline

* Simulation needs
— Optics design
 Achieve higher thrust performance
+ Avoid direct impingement, electron backstreaming

— Lifetime evaluation
» Grid erosion
* New 3-D simulation code
— lons from elastic collisions
— Neutrals
— Redeposition (sticking effect)
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lon engine system
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Simulation needs

« Parametric study
— Grid optics design

+ Achieve higher thrust S p— e—
performance ! l- '
+ Avoid direct impingement TR
and electron backstreaming L LR s By, L
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Direct impingement

Negative accel voltage is not enough.
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Simulation needs

« Lifetime estimation of the grids

— Electron backstreaming _
- Structu_ral failure Erasion

} &

Downstream side of the accel grid

The accel grid is too eroded to apply negative voltage.

Grid erosion (3-grid system)
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Grid erosion (2-grid system)
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Grid life simulation for 3-grid system

Geometry change of the grid system
— 2-D asymmetric model (Nakano and Arakawa(1999))
— Erosion due to the sputtering of CE ions

Grid life simulation for 2-grid system

3-D simulation (Nakano and Arakawa(1999))
— Erosion due to the sputtering of CE ions
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New optics code

* Motivation

— More correct and reliable lifetime estimation
» Geometry change of the grid system by erosion and redeposition
» More accurate model
— Tracking following particles
» Mainstream ions
» lons and neutrals from elastic collisions
» Charge exchange ions and neutrals
— Sticking effect of sputtered atoms

— Design tool
» Simple
— lons, neutrals and atoms are considered as beams
— Electron density is calculated from Boltzmann relationship

Model
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Grid geometry change from BOL to 10000hrs

Rate of erosion (Ho)
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Comparison of accel grid current

Beam Current, pA

Gridlet Erosion Rate

Beam Current, pA
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Effect of redeposition
NAL 3-grid system from BOL to 40,000hrs
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Summary

« Simulation
— Grid optics design
— Lifetime estimation
* New simulation code
— Elastic collision
— Neutrals
— Sticking effect
* Need more reliable database
— Sputtering yield
— Collision cross section
— Sticking factor
— Electron model
 Electrons behave as p,=p ,exp(-edkgT,) ?
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