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The failure of the accelerator grid structure is mainly
caused by the Charge Exchange ion (CEX ion) sputtering,
which erodes the downstream of the accelerator grid and
the electron backstreaming due to enlargement of the
accelerator grid apertures from its Barrel erosion. In
order to avoid the accelerator structural failure caused by
the CEX ion sputtering, which is also called Pits &
Grooves erosion, the decelerator grid is added. Many ion
thruster tests had shown that the decelerator grid can
significantly reduce the Pits & Grooves erosion.

However, the effects of the decelerator grid on the
optical system, such as on the extraction process of beam
ions and CEX ions, have not been fully studied. The
performance of the thrust and specific impulse of the
electric thruster is determined by the extraction
capability of the optical system to the beam ion, and the
extraction characteristics of the optical system on the
CEX ion determine its service life.

Therefore, it is crucial to investigate the influence of the
decelerator grid on the optical system so that it can
provide theoretical guidance to the optimal design of the
optical system and ultimately prolong the service life of
the optical system. The influence of the decelerator grid
on the optical system can be investigated by
experimental tests and numerical simulations. Very few
experiments have been conducted since they are
time-consuming and expensive, and no relevant
experimental results can be employed to help understand
the influence of the decelerator grid on the optical
system.

Hence, the influence of the decelerator grid on the
optical performance is investigated. In order to explore
the impact of the decelerator grid on the optical system, a
3-grid system is constructed on the basis of the 2-grid
optics of NSTAR.

The results indicate that the decelerator grid has no
effect on the beam ions, as well as the CEX ions from the
upstream and extraction (center), but significantly affects
the reflux CEX ions from the downstream. Under all
working conditions, the Pits & Grooves erosion of the
accelerator grid is significantly reduced. The Barrel
erosion of the accelerator grid changes with the variation
of the working conditions. After adding the decelerator
grid, the negative potential inside the hole of the
decelerator grid attracts more CEX ions to impinge the
downstream end of the accelerator grid(Fig.1), while the
CEX ions from the upstream and extraction (center)
leading to the Barrel erosion of the accelerator grid are
basically the same. It causes the significant increase of
the erosion of the accelerator grid aperture barrel.

However, with the increase of the upstream number
density, the potential inside the hole gradually increases
to the level greater than the potential of the wall in the
decelerator grid(Fig.2). Then the decelerator grid begins
to effectively intercept the reflux CEX ions in the
downstream, and the Barrel erosion rate of the
accelerator grid of the 3-grid optics is basically the same
as that of the 2-grid optics.
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Figure 1.

CEX ions and potential distribution at
n0=0075
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Figure 2. CEX ions and potential distribution at 1n¢=2.0.



