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Fig. 1. Schematic diagram of ring magnets cusp field.
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Fig. 2. Cross section (side) view of a four-ring-cusp magnet-
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ic multipole boundary showing the magnetic field lines and

examples of contours of constant magnetic field.
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Fig. 3. Magnetic field contours in the ion thruster discharge

chamber.
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Table 1.  Design parameters of the ion thruster discharge

chamber.
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Table 2. Normalized parameters for screen grids with

variable aperture zones.
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Fig. 4. Diagram of the variable aperture screen grid.
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Fig. 5. Comparison of grid edge deformation before and
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after improvement: (a) Ti mounting ring without strain re-

lief; (b) Mo mounting ring with strain relief.
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Table 3. Design parameters of the ion optical system for
ion thrusters.
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Fig. 7. Discharge of the ion thruster.
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Fig. 8. Schematic diagram of experimental principle.
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Fig. 9. Ion beam current as a function of input power.
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Fig. 10. Thrust, specific impulse as a function of input power.
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Design and performance test of discharge chamber and grid
for multi-mode ion thrusters’

Li Jian-Peng?  Zhao Yi-De?  Jin Wu-Yin DT
Zhang Xing-Min?  Li Juan?  Wang Yan-Long?
1) (School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
2) (Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of

Physics, CAST, Lanzhou 730000, China)

( Received 17 April 2022; revised manuscript received 9 June 2022 )

Abstract

In view of the application requirements of electric propulsion system for China’s asteroid deep space
exploration mission, the overall scheme is designed, an ion thruster prototype model is established by using a
four-ring-cusp field discharge chamber, 30-cm beam current extraction diameter three-grid ion optics system.
Reasonableness and compatibility of discharge chamber and grid design are verified experimentally and
theoretically . The test results are shown below. The ion thruster can operate steadily over an input power
envelope of 277-3120 W, thrust increases linearly from 9.9 to 117.2 mN, specific impulse rises from 1269 to 3492 s,
the beam divergence angle drops from 30.7° to 26.8° and stabilizes above a certain power value, the thrust
vector angle is less than 1.5° and beam flatness parameter is greater than 0.75 at different operating points. The
maximum percentage reduction in grid gap aberration is 90% with the strain relief molybdenum mounting ring
thermal design. This research provides a reference for multi-mode ion thruster design and in-orbit engineering

applications.

Keywords: ion thruster, multi-mode, ring-cusp field, convex triple grids with variable aperture, thermal

design
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