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Experimental study on beam characteristics of uHT-1 thruster under wide range
adjustment of operating parameters

HUANG Dan"***°, LONG Jianfei"****", CHENG Ye"**>*°, WANG Jiabin">**?,
XU Luxiang" > ***, YANG Wei’

(1. School of Fundamental Physics and Mathematical Sciences, Hangzhou Institute for Advanced Study,
UCAS, Hangzhou, 310024, Zhejiang, China;
2. National Space Science Centre, Chinese Academy of Sciences, Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China;
4. Gravitational Wave Universe Taiji Laboratory, Hangzhou Institute for Advanced Study, UCAS, Hangzhou 310024, China;
5. Key Laboratory of Gravitational Wave Precision Measurement of Zhejiang Province, UCAS, Hangzhou 310024, China;
6. School of Electrical Engineering, Chongqing University of Science and Technology, Chongqing 401331 China)

Abstract: The beam properties of the micro Hall thruster pHT-1, which is intended for space gravitational wave
detection, are being experimentally investigated for the first time. A Faraday probe combined with a three-dimensional
mobile mechanism was used for diagnosis, and the beam ion current density distribution under a wide range of the
anode voltage from 700 to 1200 V and the anode mass flow from 0.1 to 0.5 sccm was obtained. Moreover, the
variation trend of total ion beam current, anode current, current utilization efficiency, beam divergence angle and other
parameters were further analyzed. According to test data, the spatial distribution of beam ions changes from dense to
sparse as one moves away from the axial direction of the pHT-1 thruster. Additionally, the beam becomes more flat
due to the diffusion motion of beam ions in space and the binding motion of electrons and ions. The pHT-1 thruster
can work stably under a wide range of conditions (anode voltage 700~1 200 V, anode mass flow 0.1~0.5 sccm), and
the beam current presents a good axis-symmetric distribution. With the increase of anode voltage, the average
temperature of electrons can be increased, which further leads to the increase of ionization rate, that is, the current
utilization efficiency increases from 53.4% to 67.7%; and the magnetic field restraint ability of high-energy electrons
is weakened, affecting the electric field focusing, and the beam divergence angle increases from 41.3 ° to 56.1 °. With
the increase of anode mass flow, the neutral atom density distribution in the channel is affected, the current utilization
efficiency fluctuates in the range of 57.1 % ~ 66.8 %; and the ion collision zone is transferred to the outlet, making
the beam divergence angle increase from 43.4 ° to 56.7 °. The total ion beam current of the thruster changes linearly
with anode mass flow and anode voltage, which provides the data basis for the subsequent thrust wide range
adjustment and thrust resolution analysis.

Keywords: micro Hall thruster; beam characteristics; ion current density; plasma diagnosis; experimental study
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