2021 42 A E{ L s A N Feb. 2021

Ba2E Ho JOURNAL OF PROPULSION TECHNOLOGY Vol.42 No.2

MRS FHEAZERNLTR

L, AKX, B &, B O#, B o

(1. s EPBL2ERBE T T E R A G S S S0 %, JEE 1001905
2. hEBRER R TAERE2ERE, JEET 100049)

wm OE: A T i%f?/i “I’ B A+ B 18 51 A AR R KA R ALK S R SRR A SR

BREASMEENER, ATREBESFTHETRAFAL, BT -—ERFRHNETHENE
(WRIT-1), @it h\#Fr’v?LfV\fﬁ’\uE TR T pRIT-1 R4 LM AR TAE, QHEAHMRE ., AL E

&%%%#%%oﬁ%%%%%”mH4KM7ﬁ&ﬁ&ﬁ1mmﬁﬂﬁﬁﬁﬁ%ﬁi% F 4] 3B
2.0mm; AL EMAAHBRMABEE, WEA1Ocm, KEWA 1S, BFALF ZGRAMRLEH, it
A BAR, WAL E A 18.05%., ZiTEMMLAL, pRIT-1 7T VA I 5~100uN TRAIE A dr b, ook Tk
12755,

KR TR ARARN; v, HMETRAE,; SMMHA; BRIFR

FESES: V43971 ERFRIZAS: A XEHS: 1001-4055 (2021) 02-0474-07

DOI: 10.13675/j.cnki. tjjs. 190828

Structure Optimization of Micro-Newton Class
Radio-Frequency Ion Thruster

MA Long—fei'?, HE Jian—wu', YANG Chao'?, DUAN Li'?, KANG Qi'?

(1. National Micro Gravity Laboratory, Institute of Mechanics, CAS, Beijing 100190, China;
2. School of Engineering Sciences, University of Chinese Academy of Science, Beijing 100049, China)

Abstract: In order to meet the micro—newton level thrust high—precision control requirements of spacecraft
propulsion system, which was proposed by the space gravitational wave detection program of the Chinese Acade-
my of Sciences called “Space Taiji Project”, a micro—newton level radio—frequency ion thruster (WRIT-1) was
designed that was based on the inductively coupled plasma self-sustaining discharge. Through the theoretical
analysis and the experimental verification, the optimization of key components of the wWRIT-1 was completed, in-
cluding RF antenna, discharge chamber and ion optical system. According to the experimental results of the
wRIT-1, the RF antenna was 7 turns and 2.0mm pitch with 1.6mm diameter copper tube. The material of dis-
charge chamber was alumina ceramic, the inner diameter was 1.0cm and the length to diameter ratio was 1.5. The
ion optics system was two grids structure with molybdenum, and the gird transparency was 18.05%. After structur-
al optimization, the thrust range of the pwRIT-1 was 5~100,N, and the maximum specific impulse was 1275s.
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Table 1 Micro thrusters for gravitational wave detection and their performances'*®

Type RIT Cold thruster Colloid thruster FEEP HEMPT
Thrust range/pN 10~3500 1~5%10° 5~800 1~1400 28~1.5x10°
Thrust resolution/wN 0.1 <0.5 0.1 0.1 0.1
Thrust noise/( wWN/v/Hz) <0.1 <0.1 <0.1 <0.1 <0.1
Specific impuse/s 300~5500 40~70 150~1800 4000~8000 100~800
Life time/h >2x10¢ - >3500 <7000 >2x10*
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Table 2 Discharge chamber material physical properties

Physical property Quartz Alumina ceramic Aluminium ceramic Glass ceramic
Density/(g/cm?) 22 3.77 2.9 2.52
Hardness/GPa 8.88 11.5 3.82 2.26
Compressive strength/MPa 1100 2100 1200 345
Relative dielectric constant 3.75 16.7 7.1 6.0
Dielectric strength/(kV/mm) 40 9.1 40 40
Heat conduction/(W/(m-K)) 1.3 18 90 1.46

Coefficient of thermal expansion/C™! 5.5%1077 8.1x107° 4.8x107° 9.3x107
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