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Table 1.  Operating parameters at 23 modes.
T Ho IR i et e it e WA AL e Sa g TABE
SRAH /s {H/mN WA/ wHE/V fH/A HE/A fEH/(mgs!)  fEH/(mgs )
TLO1 1518 10 394 420 0.309 0.3 0.672 0.804
TLO2 1675 16 414 420 0.495 0.5 0.975 1.05
TLO3 2064 20 628 630 0.505 0.5 0.989 1.05
TLO4 2108 24 602 630 0.606 0.6 1.162 1.22
TLO05 2141 28 621 630 0.707 0.7 1.334 1.39
TLO6 2467 32 825 840 0.700 0.7 1.324 1.39
TLO7 2194 36 652 840 0.787 0.8 1.674 1.73
TLO8 2467 41 825 840 0.897 0.9 1.696 1.73
TL09 2491 45 841 840 0.984 1 1.843 1.913
TL10 2508 50 852 840 1.094 1.1 2.034 2.083
TL11 2523 54 863 840 1.181 1.2 2.184 2.253
TL12 2470 59 827 840 1.291 1.3 2.437 2.467
TL13 2660 64 840 840 1.400 1.4 2.455 2.467
TL14 2833 68 953 840 1.488 1.5 2.449 2.493
TL15 2972 71 1050 1050 1.390 1.4 2.438 2.493
TL16 3187 7 1065 1050 1.507 1.5 2.465 2.493
TL17 3128 81 1026 1050 1.585 1.6 2.642 2.644
TL18 3161 87 1048 1050 1.703 1.7 2.808 2.795
TL19 3000 91 944 1050 1.781 1.8 3.095 3.097
TL20 3180 97 1060 1050 1.898 1.9 3.113 3.097
TL21 3497 106 1223 1260 1.894 1.9 3.093 3.097
TL22 3508 112 1231 1260 2.001 2 3.258 3.262
TL23 3485 116 1214 1260 2.072 2.1 3.396 3.413
Iy = Po(Vy + Va)*/2. (7)
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Fig. 1. Ion thruster prototype model.

K2 BT A A
Fig. 2. Discharge of the ion thruster.
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Fig. 3. Schematic of experimental principle.

WASEAR I A MR ek it
B S EO PR AT 23 A TAES R 1Y
MRS, SR FHBOCTVHE I & R G T 58
T, ASEINHE 7 M5 AT He o | 850% | R R L T
FRHZHA T

B, IR R PR R R AR B TAE A RS
BrRomE RSN b RSB, DL s VK
M\ 200 V AT I AL, B0 F AR T
TS AR 1%, 152500 B 6 1% s,
) FEL PR A PR L.

AR 5 TR A OC R M FE R
TSN AR BR AR i 220 it RSO
A DICR TR 2R 93.4% X 7 BH AR 9t 18
YERE A, L 0.2 mg/s A4 875 BHAR 7 2R 121 ik
H 28 TR FH RO 53%, 0 S BEA A5T JCHE HL
R HEL FL RN T BT R A, i (10) X (11) Xt
BAR T H MR,

4 HRFeitid

4.1 A

B THE A AR TAER rs A i irf
HL LR 22 il

075203-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 £ 3R Acta Phys. Sin. Vol. 71, No. 7 (2022) 075203

Po = Wly + Vala + [Va| L + Vile + Valn,  (9)
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Fig. 4. Comparison of measured thrust and specific impulse
values with required design values at different operating
modes: (a) Thrust; (b) specific impulse.
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different operating modes.
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Design of input parameters and operating characteristics for
multi-mode ion thruster’

Li Jian-Peng V%  Jin Wu-Yin?f  Zhao Yi-De?
1) (School of Mechanical and Electronical Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
2) (Key Laboratory of Science and Technology on Vacuum Technology and Physics,
Lanzhou Institute of Physics, Lanzhou 730000, China)

( Received 4 November 2021; revised manuscript received 21 November 2021 )

Abstract

In view of the requirements for the application of electric propulsion system to China's asteroid deep space
exploration mission, the relationship between input parameters and output characteristics of the thruster is
established based on the basic plasma theory, and the input parameters such as screen grid voltage, beam
current, anode current, acceleration voltage and propellent flow rate at each operating point are designed. The
operating characteristics of the thruster are studied experimentally and theoretically. The test results show that
under the design input parameter values, the maximum error of thrust is less than 3% and the maximum error
of specific impulse is less than 4% at 23 operating points, the ion thruster can operate steadily in an input
power range of 289-3106 W, thrust range of 9.7-117 mN, specific impulse range of 1220-3517 s, and efficiency
range of 23.4% —67.8%. The electron backstreaming limited voltage decreases monotonically with thrust
increasing and its minimum and maximum thrust value are 79.5 V and —137 V, respectively. The discharge loss
decreases from 359.7 to 210 W/A as the power increases, and there is an adjusted turning at the input power
886 W, the efficiency increases with power increasing and after 1700 W the efficiency growth rate slows down
and stabilizes. The optimum operating interval should be selected in practical on-orbit application. Controlling
these parameters reasonably can improve thruster performance and lifetime. A 300-h wear test shows that the

thruster works stably and the performance indicators meet the design requirements of +3% uncertainty.

Keywords: ion thruster, multi-mode, input parameter design, discharge loss
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