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Abstract: It is necessary that the Solar Electric Propulsion systems provide high thrust and high specific
impulse for primary propulsion in deep space exploration missions. While the electric thruster must be capable of
deep power throttling since the power available from the solar panel arrays reduces as the spacecraft distance from
the sun increases. In order to study the operating performance of 40cm ion thruster over a wide range of input pow-
er, which has been developed by Lanzhou Institute of Physics, the operating parameters of 40cm ion thruster
were evaluated experimentally at various input power levels. Operational electric parameters of 40cm ion thruster
at various input power levels were selected by analyzing and calculating its parameters and performance with theo-
ry assumptions and throttling technique. The optimal flow rates at various beam currents were determined through
discharge performance tests at various cathode flow rates and discharge propellant utilization efficiencies. Based
on these results the performance of 40cm ion thruster was evaluated at each input power throttling point range 1~
10kW. The results showed that the 40cm ion thrust can operate steadily over an input power envelope of 1~
10kW, thrust range 42 ~336mN, specific impulse varies 2174 ~4389s, and efficiency range 0.41 ~ 0.72. The ef-
ficiency increases with increasing input power and is higher than 0.63 as the input power is greater than 2.5kW.
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Vil projected performance data
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1
%l 111 1 1.12 1.2 500 42.1 2170 40
1l
i 2 157 12 900 565 2911 51
11
/ 3 2.16 1.2 1400 70.5 3631 58
! 4 2.06 2 700 83.1 2678 53
j 5 2.98 2 1200 108.8 3506 63
T T T T T T T
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Fig. 1 Schematic diagram of the power system for 40cm

ion thruster test
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Fig. 2 Discharge losses versus cathode flow rate, for

various beam currents
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Fig. 4 Discharge losses as a function of discharge

propellant utilization efficiency, for various beam currents
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Fig. 5 Thrust and specific impulse as a function of input

power, for various beam currents
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various beam currents

4 % it

«—

i 5 A SCHEFE A B AT 2518
(1)40cm & T HE HARAEAFHG T, o = T
J R 2R Sl 90% st e HiL 458 € i BA A1 3L 3% 19 /) Tt

A N 4 2 N N = R S S N D5 S 7 O 1 4
SRR NS R TR SR WA N1 B NN <3l N A
Xt F A 9 23 1) A A T Sk UK

(2) B0 AR /N T 3.45A B, 40em B Tt J) 28 i
H 40 FE 5 0 & B R D RSt R T W A AT
BB B TR A 2 i/ T 2.7 A B i =
T3 ) 4 859% A AT T B RE 2 B B R,
J5 ] 2R AR

(3) 7 = LB Al 30 90% Ak, >4 o i /) T
2.7A B, 40em B T4 7 25 AR 45 RE BE A I U/ PR
T, 24 0 N B 1.2A B 45 RE 38 5] 280w/
Ao MUK T 2.7A B B AR G 6 0 R 5 RE 92 1
AN CFETUR R 4.5A B AR D 160W/A o ik FR A AR
BETRAFAL K R BN AE 1~ 3.7kW TR N Bl R
8T T E E /N 5 7E 3.7 ~ 10KW PN, i 3) 0 i 2% 12
/N

(4)40cm & T S48 07 LLAE 1~ 10kW I 5 P £
& TAEHE 10 42 ~ 336mN, H i 2174 ~ 4389s, 5%
BRA1% ~T2% . 5P kW 35 i 2 2.5kW B, %4
KM A1 %PE N F] 63% . 4T RMad 2.5kW i, B
Ty 21 3G 2805 5 R ke e H R AR N . 4
AT 3.4kW B ROR KT 65% , 16 10kW B 54 R 3k 5
72%.

Sk

[ 1] Rawlin VK, Sovey J S, John H A. An Ion Propulsion
System for NASA's Deep Space Missions[ R]. A744 99—
4612.

[ 2] Brophy J R, Mareucei M G, Ganapathi C B, et al. The
Ton Propulsion System for Dawn[ R]. ATAA 2003-4542.

[ 3] OlesonS, Gefert I, Benson S, etal. Mission Advantag-
es of NEXT: NASA's Evolutionary Xenon Thruster[ R].
AIAA 2002-3969.

[ 4] Shastry R D, Herman A, Soulas G C, et al. Status of
NASA’s Evolutionary Xenon Thruster (NEXT) Long-
Duration Test as of 50000h and 900kg Throughput [ R].
IEPC-2013-121.

[ 5] Hitoshi K, Yukio S, Tetsuya Y, et al. Report during
Two Years on HAYABUSA Explorer Propelled by Micro-
wave Discharge Ton Engines[ R]. ATAA 2005-3673.

[ 6] Tighe W G, Chien K R, Solis E, et al. Performance
Evaluation of the XIPS=25¢m Thruster for Application to
NASA Discovery Missions[ R] . AIAA 2006-4666.

[ 7] Rawlin V K. Power Throttling the NSTAR Ton Thruster
[R]. AIAA 95-2515.



H39% 4N A0cm BT 1 IS L TAE SR 047
[ 8] Herman D A, Soulas G C, Patterson M J. Performance Beam Current Profile for Ton Thruster [J]. Journal of

[10]

[11]

[12]

Evaluation of the Prototype Model NEXT lon Thruster
[R]. AIAA 2007-5212.

Patterson M J. NEXT Study of Thruster Extended—Per-
formance[ R]. AIAA 2006-4664.

Goebel D M, Martinez—Lavin M and Bond T A. Perfor-
mance of XIPS Electric Propulsion in on— Orbit Station
Keeping of the Boeing 702 Spacecraft[ R]. AIAA 2002-
4348.

WtE 4, TLEERL, Sk RF-, 5. 20em B F 4 1) 4% ©AT
I TAEEREPEMN ()], HESEHL AR, 2016, 37(4): 783~
787. (YANG Fu- quan, JIANG Hao- cheng, ZHANG
Tian—ping, et al. Flight Test Performance Evaluation of
20cm lon Thruster[J1. Journal of Propulsion Technolo-
gy, 2016, 37(4):783-787.)

OB, VLK. WO R S AR B S T ik
[J]. #EdtH A&, 2011, 32(6): 762-765. (ZHENG

Mao~- fan, JIANG Hao- cheng. Method of Improving

[13]

[14]

[15]

[16]

Propulsion Technology, 2011, 32(6): 762-765.)
Zhang T P. Initial Flight Test Results of the LIPS-200
Electric Propulsion System on SJ-9A Satellite[R]. IEPC-
2013-47.
Zhang T P. The LIPS-200 lon Electric Propulsion Sys-
tem Development for the DFH- 3B Satellite Platform
[R]. I1AC-13-C4.4, 2013.
B, R, o B, . 20em Wl T S
fiE ¥ J& F 55 [T]. #fE ik £ K, 2015, 36(7): 1116~
1120. (ZHENG Mao—fan, ZHANG Tian-ping, MENG
Wei, et al. Research of Improvement Performance for
20cm Xenon lon Thruster [J]. Journal of Propulsion
Technology, 2015, 36(7): 1116-1120.)
Goebel D M, Katz I. Fundamentals of Electric Propul-
sion: lon and Hall Thruster[ M |. California: JPL Space
Science and Technology Series, 2008: 24-28.

(. miE%)



