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Thrust characteristics of micro-newton microwave ion thrusters

LEI Wen', CHEN Yu', SHEN Yan'*, LIU Hui’*, ZENG Demai’, MENG Shengfeng’

1. School of Aeronautics and Astronautics , Sun Yat-sen University , Shenzhen 518107, China

2. Shenzhen Key Laboratory of Intelligent Microsatellite Constellation Technology and Application ,
Shenzhen 518107, China

3. School of Energy Science and Engineering, Harbin Institute of Technology , Harbin 150001 ,
China

Abstract: This study establishes a theoretical thrust estimation model for microwave ion thrusters,
conducts thrust measurements using a thrust stand, and analyzes errors of thrust. Additionally, it
explores the effects of propellant flow rate, microwave power, and grid voltage on grid current and
thrust. Results show that using a plume divergence correction coefficient of 0.98 and an ion energy
correction coefficient of 1.02 improves the theoretical estimation model. Experimental investigations on
thrust performance reveal that the influence of grid voltage aligns with theoretical predictions.
Moreover, increasing microwave power and propellant flow rate significantly affects the ionization of
Xe atoms in the discharge chamber, promoting ionization reactions and consequently impacting thrust
performance.
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Table 1 Thrust requirements for gravitational wave detection

programs domestically and internationally
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Fig. 1 Working principle of microwave ion thruster
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Fig.2 Schematic diagram of microwave ion thruster experimental system(Meng et al.
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Fig. 3 Schematic diagram and device of target-based thrust stand

T B VB BE 7 ¥ o iz HE T 3R D Y [ AR
1~110 wWN, AG RS BEAE 0.54% Ze 47, A3 PR A 0.1
N, il B 4 T A I A 3 P S R RTORG
T8 (Zouetal., 2023),

PR 5 A B BRI, 25 P AR
By, B RE

F = (1 + kp)(cha5 - Foﬂ‘)’
kf

Kk, BB ERE, F. HF 500 AR
JER AR TSE T 18 00 5 3 R SRR AL A I S SRR FE
A W& A 77 (Chakraborty et al., 2015)

2 ZER55HE

2.1 BRHEFENREST
2.1 1 Haahahe BETHEISETES, 7E
PR A BRI ILGE o weAR e M R e R B Ty SR X 2
MEBRBGHEATHR, SR NE 4R, TLLE
FEAS TR I8 Ty S5 R B M Pl R A O R, PR &
BIEREI AN T 096 5099 Z ), o n] BF
1#0.98.

FERIE B FHE a2
g et R R e, H R TR R R
M) 2 5 BOR G Y B AR R ST R A
EI5H, B Re e E R A E B e ny 3
TR XD R 2 B R R e, R AR Y
G TR R RS, W2 SN
LB FRER B MM LB E K, REE FRRREBIE
RBE/N ., BFRERBIEREBAE 1.019~1.029 Z
], BATHCEYIE 1.02, aMBHH/MESHRAMEZ
[E1] F R X 2 22 24 R 3% 1 1%, e8P E R T
LU EAE AR R, T BIE BRI A U Mk A
PREAE o LR TR S50 B 25 30, P34 (o 4

%64 5
0.990
—=— | W,0.1 sccm
—o—2 W,0.1 sccm
0.985 - —4—3 W,0.1 sccm
—v—4 W,0.1 sccm
0.980 - ——5W,0.1 sccm
S]
0.975
0.970
0.965

400 500 600 700 800 900 1000
Screen voltage/V

K4 ARTHFAPHRAEEIER o

Fig. 4 o under different conditions
7 — A PR e B iy 2, SR R Bl 2 )

AL IS B, UL, SR o 1 B AR R0 2 R
SER MBI A, XSS AR HE T AT A 5

900 1.08
—= - BT REE
—— BT REE IS IE R AL e 1.06
800 | 7 11
:/'
> 200l 1.029 7 104
5 700 -
] -\’\L,\.
g9 7 41.02 X
= 600 [ o
N , 1.019
7
e P 1.00
500 v
7
2 40.98
400 o
1 1 1 1 1 0()()
300 400 500 600 700 800

Screen voltage/V
K5 NE T BT B T RERIZ IE R KB
Fig. 5 [3 under different conditions

2.1.2 BEbE AR GIEZE oA TSR
TR 25 4 g i 0 ) HEA TN B, AR HEE N Y
T 0.1 scem I THUT, X D Ze Y] 4ad 7 v
(A ) AR AL AT I o, A DR e B R 22 10
W i, 3~5W k3 WS WkEYI 107k, B
10 R Y14 T AL HE TP 34908, FTRATHBR — L R 4¢
R,

TEAESEFI AR E N 0.1 scem B T 0L, X Fp
D5 I A I AT b, R 6 B . MR ]
LB B, #7480 5 0 HE T £ B8 s T R Al
B G, I P B Rk B Y
HZSEAE 1073 Pa RS, HEHEHI A A N 0.1
scem, TEHZSEREEO T, WA AT E AR



5 4 1]

WBC, A UGN RS T A A R 47

e, AR PR A T sg ), O D AR
D A3 00 65 Bl R . T ) 3R 0 AT
FL 2 PN A A i P S R AR 5 1
S A B T B BIE S T AR = R
BRI DA T R /N B b e D S A G
Ht A (T4, 2024):
1,
Qi.e’
L, B F G (mA), 0, 0 T % R & (mL/
min) . PPEEF A HES F = my, TEEFR
B v AT LUAR R 43z sl R AR
FEF — T D 2N, 028 B i e X T 5
FHR BRI, DTAR F8 T8 R SR 58 i o
PRI 7= A A AR AN R 3R 2 50 1 3
0.1 scem, fHUEDIFE K3 W, BEMEE A 200~
800 V BF ., bR AR W HE ) S 2.017~
2.110 uN; 75 #EJE 7] 19 98 & 0 0.1 scom, i 2l
RN S5W, BFEHFHL TR A 200~800 V., H R R
A HE F1 R 1.766~1.936 uN ;7 4 7 5 B9 I &
0.1 scem, fLI%IIE R 7 W, B H JE A 200~
800V, g AR Y HE T 1.614~1.828 uN.

35
—m—3~5 WCHET B &)
30 | —O— 3~5 WEHLS A D
—a—5~7 W(HE B2 &)
25 L =0= 5~7 WELIEA 5D
——7~9 W(HESJ B &)
| —O— 7~9 WOERIB 50

Thrust/uN

200 300 400 500 600 700 800
Screen voltage/V
El6 Wik 5 PRI A S 0 4k ) XT L
Fig. 6 Comparison of the calculation and

thrust stand test of thrust

M 6 AT LA, PRI A 5 vk 1 25 5 RS
By Ve R HE I E A — 3 TEHESE R AR
i oA 0.1 scem, FRIE IR K3 W, BEMEE R
200~800 V i, A7 7E I & 5 BIS A 5 25 ARy
(L RAV S = S W i D R e eR G R o (R =R
W, w2 R,

T2 BETIR A I W TR N 0. 1 scem B AYHE S 3T L

Table 2 Thrust at a microwave power of 3 W and working flow of 0. 1 sccm

B RV TR % PSR P A A /N S A A 22 () WN
200 4.71 2.110 2.392
350 5.32 2. 080 2.651
500 5.98 2.054 2.130
600 6.34 2.039 6.093
800 6.80 2.017 10. 567

MK 6 fiFg 20 LIE I, EMIIFE. &k
10 S U oy 7 R = (= BN L R G R R e Yt U (15
JHE, R E0 T LHI 5 2k — Do gE . 456 3
T ORE, BISAG A R HE T 5 HE T 22 0 )
ARG, BEZE S PR AEN
W IEFEA—3L, BUE T B AR B ik T Ak B
BT ARHETT
2.2 AEIRMEETRE S

TIOR3 £ B 5 = Ry 7 S VY 6 = 1
JIEs WIHEIREVE I D A A T A AR 2 A
9 A T 5T 3t 2 (scem) G D) %46 (W) L AEL(0.03/1,
0.03/2, 0.03/3, 0.06/1, 0.06/2, 0.06/3, 0.1/1,
0.1/2, 0.1/3)°F , 7&K B g 9087591 A9 e il Pl v

AR AN 7 s . FTLAE S, i e v A
B FIAE 0.3 mA PN, JLREH BEA L R A3 i Se 4
PR, (ELSE o A B SR G2 g
AR FL s g 384 o S B bR A T R b B R TP
RAALE, 35k T BT a9 RARES, IR IRy
B, AOCRESE R Tl R, b aeRE m Sl Ay
BT, ISR T FEM R . R MR TR —
SE I, (e T AR A 3 2 R s v A IR
M EARAE, T2 i B J= i R A8, 5 25
LSRR EN i et

IS, 4 7 B e Al R s A 38 i 9 4
BT BT o XU 1 4 g 52 0 5 L s MR S 52
GEMEEL 30, BRI R B 2 O, HAfE T



48 iRz (HARHERR H3E30) % 64 &

(a) 0.03 scemf 57 Mt LR ANHE Sy

0.25 == «0.03sccm, 1W /-/A
A
=0 = (.03 sccm, 2 W P
< o020l =4 = (.03 sccm, 3'W/ *
o= -
o~ -
E 01sf . R i
= -
o .- -
é_"; 0.10 + /' o" - = -
% . / Sl -
005t 4.7
7
0.00 1 1 1 i
0 200 400 600 800
Screen voltage/V
(b) 0.06 scem 57 #i FE A FHHE 77
0.25 == «0.06sccm, 1W
=0 = (.06 sccm, 2 W
é 0.20 | =k = (.06 sccm, 3 W
= -4
5 PO et
E 0.15 —_" Lo
5 e .-
E 010 IR e
§ o0 F
oost 4
0.00 l L L ! !
0 200 400 600 800
Screen voltage/V
() 0.1 scemf 57 Hif FL AL FHHE )
025 =a <0.1sccm, 1W
= = (.1 sccm, 2 W
< 0.20 | =4 = (.1 sccm, 3 W
E —
5 o
g 0l15f L ="
5 .zl
o L=
38 olof 4T —
@ e g
7z -
005 ~°
0700 1 1 1 1
0 200 400 600 800

Screen voltage/V

= A
12 —a = (.03sccm, 1W 7
—e = (.03 sccm, 2W /‘
10 —a < 0.03 scem, 3W .
/ [ ]
g 8 s _.7
E 6‘ o/ /. "
= 7/ - .~
4l o
I A
2t s
ad
0 1 i 1 1
0 200 400 600 800

Screen voltage/V

121 a2 0.06scem, 1W
=0 = (.06 sccm, 2 W
10F —a-0.06sccm, 3W
8 A
Z =
172} 6 L ¢ . -
2 2
= ,‘é '
4r R
‘/ > .
2+ =
3
0 ’ 1 1 1 1
0 200 400 600 800
Screen voltage/V
125 —a-0.1scem, 1W
= = (.1 sccm, 2 W
10 —a-0.1sccm, 3W
8| e
Z PR
3 6l Ay
Z il
ﬁ o~ ]
4r . 4 . P e =
N -
2 ot e
L ; o L
0 1 1 1 1
0 200 400 600 800

Screen voltage/V

P73 ri 3 A 9 g Bt A Fi T 7 A
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Fig. 8 Variation of screen current and thrust with microwave power
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