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Fig. 1. Ground experiment system of MPT.
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Fig. 2. Relation between the cavity dimension and cyl-

indrical cavity resonance mode.
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Fig. 5. Energy density distribution inside of cylindrical cavity at TMy;; mode and with different Lp/D: (a) Lp/D = 1.56; (b) Lp/D = 1;

(¢) Lp/D = 0.5.
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Fig. 6. Electric field intensity and vector distribution inside of cylindrical cavity at TMy;; mode and different Lp/D: (a) Lp/D =

1.56; (b) Lp/D = 1; (¢) Lp/D = 0.5.
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Fig. 8. Microwave coupling probe.
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Fig. 10. Return loss curve.
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M R,/L, = 4.5 mm/4.0 mm PERIE KL, FIHE 9

IR 20 R GE, WFSEH AF, o M1 Ly, BEAS BIAE K
FE AR AR Q] 11 B 7. W] U 43 J31) DG JE A 2SR
B I A il 1) ROSF AR ARG LA F, 1978 AL L
~110.0 F]-100.0 MHz. & A VG L BRI B4
Lo A 56K B s R DL B BRI 4T, L, IR T UL
BRI KA.

—8— AFeq (BXEL, =3 mm, R, = 3.5 mm)
—— L,, BY¥L, = 3 mm, R, = 3.5 mm) T
"2 o AFq (CEERIEL, = 4.5 mm, R, = 4 mm)
< —o— L, FEKEL, =4.5 mm, R, =4 mm) -3
jast —4r
[}
i 2
s o <
< RS
g
& —8F
<
—10} s
_12 . . .
146/75.25 152/78.25 158/81.25

SR /AiEE /mm

B 11 AREE SRR BEXTAF, F Ly, BI5200
Fig. 11. Influence of probe type and long cavity length on
AF,q and Ly,.

322 FRAKALSHERAEKHGRETR
MHAF g 5 Ly, #7006 A% 5

WE 12(a) B, Lp/ Ly 49 146.0 mm/72.5 mm,
EERIERLK L, = 4.5 mm, BRER R AE 4.0—
8.0 mm u ALY, AF, 5 Ly, /i tE-110.0 5
~100.0 MHz Fi1-4.50 #]-2.50 dB 75 Bl . FHH
HAR Ly, AF,oq 53 IR Z A BRE AR G I 52 =
SRRARA LA, & 12(b) B, R ERIERET R
42 Ly = 3.5 mm, K L, 7E 3.0—6.0 mm 75 B 75
ey, Ak Ly, 5 AF,, 224630 Bl 3 5 -5.50 3]
~3.75 dB #1-105.0 #]-101.0 MHz; %f T 2f ERIL 5
BrERERR R, = 4.0 mm, K L, £ 6—7.5 mm JE
WAL, Ly, 5 AF,. % A6 18 Bl 53 51 2 -7.50 2
~5.25 dB f1-101.0 #]-100.0 MHz. 2 P H ERIE FI
LB IRET K E 5 2R AF, 32K, (H2
PIRIREH XS Ly, B R, HAEERIEARE %
TR Ly RTFIERIEARE

MBS Lp/ Ly = 138.0 mm/65.5 mm, A
FEEHURSE I RS 25 T A F, o FRAR L, 281k
MERERRZR UL 13(a), (b). A0 13(a) Fi7R, BRIEAR
B EATRK Ly = 4.5 mm, BREAE R 7E 3.5—4.5 mm
WAL, A, 5 8AK L, 76-70.0 #]-47.5 MHz
4.0 #-3.0 dB JEE N AL EERIEIRET K
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fE Ly, = 4.5 mm, ¥KF4E R, 78 3.5—5.5 mm L [{l
WAELES, AF, S L, 7£-57.5 $|-32.5 MHz
F1-8.0 #|-4.0 dB JuE N L. 7T LS ERIE K
AR, PEOE R MEREDE. M H 3B FEkE K
PR AR 3.5 mm, IEHRMUCR A SEIT 2.45 GHz,
Ly, BAIG, @Em iR as. i 13(b) Fis, #44%T
K Ly = 3 mm  BREHEEREAZ R, 7F 3.5—4.5 mm
W, BARAF, 5 Ly, 53 57E-52.0 #]-36.0 MHz I
~6.5 #|-4.0 dB {uFH Nk REOBIRE R
R, 1 3.5—6.0 mm yu FIE}, JfiK Ly, 5AF, ., 55
1E-9.5 ] 5.0 dB F1-40.0 ] -32.0 MHz N 2% 1k .
HEERARRIE PR REAR TERIERZ. 5K 13(a)
FHEG, 25 RARSR &P BRIE AR KK B A i
3.5 mm, [FFE AR TR

HAREN 12 FNEl 13 ER7E [ AR B A5

K 2 L, (AT 2.45 GHz B PRIRE, 1
H. 3.5 mm A8 2 BRI 48 2 A9 18 RS
M, (RS R E T v ) 2 BREG AR AE AR S 5 R
A i TR FF T bl s B v, 5 RS s A .37 53
A B 25 TM gy, B0 HL 37, AR R BRI AR B2
RGP, HAR TR IR B, iR 37
I3ATHGE TMy B Y. 53 4ME N MPT i)
WFFE A B UL HE ) A% AT HE T IR HOR A 151407 HogY
MR A L. B A TR 13 Fis A i Rk 2
Y LE R, SRR 3.5 mm BRIE SOHR A 1R A
45 5 s R K R Lp/Lp A 135 mm/62.4 mm Fil
131.5 mm/58 mm, SCERAF T HREH B AR L X R
ARASWFE . G 14 PR, L E R R UK 55
RS 5242 3.5 mm M 6.5 mm FERIEAE
FRVCHCIY, L, BRARSAETM 50017, 11 dB, AF,,

(a) —8— AFq (CEEREL, = 4.5 mm) 2.0 (b) —#— AF,eq GRER, = 3.5 mm) 9
—=— L, (CEEREL, = 4.5 mm) ' —=— L, (BXER, = 3.5 mm)
—— AFq (BERIER, = 4 mm) )
R wy . —o— L, CEEFER, = 4 mm) 173
S —10f o —10F ——— o
= - y |

9 —3.0 o g 1% nm
2 = 3 1 =2
< —-35 = = 17° =

4 | 4 1-6

-7

11t 17498 11t
4 5 6 7 8 3 4 5 6 7
R,/mm Ly/mm
Bl 12 Lp/Lp =146 mm/72.25 mm 55 F R EF 4510 B REERS AF, Al L, 93200 (a) & 4.5 mm, 242 4.0—8.0 mm PERIE R

(b) 4% 3.5 mm. K 3.0—6.0 mm ERIEHREN FIF4E 4.0 mm., K 6.0—7.5 mm P ERIE RS
Fig. 12. Influence of structure and dimension of probe on AF,,, and L, as Lp/Lp = 146 mm/72.25 mm: (a) 4.5 mm length and
4.0-8.0 mm radius of half ball; (b) 3.5 mm radius and 3.0-6.0 mm length of ball, 4.0 mm radius and 6.0-7.5 mm length of half ball.

0 0 0 0
[(a) —#— AF,oq (B0EL, =4.5 mm) (b) —#— AFyeq BREL, =3 mm)
1l —= Lu(®EL,=4.5 mm) 1-1 —a— Ly, (BRIELy, = 3 mm) 171
L —— AF,eq CEEREL, = 4.5 mm) . —1r —— AF,eq CEEREL, = 3 mm) 1-2
~ 2 —& L (CHHEL, =45 mm) 1-2 ~ ~o— Ly, (CFERELy, = 3 mm) s
T _3 T
O - v -2 -4
~ -3r Jas) a A
S - 3
< 4} 5 S < -3} -6
L‘ﬂg -5 Lng -7
{-6
< i 4 4t —8
6k -7 _9
7} ; : . _ 18 e e TN b
3.5 4.0 4.5 5.0 5.5 3.5 4.0 4.5 5.0 5.5 6.0
R,/mm R,/mm
Kl 13 Lp/Ly = 138 mm/65.5 mm FERAF, Al L, BERZ R BHA (o) BB 5F 0B REK 4.5 mm; (b) BB 5 808
KK 3 mm
Fig. 13. AF,., and L, of the cavity at Lp/Ly = 138 mm/65.5 mm varying with probe radius: (a) Ball and half ball probe length of

4.5 mm; (b) ball and half ball probe length of 3 mm.
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& H 435108 20 MHz, 5 MHz. X I A4S 6 1A &
T RTINS R e, KA F T 14
AT R A B AR

B AFeq (BK/HiEK =135 mm/62.4 mm)] _ 4
4r - L, (BK/HifEK =135 mm/62.4 mm) ]
0= AFq (RK/HEK = 131.5 mm/58 mm)] _g
- L, (BK/HifEK =131.5 mm/58 mm) ]

£ g
T2 ] -
s 1t 1-10 T
= ] g
S of 1-12 °
r_,: ]
a4 —1r 1-14
27 {-16
—3+F 7
Il Il Il Il —18
4 5 6 7 8 9

Ly,/mm

B 14 3.5 mm BRIEFE$42 K Lp/Lp = 135 mm/62.4 mm
1 131.5 mm/58 mm % {4 F AF, Al Ly, BEHEET K B 1 251k
LA

Fig. 14. Variation of AF,, and L, with the ball probe
length at the condition of R, = 3.5 mm and Lp/Ly =
135 mm/62.4 mm, 131.5 mm/58 mm.

4 FEEZBREFET MPT He L5

RAEE 14 Fros R RIS S a5 51, Bk
W24 135 mm A1 131.5 mm (%) [F 5 25 ¥ #E )1 4% [
P W VCHEC 4R 3.5 mm A 6.5 mm BYBRIE
A RE BT, IR IRIRE B AT, i A TG
SEB TR E A 5 1315 mm BEARAE ., 135 mm
AR L, A IR B ) AR R 2.45 GHz 8
e KA AR TS R AR R B, R ST EL S
DI MR & T L0 g k. AR 1A 14 200 45
B HAMEREHREERSKE 3.5 mm/3 mm Al
3.5 mm/6.5 mm 43 | VE AT 131.5 mm, 135 mm K
IR RE B, o0 )2 T 18 1 R GEH b4 Tk L S 56
T AR A s WA 10 3 5 b P R [ A
BT E, X HE ) S A AR ET A MPT
FEFE N SR HL B AL 40, S i th 2+
GERE 4, P R R A A 2 R AR
480 Pa Zef7, FHHTHFE 1 iR PPU &%, f# 500 W
FACE Ty 3R i A B g s A J LS AR i L
B, R IRVCECE RBEBRAER Y 135 mm 1 s (AR
AR, PERECPI S ROBH4T 131.5 mm B AR
BRI X2 PR A IR AR Ly, (R I
PRATRAN 2.45 GHz 4235 (W REFE AR & TR AR, fr
DL TMy,, I35 5 e AR a il KR ET

BB AR T SE AR . FE R DRI 2 7484 W
AR ORI s WA 35 S5 4T IT, RIS TR S A
T SO R R, A B R RS R N 15
FiiR. SER SN E 16 Brzs, VO 2R AT A9 e R
R s R AT ) e D 23R8I T R A ) e [BIAT: . kS
ATDAE Y, BOORPR A s A iR A R 1 3 T AR
% 2.45 GHz, [H 25 BB a4 1Y [ I8 8 1o 25 v
AR IRE I IRIR 22, Fl O ol PR T s AR W A e
R R TR ARE AR, S E I PR T DU
FEAR BT 5 T R, L B ) ) 3 R A IR
T AR R R AT AR

B 15 EEER MPT EEFE T (a) NEREE TS (b) %
ETALIN

Fig. 15. Helium plasma of MPT with the short cavity:
(a) Plasma inside of cavity; (b) plasma extraction.

800

—h—h——a 4 44 s 4
700 H(®)

500 —=— AT (tRE)
—o— LA (iHRE)
L —a— NBITER (K4
—v— AR (KR
3001 —& WlEh R (e
— Wl (KR

2001 Ww
100

0 0.05 0.10 0.15 0.20
m/(gs™1)

P/W

40

[=)

180
(b) —=— fEHRE
1607 o gebRt

140
120 ¢

100 |

P,/kPa

80
60

40 E . . .
0 0.05 0.10 0.15 0.20

m/(gs™)

K16 B MPT S0 A SIS EBE i B AR
(a) ZIZ; (b) Mg

Fig. 16. Experiment parameter variation of He discharge in
shorter cylinder cavity of MPT with flowrate 7 : (a) Power;

(b) pressure.
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Abstract

Microwave plasma thruster (MPT) is a kind of electrothermal thruster. Inside its cylindrical cavity, the
plasma process, microwave electric field distribution, and TMj;; mode resonant state are important factors
affecting the performance of MPT seriously. According to previous MPT formed through continuous regulation
in the resonant sate of cylindrical cavity, the research is needed on a newly fixed and simple MPT, which will
simplify the resonant state regulation and lays an important foundation for further study. Therefore the plasma
process is analyzed to find the optimal gas discharge condition, and the microwave electric field intensity and
power density distribution inside the cavity running in TMj;; resonant sate are calculated to analyse how the
parameters are influenced by the cavity dimensions. The resonant state is finely regulated to study how it is
influenced by the dimensions of cylindrical cavity and microwave coupling probe with ball and half ball
structure. The results of theoretical analysis and calculation show that the discharge power of helium gas is the
lowest under the condition of 489 Pa and when the ratio of length to diameter is greater than 1, the microwave
electric density distribution inside the cavity is beneficial. Owing to the appropriate length and radius of
microwave coupling ball probe, the experiment on resonant state regulation shows that the shortest cylinder
cavity is in the optimal resonant sate, with a resonance frequency very close to 2.45 GHz. The helium discharge
experiment proves that the cavity and matching ball probe enable high microwave utilization and easy helium

gas discharge, and the structure scheme is correct and reliable.
Keywords: microwave plasma thruster, gas breakdown and plasma generation, microwave technology
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