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Abstract: In order to accurately master the beam divergence and thrust vector deviation characteristics of
low power Hall thruster with the bybrid excitation mode under different working conditions, a set of beam diver-
gence angle and thrust vector deviation angle in—situ integrated diagnosis equipment was designed and improved
independently which was systematically evaluated the beam current distribution and thrust vector eccentricity
characteristics under different anode mass flow rates, magnetic fields, and electric fields. The test results show
that the beam divergence angle is negatively correlated with anode mass flow rate (0.65~0.95mg/s) and magnetic
field intensity (112~142Gs).The beam divergence angle drops to 29.1° (<30° ) when the anode flow rate is
0.95mg/s. The thrust vector deviation angle has a maximum (1.19°) and minimum (0.91°) with the variations of

anode mass flow rate and magnetic field intensity. However, the beam divergence angle and thrust vector deviation
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angle remain basically constant over the discharge voltage range of 250V~330V.

Key words: Bybrid excitation; Low power; Hall thruster; Beam divergence; Thrust vector
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Fig. 1 Sketch of vacuum experiment system of LHT-40 Hall

thruster
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Fig. 2 Sketch of power supply of LHT-40 Hall thruster
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Fig.3 Photo of LHT40 Hall thruster

Fig. 4 Photo of LHT40 Hall thruster plume

Table 1 Main design parameters of LHT40

Parameter Value
Anode mass rate/( mg/s) 0.6~1.1
Cathode mass rate/(mg/s) 0.05~0.2
Power/W 300-500
Thrust/mN 8~15
Specific impulse/s 800~1300
Service life/h >3000
Anode voltage/V 250~320
Keeper current/A 0.6~1.0
Excitation current/A 2.0~2.8
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Fig. 5 Profile of Faraday probe array
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Fig. 6 Schematic diagram of thruster and Faraday probe

relative position

231 WAEHMA

IER OB A KL NN ol A )
(B, Horb e 3 2% 2 5 (1) 3R 45
Ui (1)
RA,
2 U, R 5 i 5 T R SR R AT I 0 L T RO AR
B 101 % B H BEL L AL S PRER B ISR TR

FLUR K55 1 4158 j B VA P R 1 FL O 1 T, TR
PAAZ 2 3o 55 R T T 7 R I DX 38 1 T AR A E 3k A
BRI 7E 01X 3k (52 BR TR A B0 Tk PSR A K TR
T8 1 35 r 55 B W 90 R DN T 359 4 o 22 A TR OA B,
A5 R B P EL A — N vk B S LR B A
T 18 PR B B O 5 1 B R T B A B D Sy vk
SRR B BRI X 5K, s 3 T SR A B R T X 38
[ ) /) S A o

T U, W T A 3 0 55 B A 4 0 X 38 1 R
SINR AT, 3 AT R A 1 BER R AT B 40 1T Y R R
WA 1. o, 5 90% Ju 3 It A X 17 A AR 15

T35 g T 565 A A X L % P R A 7, DA A
FEAG UEAT B0, B — Ik B BI5 1E E=5 E $
I s, 3B 5 90% SR (8 fe 12 305 (14 B A R
WTAE I, AR AR 31X AN S BRGAA 1, % 1 Bl 51 2

200948-4



CRRE N RS ES Dy R IR 4 3 25 RO K O AE Ty R Al O R P B S 2022 4
T, R PR PE B (R0 51 413 90% SO 15 B 9 ] (8)

AL o, (LI ), HOE K B 35 2X0H

W — DI2
_1 T90% (2)

b D R IR S AR O AR LN B R HE S AR O
5 RS TR I 9 % 0 T ) B e B
232 IR mEMmA A

W5 T A 2 P S A T AR R T XI5 ) o3 i 2R
SR, A A5 2 A % B AR R T B 30 44 0 T 1 R R O A
I

a = 2tan

l;=8;%xJ; (3)
S, 5 A5 R VA B SR AR 0 B O
HHE 3 2% 1Y HE 7 2R 12 O AR G R PR R
VA 7 1 RO R L B A SR DA AR g s
Lo G BT TR IR B ) 7 1) i
3t T Ak 7 BRI O

L

Thruster

1

Faraday array — .
[ Substrates |

Fig. 7 Sketch of the geometric relationship between the

thruster and the Faraday probe array

PAYE B 55 AR B B 9 BRI T A o, y F T, (s )
PR R AL R AT B AL R AR . o,
(g > yo) 718 125 100 585 R AT I 5 AR 00 T Ak R0 v o, D) R
) FnX () IR AR P

M x[j
_ &, A
0= 27 (4)
Moyl
yo= > (5)
j=1

T I T A f SRR 0 B R R A T A s b
LB d N

d:«/%oz‘*'yo2 (6)
HR A B 7 7 0 B JL AT 56 RT3 AR IR A 0 B4R
NN R = S|

Ry,
LO — 90% (7)

s

T KA AN

L

TE B0 TRAET B 0 A 8P T B AR IR 0 5 R
Ui O LB (v ) 2L RG22 18] 2R i 5 0 3 5 AR B I
B 20 B T 5E 5 45 o TE [] B e ff e SO HE g R
5 R (7 0 F LUT 5 1k RS SR B 51 07 1
S 07, I BRSO, B A B L 5) . A
J3 R A i Al CRVIN) R T Ok 45 1) 5 52 4 (7 1)) 3 [
i 5 4 ) O ik s AL AR

3 REERSITIE

S BT SR B LHT—-40 I I 3 78 IR 4 S 28 0 9
A2k P ER A0 H TR BH R 5 9 R 0.65~0.95mg/s
([E]F% 0.1mg/s) , B H HL 2l 290~330V ([H] & 10V) , %
T HE T A TAE B (R 8 &R T
2.0x107Pa.

3.1 PEHRRERZENT

[ 8 iy LHT-40 7 /R 4k 77 #% 76 BH A% FL R 2l 290V
Jily i P 3 A 2.4 A S5 AR BE AR 9 1 43 5 0.65,0.75,
0.85 F1 0.95mg/s I}, 5 1 FIFE 5 5 1k 7 45 ¥R 41 ¥4 1)
WA T B ARkl NIEL 8 T LA
I 7 7% Bl PH AR BT 3 R AL 0.65me/s 18 K F 0.95me/s
T AR HE AR T B R I O A o i
77 2% v U % e KA A 0.158mA/em® 1 |
0.189mA/em’, fie K 25 HL Ui % B 3G N 19.6% , oY
BH AR S5 2 37 2 38 K £ 0.95mg/s (K I 4 7 4 119 6 2y 2%
R 320W, BIR A DL KR R P=UL+U 1, +U 1, Hh
U AR B L, 1 AR B L L U, A 35 fl i o 1
1 AR 455 v 3, U, AR A PR )T, 14X 3 Dl e Pl U )
I F7 75 v Bl 6 07 Ak H G /N T AR AR B Y E 3
{EL, BV EH 30 28 5 0 5 SR R B UL A . i A B
JOT A S, D A S H A L ) A% T

020 1

[ —=— 0.95mg/s
—eo— 0.85mg/s
0.15 F —v— 0.75mg/s
—— 0.65mg/s

0.10 r

Current density/(mA/cm?)

0.05 r

0.00

-400 -200 0 200 400
Probe position/mm
Fig. 8 Curve of ion current density under different anode

mass flow rates

200948-5



Fa43% Hisl i

EL VN 2022 4

VA 2 PR & TR ) 3 4 TR A AR S A - S 1) A
MR, RO R A PR R, Ak 5 Conversano K B R
FE IR HE 77 2% MaSMi—60 BIF 57 45 3 — 5,

e 7 28 7E PH AR B3 290V | il i L 2.4A 510 R
BH A% 375 2 43 51 4 0.65,0.75,0.85 F1 0.95me/s #E 1 28 o
TRFE A < B LB 90 M rfnl LU MY, BH AR T i
iR AE 0.65,0.75 F1 0.85me/s , B fe KABA T4 1 8%
HODA B . R ORI K E] 0.95me/s, L B T
LB L A, S TR 8 A S R — 8. M T
PRAIE B 7E 52 56 v R A5 45 4 1) ) 38 2R A 67 BB RN AR 1)
PUUR & B PR R ATt 3 o 0 00 R TR I M
R 4l S 56 245 R 6 T U T A LHT-40 #E F7 48 19 BH
A A 0L B A I S PT HCR ma, = 0.95mg/s (UL A HE
Fde /IS HE DD 25 0 RO SR AR ) o

R 3 (2) X AN [ 7 8 Ak 88 7 9 % JE LAY e AR
FI| Y B T R T Y AR R & A R R O, A5 B X
TR SR LM . K10 8 LHT-40 2 /R #E 11 2%
E BB R A 290V 3l 1 L 3 A 2.4 A S5 F T BE AR It
394 0.65,0.75,0.85 A1 0.95mg/s I i & B 48

90°

022
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

270°
(a) 0.65mg/s

90°

0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

d

270°
(¢) 0.85mg/s

J/(mA/cm?)

g

JI(mA/cm?)

e 4o Xl g Bt R MRS R A 5
BH B 5 4 0 80 Y=41.01-122X X} K &, Y
B LA XA PR I B R . AR AT L
BB TR 0.65mg/s 1 K F] 0.95me/s I, 5 &
A AN 321 B 21 29.1°, B s A2 f#a #5 5 Conversa-
no' TIIF B AR Ty AR AR IR ) £ MaSMi-40 BF 58 45 5 —
5, 2 R R A AT S B A T 25 T U R B, i
5 PR PRI R R F F IR R i i kB AR G
SRS, AR R AP

HREAE X (8) Ak (4), (5) 43l 3K 45 LHT-40 2 /K
e 77 7% 76 BHAK B R 290V il L 3 R 2.4A SR,
FH #% 9 B  0.65~0.95mg/s s FE HE 1 2 B fA o 4
10 FIT 7%, BE AR Jo 1 30 2R AN 0.65~0.95mg/s 38 Koad v,
HE T3 5% ki A 52 B 2 38 RS e/ i A8 AR AR, AR R
e J5T o5 % 0.85mg/s B fie K, 35 3 1,197, BHAR Jot £ It
Rk B2 1 K F] 0.95mg/s W HE 7 % B R AN 0,957, 35
BH ik F LR Sl 290V B R E Y HL R T #E 0 % RO A
WA 52 T B AR 7 FE 7E 0.85~0.95mg/s I, HL 24 BH A%
VR K 0.95mefs I 7 254 A1 <1.0° 5 407 7T i

90°

0.16

JI(mA/cm?)
0.14
0.12

022
I 0.20
0 l 0.10

0.08

0.18
0.06
0.04
0.02
0.00

270°
(b) 0.75mg/s

90°

JI(mA/cm?)

0.22
0.20
0.18
0.16

0.14
0° l 0.12
0.10
0.08
0.06
0.04

0.02
0.00

270°
(d) 0.95mg/s
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