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Abstract: In order to accurately grasp the current density distribution characteristics on the anode wall
surface of the ion thruster discharge chamber, and to deeply understand the plasma motion characteristics near
the anode wall, a specific implementation scheme for the near—anode wall plasma diagnosis was designed.
Based on LIPS-200 ion thruster, plasma diagnostic test near the anode wall was carried out. The plasma parame-
ters near the main magnetic pole were obtained, and the wall current density characteristics near the main mag-
netic poles were also obtained. The test results show that the plasma characteristics near the main magnetic pole
at the anode wall of the LIPS—200 ion thruster are as follows: the plasma density range is from 8.07 X 10”°m™ to
3.96 x 10"°m™*, the electron temperature ranges from 0.82eV to 1.45¢V, and the wall current density ranges
from 12A/m” to 829A/m”. The electron temperature of the wall of the cylinder section is lower than that of the cone
section, but the current density is higher, especially at the position of the middle pole piece, which is 3 times
of the current density at the cathode pole piece and 2 times of the current density at the screen pole piece. The an-
ode current is mainly lost at the middle pole piece of the discharge chamber.
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(a) A simple probe device
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(b) 1/V curve of planar probe
Fig. 1 Experimental setup for single Langmuir

measurements and typical I/V curve

MREFA RV, = VI IRE AL T 5 AR B T AR
[F) A L AL, I IR A A 3 A R IR R Ok A i Bl
BOPR Y R T, 7 I LA S T R B 7 1) DA TE BRI
B 1) A5 B TR B LR O B O AE) o R v, I fil
OB AT v, I R RS 8 T AR I 2k 3 H AR R A
{E PR v 3 2 DR DR R A A8 e 8 T AR 6 g i
BRI, 4V, <V, i RIEPUIR2Z 2 LR BT



a0k 11l

T D A B R B T P O A O3 AR R AR AT 5 2635

W W HERR 25 O Bl /N B Vs 5 A LA AR X AR B
TR EL A7 R B B, DT R R O R B R AR A
Bl I=00 5V, <V, &1 r 5 Z 2 0 3R AR
Y 2 R R, TR LU X RS i R AR R TR
B0 TR G R TR T, BT LA A R R RO /)
T L LA

S TR B SR T RRURIER S R TR E R

A5=Trrp2(1+ri) (1)
A Sy TR ST W AR, ) R SF TR 2R
2, a )RR EE PR E AR 1) >> o, T LLE B IR
R AEAR A o 221k
X TR BE e R X B AL B LT A B E AR
BE L PREFINAS 09 B AR AN 1N
I, = —engvy,mAs (2)
P ng AR FRVE L vy, W IEE vy,

X (ET, << T &) 4 il

kT,
Vo = |7 (3)
m;

R B R 25 % 56 R A B R 1 AL 5 4R S T
R PR B P 2 R A 5 R

ng = n,e (4)

o ny, o TE SR 2 0 35 B R A B b e

16 IE B s 88 m B X8 C, T 8 7 A BEE AR
Bt REHINAS BT RO AT 1, N

en‘,v_“AS
I, = 2 (5)
o, R A B TR
FEXIE B, T HE LN
en, v, A, V, - V.
I, = 7 —exp ( T ) (6)
R # A
I, Ve =V,
ln(z )= T (7)

P X BB B, BT L I AR HL T L GRAR DN
A ZWEANTE o AR CT) 0 R BT 1V R i 4R Y 2o
X Inlll 5V, BN OC R % H LRI %55 7R
R R W A O 5 5 QR S 2 T B 0 i v PV [ R < S
RORPAIR M T,o 2V, K/NEE 2450 1,34 ok — 2
B 158 22 529 Vy KK, BT L FL U 8 T 10 R, 3R
25 S 48 B R 2O TR, DR b T T A R
HL R 1 R

lAV”|~1 m, (3)
T n(ZTrm )

Xt FAE B IR HE 200 5.3, B 08 58, i v
XL A RS 45 8 T R 1 Al 1 Al R B LA LR Y
38 BRSO L
22 REtmBEgit

N T R 4 7 25 BH AR BE TR O R o A
L% i P B A BE T EAT A B R A R . AR Bl
AR SCAFFE VAT L O R B A H O A A
o7 LR HL I 24 90% 1Y B 43, T HL T ER R B A
TR G 7w A A S AR AR AL O R B T R
B BUAE A 3T 45 WA B A B 7 B . TR AT A BH B BE A
Jry 7 A 2 R 35 E S R A /R A
538 A A6 A TR i e 2 Eh AR T 2 S AL B AR A L
o R AR T R G0, 38 3 o T R AT 00 L - R R
Bl R, A5 0 F 2 P X R A Ak A A AR R AR

Cylinder
probe 1

Cylinder
probe 2

Cone probe 2

Permanent
magnet

Fig.2 Diagram of probe layout on anode wall
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Table 1 Measurements of magnetization at characteristic

points of discharge chamber

Number Characteristic points Magnetization/Gs
1 Upstream magnetic pole boot 150
2 Middle magnetic pole boot 90
3 Downstream magnetic pole boot 40
4 Middle of cone anode 140
5 Middle of the cylinder anode 60
6 Top of main cathode 140
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Fig. 4 Structure chart of magnetic ring of LIPS-200 ion

thruster
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Fig. 5 Photos of the anode wall planar probe

(a) Scanning power supply

(b) Data acquisition system
Fig. 6 Probe scanning power supply and data acquisition

system
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Table 2 Working conditions of LIPS-200 ion thruster

discharge chamber

Parameters Value

Main anode flow rate/(mg/s) 0.833

Main cathode flow rate/(mg/s) 0.096
Anode voltage/V 36
Anode current/A 4.8
Keeper voltage/V 14
Keeper current/A 0.6
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Fig. 7 I/V characteristic curves of four probes near anode

wall
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their least squares fitting curves
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Table 3 Calculations of plasma parameters near anode wall

Cone probe 2

Cylinder probe 1 Cylinder probe 2

Probe Cone probe 1
Plasma density/m™ 3.25x 10'°
Electron temperature/eV 0.84
Plasma potential/V 28
Wall current density/( A/m?) 267

Floating potential/V 19.56

8.07 x 10" 3.96 x 10" 3.52x 10"
1.45 0.82 0.99
32 28 29
12 829 401
22.48 19.61 22.56
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Fig. 10 Distribution of plasma parameters in discharge
chamber of NSTAR ion thruster

Table 4 Uncertainty of measurement in plasma diagnostic

experiment

Measuring parameters Uncertainty
Probe current/mA +0.1
Ton saturation current/mA +0.01
Bias voltage/V +0.1
Probe diameter/mm +0.05
Discharge current/A +0.1
electron temperature/eV +0.4
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