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Three dimensional simulation of beam ions-in
ion thruster optics system
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Abstract: A three dimensional-numerical'simulation was carried out with the particle irr
cell method. The electric field, thepaths of the ions, thespatial’and the phase spatial distri-
bution of theions in the'calculation-domain were obtained from the simulation. It shows that
the ion transparency of the screen grid and the aeceleration grid is 69. 3% and 100%, respec
tively, which is respectively bigger than-the physical transparencies of 67. 1% and 31. 1% of
the screen grid and the acceleration grid. The simulation parameters selected in the calcula
tion arereasonable. The simulation results can provide a reference for the preliminary design

of the ion thruster optics.
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Table 1 Parameters adopted in the calculation
’ !/ mm 1.0
1 .
ty/ mm 0.4
d,/mm 1.91
RIESUEE lg/ mm 0.8
t./ mm 0.6
d,/ mm 1.30
le/mm 2.22
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| Vel V 0
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’ T/ K 500

T o/ eV 1.5



9 2127
1 ( 28x 48x% 250 ,
) 67. 1%, , 0. 04 mm.
31.1%.
1.2
’ 4
2 2 11 y
Maxwell Poisson ! .
, Poisson . : : f
Fo 3 P e i 5
ot a7+ az—zz—g(ni— ne) (1) | !
¢ , e , 8 :
] i P
, T e _____i _____ ‘_,_‘_ _____ __
i — c
B e e cait sty b
(1 T
P - b
a
E A
E=- v¢ (2) 4
Fig.4-Schematic of the volume w gighting
’ q, p -, P
Newton
mi dvi = ¢E P B
b ¢
dxi a, »
i (3) H
mi , Vi , q - —aXbxXc
. = pex apx Az 1 (4)
’ Ax, Ay Az
2 , qH H
2.1
) 1 000
( particle in-cell, PIC)
’ : 4x10 s 300
4 [11] 3 s
’ (random 1, random 2, 0), random 1
y TUMRS ST RERS 8IS random 2 (0~ 1) ,
TR BT L 7
[12]
H T[S T ATAR BB i
PR 7 L At TR B[] AR 4R Y
R LI & SR
A R R L 2.2
T R A
3 2
Fig. 3 Com puting sequence for PIC method ’
in a time step P Bolt-

Zzmann

[13]



2128

N\
&

ne = no[1+ 4);0% , P> b (5)

, 1o
, do , To
P— Po
ne = nooexp[ T , <o
Ne = noo[1+ ¢;1¢°° 5 P> Po (6)
n o« ) ¢oo
s T°°
3
10000 430 000
5
- 2400
v
:I
:300
| 4200 :
i 100
- BTN TR
F——ny, BRI T A
g% 4 & %
Step/10*
5
Fig.5 Ilon number variation against with time step
in simulation domain
6 , 6
() ,
. 6(b)
, 1200V

25

N Y

(a) WAELTT AR e 3A A1

(b) THREE O L S A

6

Fig.6 Comparison of the potential contours

- 100V - 10V
Z
, (D)
I) (



A )
A B ,
I II
B c ,
I II , [
) 8
7 , Fig.8 Paths of the ions
; [ 10/
B s ,
c , ?
) Cc

1250 ¢

Wﬂiw%mﬁﬁ

1000 |

= - AT
750 | i 9
.% 7 ﬁgggﬁgﬁﬁf\ Fig.9 Spatial distribution of jons in simulation domain
£ 500 |
: | 9 |
250 h c
3 Bl 7 |
Or ) f | |
-250 /
4 & 8 10
Z/mm ’ ’
7 0.03690mA, OmA,
Fig.7 Potential profiles along the beam direct ion e
69.3%, 100%.
8 10000
10 (a),(b) (9
8 ’ | ' Y
” ) ’ 10( a)
0(h) . oo T
2 ’ X Y |
2 | 8
2 7 A B |

, , , 10(a) 10(b)



25

2130
15000 ) , 10( a) 10
, (b) 7 ¢
10000
C , X
5000 0,
Q : 10( a) 10(b)
g 0
S
5000 | 10( c) , 10
i (a) 10(b) ; ;
-10000
1] 7. A
~15000 , Z Bohm
Zlmm ’ A > Z
© ,
15000 - , , C
10000 F
5000 |
& 0
;A - b 2
-5000 —ﬁi
|
~10000 71@ )
& s o ’
~15000 : b T | .
0 2 4 6 8 10
Zlmm 2) 69.3%,
) 67.1%:; 100%,
- e 31.1%,
40000 £ f T\ ,
Eir |
30000} ,
¢
@ - ’ ’
£ 20000F &
a i :
10000f £ j B :
S FT e
- i B 57 [1] Goebel D M, Katz I. Fundamentals of electric propulsion:
B REEEEERE HEEEEES ion and hall thrusters[ M]. New Jersey: John Wiley &
L 2 & 6 = g Sons Inc., 2008: 3 6.
Z/mm
©) [ 2] Frisbee R H. Advanced propulsion for the 21st century
[R]. ATAA 2003-2589, 2003.
10 [3] Polk J E,Kakuda RY, Anderson J R, et al. Validation of
Fig. 10 Phase space distribution of the ions in the NST AR ion propulsion system on the Deep Space One
simulation domain mission—overview and initial results[ R]. AIAA 1999
2274, 1999.
7 B X [4] Raman M D, Fraschetti T C, Raymond C A, et al. Prepar
2
ing for the Dawn Mission to Vesta and Ceres[ R]. Fukuo
’ ’ ka, Japan: 56th International Astronautical Congress of the
y , 10( a) , . .
International Astronautical Federation, 2005.
unning , Benson S, Oleson S. s electric propu
10(b) 7 [5] Dunning J D, Benson S, Oleson S. NASA” s electri b

sion program| R]. Cleveland: 27th International Electric



2131

[6]

[ 8]

[9]

[10]

Propulsion Conference, 2001.

Saccoccia G. European electric propulsion activities and
programs[ R]. Cleveland: 27th International Electric Pro
pulsion Conference, 2001.

Komurasaki K. Overview of electric propulsion activities in
Japan[ R]. AIAA 20075166, 2007.
R R , .20cm 3000h

[J]. . 2009, 26(4) : 374 378.
ZHENG Maofan, JIANG Haocheng, GU Zuo, et al. 20cm
xenon ion thruster 3000 hour life test[ J]. Spacecraft Envi
ronment Engineering, 2009, 26(4) : 374 378. (in Chinese) .
Peng X, Keefer D, Ruyten W M . Plasm a particle sim ulation
of electrostatic ion thruster[ J]. Journal of Propulsion and
Power, 1992, 8(2):36F 366.
Wang J, Polk J, Brophy J, et al. T hree dimensional particle

simulations of ior optics plasma flow and grid erosion []J].

(1]

[12]

[13]

Journal of Propulsion and Power, 2003, 19(6): 1192 1199.
Birdsall C K. Particle irr cell charged particle simulations,
plus Monte Carlo collision with neutral atoms, PIGM CC
[J]. IEEE transaction on plasma science, 1991, 19 ( 2):
65 85.

[J]. , 2006, 18(7):
1193-1198.
LIU Chang, TANG Haibin, GU Zuo, et al. Particle simule
tion of ion thruster optical system using single linked list
[J].High Power Laser and Particle Beams, 2006, 18(7):
1193 1198. (in Chinese) .
Oh D Y, Hasting D E, Marrese C M, et al. Modeling of sta
tionary plasma thruster 100 thruster plumes and implica

tions for satellite design|[ J]. Journal of Propulsion and

Power, 1999, 15(2) : 345 357.



