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Table 1. Structural parameters of optics.

LB A% ds /mm 1.91
BEAHE ¢s/mm 0.38
IEMALE AR da/mm 1.14
IEAE o /mm 0.51
BEA -0 BE g /mm 0.58
FLIAEE I/ mm 2.21
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Fig. 1. (color online) The alculation region. (a) 3D
view of one grid hole; (b) left view of one grid hole;
(c) left view of simulation region; (d) vertical view of

one grid hole.
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Fig. 2. Flow chart of PIC/MCC.
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Fig. 3. (color online) Ion through rate nscwith the

beam current Jy,.
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Fig. 4. (color online) Comparison of potential distribution.
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Fig. 5. (color online) The probability of ion impacting

with accelerator grids.
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Fig. 6. Beam profile. (a) Crossover limit; (b) per-
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Fig. 7. (color online) The divergence loss e4;, with the

beam current Jy,.

094104-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 64, No. 9 (2015) 094104

XF LG B AR T BT S B R BOM A R R, #hAR
AR GOl 81O B N o A 1= D e o -
0.05—0.3 mA [PFJRALRBERTEE N, KBUmdiks)
90.02—0.022; AT Ja ik 5 40 B AR R B
A RAE, 7E0.03—0.14 mA ¥ B AL I B Ta L A
KRB Z40.0185—0.02, {H K B IR kb &
FRFLAR H I R I, 2, > 0.14 mA B, Kk
B 8 2 LU AR T BT RS K. 38 i BRI Xk B 1
FE 3 A A A e AR X M R JEL R, B8 () AT (D) 43
BN PARTERGT G J, = 0.089 mA F1.J, = 0.24 mA
LT I & PR AR, AT, SRR,
MBR AR T S5 SR 3 A () 4 B 1 A L AR T R B AT 1T
FIRECRIE LR, MR T J5 e 3 A vtk B 5 A8
TERUAR 4, (SR 230 4 1) R Hio: 5 L.

z

B8 (MTIEMA) BFHEESM  (a)J, = 0.089 mA;
(b) Jp = 0.24 mA

Fig. 8. (color online) The ion density distribution. (a)
Jy = 0.089 mA; (b) Jp, = 0.24 mA.
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Fig. 9. (color online) The electron reflux threshold Vi,

with the beam current Ji,.
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Abstract

Optics thermal deformation is an important factor that impacts the performance and lifetime of ion thrusters. Al-
though some theoretical research concerned with this problem was reported, its mechanism has not been fully understood.
In this study, numerical investigations are performed to explain the effect of thermal deformation on the performance and
lifetime of ion thrusters. The transient behavior of charged particles is calculated using a particle-in-cell simulation, while
the momentum transfer collision and the charge exchange collision are calculated by means of the Monte Carlo method.
Electron backstreaming restriction, perveance restriction, ions through rate, and divergence angle losses are compared
and analyzed for optics deformed and undeformed. And the influence of these factors on thruster’s performance and
lifetime is discussed. Results show that the ion through rate of the screen grid increases when optics begin deformed, and
the thrust is slightly higher than the theoretical values predicted; the perveance threshold of the accelerator grid increases
with optics haveing thermal deformation, while the crossover limit threshold is little changed, namely the thruster can
be operated in conditions of a larger beam current; the electron backstreaming restriction threshold is significantly lower
under a high beam current condition with optics deformed, which means that a lower accelerating gate bias is necessary
to ensure thruster work. For the less obvious change of acceleratng grid current when the beam is focused, there is no
more erosion and change of lifetime. Results provide a reference for the optimization design of optics and evaluation of

thruster performance and lifetime.
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