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THE THERMAL DEFORMATION DISPLACEMENT ANALYSIS OF THE GRIDS FOR A
30 cm DIAMETER ION THRUSTER

SUN Ming-ming,ZHANG Tian-ping, JIA Yan-hui
(Science and Technology on Vacuum Technology and Physics Laboratory,
Lanzhou Institute of Physics,Lanzhou 730000, China)

Abstract: The grids assembly is the key component which influences the ion beam acceleration and extraction of ion
thruster, and the thermal deformation displacement caused by heat accumulation during work process, which will influence
the performance of ion thruster. FEM (Finite Element Method) is used in this paper to simulate the thermal deformation
displacement variation of three-grids assembly with working time. Focusing on distance change is calculated and the tem-

perature balance time is simulated. Warm-up time of the grids and the risk of short circut of the grids with time variation

are estimated in this paper.
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Fig.1 Original model and simplified model of the grids

assembly
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2 MREMHIRE

T BROT M Rk R S5 AL BT i
RINKS I 22 FLA IICBE A B 28544 5 I 25 R0k oL
iy I E AR , DRI T B Al i i Al = 4>
BT 2 J P T A T S5 A B, S0 ] o
T IEHE R, S RO RS T WA 1
JEPERSEROTIEY . e S Y y 7 1) SR A
(D PR, b E MR S
(#9320 GPa), [ HPAMHLEGSME, r R ALE,

_ _ l-r
E =0 le, _8E17(l+r) (1)

LR AR S 5 R R M A T Rk Y
IR A S A8 S B B A= (2) s
E.=E =E, (2)
F T A5 2500 A R S AT 22 L 45 A b 3R P Al
TeALEEH , PR G S80I A A, 242 85 B 5 LA
X, 3 [E Meckel X HiPEP B 1-HE J7 % Wb 20 1 5%
B SER AL B, RN A ZEL R R A MRV p B
JEMMR AT LR R, 5 RSERUCE R p., K
o n=(3),

peﬂ‘:(l _RA)p (3)
A RSEUG A1H530 cm B5FHE 7 2B
HAFERUR BIBPR AR I 1 5741

F1 30 cm BFHEH SEMREHERE IR S5
Tablel The grids’ effective mechanical property of 30 cm

diameter ion thruster

i Mo—-01 0.69 2 973.00 20.79
M Mo—-01 0.27 7 001.00 89.43
EM Mo-01 0.48 4 684.75 45.32
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Fig.3 Finite element analysis model of the grids assembly

AN TRIFR A 2 10 14 422 fiph 5 28 %A% FAo A A 2
I B E R XA 2 100 N4 fik o 44 1A T
THEE  MER T i TR A 3 A A B DR 4 i xt
DATRAEZS SR A TR P , I ELOE A0 ] B0 i 4
BHETHEAT T 220 , 52l T IOk A A2 A0 i A
BHA/ I

4 HREHFEE

WA AR AR Y S IR S T B NS R B
U5 B BTl A4 EAUTE R E A i R R
WS FIESAL SUL TS SUIRSUL SO e Ik

(1)

WG I 2 VG 0 85 1 1 ) 25 AT DLt
HARRM30 em BTS2 RE R VTR M 45 Rk AT
i I AR S B Gl I A . A
WA R = 4, IF BN AT g6 45 ok B L &
T3 8 AR R AR AR AR /D, DRk
Yl AT S A N 2R ORR B 10T B A T
PORE R 2 116.8 W/m*,

(2) ABE iR

X F = AR A A BRI BT (4 A0 R IR B TR
W, W LU S AE s L 25 10 1 R sl %
TR EE A | PR i AT 15 SE IR A -70 °C.

(3) i 4 1hIXF

ARG = AL B SEBRAR S C AR, o i R
HUEA/I 3 T — o A 2 TR I3 9 T — D P R T
DB Sh e ThT - BRI 3 AN RS T e R R
THT = T3 PR 2 1T A 55 TR 0T A ] 4 7 o

P4 TR 5 N T P S T X ]
Fig.4 Couple of radiant surface of screen grid and accelerator

grid

(4) PP B

MR 2R A s ) — AR A DA g B S B T
VERIRR R ARAE , BT ) SR FE PR T AR I [R] 2K
—MEAE3 h DA, PRHGR A 1 R 0.1~10 800 s
THEE I, I HL )k A 3 B A kAR B
HEhnRE AN, LAY iz A E]

(5) [ EAHKE

e 7 A ZH A2 55 4 0 AR A T [ S, Rk
W AR B A Sy [ 2 SR 2, [T 24 SRR o7 4
Kl 5 FiR o

K5 =M AR e 2R i
Fig.5 Fixed support of the grids assembly



352 2 51%R

52355 6

(6) T RS REAUA RS T A K 15

SKRARIHE H9 0.1~10 800 s FHELE [, Kr i piof 1)
AL BT E A 45 R B A BES AL RE A Hrad FE
FEAR SR A of 18] B 31580 B A5 20 6 A IXTR], 264X
HRARYE 641X 8] A A )5 Rl A 540 1 i
5 HE-EREZRDHREMUBINER

SERH RSB BT T AT RS R AR A4 3
JEAR AL B2 AnTE 6 (a) FIF7R, 10 800 s J AR 2 1
B A 6(b) 7R, ATLUE H S R 1 i
AL AR B 2EBE AR R R, o BEHELEEAE 0.1~108 s Y
M =70 CAEfL ZE 104 C, TN AHE JE 7E 0.1~108 s
M =70 CAEAL 2 -53 °C, Yl L B AR b fe /N, 7
0.1~108 s FIFLFEI AL -T70 CAEH-65 °C, T
S R T RN B A2 3 kR A AR B AL
N7 LA S5 BB )R8 A% S 000, Lk R L AH
L sk A R o A e i, LR 5 B 69% , PR A4
/N, Y2 B eh VR R, R O RRfE
T 25 RV BE AR A R BB s AN A 7 S D
DR Y T 32 1) 198 45 B8~ AR S 00 A X S
$5F 2%, LR S TR R R e &
IRF) — TR LA B A S B B T ek A
M FAESAMU, JLFAS 2232 51 55 85 IR SR S 52 ),
LT B A 80 e BN, I L A7 A s b X
25 [) P85 4 e 5 SO, DRt 9 TAE T 0T AY
VAL 2 AR Ak f 1

BEE TAERHE] A3, =AM A TR R ¥ 4 %
AR TR, ELAS TR AR G 1) S i iR R AN [
S A VL i e L SR E T 249 400 °C, T fn A
VAL E TE 320~330 C il A, i S A A ek B 24
9210 °C, R 6(b) s . HKARIEM K A2
PFAY PRI R, LK A% R AL A POl 25 14
TE1 h NIREARL/NT 1 ¢, R 20478 3 h
AR IR BIHCPERRAS B 05 B H R [ HE) 22 10 h
Jei o AR IR ] — 7 BE AR Ak il 2Ok B M K 3 $1OF
B RS I E] K 4~4.5 h ], S5 PGR I 25 A A
—3

FR I A3 HT 285 SR 0T LA = A 3 R AR Ak
AR AN R , FLP AR 25 SR, Rt S i
AR AT AS A AR I B 22 . X E TE
Jras R, A IR A ek B 25 S M AN Ak S Y
X B i TR A S5 AR TR R, PR

JEANART A B T4 D e AR RN A by Tl R R
AR 22 S 5 R I DR F B8 5 A 4 ) 48T
KB

500

(a)

400}

300/
O ;
R 00,
= Va

100

0+

-100 s s A s
0 2000 4000 6000 8000

i iEl/s

10 000

43.74Max  (p)
.409.27

]

Fl6  ARIREE AL Z & 10 800 s J5 i TR 434 &1
Fig.6 Temperature variation curve and temperature
distribution after 10 800 s of the grids
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Fig.7 Thermal deformation and relative displacement of the

grids assembly
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Fig.8 Thermal deformation of the grids assembly after

temperature balance
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