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STUDY ON THE EVALUATION OF THE IGNITION RELIABILITY FOR ION
THRUSTER’S HOLLOW CATHODE
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(Science and Technology on Vacuum Technology and Physics Laboratory,

Lanzhou Institute of Space Technology and Physics, Lanzhou 730000, China)

Abstract: As hollow cathode is the primary electron source for lon thruster discharge chamber plasma ionization and
also for electron beam neutralization, its ignition reliability directly affects the reliability of thruster operation. This paper
depicted the evaluation of the reliability of ignition under the expected life of the hollow cathode by taking 20 cm ion
thruster in orbit cross-section as an example. By using the method of a small sample of the reliability testing and combina-
tion of reliability assessment theory, the results were obtained that between confidence intervals 0.9 to 0.95, hollow cath-
ode ignition reliability is better than 0.98 when LHC-5 hollow cathode ignition times reaching 6 000 times. The results
proved that the reliability of the hollow cathode of LHC-5 meeting the requirements of space applications. The research re-
sults showed positive significance to reliability growth design of hollow cathode and research in reliability evaluation
method of electric propulsion products.

Key words: Ion thruster; hollow cathode ; Ignition ; reliability

3% L 302 0 9 T S A 1
WIS TR ety B VA TR 5 O BT
AT LS AT SRR . 20 T2 90 4R A, 5%

2" TEJR B T HE T fR i, w20 e B EM
AT A R A, PR AR SR 20 TR TR 5 3
BB AR TIE T . 2 DRI N & 54T
i ) AL A | O S A AR R i AR 38
SRR A S 2 b R s B LA 2 1 220 el

[l NASA LeRC %X 750 [ H 6 000 ¥k FF ¢ i K EL
KR 8 25 O IR I IAER AT S T AR T
KRBT FEVEPEA R G | DX FUY) 5 A i AT SR TT
JEPE, Hor— SR AR AR 58 1 32 000 YT G AR

et K, 2008 4T, 3 [ GRC H 4t NEXT40 B T-#i J1 3%
s HHE7:2014-11-27

E£WAH: ﬁIHII@ﬁ%&ﬂﬁ(B%ZOBZOOS) , A TR AT B | 030 H

TEE BN 4550 (1983-), 5, NS i A, TR, N B2 O 25 O BB AR 98 . E-mail: iqi94520@126.com,



W R BT RS I A K T SRR 97

Iof TG 2R X 28 0 BRI AR I T n] SE PRI IE
EINMIESE, R S5 SOMBESFEAS T & T I k2L
ATHEPEZ LIRS, FFHL6 min, HL4 minfEHF, =32
JNAAZETE 13 000 YIS FNAALZE TF B8R0, 53 A S 5¢
S 10 000 YR 5 45% 1k 356, A FH SE 30 50 45 5/
BEARTT SRR 7, A5 BN IAER 7 B FE 0.9 1,
25 FIRCAIUY] 12 615 I OCHY AT RERE 0.90°7, HAS
TE 1993 4E 58 T 4EXF ETS-VIE G 8 7 f1 28250
BITA B T SEPE A I , SR 10 SCREACH IR LA
BT AR I EAT A5 K IR IER G, (H AR 25 A T SR
W BRYS X T A Ay T8 BE 25 AR, S, el
L3 {5 HL T2 7)1, B KR Laben/Protel 23 &)1
EE Y QinetiQ 24 F] EEARET XA i i H prxet
25O BRI T T SR A U

LHC-5 23 10 [ J2: 22 M 2 i) 55 A 4 #EAF T
F A ) LIPS—200 B -4 1 28 B0 BIAR . st
A NI IR ECK T 6 000K, 11 000 he 250 [k
K P S AR B R SR R LaBso LaBs 5
Ba—W & S AKH LU HA K 569 H Ui 28 BE K, o g
FIHRIIA A . BRI, LaBs TAERS T T8 S A 4 4l i
TR H Ba-W AR B . (HJ , LaBo & SHA I
K AT PRECN 2.67 eV H Ba-W [ 2.06 eV =, 7E A1
[Fi] 1) FEL 30 S B T L R IR 4390 1650 °C
11100 °Co P, LaB6 25 O FAM B Sk S0 i 1%
TER AT SR 22 N 2 () 4 BRATE 5 I X 44
TP KT SRR T R T R IRIEE o

SCEEAEE T IS W] 55 25 A LI 1 1R A5 R
B R S VTR RV VIS . S RN e SO B 12 R T SO
ST FF S UE ORI 04) ] S BE AT B 40 HT
1 RIEE

1 T i TSR I 00 AE 22 M 23 [R] 45 R i 3
TF 5% Fir 25 500 B AR B 1T & FH B 28 1% 4% TS5 1T
L A FAEAR 800 mm, 5 800 mm , 4Nl
IEY E AR 4200 mm, KB 500 mm. G L fd B G
fLahe B, R A0 2 6] FH ) i P g . milAe 2
T BI04, W% 2 TR0 14 DRI AR HE 2)
Fft, 4TRSS ERLTHRMEL T, REA
JREZS BER] LA E] 2x10™ Pas

250 B S R BRI 55k ] 4 e e R DA
IR THTF I (D25 OB 7.5 A,
BRI T min J5 &M, %2 A130 min A 1 IRTEH ;
(2) 25 BRI 7.5 A, 25 K NI 5 Rl e,
120 min, %4130 min & 1 KIEH -

X '” > @
5

K1 TS-5 HZ R E
1 AUAEE 52.9. 50 F3853. MM, 4. #4415 5);5. 200 mm [ [ ;
6. 2XZ-4 UK ;7. ZI52T HERELAR 5 8. ZJ27 FABHA H 2 k1

2 RIEFE
230 BB A T SRR 3 4 bR 9 S

A Hop s —  THEWR A 2 3, 5 =AYk 1 3, SR DU
w4 1 R B AR R 2 TR .

K2 2B AL R A
LR 2. B R 5 3. U B s 4. BARAR AR 5 5. A
5 6. MR 7. B 8. BLASBREEAE ;9. s AR 10. et
LU 11 FEAR LI 12, AR R

3 REERMTE

2 LT Xt KT SR 4 A 1 F
B, EHI AL JE AR, TG AR T
AT 9 HC R A, BFE28 LT L 2
2 TP 2618 B e 407246 TR 8
5 LWL TR I R
AL RIS R0 P2 753 0 2
o4 WAL\ W2 4T 45
T SUIH MR A5, (1)
Po= B ol (1
S PO R 1 A T 8 TR T
R T, R NAVEAHCHE A A, B



08 TS SRR

5521 B4 2

TE23 U B R B 2 1 (R 1R AR )
to EEIEE CTIHEN &R T

b
n:{_ln(l—C):| B 2)

N
JRUAT ZR 3 A7 (4 R SR JEE AT LA A

277 it A5 RSB AR 2R 3 A B, AT DS 2 %o 4
JAR ZR 3 AR B A DR R RO AR R B4 S - 1
AT o7 R A7 i A A AR e R AR A T
Mz 456 3 VR E T IR R 7R &
FnI(E S 30 8.335 7 F116 952, KL, T i) =5
S BRI AR T O 1 KR AR G A 26 A il 2 an %1 3

R@)=e 5 3)  Fg,
F1 ZOPRIFRSANATEME
ik G5 e R TEIRIREL RA
LHC-5-1-01 . . 12 669 Tl 2 2458 B S 15 11
1 BORII T mi LIRLEs i - RS
LHC-5-1-02 T minJGoCH], 122030 min 12 843 L 2 AR I 4 1R
LHC-5-2-01 . . . e , 8135 B A 1R
O ], %
2 lHCsea—gp RN minJEORHL¥eRI30. min 9483 B2 U BN K E R
3 LHC-5-3-01 3818
LHC-5-4-01 ' X 1216
SO 120 min 5 06HT, #1130 mi i
,  LHC-5-4-02 ABN120 min KA, HIO0 min 0 R E LT
LHC-5-4-03 1206
LHC-5-4-04 1224
P 3 M 23 O BRI 56 45 KGRI 7 2 14 000 ~ L1 999 § |
X N . . 1.0 L2l b
19 000 YK Z [, 25 Lo BB R AE SR 3 R L 0 ) 00 ) //0.999 —95%3?}@)%
i . . ] : ST g0%E S
7E 16 900 Y22 AiIH25 00 2 A OB O E R Bk 08t giodici N -
0.7 A o :
= UL \E
2.0x107 ; i o 0.6 \ 3
1.8><104""""'"""’:"'"'"'“"‘:"" = 0.5 - \\
0.4 :
1.6%10 i )
i i i i i i 03 )
L e e e e 02 \A
E 1.0x104 3 0.0 ————
Z g0 0 6000 12000 18000 24000
: ; ; g g i BIPSED /€
bt I O I, S P4 LHC-5 7250 M U5 A YR SEsiE 2k

0.0+———— e R
0 4000 8000 12000 16000 20000 24000
FFoR kg

K3 LHC-5 %500 BN S K T SRR X A =R 43 A

R FH B AT JR 43 A7 B0 9 LHC=5 25 0 BIAR FE
15 M 90% 1 95% T T I pii, K P FEPE 53 A 28
K 4 Frs o

] 4 52 75 LHC=5 25 0 BN 33 - 5C 252k 6 000
YRS, A 55 E TR 45 SR - 90% B A5 T By vl 2
0.999 895% {5 & T Al HE R 0.999 5, Bl 25 0>
BRI T SEE % AR A R TR B, nTFEMEPEAN B
BT hNTEE . SAh, %4 Tt g ) g ] ST
P e T8 S R

4 Lt

LHC-5 25 D BARAE 20 om 2574 7 % i ek
PSSR TSRS LHC-5 250 Bk
RA,20 em BEFHENARETOE TAE, 22MZsEHAR
YIEBIESE TR LHC-5 23 0B 23 8] 0 FH H AR T
TIPSk AT SRS , 9 SRIGREA T 4 S SE
B FFRARIRE , 5 S IER 0 IF (ks . 45 B
PG ZE R AT FEPETT R T ST . s R
IR BB 90%F195% K , LHC-5 23 .0 I35 5] 6 000
UTT RS PTEEFE 4394 0.999 8 F10.999 5, AT
FEXF 25 0 B4 T 55 1k DAY 20 96 RS B 3R LA i
EAE L, SRt o # ml Al 3R 20 A A mT S PRI B 40
ThHiES%, (T#%1037)



102 Hzs ik

521 B 2 W

£33 KBIRERER

IR AW MR BRI/ C
300 0.638 9 79.6
350 0.723 6 82.4
400 0.840 7 86.6
450 0.929 7 92.7

H1 28 K Bl BT T R TR, v A HEAE 1
AR R G T BAE L o 7 i — 2 I
AL BE AL S ZOR BT 0L T, H FAR AR RGB m
il P H BRI AR RER B T AT
3 #Hig

WRYEVORELS Y, it T UM AN [] i T8 A 5
TR A TT R AR AL 1 AR T
Y HEME IE BT Y e L7 56 o IR RS iR N 1.603g/s
I, Vo A e A B R Ve BEHEAT TOH5 . RS,
Py, BA IR RS e B BRI
P& N, R AT 5 1, e Bl M o0 Ay AR Y
TBIPIRZS Sl ve o B B A R RER) R — 20
AL TR R o e R (I

SE

(L] /IR, 21 0 V2 e AR oy 38 A5 i 42 o v g 1
FABEFE)]. E2s 54K, 2010, 16(4) : 223-226.

[2]1rt C W, nichols B D. Volume of fluid (VOF ) method for the dy-
namics of free boundary[J]. Journal of Computational Physics,,
1981,39(1):201-225.

(3] PR, il B, T . SR Ak 9 FE 2% 22 R 5k ] AL 1) ST
AHASA R[], VY22 A83E K22, 2012,46(7) : 7-11

(41 BRAAE W RLRH 3 130, 45, 1 v U ol i s A A 5 AR
FEPEY VOF Jrgifiil)). #%3h 1 1A, 2012,33(6) :65-71.

[5] Kandlikar S, Garimella S, Li D, et al. Heat tranr and fluid flow
in minichasfennels and microchannels|M]. Netherlands : Else-
vier, 2006.

[6] 4 5%, Kk SCHi. —MuBi B IR & il Ve FAIC o 43-#r A a6 90k
[R]. 55— 4 EGR TR R 2518 3 4E,2013:309-312

(7] 5 S8 L SRS B, YA ) 2 (M. P4 2 - PG 42 S R R
¥t,2001.

(8] ARLTH, MOTAE, R FLUENT 12 3 (Ao Hr K T35 L
[M]. Jb5T RS i, 2011

R e e e e e e e e e e e N ==L

(E4%997)
S 3k -

(15K, XARAE , BTHOME. H i 22 48 250 IR ™ il e
HAR[]. K HiHERE,2010,36(1) : 58-62.

(2] 57 VLS, M4, 55 8 T Rl zs OB R B0E R 5>
Hr[J]. H25 548, 2005,11(4) :239-242.

[B] KK, 327, AR LSS Wit R 40 250 B AR I i 0 4
AR B2 BFHAR,2007(2) : 9-14.

[4]Soulas G C. Status of hollow cathode heater development for the
space station plasma contactor[R]. ATAA , 1994.

[S5]James S, Zakany P E, Luis R. Space Station ignition Test status
at 32000 Cycles[R]. IEPC, 1997.

[6] Pinero L R, Sovey J S. NEXT thruster component verification
testing[R]. ATAA ,2007.

[7]Herman D A, Pinero LR. NASA s Evolutionary Xenon Thrust-
er (NEXT) component verification testing[ R]. ATAA ,2008.

[8] Shimada S, Satoh K, Gotoh Y, et al. lon thruster endurance test

using development model thruster for ETS-VI[R].IEPC, 1993.

[9] Shimada S, Satho K, Gotoh Y, et al. Ion thruster system devel-
opment of ETS-VI[R].IEPC, 1991-14.

[10] Polk J E, Goebel D M. Ongoing wear test of a XIPS—25¢m
thruster discharge cathode[R]. AIAA ,2008.

[11] Ahmed Rudwan I M, Wallace N C, Coletti M, et al. Emitter
depletion measurement and modeling in the T5&T6 Kaufman
type ion thrusters[R]. IEPC,2007.

[12] Ahmed Rudwan I M, Wallace N C, Kelly M, et al. Dispenser
temperature profile measurement and discharge current divi-
sion in the TS&T6 Kaufman type ion thruster{ R]. IEPC,2007.

[13] Bianconi M, Cirri G, Brun M L, et al. A review of the manufac-
turing and characterization activities at PROEL of a plasma
bridge neutralizer for the RIT 10ion thruster[R]. ATAA ,1990.

[14] Serveri A, Matticari G, Matucci A, et al. Neutralizer/plasma
contactor technologies: review of development activities at
proel tecnologie [R]. TEPC, 1995.

[15] Brophy J R, Polk J E, Randolph T M, et al. Lifetime Qualifica-
tion of Electric Thrusters for Deep—Space Missions[C]//44th
Joint Propulsion Conference, AIAA-2008-5184, Hartford,
CT.2008.



