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JIEDI-1 V—/VOB% (A P07 v FMEFEEHE 2 — ROk R)
EFIERS, PRAIFRR, MR —3E8
Development of the JIEDI-1 tool : improvements to the grid erosion
evaluation code developed in 2007
By
Masakatsu NAKANO', Yoshihiro KAJIMURA? and Tkkoh FUNAKT

Abstract : Improvements have been made to the grid erosion evaluation code (JIEDI-1) to
achieve robust convergence and to enhance the accuracies of grid life estimations. The major
improved features of the code are 1) the use of Newton-Raphson method and the ICCG solver,
2) modifications of the inlet boundary conditions, 3) incorporation of the differential
sputtering yield and redeposition effect of the grid material, and 4) solution-adaptive mesh
generation. The last feature is realized by the commercial mesh generation software
“pro-STAR”. Numerical code prediction of grid mass loss showed good agreement with that of
u10 ion engine life test, with robust convergence and improved simulation time by a factor of

3~4 in comparison with the previous code.

Key words : Ion engine , Grid erosion, u10, JIEDI-1, JIEDI tool, Life test
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DENRDDZ AR L TWD. £, ZOEREICHE 800 fHA2NT2HZ & T/ U v NE AT % & 0.52
mA Thoto. MARLOFERR ITIIIESY » FEFEIX 0.520.056 mA SESNTEHY, E&EOICH Xn—
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IR AR B IRT— B R ZDIEFEROA v ¥ 2 FlEE~ 7 n DY RN EA % OBEITH D b DD, A F
TV OB FTREZR I AMERERRE IV R = L— 3 a— ROBIFRIZH) LT-.

A FNEZ Y > R AGEE AT JIEDI (JAXA Ion Engine Development Initiatives)™” —/LOFZEBRFE & 3
BLTLIES o7 JAXA TS AT L, JAXA i - SR THAEDD)E v # —, BXT, KBRS -
BHHER , AZ v 7 —E R « LRI, BREOERR~EGHOEEZR L ET.
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BFIRIC L DA F v P07 v REBEERAT
=R OREY, BRE OB, Ak Y, 2l REY
Analyses of Grid Erosion for an Ion Engine Using Particle Simulations
By
Takeshi MTYASAKA™* Katuo ASATO*, Tsutomu KOBAYASHI*, and Yuuki SHIBATA *

Abstract : PIC codes are suitable to evaluate numerical models for JIEDI tools. We have
developed a hybrid-PIC code taking account of the charge exchange ions. In the present study,
for the purpose of analyzing more realistic flows, the code was extended to allow elastic
scattering ions and neutrals and to treat electrons as particles. Using the full-PIC code, we
performed 3-dimensional analyses of the standard problem derived from the experiments
using the uniform upstream and downstream conditions. As a result, the validity of the code
was basically confirmed by the evaluation of energy flux distribution to the accelerator grid

and the comparison between the results of ion-impingements current and the experiments.

Key words : Electric Propulsion, Ion Engine, Particle Simulation, Grid Erosion, JIEDI

1. [ZC®IC

WEDA F Py a CORBIBURIZE S, FERFRCOMAGRERI A D BAERTIC K D IAFHGD
VEMEREESTETEY, A4S Y » RIAGEEREdEf#T JIEDIJAXA Ion Engine Development
Initiatives)” —/VOMFEBIFE Bl S A1), ZOFEAMZBET UL, TMAGRERY — U b EREND A
& UCEHBREEE I SN2 CEORERMN T B D, A A DU OB T, ZRE ClakEx e L%
WA Liza— RBAWDITE 22 2-11], 7Y v REREAZRE) ST EE TR 6N TE7ebD L LT,
A B — A2 Flux-tube(FT)iE% i H LEF554i% Boltzmann 434> 5H3Rb 2 W 512 & - THRFE S /-
Wra— RE&25 52 LnTE 56,7, 2T, BfEJIEDI V—/WEZ 0 HEF o— R & FUZBRREAMED ST
5. LinL, a—KRiEA 4y, E1EbIchit-& LTTEel, i s D27 /UL LTk 720, kit —
AREI, FURHAIREEI W TR L SIS 2T 5 2 L1272 . FRS, RIS 0 2 RST8] ) b
D X HIT5EAIC Maxwell 3l HE> TUVRN T &N TREN D Bty — AT MRS~ -2 D58 T
I CEWATREMENE 2 B, R LV ORI K D8RS, BT VMR EE /s> T 5. Lz
7>, Flux-tube, Boltzmann #5347 DOFHIZ L 5 ET /UK Lo CEEMDSER S HTEEMT~5- 2 D2 .
(EHEEDF A S5 Z L 1T, YV — VBRI TR EREETH D V2D,

Tex DITN—TTE, ZIHOFHMIHOWTET MDD 7R -2 — RE2 W TH Z &2 BIIC=— RB
I RN HEDTND. A4 - B L BIThI & LT D 2— RE LTE Full-PIC =— R3z&f oivd. L
ML, TNETOAF L D UMITCIE, A A —E FHOEROKRE I8, BT Boltzmann 734
53R 5 Hybrid-PIC =t— R33TH Y, Full-PIC 4 AW CA A v o O UM rou i il 3 ek~ 7=
KINBIZ LD 2 Rt 2 G DI 72 <, 3UTTHATIZE] > TUF L A EITOILTO RV ONELR TH 5
[3,8,9l.

* Gifu University

This document is provided by JAXA.



A AR 7 U v R /AGRE HEEf#AT JIEDI (JAXA Ion Engine Development Initiatives) > —/VOAFERE Y —2 v a v 7im3E 11

ZZT, Fxid, 3T Full-PIC =i— RiZ & % JIEDI YV —/L OIS EEREE L O B s — A, T
TEIS BT DRSS OIREE 2010 H£FE TIATH Z &2 HIEZ, Full-PIC =t— ROBIF - fihr 2 Btk L7-.
AAEFECIEET 3L Full-PIC =1 — RAKOBIFE AT, TN XK > T rhoi /= 5510l O N T 217 5
ZET, a— ROZYMORGEZRAT-. ST 2 FRIHEESIRIZEENMEL 727 /L2 ) » REROZEEIN
M BIZR TE 5 2 LD, Mo — FORIEE LTHELTWA EWR A, F77, H B L L GHEATN
ZRBT 2 B CETEREA A A VER LG LREL, AU RHEZT T C0D. HbE, 727 'L
7V Nt/ B — A&k, 77 ' 7 Uy RRREASOA 3 EEARIOWN T Thivz. £72, Zhbo
FENTIZ I 2 D HRIEE -SRI DV T Tod, R SO E DRI DN T H IR B, 7Y v N
2T MR DT DITIX 3IET— RISARRIR TH 5705, AEHTORKC Full-PIC 22— R& T T 745
HFZEAERESINTELT, %k 2L IZFHREFRRROMADEONIZZ &1L, SFEOEROH LML
LTETbND.

BRI CAE O 20, NS TIE, 3%t FullPIC =— F&EER L £ 92 D224 M3 Ml 7= 0124 7>
T REUERTRARRNT) OFREFRICOWTHEE 5. AT CHVVAZHERIREE, 710385 R [10) % e Sz
HLOTHDH., Aa— T, £ DSMC(Direct Simulation Monte Carlo)i£lZ X - CTHER S5 2 kD, B5
AT AR 3426 LC Full-PIC EIZ K DA A « B EEhS K ORI - — o A OB ACHA « Al
G 2ATO Z & TT 7 -NA7 Yy NITHESET DA A« R 23 Hl L TV 2.

2.  BEfENTE

AT — K1, R, A AV BROEFET TR L LT TG, UL, ARG CH HIE
UERRE CIIHEEAIR HZROMEN 2 E 035 [10], HPERI DA A « B OEEIZHER SHIFELEE L 72> T
WD, LIztioT, A A B AT & FIRHC PR EB A48 5 1I3IEHICE < OF A MREF- AL B CRI R
DMERIC 22> THRINN TR, £2T, AT IS PR HEBIOAZ AT L, FOME»DIFLIIZF
PRI IR % FAN A Ao B BT AT TG, 2B OFFEIC W CULHTRE KD 5 £ ToMn X
1O7a—F ¥ — MIELEDHTNWD. BERIEIRD Bk, BlIEkiE 7 Uy REZERI O 7 EED 7=
OFERTATOND. LA FICASRITEOFE AR~ 2.
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21. FEMESE

AFERTC = 8 RoTEHRREI L OWRMTAA T ORINS 2 [X] 2 |~ g™, AFRIT G O AZHERTRANE, &/ v 24t
BT 5287V v ROA AP HBE L THDI10, 1] AT CII T X CTOFEZB L 7Y v FERIT
VD F FEE SN TCNDD, SBROBFEEI T2 B8 LIt e 77V » RIRIRICRHET 2 BT, B
a2 LTS, 22C, BHERCHPRERSNN G2 bbb /NS 72 vy mOFHHEER S LT 2 (a)
WO EROMESRZ VTS, 72771, BTV Tl FEM HEC L AR D UG S 24840 U Chls e
FNI2MEORE SOFTHT-> TS, Fie, HRBESULE, NG EOREZ MO 7280, K& ZehEhk
ERREL TS, £, WROMBIROFERK 1L, xX yXz =22X39X160 & LTW5. x-y MO F-I35ERNE
ZHRLE SAVTWD DS, 2z ATz JOHFESIC 61T 573 B2 R IARERIRICERE ST D.
R ORI Az=0.18 mm [ IAMMTE T OFy NDOT 3 EQp p)min (=0.10mm) FEETH Y, THEHIZA
z=0.40 mm & Qpeidnin (=0.75 mm) LV HEIERESNTND (X3S,
22, RN

FrMERL FEERTIL DSMC 154 FIWCIThive. AT COFHESIE T TlEs X—k L HH T~ TOfER T
FAHTRENZ EPBEZATEE L TR, YRR FEEE, LT O 3 DO bEb N EEL R LED
HHZLICEDRDENTNS -
(1) HFEZED D OHPERIFIEA « HEEZED O HRSERA~RAT 5 R 2RI DT, AfRNTCIE,  LiRaHEs
(BB FE 1.6 X 1019 O Maxwell 2341 4 7% E LT 21 T 7-.
2 A7 V=270 RLOFMERIH - A2 V—2 27U R EFRHEA~OEZEA A AR 75 Hrikn
THRHE Y v RERED O S BT 21772
(3) FERAPMERIF- DI : FIRIN DIRAT DT v o7 S— PN R 2 B3 2 T, FZBR(10] 00 B2 E S
(ZAHS T % HERE 135 D Maxwell /34fi 4 sl e LT 21T 5 72

ZOMOBEREMNE LT, y O LR REBR IR ClSEm G &2 52, 7V > REIZEZY » R
PR LTEBOR G A 52 0D, y O EAERECIE, it CLTk3 25 Frdeh 2@ LT .
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K3 EHEEF xm

23. AFVE—LEM
231. PICEIC &k BfEMT

A MO A OiEENL PIC {E2 O TIT SN QWD [12]. RO A2 D7 A MRII3ENETEE S
AU GEER S TND. AT 3 IRTTAT O T- O HRFFRNIE KI5 Z D, BRL7ZX 91T
A T FEMECRTREZR IR D AV SR A AR E L, RHITHIRR & O FRIBR A JEICIRE LT D, ZD7=OiHREE
FEIBRY VEURT 2 0T 7RV EREE IS IRFRAIG BE & 0D D B Y CIRFRIRES31E, 188 PIC EICHW B S leap-flog 15Tl
< AWKEEETH D Runge-Kutta-Gill &2V TIT-CW5. Z2°C, SHERREREO- DE RIS A E
BEELWE L. Ra— REEESNETY v FERICH L TEFRSGEZRDDL O THL Z ML EERE 1
ELTWEMN[B], ABERAEZEZ A ORFNBETHDH L EZ TN,

IREEI IV TET KOS A % —FRIC Maxwell 77 CTHATWD. 22T, &1 &A A OREEITEHEL
<, BELIA AL E—LERMMEFOND L ITREL TS, MR COFRFIE FEE S BiitaE & [k
—FRIZ Maxwell 5341 CH-2 T\ 5. %ib % K O NTARFT ClEZ OB R 2 3 DR HHiiEN HERE
L, ZOREZTHEL TW5.

BHEA-RUTIT DENL @ 1TIRD Poisson iz FEM {EIZ L > TS Z &1L W RDOTND -

V= —f(ni —n,) (1)

ZITC, my n \XENENEIE A RUTBIT DA A, ELORELEZFR L T0D, BRI 1 RINEAELE A
LTHEY, 2UHEEMYSLL EOZERFEENMG LI TNDD, 5%ILL 0 ERBI RN Z1T 5 7= DI EHER 2%
JE LN B HERDERERZDEADRN AT O VERHDH LD EEZEZ TS, 7Y v R EBIOWAR TIEX
252 DRRCEN ZEE L TH 2 TWD. FHIRATIL, FE 2 RS2 D7-0OICENE2 0 ERELT
W5,

F7-, WHRIE A 131 AR LR RIFRD DIRE L CWADS, AN THW BV A £=1.3x10° s [ 3AHRNT

BT 57T A< JERE BT AHIRSAE Ar- @ =022<1 ZWI=TZE DD BTN,

p,max

232, A F 2 —PRTFERE
HIMERL - & A 7 & OBMAHUT K D EMAHG L PIC IETRHESNDT A M ARk LT Thi
5. TR D1, AT TIIFTERL 135V ECTOBEDE THZ HILTWD DT, SER7eR T EZEE
TR, LLTNR T & 9 2RE v T Al A A RT3 DS HE 2 5L O T ToTnd:
Fepx =n,vocex AL, Fos = n,vopsAt . (%)
22T, o OpslETAVEVEMAHEZENIAE, SEEZNNnAE A, vITMRBEEEZ RS, chn otk
W, DT ORI F-3#EEL 0 & BV TS,
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BANDOEA T RAAZBET HEIER IR LT, EZETTFROL O ICHlrans
0< RS Py DU TSI
Pegx SRS Py + Py g OB - DTS
Py * Py CRELOBA - EZREL

ZIT, EPAC K AR SN EBAAH A A OWRIZ0 & LTCWD. £, BRI, SEMEEZENM T
BT, 221 A ALEICT A MR- N2 TS, 2R HDT A MR, S modibkif- & #e 0,
A A - BA-OEE L FRRCRFANSER D B S TWA. X1 D7 a—F v — h ChiFEhcA 4, &
WA TOREINTND [HRI) SIXZ 0RO AR LTS, ZOR-OFLEIFEZERTOA A FE &
A CIZH-2 BTV 5.

3. fRHTRER

31 BERITFRTEER

F9, PR AT ORGSO y = 0 I CORPERI FBE N Z X 4 (R T, AT CIE4Y], F v
—PEREEHERL 2 DUNVT, DR P MR AR R 2 R HRBEIRIC — TN R 755, QAT ORI T UREIR O
L LTHZIEE, G)BELRVES, D37 —AOBESADENNTY v REZREA 4 54i~5-2. 5%
AU 5 2 & A STAICB W, BIE R L 5 20500 BIFHD 3 SOt A e LA 5 )
EERH LI, LcL, AT CHWEZY > MR, BIIEVERE ORE14] T > 72 Muses-C # 1 7L
NRTCZORMARE N &S HPERI BB FE DA~ IUE TR NS < THEROE T RO 1 HifLE
LOMET LCWRNZ LTz, FSEROPMHEES R RN R E <, TR 25 IR Hc L 5
BRI A% o7, 22T, AREDOA A2 = LTI D 1 r—ADIZONT Tz, 7=
2L, DX HTHRE LIEA, FREPMR ORI L D00, Rk -c X 5534 LRl 7 ) » K
TR B2 Z T COAFERIMEZ HILTEY, Muses-C DL I RBAALD T U » ROGAEIZBWTL, LY E
B2 NEFREHIO 7200121, FRETHERL T3 42 — TN X 5 O Tlde <, @ORRRWET 52 LT
L0 BB ARG DN DD L EZTND.

X

T—.z

|~ —— |
0 1.6 10% m3

H4 PERTFREREST (,=100pA ETR)

32 AFVE—LRFHER
321 HFEFFHEFNE [J,=100 1 A]

FF, LR R B R A A T T A o B —LEFE b 25 100 1 A DHE D B — LMEFTHE R
WG 5. TURE CRET 2 FAIE Y, WRHMEICHBIT 24 AV EES Mz LTGRO bz, 2
DA AV BEE AR TR TId a2, EO X I ETHET 20N L > TR LA EIF R - TL
L. KHTCIEL, ZOWEFREN G2 D58 Ul T 2 7203R 1ITRT & 5 78 3 2Ol iiEE v, A5E
MHEN DS 3 DD R D HE 2 VT2 T 7.
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£1 THREHETFHEERME ,=100pA)

Case (a) (b) (c)
Biitast TREA A U BERKE TREA 4 U EERKE TRET N TOMEH
DHFEFTOMEETTFY | 0 1/10 [EETOHEE TFHY TELy
e ETEE 8.9x10® m? 6.2x10" m? 3.3x10" m?

A A B — NERMEIC L0 FEREIE 2 573, J5=100 pA O3E1213 CPU Intel®Xenon®3.0GHz T 23000
step F THENT LK 53 IFfHIZ B L7z, 2 2°C, EWMEIFHALHDIE 3000 step P TH H. 750 D step 1L, 7
7R'NT Y v RADT A MRA- O 7 /WEERICHWONTZ b DO TH 5.

F9°, Case @QDGADHHTHERZX 5 MO 7173, [X41213y =0 Ol EOBEND zx HiHi%z, K5,
6 IZIXENENA A BILOEFMERT. M4BTI 7827 U v RIRER CEMDOEVE Z AN
R TE 5. K5 bIE, BTRINDA AU E—LREN N TIET 7 'Y v RIZEREEZE L TRV ER
FIHERTE D, £, BRSHA A ANTTINCAZ V=7V R FHRUBEORES CHEEL TWDADIIH L, 5
PEfEZ2 LT A AT BRI BV T H E<HNTW D, X6 OB FMMAXMND, A A B —LHEn A7 Y
—2 7y REHTAFTE L O DR IIREICHERR T X 5. 70, HFE HIEXEM RIS U T LTV DEk
TMEZDILTWD. ZILHOFERIE, | - itk © Maxwell 234 2 {ET % Hybrid =— RIZBWT, &

% Boltzmann 734 CH-2 CTW\D Z & DM EZ R LTV 5.

-200 1033V

B5 EBHISM (1,=100pA, Case (a))

K7 EFHM (J,=100pA, Case (2))

This document is provided by JAXA.



16 T AT ZE AT B AT JE B S s JAXA-RR-09-004

WIS, 77N T Y RITERET HA A ARG 2.5 T FE ORI OV M2 T 72, X8
BT 01T, VERR LA 22— R 3IRICHEIC DWW T OISO MHER A ERNE LT, 287V v Rl
Bl SITTHNELS KD 7 ) v R FIREA~DA A AR R i 2R LTz, ZORIZIEP B E LT
Case (@) & Case (@D 2 2ZHAWEHAE DRI REN TS, ZIH 20D —ATH 7——(FH@mD D
BHNBI TS, Case @DLAEIZIE, 1FEIHEZDO 7Y » REIZBIZEE SIS Pits&Grooves DIEFE & —Z{L)
TEARBIES T 7=, L LRI DR Case (@ DGAITITE 2 AR OAHEGRTE 7. RIZTY
> NN OEFE OV TEMRIZRF M 21T > 7. HFREOEEFHUMIIZA/ Ny 2 U 73R, BfEREPLET
HDHN, T HOFEMZRFHEICOWTIXER O OR8N BT EE TR Ch 5. £z, K IITRT MitE~D
H25A A R F-DT R X—AGTIL ED 7 — R8N TH 130eV BRELL EORIFNEE A ETHDH Z &b,
a— ROFARN2Z STl 2 EHA E L QO DAREE T, RS =Ll 2oL LT

N\~

min I max min I max
Case (a) Case (c)
8 7ty FFRENEET 547 OEFREREESM (J,=100pA)

B9 7/t T)y FFRENERET SHFOIRILE—53 (J,=100pA)
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AV

min I max min I max
Case (a) Case (c)
B10 77tELTYUy FTRENEET 544V OIRILX—RREESf (J,=100pA)

T —IEAAERD DEFE O T OGN 21T o 7. K 9IZBWT, A AL RO R/LF—H 9T
Dr—AT 200 eV ITHEF L T DR AR BV, Fi, TRIE FEEMEL 252N TEDE—Y
DB, TS FRANCEBEI L T\ D. 2O RAF—EROHEIZ LY, M1 0Dz /X —ifR
A, X 8RR ESNDEGRROGE L RRR 202~ LT 5203, Case (@IZBWCHIEGR A L 0 7 Pits”
DEGIE VIR T D, K1 1T 7' 7 ) RNBEERR O PRI ©— AT 4 k5]
WO Uz, NEEERCEL Y, SEBREI10] & IRIEFRZMEA /R L, st M AR M & e > T, iz,
WEE, i & & Total OFENELLDIE & A ENERAMA AL DD TH Y FRETEE L L blgm< o
TWA, FUEODE A 2 TR0 R E C BN TE DRI BT\ b. £/, A 4 E—A
FEIR A L Z U CHFIE 7423k 7= Case (a) & Case (D) DI Tldd £ VEWA R L7V, FiHIH SR TF
¥)# &b o7z Case (0 EITIRE L BIp>TND. AT ClIA A B — LRI AR E TN & - TR\ VH
A > TWAT2, TRHEOTRIE 757031 4 E—MER T DA A DO B2 B o+ 5 3%
WMTHHEEZOHNDZ LR, Casela) & Caselb) DIEIOBENHIMENTH D Z ENBIREITI Case @DEEIZD
WCEHMZED TS, 72720, ZOHFIE S, AT O b ONR KA F D7 » Rl
ARG 2 DRBENRE VD, T CEME —E (=0V) THZ DI &EOZLMLEOAEOMREINLEET
HbHEEZTND.

B11 72wATYy FREERS S U TREERD E—LERLORHEHEFHEEEFE (,=100pA)
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322 F7UvLT) Y FERICET S E—LERKFLE

B, TRETFRMEE Case @ THATZEAEDT 7 v v REfi— B — LB HOW T B —LEifiE
IS HTGAOMRZK 1 21R Uz, WEEEREE, FitimEiit & &I aEaEg (100~200 2 A) T,
FERE[0] LI HFFEERMEZ R LTS, UL, FRCNBEEIE, KER GOnA) BSIOEER 197uA
~) FHZSEBRCR OIS X5 addie ERZRZ OoTe., Fio, TItEIHIZ OARLOE— ROSHER
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BN —Xe L DRFBANRY F Y T ORFENFEY Iab—vay
FAE e, RIFFEGL, HEMEe, 70HEkH
MD Simulation of Carbon Sputtering under Low-energy Xe Ion Bombardment
By
Tetsuya MURAMOTO?, Takahiro KENMOTSU®, Toru HYAKUTAKE', and Michio NISHIDA?

Abstract : In order to develop the sputtering database to estimate the erosion of accelerator
grids of an ion engine, the low-energy sputtering of carbon material with Xe ion is studied
through molecular dynamics (MD) simulations. For the normal incidence, the MD result of
sputtering yield almost agrees with the experimental result by Williams et al
(ATAA-2004-3788). However, the experimental result shows less incident angle dependence
than the MD result. Because it seems that Xe ions in the experiment feel randomized surface
normal vectors when the low-energy Xe ion caused many-body collisions to local surface
atoms in rough surface. Thus, it is proper that the MD simulation in a smooth surface
overestimates the incident angle dependence of sputtering yield. Hence, it is necessary to
include the effect of surface roughness using Monte-Carlo simulation with the sputtering

database for plane surface.

Key words : Molecular Dynamics Simulation, Low-Energy Sputtering, Sputtering Database
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Effect of accumulation of incident particles into a target material on sputtering under
low-energy ion bombardment
By
Takahiro KENMOTSU", Motoi WADA ", Toru HYAKUTAKE ", Tetsuya MURAMOTO "™, Michio NISHIDA

seksksk

Abstract : The sputtering yields of carbon have been measured during xenon ion
bombardment under the threshold energy predicted by the theory at normal incidence. The
theoretical threshold energy is 160.84 eV for the xenon—carbon combination. These
experimental results are different from the semi-empirical formula proposed by Yamamura
and Tawara. We have calculated the sputtering yields of carbon under the xenon ion
bombardment with a Monte Carlo code ACAT which is based on the binary collision
approximation. The yields of carbon calculated with ACAT are in good agreement with the
semi-empirical formula, but differ from the experiments under low-energy xenon
bombardment. This discrepancy is believed to be due to the accumulation of xenon onto
graphite. The semi-empirical formula and the above ACAT results do not consider this
accumulation. In order to quantify this effect, we have calculated with ACAT for the carbon —
xenon composite material as a function of xenon concentration. The results of ACAT with 14%

xenon atoms in graphite are in good agreement with the experimental data.
Key words : Sputtering, Grid Erosion, Accumulation of Xe, JIEDI Tool.
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Particle-In-Cell simulations on beam neutralizing electrons for ion engine
By
Hideyuki USUI* and Masashi KANEGAE

Abstract : In order to examine the density and temperature distribution of electrons which
neutralize ion beam emitted from an ion engine, we performed three-dimensional
Particle-In-Cell simulations and investigated the electron behavior inside or outside the ion
beam flows in the downstream region with respect to the accel grid. We calculated the charge
density distribution of ions in three-dimensional spatial grid space covering the downstream
region of the ion engine by using the ion beamlet data provided by Dr. Nakano. By solving
Poisson's equation with the charge density data the potential distribution is calculated. Then
we start emitting electrons from the down stream edge of the simulation region. At each time
step, the charge density at each grid point is updated by the emitted electrons and the
corresponding electric potential is renewed. By using the new potential values, we update the
electrons dynamics by solving equation of motion for each electron. Since we focus on the
short time scale of electron motion, we assume that ions which are about 100 thousand times
heavier than electrons are immobile. We keep solving the above-mentioned PIC simulation
until the steady state in terms of electron distribution is achieved. By using the electron data
obtained in the simulations, we analyze the electron local temperature by calculating the local
electron velocity distributions. From the data, we found that temperature is not uniform in
space. The electron temperature at the ion beam edges become approximately 1.6 times
higher than that of originally injected electrons.

Key words : Ion Engine, Grid Erosion Analysis, Ion Beam Neutralization, Particle-In-Cell

simulation, Electron temperature
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Plasma Property Measurement in a Miniature Microwave Discharge Ion Thruster by Laser
Thomson Scattering
By
Naoji YAMAMOTO", Kentaro TOMITA!, Amane MAJIMA!, Naoto YAMAZAKT', Shinya KONDO',
Teppei TSURU', Hideki NAKASHIMA' and Kiichiro UCHINO'

Abstract : The plasma parameters, electron number density and electron energy distribution
function, in a miniature microwave discharge ion thruster were successfully measured by
means of laser Thomson scattering without perturbations. A photon counting method and a
double monochromator were used against small Thomson scattering signal and strong stray
laser light. The result shows an electron energy distribution function is Maxwellian, since the
scattered spectrum can be fitted by Gaussian at the temperature of 1.5 eV. An electron
density is 2.3 X108 m3. The measured electron number density and electron temperature
values were found to be reasonable compared with estimation deduced form extracted ion

beam current.

Key words : Laser Thomson Scattering, ion thruster, miniature, microwave discharge plasma
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Fig.1 Cross section of a miniature microwave Fig.2 Magnetic field profile of miniature
discharge developed at Kyushu University ion thruster developed at Kyushu University
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Fig.3 Schematic of laser Thomson scattering system for miniature ion thruster
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Fig4  Thomson scattering spectrum, krypton mass flow rate of 1.6 mg/s, incident microwave power of 8 W,2 mm

downstream from the antenna and 6 mm away from central axis.
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Nomenclature
velocity of light
differential scattering cross section
electronic charge
laser energy
observed scattering spectrum
photon energy
ion beam current
intensity of Thomson scattering light
intensity of Rayleigh scattering light
intensity of incident laser
wave vector
wave vectors of the incident light,
vectors of the scattered light
scattering length
electron mass
ion mass
electron density
Thomson scattered photon number
neutral density of Rayleigh scattering
incident microwave power
Classical electron radius
laser beam cross section,
scattering volume
electron temperature
beam voltage
Bohm velocity
scattering volume
scattering parameter
ion production cost
infinite small wave length
solid angle of observation

the transmission coefficient

angle between wave number vector of incident laser and wave number vector of scattering light

wavelength of incident laser
Debye length

difference between scattering wave length and laser wave length
half width at half maximum of Thomson scattering spectrum

angle between y axis and wave number vector of scattering light vector projected vector on x-z plane

Thomson scattering cross section per unit solid angle
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A A=V AF ¥ T2 HWIERC, C 7Y REBROFEEH T
BT, EILFnZET, BTt
Statistical Analysis on Aperture Diameter of Flat C/C Grids Using Image Scanner
By
Yasuhito Toyoda™, Kazutaka Nishiyama** and Hitoshi Kuninaka™**

Abstract : The erosion of accelerator grid aperture due to impingement of charge-exchange
ions limits the normal operation of the microwave discharge ion engine, in which long life and
high reliability are inherent because of electrode-less plasma generations. A commercially
availableimage scanner and image-analysis software enabled to statistically analze the diameters
of the huge number of apertures in the flat C/C grids. This measurement method was applied to
the accelerator grids of 110 ion engine after the 20,000 hour endurance test and p20 ion engine
under ion machining in 30 hours. As a result, it was revealed that the erosion distribution of the
110 grid had the azimuthal dependence. Moreover, we obtained the design guide for the next u20

accelerator grid, to make the apertures with tapered shape on the side of upstream.

Key words : Ion Thruster, u10, 120, Aperture Diameter Measurement, Grid Erosion
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ZF % XNV QCM ZHW T 4 77 Ly )b« AR Z Y T O
PR K—BR*, /MR 2, B B%, LR SR

Measurements of Differential Sputtering Yields
Using Multi Channel Quartz Crystal Microbalance
By
Taichiro NISHIMURA*, Hiroyuki KOIZUMI **, Hitoshi KUNINAKA ** and Yoshiki Yamagiwa

Abstract : Life time assessment of an ion engine needs sputtering characteristics on grid
material. Sputter yield on molybdenum due to xenon ion impingement was measured by a
conventional weight loss technique using a miniature ion engine. New multiple Quartz
crystal Microbalance (QCM) system, positioned in hemispherical on the target plane,
revealed the differential sputtering yields. The resulted sputtering yields agreed with the
data given by the other conventional methods.

Key words : Ion engine, Ion optics, Grid life time, Sputtering, QCM
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AfbA F o T kB A F R
il EH, R IERS
Ton Extraction Behavior on Visualized Ion Thruster
By
Yoshinori NAKAYAMA and Masakatsu NAKANO

Abstract : In order to directly observe the ion production and extraction phenomena within
an ion engine, a two-dimensional visualized ion thruster (VIT) have been designed and
fabricated. Since the experimental visualized results on ion extraction behavior of the VIT
grid system was in good agreement with the numerical results derived from an ion grid
erosion analysis code, the VIT may be useful for the inspection and modification of the

numerical model of the codes.

Key words : Ion Engine, Experimental Visualization, Numerical Model Modification
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