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Arc Discharge of u-CAT Oriented Vacuum Surface and Ablation Products Characteristics
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Abstract: This paper studies the characteristics of vacuum surface arc discharge process and products for micro-cathode
arc thruster (u-CAT). The formation and evolution process of discharge plasma under the action of the electric pulse is
studied and the spatial-temporal evolution of plasma channel and plume under different magnetic fields is analyzed by
combining with discharge parameters, radiation spectrum and high-speed image diagnosis. The macro and micro
characteristics of the discharge ablation products with stainless steel and titanium electrodes are obtained by collecting the
splash products for morphology analysis. The results indicate that the discharge initiates from the electrode triple junction
(TJ), and then partial discharge of the coating forms a surface discharge channel connecting the two electrodes. Applying
a magnetic field of 100 mT magnitude can improve the discharge continuity and plume morphology (the luminous
cross-section can reach two times that in the absence of magnetic field). After discharge, the electrode thermal product
spray can last for 50~60 ps, and there are differences between the cathode and anode. From view of the collected splash
products, the deposition of metal electrode materials is mainly composed of uniformly distributed nanoparticles, while the
Si wafer above the electrode presents the morphology of micron-sized amorphous graphite. The typical characteristics of
the splash products and electrode ablation pool are affected by the electrode material. The product particle size and
electrode ablation pit size of stainless steel are more affected than those of titanium electrodes. Therefore, the magnetic
field and electrode material have a significant impact on the vacuum surface discharge process and product morphology
Consequently, these factors directly affect the performance of u-CAT.

Key words: pulse discharge; micro-cathode arc thruster; vacuum arc; image diagnosis; electrode ablation
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Fig.1 Schematic diagram of experimental platform
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Fig.3 Typical vacuum arc discharge process under 100 mT magnetic field
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Fig.4 Typical vacuum arc discharge process without magnetic field
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Fig.5 Typical vacuum arc discharge process under 150 mT magnetic field

F 1 AFIRE BT AR EE R (M)
Table 1 Comparison of discharge characteristics under

different magnetic field intensities (typical value)

WiAsE R dHR IR BEEDT SR TARIR

EImT  Zlns  JE/KV  EFUKA  BUmI BORKE/mm
0 124 41 254 25.8 3.7
100 15.6 5.9 255 25.3 7.0
150 82 7.7 28.8 41.7 6.0

WESAIIsE N, HArgr izl G k. [mlEgid(E
TS B AR L R0 0 3, X RIS
XVR B A BORFEN o ARG, HAR AN
R ARRE, = I OB ] e, #ie b
& UONTE AT TSI, T rE 4R v A8 3 L VR Y 3

IR SN i V=R N TR iy WK - O a2 4 T 55
SRR R, KRGS R R N, TR
BT LA E R RS B R

B 4(b) 11 5(b) 73 B A AN RESZ ARG 150 mT
R TR EE R R . NIRRT DL
B, HES IR A R TS ORI R
J&o AN, WEBERERSS, HofmA
BI5). BAMIMEEAE, T SR A B BH P A%,
e IS K TP By, 29 MVIm 2%)
EHT, Bk, BESAREEMR “ =456 57 )
RS BRI, FEM R AT A T R E . 7R
i REE, BT SHEERNAAE, [AFE B
59, HEHmM, SR ERm, AMnmisn I akEE



v, SR, BKGER, 5. TR pu-CAT [ 528 W T FRTURCR A R il R 1 3841

THEEBL, dFHRRERZR ST R RS R T
PRSP 2 ik e (8] Bt e e o7 B 584, A AR T Fe e
ERAT AR, BN SRR T T
LR, SR TR IR JE TR AR
W 5 LT R PR (G K, S T A R
/e SIS A TR 2 ) R R AL B
TR I BT, R AR ) IR R 2R e
BB, BN TARIR A 8] A TS A A R AR AR
RWELH) . Bk, iR UL i 1 ST AN 4
BT RPRAT N, R A B R,

XHEEIE 3(b) P S(b) AN A T HIHRE S
S 6 AR AR S SR T DA, AHEE T
150 mT ®idz %, Hidam/E o 100 mT &5 25 14
TS TR, PR R, (HEAE R T RE
SEAIR, U0 Ul e e A R 7 A 3 P O v P S
A SIS TR BT BRI T A, SRR
G LENEESEE R 7151 ki = By T E Tl
WL 5 TR AR I RS R (ALK, IX AT RESRE
Wi T e, BT EER . HE R
A B A T A B R R, RO AR T
PHRAIR SR, PRI NS5,
127 A SN S (S LR o R, fEEFERE
I 75 AR 8 P AW 2 DA R P i L 3 R 4 3 Y
Y, fESEE TR, /NS TR R
TG BTG G, IIAE — € REFE 38 KA 70 4% 10
FFA o

— M, u-CAT {7 HSRIF T BE AP J7
M, — iR E L BRSNS S5 T
P, L SCGRMIBEXCHRAT A RO S —
7 THT W2 b SO0 4 A A FR oo £ A /B A st

TR, “ -2 IR)E =508 MM 2
SRBEIRAT NI B K. IR SO 177 AL
il 5 2 [A] ) AR, R 5 TH R HE ) SRR B 5 B R
Rt o LR T A SRR, N LR ER A
PIIRTIE =1 S B AR B = M DU, = %2
WIS H 53 M 3555 TH e AR AL .
2.3 FREIEBARRAIRS BRI

HTESFAT, Kr(E7)E RS, |
Uk TSR FEL RS R 3 e T AR AR B (1)
HANGE R . AR RIS B R 5 T B g
(=R s i A i AT A R T FRLR Joule AT IE ik
IBHBR IR AL . Polk 58 AR 45 T AR [FIAT RN & FLk
FRRPERSL, X LE R AR FEA R XS EL, A I
W5 S WA 2R, SE50R A Cu. SS304
5 Ti ey ma g7 se . ek W] Cu Btk
T FIRESA R SR T PR AP AR R, RIS
SS304 5 Ti AL MR} T &5 B P A FEAR B AR
FEPE. 3R 2 Hox BBl AR R DR = T S A T
TA9.
231 AN EARAARE T R O 2 AR R R

K 7. B 8 NHMIRI A~ SS304 Al Ti HEAR AR}
Fiy i 7R T80 R 90 T Pl R o) 7 ) e SRR R B o W
Tl EL AR L T LY 1 4 i 194351, 180~900 nm i3
VG PSR IO ] 9 Bz G B
AR RIS F AAE, LR AR, i &,
AR K

ME 7(@) Bl 8@ LAEAEH, MLT Ti
Hl, 8 SS304 fif Ak, I R iR e R
W%, K SS304 FLIK B ARIZL, AR T
AP, ME 7(b). B 8(b)Hnl LU AR

K6 3 Fhiiimthit 4B 1 I%E S A0 o B2
Fig.6 Plasma relative radiant intensity under three magnetic fields
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Table 2 Characterization results of deposition products (typical)

Xt EL Py 2 SS304 Hif% Ti HA%

Wb - R HE, HHE ik
77 Si R SR NAREZRE, RIFHE K DATEMR . RAEFE /D
TR R BRFEYIRLTF R BN RAEF=Y) N SS304 BERFEYIRL AR M/ N RARF=)N Ti
wo O EAYTR EAYR

BEMRE MBS BEpIRRESIIHE . RIESHEREXEEZAG  BMTFRESIHE. RiTSHEREXBRESAE
5RO et NAZE K. B BB KRR P4 43 A Tt RAZ B /N

TR

ey TR FERH S HIRENR FEEOSRE S HIRZE
MRk WIS HWHEREE. T2 E X HRBHABEE. T E A
mEX  MuEH UIRRP=H RAR T K. A5 K BURLIR B 5 ) UURR =) RAZ B /N

TR

—_— TR FIE ok H S HEIRE R TRk EH S HIEE R

K7 SS304 HLMATEL TS R AR (FRrd AR LI SR ) Ry
6.66 ps, FRIBEIGIN [H] 5.54 ps)
Fig.7 Discharge process under SS304 electrode
material(High-speed camera shooting interval is 6.66 ps, single

frame exposure time is 5.54 ps)
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Fig.8 Discharge process under Ti electrode material
(high-speed camera shooting interval is 7.69 ps, single frame

exposure time is 6.31 ps)

XL O(a). B O(b) AT AR Hh, AR AR A AL
(IR 6 B A AR R I 2. i TR UR IR &
HUB R I 1 (AR S A R SRR R AR



v, SR, BKGER, 5. TR pu-CAT [ 528 W T FRTURCR A R il R 1 3843

PR, HEE SRR SA N og. FHRIRE
PR FEEE TARBTEH KE CoEk, HHM
Ci 659 12k ] LAE i, SS304 Sy Hi b iy 2 55 144 o
C WEERT Ti NHEKE C &R, XEAKN
SS304 H1&H KEM C, FERAM LS bl 7 i 2 Rk
AN, IR AT REE B T . HARRFHEE £
REXAN, Hig E&EASNYREERE TH
R RE, IR RS R P o iR T BRI 1 2k, T LA
b tH ] 9 BTtk 2% 43 A

4 E 7(b). Bl 8(b)mnEAHNLIATE A SS304 A
Ti HLRR IS 2550 9% B 4 o RS AL 9 R o34 S i 1A
ATLAE Y, PR B R T 75 R R S e 35
KM B, — 7 TR R R R S TR
g, RN HHRSREE T, R\FIEEIIN
R TR — R LA FH I R 5 TR S S 34 S
0 ek, H A E6 R 500 nm 2 5 N. C LA
JRFIGLR, XR IR T R E R R R
A 2 DRI,
2.3.2 A HARM BT PR TR

KA TSI e ER FA (R BRIST IR =4, W T
o B MBI SR ] 10 Fios . itk SEM,

B9 AEFARAE T SR AR S
Fig.9 Typical radiation spectra under different electrode

materials

EDS LA T ARSI = P I O T30 S i 53 45
R 11, ® 12 fior.

HHE 10 F AR o Sl TR 35 m DA BH S W00 21,
SS304 AR TR LA AT IR e BE A Sk () e
PR, XAl S SS304 H B N RO R AR [R] BE K
EAE. ME 11(a). B 11(0) P S al LLE
Bk R ORI E T A SRS, SS304 AH
X T B S A TE N A B HEARR R

B 10 R Mo B s A WAc B U7 vk s ok PRI 2 W gt i T 5
Fig.10 Schematic diagram of collection method for splash

products between electrodes and macro splash morphology

(a) SS304 Hi b

(b) Ti 4%
BI11 BRI BRI ™ I E AN [F) 75 1) RAZ T RO BOR T 30
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Fig.12 Micromorphology and elementary analysis of splash

particles in electrode gap
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morphology at different spatial dimensions
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Fig.14 Elementary analysis of cathodic deposition products
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Fig.15 Anode macroscopic morphology and microscopic

morphology at different spatial dimensions
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Fig.16 Elementary analysis of anode deposition products
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