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ABSTRACT

Micro plasma thruster (zPT) was studied experimentally with a dual-stage micro-hollow cathode
discharge (MHCD) plasma. Electrostatic-like acceleration exhibiting more directional and elongated
exhaust plume was achieved by a dual layer MHCD at the total input power less than 10 W with
argon flow rate of 40 sccm. V-I characteristic indicated that there was an optimal regime for
dual-stage operation where the acceleration voltage across the second stage remained constant.
Estimated exhaust plume length showed a similar trend to the analytic estimate of exhaust velocity
which scales with an acceleration voltage. #PT with multiple holes exhibited similar performance with
single-hole thruster indicating that higher power loading is possible owing to decreased power through
each hole. Boltzmann plot of atomic argon spectral lines showed average electron excitation
temperature of about 2.6 eV (~30,170 K) in the exhaust plume.
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Fig. 1 Structure of microdischarge plasma thruster
and arrangement of exhaust channels.
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Fig. 2 Schematic diagram of experiment setup for
electrical  characterization and  emission
spectroscopy.

DSLR 7tHlgtZ &53sd. ndy A8 *
(SHV300- NP, 15 kV, 20 mA)Z5E PTdl
| 553, I3 AW kel ¥ ZE A
2 | E(Kapton) Ho|ZZ HA3}HAT
=300 Q9] 9Hg (ballast) A 2

=
=
T
B A% 24 ARAA AVlE A B
=
o
=

)
o

ok

BE AEHAG wy) FE59 3
g53t7] 93t 1/4 m =3 AE
olw]% E3Z7 (Newport, MS 260i)E
oZHEH wFEE=E WUE 254 mm 23
2le] dze oty FZEo] BRA AF
i8] BAFE Ropxith #3A
7 =& 5 imela Y wgte BEE
gtz Sstel = Re] 3d o] " (2400

%
=
=

ot o my 2o
>
o
Of
ol Hﬂ
o
3o moE e o N

BN < R
N
ot
S
3

5
1>5
SO}

=
ot 5
o S
e Q
N B
32
A
RO
6 o
E)
1o 32
o
'&-‘N
Z ol
N o

£ A=A} o 7](electronic excitation) ==7} A

31 o 7] &
Fig. 32 Al 7kA 3¢9 W(stage) & =1
oA WPTERE EEHE w7 =29 4

o
HoF= ARt} o2& F%HLS 40 scemo] L



57

F o|Et Ofo|=22

2018, 6.

s

202 X3

TETTRA ET T ok o
= E T X o P g
528 ® %ﬁ = W G NrimPtnﬂ
5632 nw Frxld¥iiel szanaz
ES ThargarT o d wE T w
T Eo AN o}/ ﬂo4aﬁﬂﬂu_71M ﬂlqﬂ]ﬂ_/l
L Y= 9 A % ° o9 < )
nE - = — M1OH .W.ogeatﬂuz o) ﬂMLﬂﬂ,ol
e 8= N o~ T oﬁ,FklaTwL M ® oo
ST =R > T T oo B N 9J EWUFMT T H
m,@Hﬂ umoﬁrﬁ < q%odﬂﬂoﬂmﬂu_\zﬂw i _zﬂn_AIMM
twmm 7%0@ = \ao]r\klmnu..ﬁmﬁ @Mﬂe ]ﬂ%wxﬂ
e EDO el > X =2 7 S| v N o— P —
ZE=C N >~ % SR ELYE FEgoon g
R ne S Jl.LuLh/ ﬁﬂ.ﬂo I
fofosz T £ xfwmﬂmwwém% oo e
%%Mﬂ Mﬂdlia o ,Adw_l_l,;w_ 2 T 7~|ﬂ|.
:@dpbn R I R JAY N &l \m,_l\,w.ur,._ "
m(lmuuu —_ X Ua ﬂv%&ﬁﬂlﬂOOtdl:T] \Hl_i ANM‘%
58287 g Ly T ER A AEg
= Py 0 0 l
5¢5°5 IS qE.mj_TaL TRW T T NN
m_% 8 i~ S - X ) o T
ESSE§2 B O xR O T
O.mcm o )A,I .)A;Iq_yl o _.EJH_ HL
= Ot — <) [e]0] GG o
Cmesm Lt‘ll.o N o &0 —_ \ﬂlli X
= o N T oo B %O N ) oA 2 = o &
M ORI Wk ok T o & bR o MNT R
2 W R X
—_ AR
T oM W E P E TR
— o T W T o e B i o
S amwmwmm ﬂwmﬁlﬁ wro_m.%_/eﬂﬂom_.md%_tloﬂ o
3 - C5 5% R P A
0o T —_— —_—
By = “sFcES5° z.qu = = ™ oo R = % =% =
g r .lrotd.]qﬂﬂloﬁ R T A —
>3 mWw&mmm ﬂr%%ﬂmﬂoTEimﬁﬂrA = Lmv%aanﬂ
o 2 — 9 iy o % _
28 “getE o S oG oo g A UHOMO#EXL:T@E "o ®
N 2= _o938* T TR yTEE A E LN TR
>> BN - & bl gn T o
> Oﬂuowe :..L‘.l&dlldﬂ _A;o q‘._]_l \ulo_/ o
3 °°S_.g°¢ §E vl s re _TRDCL s
3 sgpk = TR ° T
PR wmm_m%.m /__kSwAuﬁﬁmanOmﬂmﬂo%ﬂue oTﬂvﬁ;uﬁe
] T83. o8¢ AR R R R S A R R
H S, 528 EjLZFRrTae. Ta AT
2] 295930 . z%%ﬂ..ﬁﬂ%%ﬂi%M%muoﬂaﬂiau
1o [e) .as..l.o . — il
gd 555508 2R Tavn ke, Rk
H Z, B58g2Ee S X %L_o%_tul B w0
4 EEg3003°8 S oo ow o s X T = oo W °
S %mwe%ee OtiT@owﬂwl,WLﬂﬂL_n./ux T mmeIOﬂMtH
] fe] em“wg 35 U = < . Eﬂu\_n
o S o388.85% Mg W ooy o o il
il fSS55ELEG = R M ET B
8 I F TR o o o a].,_wror._mwwtﬂﬂﬂ%aﬂme
y WE X ok RO ok W T N o)

HE &

ol 4]

=

ik,

WADE BelFEw



58 Ho Thi Thanh Trang -

HUxH S FE S AR

V1=220V, 11=0.2 mA V1=360V, 11=0.4mA V1=370V,[1=06mA V1=270V, [1=1.0 mA
V2=1.8 kV, 12=0.2 mA V2=1.92 kV, 12=0.4 mAV2=2.38 kV, 12=0.6 mAV2=2.48 kV, 12=1.0 mA

Fig. 5 Photo image of exhaust plume from zPT at
different power input from 0.36 W to 2.7/ W at
40 sccm argon flow and back pressure of
6x1072 Torr (=80 Pa).
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Fig. 6 Electrical characteristics of #PT in dual stage
operation at back pressure of 6x102 Torr (=8.0
Pa) and argon flow rage of 40 sccm.
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19-hole

Fig. 9 Photo images of exhaust plume from zPT in
the presence of 3.5 sccm argon flow at back
pressure of 7.2x10? Torr (=9.6 Pa). Left image
is for a single-hole thruster and right image is
for a 19-hole thruster. Total power is 2.75 W
in each case.
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