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Abstract

Microfabrication of a 3 x 3 micro multi-plasmajet array with ultra-violet lasers and their thrust performance

tests were conducted for nozzle elements with exit height of 0.5 mm and lengths 0.5 mm. Stable discharge and

operational conditions were confirmed for the 3 x 3 micro multi-plasmajet array thruster. To evaluate thrust

characteristics of the arrayed plasmajet, thrust characteristics of the thruster were compared with those of the

micro-single-nozzle plasmajet. The thrust was measured by a calibrated cantilever-type thrust stand in vacuum. It

was shown that the thrust and specific impulse of with the micro-plasmajet array were higher than those of the

micro-single-nozzle plasmajet due to the multi-jet effect. Moreover, from the experiment, it was shown that for
different throat sizes and identical exit height of the 3 x 3 micro multi-plasmajet array thruster, the thrust
performance increases when the throat size becomes smaller. The typical values of the thrust, specific impulse

and thrust efficiency of the micro-plasmajet array thruster operated at 5.4 W with 11.3 mg/sec of propellant mass

flow were 8.6 mN, 78 sec, and 0.22, respectively.
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Fig. 1 Laser micromachining system using 5th hamonic
Nd:YAG laser with wavelength of 213 nm.
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Fig. 2 Photos of microfabricated micro-nozzles and

geometry of micro-nozzle.

OQEINR EDOEELRBL, BERMLEZ EHR T
2701, LHLV—FEHEP L. V-V RIERIC
1%, Q-swich B{#] Nd:YAG L — ¥ (NEWWAVE
RESEARCH 4L % Tempest-10) ® %5 5 & 7 3% (Fifth-HG,
W 213 nm, 7SV A8 5 nsec, /%)L A IR U JE % 4%
10 Hz) Z Wiz, R AT MTEARERICHE
BOFEBELEZ"REZHATBY, ThbbE 2
mAH¥ (SHG) Mz KTP, % 3 m# ¥ (THG) HIC
BBO, % 5 m A (Fifth-HG) i BBO % L
TW5.

J RN BRC X, WA, MM ER, DB
FIREN /NI L T b IR EEITHE Y EIE RN
SWREORENLAET T AEZH W, L—T)
IERBHC R L THE N L X (f=40mm) THENX L T
KEPTWRE L. Kicrd X o BT Xy &
TV EREICEHEL, b2 LT e s T a{LLIZE
MR TBEISEZ. 20 Fikic L v B
WETL—YRERIWIZAF Y &8, L—V R
&R D LT, 3RTHEEOKAMMNT %
FEBRAFEE L. 0B, AT — Y ORK/NE D #EE X
2 pm/sec T X-Y F 1A @D i KB B EEHEIZ 2 40240 100
mm CTH 5.

L—H TR LEMIEORREE L, E&ME
T A 4% (SEM, JOEL JSM 5410LV) ¥ K O3B
WEElIC Lo, S XVEREREL NI A e — MY
ARX%EFHMUT LML KIELIE~v A 7R
JABELOHE— ) ANV ET LARICERES L=

~A a7 LA A% Fig2lZm-d. HEMEED
FMIZ AN AL EAE 0.5 mm OEER G, =
2= F% A X 90 um K 60 um, / AV 0O HIE
500 pm & L7z, EF0EHT T AOMMEICEE RS
L, Thx&EmE L.

22 TSRy FOHERERERE

AW TIE, “FBEO~A 70 ) X)L, $ihbby
VINIIANBLOT LA S ANVDENLENDKRE
TEENF O HEEMEREZFEME L, 7 L 1 /) A Lo 8%
MEatLie., £z, Ra— VYA X (d) ORD~A
sma7 LA RANDEFEB R OHEEER 2 ML,
Anw— hH A XEENER 60 pm, 90 pm & L7z,
Fig.3 (a) WWEBREBEMEEZRT. ERPOHET ¥
UN—NDESIT 4Pa ThHho Tz,
JANNTHEERN T A (BRI AR) Wi Lz & &ITH
LT DN EART T A L FLAA=TDRT R
hAZ Y REHWTHELKE. Fig3 (b) IZAF A b
2L NOWK Z Ry . BELLHDICLDE D T
LAR—DEMIZH TRV —F BN Ik
FEL. #HEHoOBER, RIZARTEOICEENEMD
FEOVERYV TS, ZOLECHAET I FLAA—0O
B ZMET D L TIToT=. AR TIE, / X
RV FERINDIDHENDEZMBICTEMT 2 Dic, 7 X
NMIZHLTENEHEALR Y a— L R Z{E& D S
e, B X OMBEESRBRIC T D HEEEE SV THRE
L.

Laser sensor

scilloscope

+
DC power i
Ty

Pressure gauge

I

- +

\

2 I
H |

N
whr |
Thruster

\\ J

(a) Experimental setup.

Cantilever

? wiy

Laser sensor

] iy

Z-stage

(b) Cantilever-type thrust stand.

Fig. 3 Schematics of experimental setups.
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pressure vs discharge current.
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Fig. 8 Photos of stable plasma plumes operated under

different discharge current.
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