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Micro Propulsion System

Jaeyoung Jeun - Youngbin Yoon - Hwanil Huh”

ABSTRACT

Micro propulsion device is a literally very small propulsion system. The reason why such a small
propulsion system is required is that micro satellites are considered as substitutions for conventional satellites
to reduce cost; the fabrication of micro satellites enables us to produce mass production. Microrockets have
relatively high values of thrust/weight ratio due to the cube law;, weight is proportional to volume and
thrust is proportional to area. Accordingly, downsizing makes the ratio of thrust/weight ratio high. However,
conventionally ignorable facts are not negligible any more in small scale systems. For chemical micro rockets,
downsizing causes lots of heat loss as surface to volume ratio increases, which results in the destruction of
radical ions. For thrusters using plasma, the generation of strong magnetic field for plasma is very difficult.
Also, in the aspect of flow dynamics, the effects of drag and viscosity are important parameters in low Re
flows. When these problems are solved, micro propulsion systems can be commercialized and result in
spin-off effects in many fields.
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Fig. 11. FMMR thrust chip design

Fig. 112 71gFE] 448 ved Hew,
gre "E BE7 AEE g% €% 72
mn X42 mn X 400 m)o] FF=Eof Ao 44
o] FHole 2ol 1 m, ¥ 100 me] F &
o] 40 /A Uk = Zo] 5 m, F 75 mo &
ZAA7E Ho RULEE ZA57] A8 A
Heo ok

4. NZEQI JjHE 28t M
AA, Ay, 28l AlEe] Az o
Aeet 2@z AAo] zArHook it} =}

ZotAw Azel EeAHA AHHol Fopxinal
deiA ok a8y o)A Aol Fdst

T 7Aoot wartgelMe Fd AR
T delA AgF A go] AF dolyo
o} o] dojdy HEE ZASAR Aolmz
o] Aol W WA w3 WFoR %%
ol Aupel webA gdo] gtk B

o FE£AEE AHEET AHE 2

olN r

Z‘J%’—

106 HAY - |l . sy HEEIEEER
Fig. 10614 & 4 9150 A4 7tas % o] A¢ e ATREBL sjolHo} B W

AR YA MEMS Wrsl BES AN 3 7 %79 Wape] JAol ghat.
AdE ozt FAAL BAY HF AF S, 7Hsebd $Hole BRo 94U by
ARl 8 &Fe] Ez pe f£Fo] HE @ sw gHolx et Aol Frh me A
£ g8(50 - 500 Pa)& A3} o] ik E 29 vlo|az A zAE SH Bl AL
o eEz §AHE 4 2% ¥y FUAN goh 2y SN AFE ue} go] ¥ ¥
AuAE A7 2=, FIMMR #5% 45 Ao EPHE 2o AR ARSAA et
R 84 23 Eus Bxole] 280 o3 A ¢ 5 Yok A HAEEE Fd we
A el o5 AR of v vl 9@ wlEsl BAZ 2 F 9
o 22 7t2Eue] 29 Ad wWoigol Y
Temperature Sensors-5x . Hea!far uExpansion Slot - 40x 7}4\_9_; aﬂ ].5] ;q o} 37] 7]_ 4_1 -}—‘,:L:_ﬂ’ u‘%a}ﬁ
\ 300 A Ci G?PMOOOAA //\\ Z‘j}\ga EE_L} ‘_ﬂ_zﬂ_ 37] ]tq Bﬂo—]aooﬂ ﬁ]é:—sn
HER A gge HolFolol st AL AT 4 gtk
9as A4 2A9 AS HE PLE ALY
A% Aol Eom sjal vlo|ABEANME
‘ a9 Aolakes wad 22e u9A %8 9

Silicon Nitride Chip E}—

< A RN ﬁi@ AMAE
MITe] 73-¢ 4& ol &3] HallM ALde %
Z+ete WHE "9k AT ol& Rl 4
ol¥z} 24 Friste AHVE FAHUGt =
MIT9] vlolzmz2sle B Hdd =z 2
o] ©o] U I FHE AR AT B
WA Yztete TRE H Y a2y F8
WAL Fo|z} o} Hylolw wtA B
9 doldHE #x LAY A2 Bo] FHA

e

Gow WY PPoE W AAFol} B
ol A4y 2749 slolNE Frlslop ek
AAe B2e A7 A5 ol g FA
Zutol gith oA 3L B wEU

ded ARG See AL $A7 99 %)

o) 28 & &34E EHEA gevn dd
gt AT FAZE dAold dvtd dALE
sele 193 e A%

E ol AYPHE whHor &
7tsE UH o ATRE dEs7]
olf F shiw A7V A7) Wil
Ade FAY F AAD ax7h wwd sHE]



H5A H35, 2001, 9

Micro Propulsion 107

GEFS F7) mEolch metd zizke] HoloA
29 898 golx AAHez T GBS F
t 2ol glojd, 493 Bd A%st do

9. AidME e dAsol WAs:
oo} mojof @t} TroF Avle) ol g o
gol nlnisithe s1E9 o2 A&t UA
g ¥ 5 AAAY 184 o 4Pe F
of AEe ol&g wEolol & ZHolth

=
gt

A]

1. R. Bayt and K. Breuer, "Systems 'Design
and Performance of Hot and Cold
Supersonic Microjets,” ATAA Paper
2001-0721.

2. SW Janson, H. Helvajian and W.W

"Batch-Fabricated @~ CW  Micro
thrusters for Kilogra-class Spacecraft", AIAA
Paper 99-2722.

3. A. Mehra, A.A. Ayon, LA. Waitz and M.A.

Schmidt, "Microfabrication of HighTempera-

Hansen,

ture Silicon Devices Using Wafer Bonding

and Deep  Reactive Ion Etching,"
IEEE/ASME ]. Micro Electo Mechanical
System, Vol. 8, 1999.

4. D. Teasdale, "Solid Propellant micro-

rockets,” M.S. dissertation, University of

California at Berkeley, 2000.

5. A. Mehra, X. Zhang, A.A. Ayon et al, "A
Six-Wafer Combustion System for a Silicon
Micro Gas Turbine Engine," IEEE ]. Micro
Electro Mechanical System, Vol. 9, No. 4,
2000.

6. J. Tew, J.V.D Driessche, F.M. Lutfy and
E.P. Muntz, "A Thrust Stand Desined for
performance measurements of the Free
Molecule Micro resistojet,” AIAA Paper
2000-3673.

7. M. Young and E.P. Muntz, "Unique hallow
Cathode as a Code Validation Experiment
and Candidate Non-magnetic ion Micro-
thruster," AIAA Paper 99-2854.

8. AH. Epstein, S.D. Senturia, O. Al-Midani
et al, "Micro-heat engines, gas turbines, and
rocket rngines," The 28th AIAA Fluid Dyn.
Conf. 4th AJAA Shear Flow Contr. Conf,,
1997.

9. D.H. Lewis, SW. Janson, R. B. Cohen and
E. K. Antonsson, "Digital MicroPropulsion,"
The 12th IEEE International Micro Electro
Mechanical Systems Conf, Vol 80, No. 2,
Jan. 1999,

10. A.D. Ketsdever, "Fabrication and Testing
of the Free Molecule Micro-Resistojet: Initial
Results," AIAA Paper 2000-3672.



