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ABSTRACT

A propulsion system of a satellite provides a necessary thrust to reach to the final orbit after a
separation from a launch vehicle. Also, it supplies pulse moments to maintain the satellite in a
mission orbit and for its attitude controls during a mission life time. The present study investigates
the development trend of bipropellant rocket engines for an orbit transfer and an attitude control of a
satellite using monomethylhydrazine and hydrazine for fuel and dinitrogen tetroxide for oxidizer to
derive fundamental specifications which are necessary for domestic development researches. Also, their

major performance characteristics are summarized.
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Fig. 1 Cross sectional of bipropellant rocket engine.
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Fig. 2 Schematic diagram of bipropellant system.

AEZ, ARFEO]AA(NTO, NO)E AHgAl=
ARE-SEIL UTH2,6]. 53] ARabstold Ao -
2t AANOYZY H7bE Res EFEAEE
(MON)eletx &tm, H7hel NO9 el uet
MON-1 (1% #7}), MON-3 (3% A7} So=
MESsH7I = dtie]. B =wodAe dFdA
Axdo] E AAAo]E o] dFZA 2ANZ ]
MLEAZE =AY 3 diEHe=z FHY
Airbus( Astrium-ST), w) = 9] Aerojet,
Northrop Grumman, Moog ISP9} YE2] [HI
Aerospace, ¢ CASC, 1% ISRO9IA 7

@ oluFAA 2A F& 4% 54 Aung

e 2 BAsATh o9k HEe} S o 9%
A4 B AL Ao AR 2ASY
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3.1 Airbus Defence & Space (£ Astrium:ST)

Airbus Defence & Space(# Astrium-ST)= ¥

T e, WHANAAZA WUz, 78 74
o ARG o] Ao ALE 10 N5 A

Table 1. Attitude control thruster of Airbus.

Characteri- 4 N 10 N 22 N

stics Thruster Thruster Thruster

Fuel MMH MMH MMH
N MON-1

Oxidizer MON MON-3 MON

Thrust 4 N 10 N 22 N

Isp 2849 s 291 s 290 s

Chamber

Pressure 7 bar 9 bar 9 bar

Flow Rate - 3.50 g/s -

Mixture

Ratio B 1.65 B

Inlet - 10-23bar -

Pressure

Nozzle

Expansion - 150:1 -

Ratio

Injector B Dcogr?;e B

Type Vortex

Configura-

tion
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Table 2. Liquid apogee engine of Airbus.

AA L FE7] 13070, 400 N7 A A=A

Characteri- | Model Model 500N AR(liquid apogee engine) 8074 ©]d 5 Ml
stics S400-12 S400-15 engine Ao FHYSA FRE o] ALREH I )t o]
Fuel ML M Sl A ARG olAFAA A AW A
Oxidizer MON-3 | MON-3 | MON-3 o) Aabge @ BawE B {2 2A
Thrust 420 N 425 N 500 N o8 AAHEUY. Table 17 20 B Esjo]=
T R S Az} Aistolda AshlE AHgete
amber
Pressure 10 bar 10 bar 10 bar AN s AEstAh
Flow Rate | 135 g/s 135 g/s - Table 1014 R%o] AAANE FHYZE 4
Mixture 165 165 165 N, 10 N, 22 No| 9o, QJubd o2 280~290%
Inlet 125 125 i o] HFY AsS 2t ok o]FolA 10 N +
Zresslure -18.5 bar -18.5 bar a7]l‘z_ i‘l‘H Oﬂ}v] 7H E"E']_-is_].' ;:ﬂa?l_ %Aé(COMS)Q]
ozzle . _ )
Expansion 220:1 330:1 - ZAA Al FH7I2 GEHAT AA AAH 4
Ratio X o 2% Table 294 o] 420 N, 425 N, 500 N
mector | OGRE | e | o gl wE FU Am/HA BT WE
Type Vortex Vortex ] olm o E 1
I Aad ES EAo=E Zreg7].
3.2 Aerogjet Rocketd
Configura- B yne )
tion w59 Aerojet RocketdyneAl= &3 2 4
AYAZA SFPF B 24T B9 v
F7) #d F3 AEFS A AAFD GA
Table 3. Aerojet Rocketdyne bipropellant engine (Fuel @ MMH).
Characteristics R-6D R-1E R-4D HiPAT™ R-42 R-40B
Fuel MMH MMH MMH MMH MMH MMH
Oxidizer MON-3 MON-3 MON-3 MON-3 MON-3 MON-3
Thrust (N) 22 N 111 N 490 N 445 N 890 N 4,000 N
300 s
- 294 s 280 s 311 s 329 ¢ 303 s 293 s
3155 s
GChamber 6.7 bar 7.3 bar 7.45 bar 9.4 bar 7.1 bar 1034 bar
Pressure ) : ’ ’ : )
Flow Rate 7.71 g/sec 40.4 g/sec 158 g/sec 141 g/sec 300 g/sec 1.40 kg/s
Inlet Pressure 6.9 6.9 41 6.9 6.9 10.3
Range - 27.96 bar - 27.6 bar - 29.3 bar - 27.6 bar - 29.3 bar - 27.6 bar
Nozzle 44:1 300:1
Expansion 100:1 100:1 164:1 3751 160:1 60:1
Ratio 300:1 :
Configuration
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Table 4. Aerojet Rocketdyne bipropellant engine (Fuel :

Table 5. Northrop Grumman dual mode liquid apogee

Hydrazine). engine.

. HiPAT™ Characteri TR-312 TR-312
Characteri (Dual R-42DM AMBR “stics TR-308 -100YN | -100MN
-stics

Mode)
Fuel Hydrazine | Hydrazine MMH
Fuel Hydrazine Hydrazine Hydrazine .
Oxidizer NTO NTO NTO
Oxidizer MON-3 MON-3 MON-3 Thrust 470 N 550 N 500 N
rus (106 Ibf) | (125 Ibf) | (113 Ibf)
Thrust 445 N 890 N 623 N Iep 322 s 330 s 325 ¢
Isp 328 s 327 s 333 sec Mixture 1.00 1.06 165
Chamber 94 b 96 b 13.8 b {jnmt 205 psia 230 psia 230 psia
Pressure 4 bar .6 bar .8 bar ressure
Nozzle
Flow Rate | 141 g/sec | 277 g/sec | 204 g/sec Expansion 2041 2451 2451
Ratio
Mixture
Ratio 0.85 1 11 g g
Inlet : v ¥
15.2 13.8 121 Configura- - \
E;f;gre - 214 bar | - 255 bar | — 224 bar tion ‘
Nozzle .
Expansion 3001 200:1 400:1
Ratio ’
. N 5 Toe Fde 24l & e 24 4
A FWAA ALl ek 2 AR
Configura = _
fion A% 7190z A P oHs]
3.3 Northrop Grumman

o]t} Aerojet RocketdyneAl= GenCorpAte] 7|
GALE A 19420 AHE o] F Theket Q4 ¥
W AAE Ao dAle 2A dRE NEst
= d3EZS VP2 AFHh

Aerojet RocketdyneAl= ©Fst 35 24
A F Ade o]dFHA XS M=

o] glth. Table 33 4] Ri-wdslo| =gt}

sol=gtyle dAgg st oldFAA <l
Bg A5e TR gPAd. olFA
HIPAT™e Sl 7jge delst 949+
= o] BARog A At HIPAT™ 24 o
e mxydgslolmglAg Alatslo]FAE o
g3 9 A A=sigen, 45 NJ E S
WA A7) E 320% e BEE EAS ekt

1 9] 22 N, 111 N, 490 N, 623 N, 890 N, 4000

Northrop Grumman2 +8&7], & ¥ %
A, ALYTLFFE T Adste vFo dEAH
oA Al oltt 19399 AE]EU ot A HYE
olg] 1994'dll NorthropAH7} GrummanAte} <l
F FHgo =z Aol Northrop Grumman®
2 A=Ak Northrop GrummanAte] o] 43
AAZE 143% AE(pintle) JAEHE FZa}o]

\

¢

Aes A7 TR A€ol Aok TR A€ &2
AQANLE A7 2 S5 IdF-E IS 4
AEE AAHJCH, Table 5914 BEo] Z+ A
gz o] gty Aolsiy Moz H]
F9 gke 320%0]™ 450 N~550 No] F# &
AANZD # Jde Aed 232 99

3.4 Moog ISP (In-Space Propulsion)
Moogrte -7 LAHA o] Eol7be
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T =2 AxE gglm e Exow g 400~700 N9| F3S WA7|AIH, 310~320% 2]
Mt AFste w= 98 71delth. LEROS 38 545 Yehdt Moogits 9x% AR
AGL o]AFZA olFRE WA AAH Qo 114d%, AulE AAEI} F2E g 4
AozA s MAas AFsiger AUz 9 AAAAE AFHAAE FHIIE ML
TEAG. o] AL uAE, AHLY FHS A Ao 8 FH7]9) 4F2 Table 79 B3}
Zka glom A= Holet YA 1+ AFE E5H Atk A eg 22 NS HPA 7= 97171
o7 8"t 53] LEROS 2B+ ©& LEROS s AAETES AT F JTH10].
gzle] Revgsiel=gtzl A5E AHEE
J=H dAH Aes FEAZAT LEROS A 35 Ishikawajima-Harima Heavy Industries Co., Ltd.
d 4%2 Table 69 Yepdth znkdo=z (IHI)

HIA = Ay, 37] A7, AFak BEALA,
Table 6. Moog ISP apogee upper stage engine (LEROS A 71A 5 TE JAFE fEsteE dE

Family).
i N& MON Hydrazine 7S Aaaigon €
_Csrt‘i"’crsade” LEROS 1B | LEROS 1C | LEROS 2B ‘:' ycrazine = _ &3t - ™
Ad e HES 5 3e FIEE F3 4
Fuel Hydrazine | Hydrazine MMH 28 8-S 33l o] AL zA|ASE O
Oxidizer NTO NTO NTO 2E AREEH Z2 AJLHe] XA dXo=
T ol8=E & tl dAF YAH dROoZE=
Thrust 635 N 458 N 407 N 182 5 Ao 44 274 == 450
NJ MON Hydrazine xS L3t AT o=
e s | As | s FARE 2 A29e olgaie 949 A
Mixture 0.85 0.85 165 Mg 7% QTEAL WEAF Y] 3 =3
oz AFXHRoW AN=o 2 =] =]
Inlet 218 190 196 Az o A5 Table 8o A& 3tH
Pressure - 300 psia | - 300 psia | - 247 psia tH11]. [HIAE 719 glol=gkS 5 =2 3}
= oldFRAA Z2A dAE FZ AN,
Goniare | eme) | P )| == medUscl=Ne wmz g
490 NF 24 33 120 NF AL sfasto

Table 7. Moog ISP bipropellant thruster.

Characteristics DST-11H DST-12 DST-13 5 Ibf LTT

Fuel Hydrazine MMH MMH MMH MMH
Oxidizer MON (NTO) MON (NTO) MON (NTO) MON (NTO) MON (NTO)
Thrust (N) 22 N 22 N 22 N 22 N 9N
Isp(sec) 307 s 297 s 294 s 284 s 274 s
Mixture 161

Ratio 0.85 161 1.65 165 1.65
g‘gﬁgé’ FESSUre | 8o — 400 psia 60 - 400 psia 80 - 400 psia 39 - 320 psia | 120 - 286 psia
Nozzle 150:1

Expansion 300:1 300:1 300:1 3001 3501

Ratio '

ps

Configurati ﬁa = e ﬁﬁ*" >
onfiguration % 3 - - == -
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Table 8. IHI Aerospace liquid bipropellant engine (Fuel

: Hydrazine).
Characteri 22 N Hydrazine | 450 N Liquid
-stics Thruster Apogee Engine
Fuel Hydrazine Hydrazine
Oxidizer MON-3 MON-3
Thrust 215 N 450 N
Isp 295 s 329 s
Mixture
Ratio 0.78 0.92
Inlet . .
Prassure 225 - 265 psia | 220 - 250 psia

Configura
-tion

Table 9. IHI Aerospace liquid bipropellant engine (Fuel

: MMH).
_Csfggzrsacteri (120 HB'ITB]r-uster) 490 N Thruster
Fuel MMH MMH
Oxidizer MON-3 MON-3
Thrust 1244 N 478 N
Isp 2749 s 316 s
Life time 40000 s 15000 s
Ilet e 205 Mpa 1.72 MPa
Configura
-tion

ZAAR A E AFstETh 490 N7 =27
AHe A7 =2 A 5A4E YA
120 N7 27 dxe Hx meo] F7jo tdh
Agto]l gtk 5A0o] Atk AAZ 120 N 27
AL 20120 HALE 1 FE SFHIA
HTV3(H-2 transfer vehicle)ol] HgFo=2 S8
o AFE FYst=d 2 VA4 E AT 12,13].

3.6 China Aerospace Science and Technology
Corporation (CASC)

CASCE #t% 5 Z2IYS Fhse T3
o F8 $F 7BoE, CASC WRolE Tt
Bg Jl@e] &3 Qo] $FA, WA
QAASE AFFE 4A, A 2 YT 9
o 2 A7l 2AHE T CASCe [1E 94
& oldFA 24 <AdlE 10 N 87171 )
o 10 N 7] 23 &% Exvdsiol=ax
3 Apaoldss dms ARAR Adsiel
ARESEaL Qo™ A% Table 109 82 sttt
[14,15].

10 Ng F37] 94 CASCAA = FY-258t=
2d9E 7h 490 N A X g Axs 7NEeh
ub ot FY-25 HA L A5 D312 SISP(Shanghai

Table 10. CASC bipropellant thruster.

Characteri 10 N Thruster 10 N Thruster
-stics (Model #1) (Model #2)
Fuel MMH MMH
Oxidizer MON-1 MON-1
Thrust 10 N 10 N

Isp 2746 N-s/kg 280 s
Flow Rate - 3.64 g/s
Mixture - 162 - 1.68
Configura

-tions
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Table 11. CASC liquid apogee engine.

Table 12. ISRO bipropellant engine.

Institute of Space Propulsion)ollA] T4l $4d 9]
Az Aol Bag FHS AT HFHoz
e o 2 9o FEe & &AL A w
g A 2 XA Fol-15e] F8FH o] ARE
HATh el F5 A AH aFE 554
2 AEE FY-25 2dS HFHo| ¢ &
315% S ZtE TQS492-2 RElz /fFEsle o
TE FasATH16,17].

3.7 Indian Space Research Organisation (ISRO)
ISRO= 1%=9] /4 7|#o =AM 59
A" V&Y &S HHoR AHAYHUTH
1969 AYE o= A £/ Aryabhatas
19759 A3A71= 4SR5 oo &
ARl oL TheFE 8= AT @ FARES A
Hog g g Aoy Qx| 45 7
Ml 2 719E stdth ISRO7E 7Eh o]
FRA 24 dxegy  AxE Aol

- i LAM
Characteristics FY-25 Character- |  (Lquid 22 N 10 N
Fuel MMH istics Apogee Thruster Thruster
Motor)
Oxidizer MON-1 Fuel MMH MMH MMH
Thrust (N) 490 N Oxidizer MON-3 MON-3 MON-3
Isp(sec) 305 s Thrust 440 N 22 N 10 N
Chamber Isp(sec) 310 s 285 s 285 s
Pressure 0.68 MPa v
ixture
Flow Rate 162 g/s Ratio 1.55-1.65 1.65 1.65
. . Inlet
Mixture Ratio 1.65 Pressure 0.68 MPa | 0.68 MPa | 0.68 MPa
Inlet Pressure 14 MPa Nozzle
Expansion 160:1 100:1 200:1
Nozzle 1541 Ratio
Expansion Ratio )
RT3
i |
: Configura- _
tion
Configuration

LAM(liquid apogee motor)Z A4 2 AZ A
-8 10 N 2 22 N 5977} itk LAM2 440
Ne F8& dHAZL F = AsS 7HAH H
FYL 310%, T AN FAE WHE ¥
gt 4 kgolth Al & A% Alojo AE-E =
10 N 2 22 N F87]= A& {3 o8 54
zZte=th 85 47 22 N, 10 Neg2 g=2y
H 59, &3H 3 iy gEe 25T 285%,
1.65, 0.68 MPaZ FY3tH 22 N F87]9] 77
= 09 kgolth. AA=Z ISROA 7H2d LAMI
22 N F7]& %9 & &} A wet A
ARz shdE & EARIAQ Rkl 7
Z+ 10, 8707F BE = @ HolAm AY F ¢
4 AA Aol HEAHo7 AREH JTH17-19].

o

o

Fh A AA ABANEOE
4838 olAFAA ZAANL ABAAE 2
& Arold, @4 B Fez E/Ed o
P AEdTE ARHD AT YA, BHIT
$RAFANNE AF DaS FEE SHe
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Fig. 3 Schematic of H:Ox/Kerosene staged-bipropellant
engine designed by KAIST rocket laboratory.
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National University using hydrogen peroxide
and kerosene propellant.
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