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AFAA9 AxA], Ax+LA 2 AAAAE 3t FAANAE A4 x99
AT R, AA/A=A] B 5L 183ty ’“ﬂ]?}‘ﬂ"? gt EATAE ‘:-2?4 A}
4353 Jde AFYA FAAAE AKM(Apogee Kick Motor)3} & FA4 F¥7]
2 FAHE ‘B4 FAAA T FTd= AKE(Apogee Kick Engine)i ol 3 ?‘17*1]
FH71Z 7Y ‘5F FAAA" a8 ol fARE “GAFTE FAAAT, “olF F
AHA" Sol 71€4d Aggtoz ALHA AR HEHT s ARolH ozt +
AAA S 573 A83E YA dd FAAN(Gel=RF) FHII 5T F o
A F2AA dAz o)A FAA FHrY V&AM Q77 o]Fo X Ut
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T 7| ML AR VIR {FFEY Jeeld ]ﬁ]93r et A8u8
02 FZF3}7 =7tA] o we] ARNeY WIIMH SHM SHdFo = #ARY
ool M3t =l FH7& HEo] Lol AFAAH AAMNE dHE Fu 73
420 ¥ A4, F33 5994, oEF A894 AY9E 53t V&8 He
£ gax=2 Al o

lFALe AA EAA(payload system) & E A (bus system)o.2 FEHTH x|
Ae 75, 54, 9% 59 IdFE FY37] Y7 Avruls 238l Exle €A
e 715 FX37] Y3 ZAAAAAA, FAAA, F=2 L QAAAA, ALFTFA
A, 943854 HHAAL FEANZ FAH,

8dEd FEE ATHALY T FA/ nEHS, sl tdriss € digsiz b
AR =3 HZ AAE ZFHAEL o837 3 Mulx & FAY 74 Aol
TaE o Wt AFHAAY AR L AMAo/A=FA L FFee FIAAAT Y
£ NIE, AeSHA 2o AAFHQ] d37 &838] o]Foix 1 Utk

AFRZAAE=AAEY A, AFZAAT &87] A% +FFAAA = T F3
AX, FoAx, EFAL, AFZAAZ 59 A2 A= 74 544 gt gaA
H, o]& IA E/FSA Table 13 Zo] WAMAY A= Aol Ex= AN, AxZFH
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2 YARFAE ATt AFTH4E FAAAZ FEED(]

Table 1. Orbit phases of GEO satellite

(transfer orbit)

CHALE AolAER A A9, 38 2

@A A7 ZZA A
A} 1§ 2802 oF /&3l n 2@ 2]
oy | ATHS AT 7D E Rk ok 200km AT |aga:
o] FaAxel 4, 1,2¢ ¥4 SRB! or LSB?
FAHE 1,2gt0] Balxlu 3934 AdFHATte] F23H4 12 2
(parking orbit)| EA42 413 2 234
AoAE | FAAEFEL 48F, H=ATA 3¢ 27 3T 2A

JAFNA0] AolAmRRE 2 44 HAx
datag T Fol 715 483t AKM

L= R _
( di; *“b,t) Tt AKE @Al A8 92 2 AAE F [y 2AAA:
OO qale) gAMe =2 AKM EE AKE [AKM® or AKE
£ dhAbale] GEO'sl 7Hhe ERAEA IY |&==7)
AgRA AT | BERF 2718 oleidl ASEA J7A
(GEO) = AFN4E B, 9F 79

ISRB : Solid Propellant Rocket Booster

’ISB : Liquid Propellant Strap-on Booster

SAKM : Apogee Kick Motor 1AKE : Apogee Kick Engine 5GEO : Geosynchronous Earth Orbit

Agoz ol WA A 2 AA FAV|RoE FAHY Delta, Ariane, %
A, Proton 53 £ A%A WAlA st 2uo)|xAHE, nFH B IALAIL A8-3HE o
812l DMV(Orbit Maneuverring Vehicle), OTV(Orbit Transfer Vehicle)= 7§&aA]
2 AEHn Yo JFTHA FAAAE “AXF” 7154 27EHE F8E AT =
AxAHl] 1A FAREH(AKM) Tt dA FAAAAKEH AI3HAE #8971
¢t A 2 &Aoo 83EE FEHE HAATIe BRFIEoR Gd FHA
£87] £ o] FAA FHr|J} 44350 i Ar|FAF e HEs F87]
T AR AL o

Table 2= AFHAQ FAAA A48 & e FA78E 542

Yehf=dl, B
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23249 ol FAA FH7ie @Y FIA FHr| B ¥ AJFo] ¥y
arteln Tz7F @S 38 o]l 11k o]doz =& vl k2]

Table 2. Options for stellite propulsion system

. —
. A=del 74 ie ;‘ = T w22 (steady
A4 | ¥4AF 2 o) A A o] | state, sec)
Y7t 33718 O O 30-70
1A FFRY O O 280-300
o} 3 o A O O 220-240
FAZIF (ol FAA O O O O 305-310
A7 FA71# O O O 300-3000

2.

of

A4 2AAA 25 2 44

AT 87Tl FF} FWAAY AP L A8+ 2He=2Z 39, total
impulse, duty cycle, minimum impulse bit 53 envelop, alignment, Z&93x] T2
AL T 21 ndol 3t ZF FAREY HAe FELH, WA leakage T
22 AR Ae8T 2IAES 1 EFA|FA o} I,

OEN7ZA S 1A QFHAL AxHol§ 1A FAREY HEFAE gd FA
Al #9712 FA=H= Fig. 19 §4 FA A Al (conventional propulsion system)7} H]
£, 71388y, JNAx, AeAEAN T A o] Q=AY AFFEH AF
A F3A 573 & SHAA AxZolE old FAA dAA L FHIZ FAY
£ Fig. 29] £§& 32 A7 (integrated propulsion system)7} 4% A7 3¢ ch

8] o]¥ 9 24t AFHAHL 8 7YF 9 FEx, I 2 dI¥dHE FAR
4 FAAMARG 5E&FQ AMANE 87 E ANAZL, B FAAAE A&
ZddA ol FFA AR E I vFY JFS FHAIN] AT AFHAL,
AXEF 9 dd At AdEer 59 714 9771 F3=EUe s 5 F:3
AA] AFE FeHEA Fig 3, 49 ©]FFAA A (dual mode system)s} FAEFH F
A A (fully integrated propulision system)7} 7]<2 Aeirlgo 2 A=t [3]
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Fig. 1. Conventional propulsion system Fig. 2. Integrated propulsion system

Fig. 3. Dual mode propulsion system Fig. 4. Fully integrated propulsion system

ZE&ALAE 18 AE, ol 4714 AATAH WHE FoA AZAY HAFA
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(Monomethyhydrazine(MMH)-Mixed Oxides of Nitrogen(MON)E AM&-3l= &
ARAZ TLF M) F2A A2 BE 304 42 aRFez & F o4
AA total impulse Z@o] 7HF fasht B F2A FFAA 4 £ 88,
47 S A4 REI Ysg L s A", Ud Z™Ho] 8T EHE old
Z87]9 7143 FAG R B4 FJAAQ FrIES JUF &84T 5 Jn
& f94o] & 0)F FAAAE £F FAAAL AFAAZA ol AuH Q)
ok 7-10W B¢ EAYAY BE-d AX/FA(N-S stationkeeping)E 3 d¥ F3
7] A o]l FA dA FE Y FAA FHrlY Ase FAZ PAH
(Power Augmented Hydrazine Thruster)E A}8& 7-$ol 22-35% Ax 9 FZA A
% AH7o] Jtedith S4AEY FAAAE 5 FAAY FFE gl R
Bol A7l QT AAS HolAeR AH FAsez Ag4ol AY

e FAMY AT AL 2 FAE 9T 9T s Aulx 2 FEF
A 7A4E YT FATFE AYol AAFor FAEHAA 71EY V&% FEA
H| & 7123 RA, AL, ASAEAH 52 123 AFHA FAAA MAo] o]Fd
A3 Q7] W Ee AR FAAARTGE 7€ I FAAAQ 4 FAA
A, SHFAAA, olF FAAA L o5 HHAAIN AFTHAALY IF EA w=}
E4Eu Ja v, 71E+94, AsddA 1A FAREAKM S 9 34
Hr712 FAEE B4 FAAAY 842 dA gdid "ol

HO_E'.."{N_:..

O

- 2

3. 2% AAqNFA7H AL I

AFYA FAANAZ T3 28 AAFAVH M =2 543 7|e0
g F3T Qed], vE, 9%, 5Y, TFA F HAAFE FAHSE ol ARYA
o] EA3l7t =Hof ok diE Aoz n=e] RRC(Rocket Research Co.), HS(Hamilton
Standard), TRW(TRW Systems) 5°] @ FZA FH7|& AFstn o F=
9} Royal Ordnance, 599 MBB, &9 SEP So] & XA 287] 2 o)
FAA AA/FHr|E AEo =z A2ty .

P
N

¢

ol

3-1. @ A F¥7]

1967 X = slol=aba A 3 Fvl(spontaneous catalyst)Rl Shell 4055
AR @ R3] 337171 NASAS A3 AFA=4Y ATS(NASA Application
Technology Satellite)-Illo] A& =HA AL3=ERT AFAAAL] AA] 2 &£
273, A% wetAe AxHold AMSEHY £HAF, FEF HedF #RF=FA,
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duty cyclee]l 983 Aol vlale 9 dF FoAM ARHAEE UG L
T7t AP H Y}, [456] Table 3.2 0.1-300 1br 53 HH e A& dd 1A &
7] /e d3-2 Jehiie Fig. 55 dEAY 9d 334 F7]19 fzolt

Table 3. Survey of comercial monopropellant thrusters

Total AFEre A%

Exs B =g
LnR= 1R o Impulse steady| 4% | JF
Z R ul
(Ib9) R 238 besee)| PV | state | (year)
01 MR- RRC |ATS F7G 18000 1100000 |i0hr 5 |A/CE
05 |MR-6A  |RRC |- 8100 |20000 |- |- |-

10 [HS 333 HAC [WESTAR 15,000 {20,000 11,500 |5-7 |A/C
15 |MR-39A RRC |NASA AMU |500 - - - -

30 |MR-40A |[RRC |[NASA AMU |500 - - - A/C
35 |MRE-4-A-1{TRW |[COMSAT 1-3 {10,000 20,000 |- 5 A/C
40 |MRE-4-C4 |TRW |[ATMOS Expl. [75,000 (103,000 |- 2 O/A?
50 |REA-16-2R [HS |NASA ATS [5000 (10,000 |[7hr |5 A/C
40.0 MR-3B RRC AVCO RV 140,000 |- 100 |- A/C
50.0 [MRE-50-73 [TRW [MVM 73 5000 |- 400 |1 O/A
150.0 (R-30 TMC [BURNER2 14,500 [200 100 |lhr |A/C
300.0 [PN/142692 [WKC |- 500,000 |- - - O/A
1A/C : Attitude Control %0/A : Orbit Adjustment

Fig. 5. Schematic of monopropellant thruster

_64_



3-2. ol FAA ARA/FH7)

H22 AFYAH FAAA FHED 42 ol FAA A FAVTL =YY
MBBAI A 7l 400NF A3 10NF 87|22 SYMPHONE $14ol H-8-3}57]
Az 80 olF AF A 3 FAd ulel MBBALE H|E§ 92 Royal
OrdnanceAlt SolA] AAA 21491 MON-MHH %+t MON-3lo|=a}A-2 Ag-3he
A28 dA 717 o] BAFHAUD. Table 4= HEHQ MBBAM Aluid <l
/A7) A 3¢ Jehle, 24 2o F5FQA AA 7enfAde Aedd FME
% WA F£(Pt alloy, regractory Cl03 Niobium alloy, Rh alloy) ¥ =E
(disilicide coating) 70, ¥& A-FFF Edduldl o 44 EARFAHE BA7] 9
3 A o] a3l 2 FA71e A4 HAHZ FdA o]Foxx ok [7,89]

Table 4. Design features of MBB's 400N engine and 10N thruster

2 141 2A
= 400N <1 10N F87] 400N iz 10N 587]
FZA MON-MMH MON-MMH MON-MMH | MON-MMH
F471 }HEE }HET Fe5 R i
HE/AA/EAL | HE/AA/BA
4 NI EREEVER
yzhy 3 i §7t
stainless steel | stainless steel
i ) Pt alloy(Pt/Rh) |Pt alloy(Pt/Rh)
A2 . (300series) | alloy (NIMONIC) oy : , alloy(
Nickel base stainless steel
=& lloy(Pt/Rh Pt/Rh
alloy (INCONEL) | alloy(NIMONIC) |+ 210 (PYRh) [Pt alloy (P/Rb)
H] ¢ 309 sec 285 sec 320 sec 290 sec
SRR
BA % Ar oo Q ’
AY | B FE | L, o

4. 48

AFTAAE FIAAA ML FFE 49E o, 14 FIAREH @4 dol=aa F
712 FAREE 38 FAAAE AAdACI AL FRAE o143} = An A
A, 24 Wi, AolFRe FE FY EAFEE 41 X EF 1Y AxHo]
F7HQ A=FRe A B 23 old FIA AW old FAA F¥7)
= @4 3ol FH7|2 FAHE 59 EE o)F FAAAI AdEHT As
Ao},

L = A S A )
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2o @71t IATEAPLR AT AAx BFAY &840 FrHeA
71&el ol A7t JFEH de T FAAAI gol HHE APgoin. E3
AFN4Y B2FA gz A B dtol=atA FHIE TeA//1eB R/ BA/
ERAAH T A2VtA FHAA Fart oA F7HE Zloin.

webr FgFo AU 4894 LA BxFAV|Fe2A Td o=ty 3
7Ie fr84c] Zu=2 B4 AH7IE FFHo] AF3] olFolAel s EF AKER
old FZA AAFF7I&E F FH79 7|2Iig A7 AEAR MNdeFHo] F7F
A &4

oA o]FolFo} g EEoltt

1. 384, 553718, F&£7,1990.

2. W. Journal Larson, Journal R. Wertz, Space Mission Analysis and Design, 2nd
edition, 1992.

3. A. H Klepping, Liquid Space Engine Development at Royal Ordance Rocket
Motors Divisions,” Journal of the British Interplanetary Society, Vol.44, 1991.

4, R. L. Sackheim, "Survey of Space Applications of Monopropellant Hydrazine
Propulsion Systems,” 10th International Symposium on Space Technology and
Science, Sep. 1973.

5. M. J. Russi, "A Survey of Monopropellant Hydrazine Thruster Technology,”
AIAA paper No. 73-1263, 1973.

6. H M. Elmendorf, R. L. Sacheim and R. A. Carson, "Development of a 5lbs
Second Generation Hydrazine Thruster,” AIAA paper No. 76-627, 1976.

7. H. Immich, G. Langel and G. Munding, "Satellite Unified Bipropellant
Propulsion System Experiences and Improvements,” AIAA-89-2506, 25th Joint
Propulsion Conference, 1989.

8 M. A. Schwende, G. Munding, G. Schutte, "Bipropellant Thruster Family for
Spacecraft Propulsion,” AIAA-92~-3860 28th Joint Propulsion Coference, 1992.

9. R. S. Wood, "Development Experience with 22N Bipropellant Thrusters Using
Columbium and Rhenium Thrust Chambers,” AIAA-92-3801. 28th Joint
Propulsion Coference, 1992.

_66_



