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ABSTRACT

This study was focused on the investigation of the liquid propellants for the launch
vehicle, past, present and future trends in worldwide. In general, storable and hypergolic
propellants are used for the military purposes and comparing to this, the kerosine fuel and
cryogenic propellants are used for the launching systems. Although liquid propulsion is
seemed as a mature technology, the requirements of a renewed interest for space

exploration has led to the development of a family of new engines, with more design
margins, simpler to use and to produce associated with a wide variety of thrust and life

requirements.
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1. % ExA 7|2

Hzxo AH FZ ZA-L Robert Goddardel
oA 19261d 3€ol| A FEHAL, D= THEHS
AEE, AAZE AA AA(LOX)E AHE3HA
. LOX¢} Hl A2 (non-cryogenic) &4ko] %719
54420 JgAd e Ag 2= A FTHRIT AL
SEHATH1]. 22 AA hd Tl 2AL B2 @
Aol AR, HEAHOE EUo] A4YWHFHOoZ
V22 4#F)7F s J o] o] Fojx o
2, o015 AVIZ AT A= =2 A% 714
S Ho Fu dEE 5% 4R ES
ek Zolon, jksAle LOXo|th ¢=
I 59 THE AEL Y 28 UFo] Fo
ALdol A7 Axel =Ll HATHL2.
19403 ol FAFE O 2 AA AFZE AFE-3F mAL
o] MIEHA=H, A vHIFAHL FXA7}
AREHI FHIAFA A tiFEAL, 7 BE A
A AR dite], a8 ARAY A=
ZE @3 5A AE2ZA JEY, AE d8 59
AR ES ey g8ga/ ALY A8 1
Ae Alsol oj#=o] AP, A& BRG]
A7 A=, Foll ofdAy =izl 2
o] At HFo| YA A wslE = o]y
ZY(hypergolic)y FIAZ AN H[1.23],
A4 ASHA 2= ARaEe}EA 2 (nitrogen
tetroxide)7} A4FE oAt o]k AlAItHH
ol wmy A¥L ZAAY 2AS ML=
d, A" AZAI LOXE AFES FAAZ 1t
E R7 g9 207 AFTAAHS A= £H

o clot

dEujolel LOXE AFE3E Aol
o 2 FRA Y A9 o]#ES Saturn V
Aboll A 2 Yebar 1=, Saturn V/Apollodl
= 3 &Y FAAY 5 7HA FH A|=HE AL
stdth 5 19 F2FH x& RP-1 AZAF
LOX, 2, 3% dZd& LH,/LOXZE, Apollo &
e g9 M e, 2 AAl Alojede
ARRSEA A AbstAler = FY =Rl dEE
AREEETE o] A7ldlE FHE AR F
AAZE AHEERoH, FEetlS G FHUA=Z
= AMEstaTh 1981l -8 o] A ]
g, +F94EHLS LH,/LOXE AAE-

NG&E during re-e
cruise, approach &

Reusable structures

Acro thermodynamic

skl dd FXAE
[1,4-6]. 20 Al 710l AFA AR 7} AFEEH A=
o], LH,/LOX7} o}g]gte] oj& @3} Titan 49,
A Z 21 /LOXE Sea Launch, Atlas, Delta 3¢ A}
|EHJon, AGH FHAZE F=Y  Long
March®} ofzjQtel = ARE-E JATH7-10]. Q1 ol A
T o FAL FAALHY TS HRS ul
A3, 2= Ao YEld RLV(Reusable Launch
Vehicle)dl] A& FIAZ=ES &3t 3o
2 Ho] 9lon, Fig. 1°0] 1 dAo|tH11,12].
HAA AHESta v FRAE 50dd ol A3
A

WAL ek F3A19 AARGE =
AdelA e Ad + 4 d st 5
AR G0 2= =2 % ]
< fle AFold2].
o584 B AR FEstked i
A2 (cryogenic), A74/d (storable), At &3}
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E43 A&l Hg AtElE AR B o
3 22

2.1 22X 2 FZ A (Cryogenic)
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2] 28U AE A5 E FHAA4 dEZ2= &
HAolz] Fate] 1950dtH  FREe] Rocketdyne
Rocket Engine Advanced Program®]* RP-1<
27 Qn A, o dne A4 W7
Ald AAFEE §3, 29d, S HERES
Agtst Aot} gAjolo A= RP-13% 2 A H]
WA & 9zt HFS 7HR RG1S et
RD-180, RD-170, NK-33] A &3}t g Alo}

Proton WAFA ZJ&ell= syntin(sintin)o]2tal F
2t B4 RS BN, oRe
RP-1/RG-1HTH 2 H/C wlgolA HEo|
=0 8 d2 dxo & HFES ¥ F e
°“7<ﬂ wge] #ste] we #AAS Zka A s

Folt2]. dHtd oz FA2 FAA= AAFL
/‘?]45(4]1‘}/\ FHAAE sy gslea Ade] 4o
go dAAZ FAHE AT Tt o
[2].

2.2 X &M Z=ZX A (Storables)

Aol gole AgolAe AgAolet
= oujoln qEAHA A A5} AsA &
’do] Table 10 YE ATH2].

AZAR FA = 22 AANA o 7 S

A 7HHLEJ°;10U=] Hﬁqao] ;qz]-/ﬂ /\}i}zﬂ‘—
Ao da Fgom dofdlt A4 379

= @%‘331 9)\‘:} é“ﬂ'f?_ %é‘oﬂ °]"Zr l‘f—’%]
ddol glo], 24 WAL=
2% B394 (HF: Hydrofluoric) 4Hacid)S
H7}ste], IRFNA (Inhibited red fuming nitirc
acid)& o] AR&3taL Q)

194043} 19504 W& T3t @2 A4
T} AtshAle] 2ol tigk Al=7F dnen, 7t
F dEHd Zoezes Rx: W =gz

(MMH)Z} Bt O3 (dimethyl) 3 =2hz1&

R

Z3eto, sl=g(N,Hy)s & 5 dh sl=2
Table 1. Characteristics of storable fuel
and oxidizer'”!
Oudizerfoel,  Heatofformation,  Freezing  Relative density
Propellant Fomula — andlor monopropellant ally p K (293K)
WENA HNGy 0 660 n |50
Nirogen (etroxide Ny 1] 5.3 02 143
Hydeaine NHj EM +176 5 101
MMH CHyN:Hy F 4285 1l 08
UDMH (CHsJaN2Hy F 205 216 079

Aniline CiHs-NH F 1 267 101
Furfuryl alcohol CyH0CHOH F 74 H 113
Hydiogen peroxice (%% Hi0y oM 1320 m 143

MMH$} UDMHE <43 6]5@@11:}—5 H]
FHL F AT HFsted FrElste] AR E
1t} Titan 291 & Aerozine 508 AF&3l=d], ©]
)\% 3=t 73 UDMHE 509 509 Hl&= vt
Aotk MMHY} 7189°] 4% Aerozine 50
MMH7} tiA =71 = gkot,
R e

]:]
o}k WolAuh $4 o}, B4 Ao 4
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olvf N,H,Bth FeElg ol o,
/AR QAXo] AR FIAAREAM I
ATH13].
2.3 3to|HZE FHA

V&> Aol 706 A FAA 28]

oy da $UYS A A3

(hypergoliC)Ol ‘E‘éﬁlﬂ&’ii, OlE o]-8-3t
A EAE s ofdde 2
THIL S o B G AR )
A H3HEe 540l A, AE dA5dx offlEs
et slneas dom, mxel
sl &3 olwl A8 MAFs(mixed amine
fuels)7} & oojt}. ofvl& A1(R-NH,), A2(R,
NH), A3R3N)etRl o2 FE38tH, F2424¢] Re
A2 wa Aol

A3 okdlo] A AZol sl b Wb}

=
e Soln T olAW, 3 YN @

st A8 9
A4e te 540 Fad 48 At oh2d
Sl we WAeTC)E 2y A, FEF
(furfuryl) ¢3Z2¥ ofdA] 500509 F§
RS WAl 42T Y AT slolHzZY
S §A&th N-ojd oldd= WA -63C oA
T sloly =YL R Fk A 23 AAWRA =

Z1el wlg 7)o 24 Bz O]Er FRETS AdF
vjAbdel] N-olg opd@s Hiks ARESRlaL,
A=A ALY Corpora1°ﬂ A/ FaFd
(furfuryl) &2 E&/otdde] E3E°] AFEHATH
[14].

Figure 2= Corporal H|AFY & Folt}
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WARSHE A vALde] Sl=ekR FAA T AL
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24 3 2 FIA

A8 FA dig BAE A7k o], &
s /okola g & WARAC] A AFH]o “EAn F
AAE 4 F2 A&l HEst= AS A7
stal glafl], HEAHCZ 2Tl ghe =4
FAA L AmAN 54 z2Fshed 2E4
ol dmg FAZSL Utk TAL w T A 1t
= FA A, A T 5 AR R

H pul
A= E AAE Y, =549 38t E4< sl=gt
o g Mg dhAFLRE FHIHIL 3
o, LMP-103s2} E#= ©]
ammonium dinitramideE 7|22 F 3} I o
Uz geo=z, 2010 29w g, 2 F
27158 A Hgste A5 HREY ALE
o], PRISMA®]l ®al=o] & SAstgoth
Stockholm Zuo] e =4 FA 7N 3
Ql ECAPS+= European Space Agency®l|l F%I
of tigh kAl FAS FF3ta o, =L
2 $F3 CNEStE 48 UdFA49 A
ol o] A e s aHstar U
adga vmoMEs " FTe] Air
Research Laboratoryol 4 Hydroxyl ammonium
nitrateS YEE = AF-M3ISEE  7jutale]
20151l WARSHE T4l AMES HRE Sta
ek, o] % FAATE $FHNA Aol

£

H
Mo

Force

P st e, of
ARAE =N 9 AT ACR oAs
3 AAE LIS ol T 4 FA 3

Table 2. Comparison green fuels to

hydrazine
Hydrazine LMP-103S | AF-M315E
) ECAPS AFRP
Developed Multiple Sweden us
) ) Hydroxyl
) Hydrazine | Ammonium ;
Contains . L : ammonium
& Nitrogen | dinitramide )
nitrate
Specific 2,373 2,477 2,609
Impulse Ns kgil Ns kg ! Ns kg !
) 1.01 1.24 1.465
Density —3 _3 _
g cm g cm g cm
Toxity(Lethal
dose in 50% 60 . 1300 ) 550 )
of rats, LD,,. | mg kg mg kg mg kg

=438 Hlw e Table 20 ¥ A]3F H15].
25 FAH HE

ditx oz 27 TEH FAL
F2E Zo] A7 283 e
T 7 A, A4 9o w27 AR
ZaAL g2 AYPF F2He & 59
2] & (lift-off) o] I 3lod, 3,000-8,000 kN
o vz e AL Ao g 150% m] ko]
[2,6,16].

Table 3ol= WxEHA FAEE HAH =A
o] B4 AxEo] vt ded, SMNEG
F89 Aede FHE(cluster) BEZ AL§
. 9 & £9] SoyuzelE 4 7He] RD-107 A7,
YF-21 F2EdE 4709 YE-20 %S AFR-3Y
o, olg]et IV L40°1 M= 4 7§ Viking 6 <
& ARESE o] L dojtt

1

AL 27
Ho=z

it

fo re,
>~

O e © 41 Lo

o o i

o] e Y=ZE FHL2 1000914 2000kN
FEoF, =2 HFHo FFAIZE 600 HH
oly, x4 o] dWEo] Table 49| Yo} 3l

Ak Qe 8o 3004 150 kNoji, <

ot
2 AIZHE 6009014 11002, Table 59 %3]
A AA 2H S AmECITHl. FE AMEE

Table 3. Characteristics of the boosters

Rocket Engine | Propellant Thrust | spec. impulse CJ.Aamber Bum

Engine Cycle | combination [MN] (sD) [5] F&Z;‘j’m time [s]
RD-170 SC | LOy/Kerosene 7.65 310 25,1 150
RD-180 SC | LOy/Kerosene 382 3 255 150
RD-107 sC LO,/Kerosene 0.81 257 5.9 119
F-1 GG | LOyRPL 6,91 264 6.6 161
MA-5A GG | LOyRP1 1.84 263 4.4 263
RS-27 GG | LOyRP1 0,91 263 4.8 265
RD-233 sC | N.Oy/UDMH 147 285 152 130
YF-20 GG | N,O,/UDMH 0,76 259 74 170
Viking 6 GG | N,O/UH25 0.68 249 59 142
RS-68 GG | LO/LH, 2,89 360 9.7 249
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Table 4. Characteristics of the core engines A FAL FIAE A1k, AA wgo]y
e P T gslga AdY duvt AMEEE Al
. ust | Spee. pec. amber | Bumn - g — =7 =
%ﬁ;!‘:; ?;E;E b f;;?;ﬁzﬁm [SIN)] ([ﬁ;i’ izl:g\l[l:]e Exﬁ\;l;:] [[);«:L;?]m: "[Is‘i]me i ]/]‘ﬂ-]/]‘i 9)]\2]]:]/ OE].—?‘ o]—O]‘\,ﬂ ga‘l% :\JJ—-B\;}- J_-
- = <) ES =
RD-108 | SC |LO/Kerosenc | 078 | 101 | 252 | 319 | 51 | 29 AR FAAZ A& AT 53] AZGAE F
VikingsC | 66 [NMoyUH2s | o068 | 075 [ 29 | 218 [ 59 | w2 A= 34 S9 AF npdoA ALEHe 4
YF-20B | GG |MOJUDMH | 073 | 081 | 259 | 28 | 74 | 170 o mol AT WAL HolT Q) C
RS68 | GG |LOJLIL 200 [ 331 | 360 | 40 | o7 | a9 7 ]: A= #Ss Bolal _1 v
SSME sC |LOJ/LH, 182 | 228 | 364 | 45 | 205 | 480 ol7F o] H 3t FoME FA HAMA S G
RD-0120 | SC |LOyLH, 151 | 196 | 359 | 455 | 218 | 600 THE = EZAAE AU ALEE =4 o
LETA SC |LOJLH, 081 | 110 | 338 | 438 | 121 | 3%
Vileain2 | GG |LOYLH; 094 | 135 | 320 | 434 | 116 | 600 o

Table 5. Characteristics of

the upper stages

Rocket Engine | Propellant Tf'uus_t . Sp e; Cl.la.mb?r ]}?L L
Engine Cycle | combination (vae) | impulse | piessurc e
B L [kN] | (vae)[s] | [MPa] [s]
11D58M sC LO,/Kerosene 795 353 76 680
RD-0210 sC N,O0,/UDMH 582 327 148 230
AESTUS PE N:O4/MMH 30 325 10 1100
J2 GG LOJ/LH, 890 426 44
YF-75 GG LOy/LH; 79 440 37 470
LE-5B EC LOy/ LH; 137 447 36 534
HM7-B GG LOy LH, 70 447 35 731
VINCI EC LO,/LH, 180 465 61
RL-10B EC LO,/LH, 110 462 43 700
= L —_L = =
FAA = 10,/LH,9] AL F3 A &Ho] FE
o]FaL Ut
=) =
grEe] RaEg A7 At wny 2 9
2 7R3 JdE AZAT RP-19 AlF Ado)
[e) = o
S o]Fa St} o fH o FE RS-689 -5
o &
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e

7S S oAl HA FX
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AL AR RP-
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i, M= F=H

oA AHgEE F4
A% Adel wEAE THdF AR
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2 Roltk
M= xo}
-1 o [ )

>

2 Lot R
v b o o 9 >
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A JAYHAG AE FA A F317] 30 A
AARE FE2 O AA)

-

2

2t QAFEE ASEE

N

=k

WA AEAYA SA4L F0AY ARRo] oy
3 e FAZ 79 FLPP(Future Launchers
Preparatory Programme)ol] ©]3}¥  2020-20259]
A AR NGLAl & dd F3A2 FA4L
FRAAZY aE Qa717], HA FA7189
A G2 HEa e ARA WANRE9
MFA e Adole SAL FIAE AHEo] %
Hed, = FHe Vind, vl 429 MBXX
T2]an #Alole] RD-1465°] o7]d sZdE
[1.2].

NASAZE & ®AF A8 A7z 3 F9,

CECE(common extensible cryogenic engine)
2o A Northrop Grummane IE Al
LOX/F4 F2E 7122 3 ux 7eS 3+

so|th

= v g Azde g A A F
IHPRPT(Integrated = High  Payoff = Rocket
Propulsion Technology) ZZ 1R o|X FF3}=
Aoz 19A oA PRWEE Aerojetoll A A =23
A/ FRATNHRE TR HE st

39 ESA(European Space Agency)$} -5
ATALES TFOFZ Ariane 59 /fES g7 o
A, Vincid b /Fa S Az A2
A FAL ARS ATsiH, 2729 Snecma
oA AlFeth26]. 18]3l  ELV(European
Launch Vehicle) 202 AA2FA/ AA| 5271 3|
dAog EPAEIL FEEH A AW S
AEE I e 27].

JEL& AAY IAAZ “LEX'#a FEE
1008 F 7S JAXAA AgPsta e, o
A/ AA e wF dAR-E “E 3 (exploration)
FRA7IB 02 N Folt)

5 LM(Long March) 5& Wd FTo=,
500 kNo| oA 3bar/ A4 At Ao A5
AlZetar 9l=d, LM(Long March) 5+ Ariane
59} Delta 4 §22 2014 7}eS Hx=Z 3o
[16,29-31]. Y=ol = GSLVS} PSLV A=
M8t Qe 200KN F8o] 7p2 WA 7] A
@ S XS st Av11,12].
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170 olH s AT 22 T B
g o2k AR FAA st ©3es FAHOE AIFS vHHTH,35]
53] vigte] & dag 9%, & HSAH, AFH a8 FHe ESAA  FT7FA Vegas
bl Aoz HJHog FrHY B4lo] 7 Avum (Attitude & Vernier Upper Module)2]
A Aot FHe NGLolA 4 thal o] x AR 4, Gd FIA sz B A4
go thetd® =4 Fol:[7,17], = CNESOIA  Alole] RACS @4< /i ZxE=z stz 9o
= A& ELV(European Launch Vehicle) 1% [7,36].
WAL/ AR A G/ o] B 53] 23t 359 F3AI= sl=gpd AR
gela o daz 74 Hol L, oA A4S Ad
2]al NASAS PCAD (Propulsion and  th¥3 AR FAAZ FAME 2o 71538}
o A Blel Zo] s|=Exld ARtE AL S
5]
2

FX71%E Aerojeto] A Fo]al, LOX -Liquid
Methane? RCSE AFZF o=z 28 3l+=d oA
< 54& AT AeIH{1,18-23].

24 AANL/ AT AL 9, HARE
/M A4 adga dwg/4ks daeh o
(staged) AAE ZFS MF Ve AFE FI
skal .

Hek oo gstes A8
e A4 g5 a d
I en, A9 AHstA 9
ALk I TH1,28]. 2 Orbitec(Orbital
Technologies)d| A= HA|2bA/ AA FEHS ALE
St Forward 1 b7 AAHS AXS 7L A
ojt}.

bl Fo] Delta A o] PWROIA A2bsh=
RS-683} 2] A]o}2] NPO-Energomasholl A AJ2+3h
RD-180°] U=, o|AEE &3 FAaAEY o
Fo AA AAE AFESIAL UTH24,25]. A
Y& T3 WA /LNG A% A Foltk
[1,2].

oj¢} Ze FAL FXA AL AT I
AR AF AL FAAE AREHIL A=
g, o2 v o] IHPRPT 2 @AM =
2k TH/AAE @ AL Aol E S
Aerojetoll A A Folth. & FXE LM(Long
March) 55 7§ ©AIZ 1200 kN A 2k2/
5/ HF2HE gsta Juh29-31].

A FAAE AHESE Ao Z= Aerojetd]
A 17F &% Orion AHl= BEES A3 e
¥ (pressure-fed) 3 =5 F oSt
[32-34], o|AS AP FAAE AHEste F
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o 7] wEel TAREolgte Ae &) %
A7 AL, HFko] @A FAMEOl:E
IA FA LR TGE AFHEEH A F3 A
28lS ARgEghY] Wl A8 FAAE A9
sto] TAtE 22 TAMSELZA ) ou] 7} ufg-
EA=3

N

e
rlI.
)
o
fru
-z
[>
Al
i
- g
o TH
ol
R oo
il
re fo X
O
2
2 g
>
>
Lo

H
b =
o Wl e

— L
o > B rr R

3
R EEERE

O o
o
>
o
i
rr
W,

o

S
&

o)
Mz A Ade] F2A Hobs Nk
7

a4
o
=
N
re
»
o
u

2,
—_>‘il‘,

fr o 1o A > 41 (2 oo (XN )

References

1) Philippe Caisso et al "A liquid propulsion

panorama', Acta Astronautica, 65, 2009,



42 4 2B 2 4R 2014, 2.

A FA4 5% R 171

pp-1723-1737
2) Tim Edwards,
Propellants for Aerospace Propulsion: 1903 -

“Liquid  Fuels and

-2003”, Journal of propulsion and power, Vol
19, No. 6, 2003

3) H. Grosdemange et al, "The SEPR 844
Reusable liquid Rocket Engine for Mirage
Combat Aircraft", AIAA 90-1835, AIAA 26th
Joint Propulsion Conference, July 16-18, 1990,
Orlando, FL

4) Sutton, G. P. and Bibalaz Oscar, Rocket
Propulsion Elements, 7th ed. John Wiley &
Sons Inc., 2001

5) http://www.Ir.tudelft.nl/en/organisation/
departments-and-chairs/space-engineering/space-
systems-engineering/expertise-areas/space-propu
Ision/ propulsion-options/chemical-rockets/liquid/

6) http://www.braeunig.us/space/propel.htm
“Rocket & Space Technology"

7) Yann Letourneur et al, "Status of next
generation  expendable launchers concepts
within the FLPP program", Acta Astronautica,
V 66, 2010, pp1404 - 1411

8) Chen, Shilu, "Progress and Development
of Space Technology in China" Acta
Astronautica Vol. 46, No. 9, 2000, pp559-563

9) Denis Schmitt et al, "59th International
astronautical congress -Glasgow 2008, Session
D-2-16
development, Arian 5 program status," Acta
Astronautica, 69, 2009, pp 871-882

10) "Ariane 5, http://en.wikipedia.org/wiki/
Ariane_5"

Launch  vehicle in  service or

11) B.N. Suresh, “Roadmap of Indian space
transportation” Acta Astronautica, V 64, 2009,

pp395 - 402
12) Gowarikar Vassant, B. N. Suresh,
"History of recketry in India," Acta

astronautica, 65, 2009, pp1515-1519

13) Musker, A. ], “Highly Stabilized
Hydrogen Peroxide as a Rocket Propellant,”
ATAA Paper 2003-4619, July 2003.

14) http:/ /en.wikipedia.org/wiki/ MGM-5_
Corporal

15) Alexandra Witze, " Green fuels blast off,"
Nature, V 500, pp 509-510

16) Oskar J. Haidn, "Advanced Rocket
Engines", Institute of Space Propulsion, German

Aerospace Center (DLR) 74239 Lampoldshausen,
Germany

17) Holger Burkhardt et al, " Comparative
study of kerosine and methane propellant
engines for reusable liquid booster stages", 4th
International Conference on Launcher Technology
"Space Launcher Liquid Propulsion', 3-6
December 2002 - - Liege (Belgium)

18) D. Schweikle and J. "The
expanded delta launch vehicle family with a

Simpson,

status on the new Delta IV," Acta
Astronautica, V 48, pp451-459, 2001[
19) D. Stanley, " A space transportation

architecture for the future," Acta astronautica,
V 47, pp 265-274, 2000.11

20) D. Conley, NY Lee, PL. Potanova et al,
"Evolved expendable launch vehicle," Acta
astronautica, V 53, pp 577-584, 2003. 8

21) John Elliot, Leon Alkalai, "A low cost
concept enabling  multi-lander lunar science
and exploration mission," Acta astronautica, V
66, pp269-278, 2010. 1

22) Max Grimard, "Will the US remain the
leader of human space exploration? A
comparative assessment of space exploration
policies", Acta Astronautica, 75, 2012, pp.1-14

23) Tibor Cremic, David ]. anderson et al,
"NASA’s in
project overview and mission applicability,"
NASA Glenn Research Center, IEEEAC paper
1481, 2007

24)  http:/ /www.pwrengineering.com/ dataresources
/1d-180-pres-052002.pdf Lawrence G. Tanner,

“Development

space propulsion technology

and Characteristics of the
Russian/ American Rd-180 Rocker
July,2002

25) R. A. Ellis, "An example of successful

Engine",

international cooperation in rocket motor
technology," Acta
2002 2012, pp.1-14
26) “Snecma Space Propulsion Business",
Snecma Safran Group, ESTEC, 2006
27) Max Calabro et al, "ELV: Pressure-fed

LO,/LHy upper Acta Astronautica,
64, 2009, pp.1015-1020

28) B. Szelinski et al, "Development of an
bulkhead
forcryogenic upper stage propellant tank", Acta

Astronautica, ,51, pp47-56,

stage",

innovative sandwich common



172 olel &

A2 T B RE

=1
[ZINY

Astronautica, 81, 2012, pp.200~213

29) David Cyranoski, "China forges ahead in
space", Nature, 479, 2011, pp.276-277

30) David Cyranoski "China unveils its space
station", Nature, 473, 2011, pp.14-15

31) Zhu Ninching, "A personal viewpoint on
the development of China’s liquid propellant
rocket engines", AD-A254 104, Aug., 1992

32) John P. Sumrall and
"Update on the Ares V to support heavy lift
for U. S. space exploration policy," Acta
Astronautica, V 66, pp 1133-1145, 2010.

Steve Creech,

33) Giancarlo Genta, et al,
assessment of a small robotic rover for Titan

"Preliminary
exploration observation", Acta Astronautica,
68, 2011, pp.556~566

34) J. C. Mankins, “Highly reusable space
transportation," Acta Astronautica, V 51, pp
727-742, 2002. 11

35) S. R. Glaittili," IHPRPT phase 1 solid
booster demonstrator, ATAA
paper 2001-3451

36) http://www.esa.int/Our_Activities/Launchers
/Vega_rocket_ready_for_first_flight

success  story,"





