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Conceptual Design of a Launch Vehicle for Lunar Exploration by

Combining Naro-1 and KSLV-1I

Won-Seok Yang, So-Yeon Kim and Jeong-Yeol Choi*

Department of Aerospace Engineering, Pusan National University

ABSTRACT

In this paper, a conceptual design of a launch vehicles is proposed by combining Naro-1
and KSLV-II. For trans-lunar injection (TLI) to lunar orbit at 300 km LEO, the target
performance is defined same as that of KSLV-II, which delivers an object of 2.6 tons into
300 km LEO. The proposal launch vehicle concept of this study is combination of 1st
stage of KSLV-I and 2-3rd stage of KSLV-II. Thus, it is possible to reduce the
development time and also could expand the options for national launch vehicle

capabilities with proven technologies.
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Table 1. Specifications of candidate first
stages
Angara KSLV- | 5
(Angara 1.2) (Naro) R
Engine RD-191 RD-151 75t LRE
Thrust | 515 jonf 213 tonf 300 tonf
(vac.) (Clustering)
o 337 sec 337 sec 297 sec
(vac.)
Launch | 44 5 40 144 ton 200 ton
Weight )




042 & B 8 9R, 2014. 8.

Uzgo g UAAE AAT GEA B A 657

_’.. __‘_k
|
I

___
! W
B -conw

Fig. 4. Launch vehicle concepts for lunar

exploration
o] 1k Al ztee] A T& Fote] HFHA
7le, & Are Z2AZQ S IAA o &§
o Ui XA 7 MuEE 2dy 3¢ Az W
AR S AZE 19 BAAE o] 835l At &
43 a2 B APsEs o= J1d &= gL
Aolt} Table 101 U2% 2 F=FTALA 9] 19

Qse vmstd el

S AL o Hlwste] RS wALA <]
3 19 FEe 1) Y425 2w e &
71%S F83te] 1A BAEHE F71ee] B
Al 2) @FFEAA ] 2dA o ApEE 75E
ARL oy BApz 8] B3 = g
AolH, ol 2018 LA}F AFH 758 1@
A2 AA RaHz g8sks wololth o]
# Ha wAse FF ATFUAAI dud
Sox T3t HAlFE S v E=d F71AQ
gHos Z89 5 UL Aotk Fig 4t & =

SR} #AA o) Ad o))

o
Tt ol Ob it Ho

71E9] =g adAbA Y] & A S[12]°] 1.5 ton
o] &S 700 km9 AT AAE LHE= A
olEg B =FoA Aotste A= ol F

2 7HA 7Hge stk WA A e AL
Tl #AQle] s es Mg B4
Hg 2 glota 7Hgstlern=s 7b & &y £
U= 9o As7hA e AzE2 Akt
iAol Fad vgdEe= (1), 4= 4
2l Runge-kutta®-& 53l AlZtol] whe} 32

stol Tarsieh

77£ N D o .
fmcos(w 6) 2mva gsinf 1)

dt
%: mism(w— 0)+ 270751) pv2A— %COS@ (2)
q71A FHL oo} o] H|FY Fof A}
= 7Y ®skE st ALkt

F=F_—PA, 3)

Fol A BAREE
A ol % AL wrgste] Akl

1=E Astd

A B4 4 7)F 2ol Aty

= dZFUAA Y AR
[12]5 #Faiste] flof e Aoz ALt
Wl o] tisk Bok AAE ee O =

o

o
L
=)

R

1A 2AL Fn wAtg AF o o5t oA

S 1}16] AFAEZE 30091
A1 800 km 2 A7H Aol F7HHR FelE
Sate] WIzke] SFHARAS] A5 8EF A 20
EZ 3o 7 olaog AeE 4 9k sl5Ao]

= T
3 19 AL Vs §

i=]
e Aoz AN &
gHe BgIE A%, $U7t A RAES W
AE e FYMo FFHe] 19 WAA 9} 3



658 FAN - Had - HAE WA 28 TR
717 Yz AT wsezx, 1) 1A F2H 0 5S 29%E
A0l gl FYAE B ogs Ak 54 Hodlote] AlgEE 20EF LA ZARH
S 72 A s, 2) 1Al 2 Ve FE & dEY HIIA A ¢ AMEEE nAZAR
o tetel Fwzo] AAE $HE BAAIE
S 895 71d & IS A2 gAFH. 3) Table 2. Specifications of present vehicle
ohgel $7h o}d Amste] HA 3 P
AA 2 &gl dskd HA 1%e =9 F Booster stage | yu | pm | ge
g 737} @ Ao 7 AJAAL ?RS? |E|:12r§3 stage | stage | stage
_ L X X
FAZARSHE BEIE YAozy, Yz i
& 200 E o]fE 0EFT 1A 71&L o] &3} (o0) 80 | 69.1 | 140 | 419 | 164
o, 8749 Strap—on HFAHE AHse 49E IV;
ARGt o] A E 373 tone E=¥L 71X (torle) 68.5 58.6 130 36.6 10.9
22 32}z =85S T AL3lE kv
ik HH TH= A7 A, T (vac) | 160 | 150 | 213 | 804 | 7.0
o weh e F8 xdde] WAL Fo (ton)
715 24 & F U o] Wk B9, YRS Lywac) | o0y | og7 | 337 | 3154 | 3251
o g =AH &S %l%—g}gi 1A A (tonf)
o] 4t Aol Utk Table 20] & E=F oA (sibc) 120 | 115 | 230 | 1436 | 5016
ASHE Al @ oA R w3 BAAY A
800071 ] T T o=
E KSLV-II e i P ]
7000 — - — - KSLV-I+II with LRB - 700 F 7 E
F- KSLV-I+II with SRB e F o ]
6000 | el 600 S E
~_~ N /// E ~_ E ///‘
E 50005— 2 —Q/ e é 5005— S _E
2 4000 v 1 2 a0k .
2 [ // E F ]
= 3000 // 3 Z 300 7
i v ] o E
2000 - / , i 200 E :
1000 /- 3 100 F 3
E ///// ] :
O’ L L L 1 L L 1 L L 1 L L 1 O 1 L 1 L L 1 L L
0 200 400 600 800 0 200 400 600 800
Time (sec) Time (sec)
Fig. 5. Flight velocity comparison present Fig. 6. Altitude comparison present launch
launch vehicle and KSLV-II vehicle and KSLV-II
O—————————T———————— 6 T T T
45+ - 7
= 40r 1 ]
g sl 1 ]
' : s |
- - = / / —
Z 7\ & W] ]
£ Br /TN 7 £ Y/ uva i
=E.* 20 / / Y \\ 1 § // ! ’/ ‘ //,_
g 15¢ ;7 W\, . < 15p L \ A
& 1ok Vs 0\ i 1F ‘ — i
/) N 05k Lt — T
°T // \\\ 7 or —
0 e T et .05 PR R P PR N
0 50 100 150 0 200 400 600 800
Time (sec) Time (sec)

Fig. 7. Aceeleration comparison present
launch vehicle and KSLV-II

Fig. 8. Dynamic pressure comparison
present launch vehicle and KSLV-1I



42 4 B 8k 2014. 8. Uzgo g UAAE AAT GEA B A 659

2ElQl SRB-AS] H5HEE Fustel FxH 14%,  WAE WE 3ol Utk Table 3 w4 2 o

Hl 52 280 s 2 AAsAh A RAHE AgstE 2AbAe] 9% SEe 7t
Figure 5 68 1%, & ohel WANE Ao) 3] fokhscy

2.69 ton] &S 9F 800 km 1LEd FUT

slom Fig 7, 89 AsE W Fdat Ak v. 2 =

w
o} dEFAAEY WA Uee % & g
) olAL R wete] WAL 28 o) Fewlv)
] o= b | h e o =

Ak }25 Ae AZlS & EAF WALA A ek
35 o HAE &8 uo o AT B

A EZAS R2HE &8 A9, 75EF
o F 320 ton9 F¢

HE WA G e FHRA A4 TR oldo] B LAAS
S WAAZITh Table 29 AEFEAA AAZA o L T o)abe] WA} SES hAE AEA
e e IdHFuAAA 29R 45S ;1; ;LEU\} ‘ﬂ;\}iﬂ;— 7]];-;&_1; AE 7:0;0
gmatel dmde 29 FAE ARERd o L L T T T T AT
T SAFLUE NG e Al B R Ade aFRwl A Age
shos MEEE 297 s ol e R RAAZ AN ARE FEAI)] e

AHZIRE A% AT ARG BEX WA pog wuw + dr wdolAT, wEe)
A AE A oF 261 tone® MAMHEUA ) ) geoz aagess on W F
GRILAARG 1730 AF PP ARES o) qomuna Agel A4e 34 Bewn

& BelFH Fig 6& WW SEREQ] 700 km o ooty wa e o1 sine) glele shlalal @
oﬂ FHES AT o ok uwk 2 ek 2 %sﬂ ?—A]—xﬂﬂ— 70 ar o]—lfroﬂE szLgsL—'A 01.‘:, 1;—]_
Al AR FoE wek FASA BdS 0L 7]4;#51 o s ;;;;};H
27) MR @FEWAA Ms) wha weh oo T T T T
FEo] 4% £dol ¥ BAFE & F Y o e

 AEEE FAEHEE g HAE % FES

gAEFs g & F Ao wEpA GA2A B d7e 2013d= AR FEe)
PAEHE B4 A9dE nARAREH 3 AYCR dFATAY $FAYNEMN LAY
29 G s = FA-o] AL F A AYFTAHZ 2013M13A3A02042442) 0.2 =3
T AoR ARG o] wWete A, 1A 24 H A7 dFdYTh

o2 A AF e wE Al T fox

2 F7HR] @4l o Rl ojv] AdH 75E

A TS FAEE F8ske Aol 9l References

on, AA LA FAANA = 71Ed A&

1) Lee, G. H, Yoo, M. ], Kim, S. K, and

Table 3. Launch vehicl nfigurations
able aunch vehicle configuratio Lee, S. R., “Current Development Status of

KSLV-I] with SRB | with LRB Propulsion System for Foreign Lunar Orbiter,”
Proceeding of the 2009 KSAS Fall Conference,

Booster - 20 ton x8 | 75 ton x2 2009, pp.1157~1160.
Payload 5 569 561 2) "National Long-Term Space Development
(ton) ) ’ ’ Plan,” Ministry of Science, ICT and Future

Velocity 7518 7463 7495 Planning, Nov. 2013.
(m/s) 3) Choi, N. M., Yong, S. S, Ju, G. H., Lee,
Al(t|i(tr$1()je 676 793 780 S. R, and Sim, E. S., “Validity and Mission of

Korean Lunar Exploration,” Proceeding of the




660 FdA - A

A
o

g A2 T B RE

=1
[ZINY

2008 KSAS Fall Conference, 2008, pp.1288~1291.

4) “National Space R&D Roadmap,” Ministry
of Education, Science and Technology, Nov.
2011.

5) Receptive  Committee of the 18th
Presidency, “Administrative Goals,” Cheongwadae,
Feb. 2013, pp.50.

6) Park, T. H., “Development Status and
Plan of Korea Space Launch Vehicle II,”
Proceeding of the 2011 KSPE Fall Conference,
2011, pp.6.

7) Song, E. ]J., Park, C. S, Cho, S. B, Noh,
W. R, JU, K. H,, Choi, N. M,, and Lee, S. R,
“Mission Design for a Lunar Orbiter Launched
by KSLV-1I,” Proceeding of the 2008 KSAS
Fall Conference, Vol. 2, 2008, pp.1311~1316.

8) Kim, H. D., Ju, KH., Choi, K. H., Lee, S.
R, and Sim, E. S,
Considerations for a Lunar Orbiter,” Proceeding

“Mission  Design

of the 2008 KSAS Fall Conference, 2008,
pp-1297~1300.
9) Lee, S. R, “Direction of Technology

Development for Korea Lunar Exploration,”
KSAS Magazine, Vol. 1, No. 3, 2009, pp.51~57.

10) Kim, S. J., “An Introduction to the Space
Technology Development through NARO Space
Launch Vehicle,” Proceeding of the 2012 KSPE
Fall Conference, 2012, pp.3.

11) Weihs, H., Longo, ]J., and Turner, ],
“The Sharp Edge Flight Experiment SHEFEX II,
a Mission Overview and Status,” AIAA
2008-2542.

12) Noh, W. R., Cho, S. B, Sun, B. C., Choij,
K. S, Jung, D. W, Park, C. S, Oh, ]J. S, and
Park, T. H. “Mission and System Design
Status Launch Vehicle-1I
succeeding Naro Launch Vehicle,” Proceeding
of the 2012 KSAS Fall 2012,
pp-233~239.

13) Oh, B. S, Lee, J. H, Roh, W. R., Joh,
M., Park, J. J., Cho, G. R, “The Conceptual
Design of Launch Vehicle,” Journal of Korean

of Korea Space

Conference,

Society for Aeronautical and Space Science,
2002, pp.130~141.

14) Sutton, G. P., and Biblarz, O., Rocket
Propulsion Elements, John Wiley & Sons, Inc.,
New Jersey, 2010, pp.110~153.

15) Yang, W.S, Choi, J.-Y.,, '"Performance
of KSLV-II Launch Vehicle with
Liquid Boosters," Journal of Korean Society for

Analysis

Aeronautical and Space Science, Vol. 42, No. 7,
2014, pp.544~551.

16) “Main Contents
Korea-US New Missile
Newsletter of Cheongwadae, Vol
2012.

and Expectation of
Guideline," Policy

135, Oct.



