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ABSTRACT

SpaceX shows various strategies such as constructing various payload portfolio through the
reuse of Falcon 9 and Falcon Heavy, constructing the launch vehicles using one type of engine,
the transition from kerosene engine to methane engine, and the use of 3D printing. In this study,
launch vehicle proposals that can cover a variety of payloads and trajectories from KOMPSAT to
GEO-KOMPSAT were constructed, and ten launch vehicles using kerosene gas generator cycle
engine, kerosene staged-combustion cycle engine, and methane staged-combustion cycle engine
were reviewed. Of the ten launch vehicles, the reusable launch vehicle using a 35-ton methane

engine was rated as the best in terms of development potential.
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GTO : Geostationary Transfer Orbit 2. SpaceXe| 7Ht F2t
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LEO : Low Earth Orbit 21 stue] TAA R U4 YFE 23
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KGG : Kerosene Gas Generator £ Aolth. Falcon 99 JF%F F2=H o
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RTLS : Return To Launch Site Aol A olw] HFH HA=o|t}. A1, Falcon 9
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Fig. 2 Twenty-seven merlin engine firing during falcon
heavy launch in 2019(6].
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Fig. 3 SpaceX Starship SN10 landing with methane
engine raptor{11].
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Fig. 4 Part of Aeon 1 engine sits insides a 3D printer
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Table 2. Combustion duration time of upper stage
engine thrusts according to the composition
of the SSO launch vehicle(sec).

Mass ratio of
1 stage
6% 7% 8% 9%

Engine cycle

MSC 302.5 | 293.3 | 253.8 | 234.3
KSC 2451 | 223.8 | 193.3
KGG 201.2 | 186.4 | 169.6
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Table 3. GTO payload when configuring CBC with the
4.2 tonf SSO equipped launch vehicle(kg).
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Table 4. RTLS payload to SSO with the 4.2 tonf
SSO equipped launch vehicle(kg).

Mass ratio of
st
Lstagel co | 79 | 8% | 9%

Engine cycle

MSC 2,030 | 1,600 | 1,070 | 550
KSC 1,640 | 1,170 | 610
KGG 1,370 | 820 | 220

Table 5. DRL payload to SSO with the 4.2 tonf SSO
equipped launch vehicle(kg).

Mass ratio of
st
Lostagel go | 7o | 8% | 9%

Engine cycle

MSC 2,720 | 2,350 | 2,000 | 1,540
KsC 2,420 | 2,000 | 1,540
KGG 2,160 | 1,720 | 1,210

w2l 3D ZHE = AMCM M4K(A 2 71 =2
7]: 450 x 450 x 1000 mm)$} 3D Systems<]
DMP Factory 500(A12 7Fs =L7]: 500 x 500 x
500 mm)©]tt. 100 bare] A2 72A 7] <l
219 A9 450 mm FA7|7MAE oF 51EH, 500
mm 3719 AL o 71w d4r] dA=E
3D Z-E A AFE F Arh. MK 22 Al
FES F LYo E dolA dAxVIHY AA o
v Fo] 31 AFS ZAYSI] o HFeict. dA
1083 tod4 Iz E28 A= HXAA
Launcherdll A/ FE3le] AMCMe] ZHHE A}
&8l LAY AME AT A= UvhFig. 5).
wEtA Table 1914 AAE A FHES 17
& wW 50 oldte HEe FHY AFE
AMCM M4Ke} 22 3D ZYHZE
& Aog Holw, FHo] v Ui ol
STE da7] Apol=TF AobA A

g38t7] W&ol ASFE ol I A 2
7b Bad o= Holw, o] o
& zbE TAAE AR £ AL A
M=
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Fig. 5 10 tonf-class E-2 engine chamber of launcher
manufactured from AMCM M4K[19].

4. = MAKS TAR JHE ek Aok

Ml

SpaceXe| WAMA N AEE Faste] wgk
Oads Ao]F Az, ARA gad s
171, AZA 7} A 7] Aol
wf AR A o] o EA
o, =5y AAE TAAE WEg 2485 d
of we FxBE 7IA= Ao] uiEA Wk
A ATk dA o= &4, P,
FEE £ o SpaceX9} Zo] W2 FERUE
A E A&ste AL ug- oz Yol
W, AARE AR ko] =y IAMA] N R
o] o} JE = glom, ojw Holx HAAH
H2h 10dedlA 15 o] %o Jidd & ke A
< 1Pt E o 3BEF WE <
AbgEta 19 FFEHE] 7%, 29 FEH] 10% A=
o] HAAE AZtsle Aol M 7heAd e Al
AR AR A HAEY Ao R Bt

A AAAE 5 Hd LAAY 1@ F2H|
+ Falcon 9 v1.29} Zo] ¢F 5% o] AA o
A 7 w2 FEvlolH, Firefly Alphatt
Epsilon?} 22 A TAA 9] A f-os 12 o
A 7% BETE 7S e FERHE SHA Y
o wEtA B E=EdA AT AAE AR

T2 TFH TAAANAE 19E 6% TEOE

cp, M
ol
rir
X
it
iy
fm
ol

o
=

o
=

Wood 1 XN ¥ oo 2
T

rr

Azstae o AA Hi sz A AR
T AT AR FAHY F Qo AN A F
g ofj¥] FAB(Thrust to Weight ratio)”} NK-33
o] 126 F=o]a, 4k AZ RD-120°] 755 A=
o]7] wjiFol| HF ARE o83t BEF FH
tin] FAN 100 =] AXE AEIirid, o]
) 3B/5EF Az FAE oF 350 kgol k. ok
gA 19 3B5E 9 FHHE AR A 3
3150 kg A= ] FHFOE MIE + Ut
7)ol F7lete] B A4 AL 2 5 A

ol

<]
%, 2& 10%7HA S5= Aol 7

£33 &HHEE SpaceX9} Zo] 1EE vpEW
YH8-H (friction stirred welding)S #-&3lH, &
A8 FA ®¥3, Y¥ ZHY, B 4% F
o WHo g FXA ®wIY FAE 9E F, F
A FHY(super chilling)e T3 £33 i &
I g 23 FFAEE HAHE o= 10d o
W

2

o 2
2 A
N

2 g7t

BHEF g AL 97 FH2HPsY 13
TAsh= WA= 700 km SSO®l  Expendable
2ol B9 4289 HAAE, RTLS &9 7
- 1.6E9 HAAZ, DRL =9 7§ 2355]
gAANE BUY 5 d& AoE 4T F 3l
o GTO®] 7%, Expendable =& 7| EFoZ
= ¢ 1289 "HAAE, CBCE FA43ted 2770
9o A& AgetE oy IAAE HE AS
5729 HAAE UYR-FAHNA AEE Y
T e Aoz 44 4 Aok FE3 WA}
Ao HFAL AHstrl SAsiAeE AX 4 A
AA, A= AA< dskd £4, 19 DRL 5
9 RTLS 25 g 24, dAA A= 24 0]
Zdasty oo g 7|24 EA4E& ASTOS =
2a3e 53t Y3 Ath(Fig. 6, 7).

Fig. 62 35&w wWg AxE o] &3 AAE
AL 2] 700 km SSO £ YF< AHe o
Wi itk 22ke] A9 A WA A
1,800% <ol 39 ng& siH, HFHS
@G AFelA F oA Ax HsE 53 5
150 T2 EE AT

Fig. 7914+ RTLS 7|§% 3t& 194 3 ®
A AiaTFIrAAY 29 AAHE YER I Qo

T

=
&g
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(1) el AZFe AAHE TARA A3 Aol &
< A3y fa Wg gz, A=A
gz, AZRA JpadAYr] dS HE
St O™, SpaceXet o] 193 2%ho] 2
& A AEIAE W 3000 TH7bE
20 A&AIES FRE £ AW A
L Wy 3E~3BEFY fodziele
o, o] 7§ WA 12ke] Tx=v] 6~7%9
ZolAdth
(2) 3% Zo] F2EHE AMESte] iy dAA
E TARAESE A5, B =&dA FA3)
Fig. 6 SSO launch trajectory of reusable launch vehicle FE 107HA] AR F2u] A o F-
using 35 tonf methane engines. 2 52 oY #AES GTOd B
AATH
() AAHE BEE Agste] gAAE A5
B o FRAVF ADSE GgAA FF
< FE5EE Fasen, 158 oi<s
- SSOZ Rual RTLS 71%< 39 AL
' < B 5 U] JHAE dE ekl
- AE 6~7%9 19 Fxu), AR o
- AANE 6% Awel 19 TEEE 743
. AT TR, AR heia)
) [ AR 15E ol4e Axd FUske A
o] E7}&3tH
Fig. 7 RTLS launch trajectory of reusable launch @) @A /ALh 3D ZdE 7)&S AR
vehicle using 35 tonf methane engines. 1AL P30 71A AAHo g 9dA
A&71E Ashr] fsiM= 50EH olst
H, AAd ZTHE Mg Z Tl total load o] AL Ausls Aol WA Ao
factors YERJATE ASTOSS] 14 & F3te] 35 BAHAG.
Ew A& BT AAE DAAY AT T4 G) ot 2o AFET A BT 7)& A
o] o A& gRlo] HALoH, ¢ FAF A u Agse yuEEge o 35EF uE
2 ol 8% 44 7€ T2 ¥4 A7E tedde] 7% Aol 19 FEu], 10%
AL B a7k 3ot 2o 2 FEUE e AAE BAA
7b @ol]l Aeg AoE 1Y
54 =
= 7
E Aol A= SpaceX] TARAl ME Hs A
ke BAste] ol Hdd AR LA B w=no suagpo=diyol urse A
S ZES IS F AT

Ad7le Ad AN HE T AN=" TF
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