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ABSTRACT

In this study, development information and technologies for reusable launch vehicles were surveyed.
We investigated the reusable launch vehicles developed in various countries and analyzed their
recovery technologies. In particular, we focus on the technologies of the Falcon 9 of SpaceX and the
New Shepard of Blue Origin, which have succeeded in several flight experiments. Moreover, we
explain the control algorithms for each flight condition. Finally, we discuss the reusable technologies
that can be applied to the Korean Space Launch Vehicle to reduce the launch cost.
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Hg s AALRTE 71ed Aol $AA
ATt sHARE &"e] edE Ao
RoAAL edeas 2T dHE A
st Zb= 2

Aol &Fet JAAZIE Utk o2 <l A
A2 Hl&

ArA ol gk A7F AA Z=ell A o] Foj A 1L
ATHI].

A el e W FFALEHAQ] Space
X7} Falcon 9& &3 o3t 24 A5 3
g oA 1" 2A IAAE AAREs Ao
[11-20]. Blue OriginAt+= New Shepardell = At
& 7lEe A5o® AEst, 2018d0= I
e ez $FAYPE Adgstn JYrk 1
2?9 = Reaction Engine Limited(REL)®] Skylon
2 AAlt) A Synergistic  Air-Breathing
Rocket Engine(SABRE)E Z2tste] A &S
$IM7ZEA 2L de AR s
[24,25]. Airbust ADELINES 7)d3le] 19 =
A A AAE AAESHE Aol obd AR
2% g & e Jes T T do
[26].

T e @A $dF=F FAA (Korea Space
Launch Vehicle 2, KSLV-2)9] 7ol BE GF
< oskal o] ARG Tlee AHskA Eshal
At A Ve U $F 2AERG JHA
BRAES 7M7) e AolH, domEs WA
&5 d3strl 9 A Tles AbEsfoRdt
i AgEn ol 8 d=ITFFATL
HIA 2040004 = EF AolE F7IEQ] 2
7189t 53 A}o]Z(Rocket Based Combined
Cycle, RBCC) == HH 7§k Fg Apo]E
(Turbine Based Combined Cycle, TBCC) N%1-&
A AAE TAAE AEsHTgeE BxE
AN QITHIL.
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2. MAKS LA sig

21 SR

G0l THed Hxo AESFAJL 52
XM (space shuttle)> W= 3F-9-F(National
Aeronautics and Space Administration, NASA)
oA JTEA O 1980 2WHEE AHEE QL
ARk 2011 7€ 21l w2 2xF9 HlE3
g2 S wlg] W2 Al 59 olf=
HAdo A=LS AAE, GAZ daTt Tk
g F4EHM F AZ(Space Shuttle Main
Engine, SSME)S At&ste 5798 5213
22,700 kgol sls& A TAHAE(Low Earth
Orbit, LEO)Z A o] YEt}H[2-4].

22 Delta Clipper Experimental (DC-X)
DC-XE= 1991 3d%E 19931@7+A]  Mcdonnell

DouglasAtel Pl=377 5oz JAPFPd =
ZAE=R Reusable Single-Stage-To-Orbit Laun
-ch Vehicle 7|&3#4 F9 Alg@~]elth DC-X X

Landing

Demonstate
round Servicing &
Turnaround

Fig. 1 Overview of DC-XI5].
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2AE AAEo] LHF Blue Originoll &
HAI DC-XoA F7-& Wolbi]l New Shepard
7F gASHA = ATH5,6].

2.3 Intermediate eXperimental Vehicle (IXV)

3 5= (European Space Agency, ESA)°|
A €150M< FAtste] JREet IXVE $FEA
2 dHA ok IXVE 43S Vega ZALIE
130 km AFAA 18 Z2d F 200 kmE Y
2ok 15 140 km AHAA IXVE Z2AR]
o I F XVe Zid A=s w2t st
Uahe o] 48 B5gT7-10).

24 New Shepard

New Sheparde #1H|-8&¢] ¢-F47 AuH|2 7|
< ds W FIHEYA Blue Originol A
NEE FHA S (suborbital) $-FH| A o]t} 2015
d 11490 New Shepard®] FUAI@H oA =

|7 2E 9t 7Y HEs AF3Hor 3554
o] 2018 FFE RIS HFoR fFAYE
AP oA o)th11,12].

New Sheparde 1% H-2F o] Combustion
tap-off Ate]E¢l BE-3 A 3 7 A3rsto
FAE vYEs o FIAAR QA5 dA
g AESH HdiFH2 110,000 1belat,
AAFS A AxS A= 20,000 b7EA G
o}zITH13].

N
u

2.5 Falcon 9

Falcon 9-& Space X4l A&& FTALAZ
A4 A= HP 1 F2H AAE 7les A
g FLY 2AoIY F 2dO 2 o]FojF 3]
o LEO w"lAddle 22800 kg, AXHo|A=
(Geosynchronous Transfer Orbit, GTO) "4
= 8300 kg IHA7ZIAE 4,020 kgol HolRE=
(payload)E A& & Utk ZH7+e] stageoll thgh
FMAALE Table 1, 201 YERHATH12-14].
< Merline A& 7YE A =AAN o2 of
22 Z2AH ARE Jeds §8§& TAAA
AM-g-8kal 9l TH[14-18].

A EA d7F P Hg ofEek Vel A

o ol et

4400 = Lref ‘
5058 |

;—\

2236.9

<

Fig. 2 IXV vehicle shape and dimensions[7].
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Fig. 3 IXV mission overview[7].

Fig. 4 The New shepard system[14].
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§- LEO7HA] #Ho] £ E9] kg $13,000 ol Hl Fo1A A
3] Falcon 92 9F $2,700 &2 2 ¢ & Booster= 10008 ©]49] HIYES =7

o]t}. Space Xi= Falcon 99| AALE 7|&=E Qg
& FoldEs oF 40% F7HAZE F doka ok
[19].

Falcon 99] ZFFA=+ 2016'd 84744 & 11
3 o™ I F 63E AFSATE X7]dE

A5 YL vl Axstd e &g A
sgom, 1 F mAdT Ao HFL A5t
@k olo] B3t M vHe Table 3¢ A

3F A TH20].

2.6 Interplanetary Transport System (ITS)

Space X7} 2016'd 9€ 279 NAH A F
o 3] (International Astronautical Congress, IAC)
oA I 100% oFe AEES B¢ oF
11597 HgsiA S EAeAnsE 5%
A Al ="lolt). o] A2~EE JHE e AT
dx 42z FZs= ITS Boosterst ITS
Spaceship, ITS Tankerghe= 3709 $-FAHSE o]

Table 1. Falcon 9 1st Stage Specification[17,18].

Length 41.2 m(without Interstage)

Diameter 3.66 m

Inert mass ~22,200 kg

Propellent mass 409,500 kg

Fuel Rocket Propellant 1(RP-1)

Oxidizer Liquid Oxygen (LOX)

LOX mass 286,400 kg

RP-1 mass 123,100 kg

Interstage length | 6.75 m

propulsion Octaweb 9 x Merlin 1D

Thrust 7,607 kKN at sea level

Burn time 162 s

Specific impulse | 282 s (M1D Standard)

Expansion ratio 16

Throttle capability | 55~100% (Baseline)

Restart capability | Yes (Partial)

Ignition TEA-TEB
Gimbaled engine (pitch,
roll, yaw)

Attitude Control | Cold Gas Nitrogen
Reaction Control System
4 Grid pins

=,
Spaceship¥ Tankerg A7+ B0 E HuU&=d &
o] & ZAolth SpaceshipE & F @A}
gz 7t A8 ARG 8 AHE AL
TankerE 423k & ThHA] AR8-H Tt Spaceship
123] AALE 7HsS ERE sy gUdx e
YA SHA7MA dobbe - Adeln A
T % 18719 2 A4 dsE AH AF
F OAl A2 AT Tanker= LEOOI A
ez 5 F/E ot Agsts HIFY
1009 AHAREE 4 UAl &= Zo] Fxolth
HI A= 20199714 88 Agolm, HA #]

o o o HN

o

Table 2. Falcon 9 2nd Stage Specification[17].

Length 14.3 m (separated length)
Diameter 3.66 m

Inert mass 4,000 kg

Propellent mass 107,500 kg

Fuel Rocket Propellant 1 (RP-1)
Oxidizer Liquid Oxygen (LOX)
LOX mass 75,200 kg

RP-1 mass 32,300 kg

propulsion 1 x Merlin 1D Vac
Thrust 934 kN

Burn time 397 s

Specific impulse | 345 s

Expansion ratio > 117

Throttle capability | Yes

Restart capability | Yes

Ignition TEA-TEB, redundant

Table 3. Falcon 9 Recovery attempts for missions20].

Version Date Attempt Outcome
15.01.10 X
vl.l 15.04.14 | Drone ship X
16.01.17 X
15.12.22 Ground (@)
16.03.04 X
16.04.08 O
15.05.06 | Drone ship ©)
vi2 16.05.27 o)
16.06.15 X
16.06.18 Ground O
16.08.14 | Drone ship ©)
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27 New Glenn

New Glenn Blue Origine] 7% F¢ A=
v g 9-FHARA (orbital launch vehicle) 2 2020
WA A@HIgS S22 I New Glenne
718 2%ho] AMeE shed 3To R o] Fojx o
W, 2% BAE7ZIAE =o] 86 m, 3THS X35}
W oEol F 100 m, A5 °F 7 m7F 2 4]
o1 FzEdE 7749 AbelE
(staged-combustion cycle) %11 BE-4 A&
ALg3kd 865 kNO| FHE& ¥ « Qv 2¢ol&=
BE4U 1%, 3% & BE3 1 & 77k A
LHoH22].

2.8 RLV-TD

Reusable Launch Vehicle-Technology Demons
-tration(RTV-TD)& =577 F(Indian Sp
-ace Research Organization, ISRO) 4] w2 |
ARG AR Azt ot BgHCIEHE A7
Al AEFE AF EARA Ol 2016 5€E o]
0 A@EA A RLV-TDE #°] 17 mo| 1A
A8 22E 9o FAH] MARYT TE 65

km7tA FsEdnirl Ade] AFH Zor A
#gsted AFstArk ISROS HF EEE
Two-Stage-To-Orbit(TSTO)S] A A8 HIPAE
+&3te ZloltH23].
29 Skylon

Skylon> <@=¢ RELe] 7% F<l Single

Stage To Orbit(SSTO) -¢-FH| & A o|t}. Skylonell
= 20081 o AAE THed RBCC 349
SABREZ} AM&-®T) Skylonolles @ EedA 7}

s17] el Br1ZQl Wzl Thssit
[24,25].
210 ADELINE

AdvanceD  Expendable  Launcher  with
Innovative eNgine Economy(ADELINE)-2

Airbus Defense and Spacel| Al 201058 7|
a2 AHAHE 7hs WA BEolnt. IAA AA 7

obd B el Azl
deid 2w 22 of
a7l |3 el
Ha e £

EYIE nwgo] 25
S =33 9y RES 24
Ao 7 383ty ADELINE 7|&

|

o] /LA WAAY =)o ATgle] o] o]
7} 8kth Airbuse 20253 Al @R PAF S 71A]
I ATH26].

Fig. 5 RLV-TD[23].

Fig. 6 Skylon C1[24].

Fig. 7 Overview of ADELINE[26].
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53 FUMH R SFSEHAL B2HE ‘:}'

stk o] &3k ZH A-g-8hoh2-4]. O8]

4719 REFA o] x| (Reaction Control System,

RCS)9F 2719] aerodynamic body flaps©] 2=
Bz /& o]&3ste AAAE grH7-10].

HE AL B Tle

2B QA B Tled Hlge] A4Ed
Space X$¢] Falcon 93 Blue Origin® New
Shepard®] 7|&& THH R EA3HT

2 7hd
Falcon 9% @ 2y 5 33‘]9] ?35\——7—78% =]
stiax FrHA o s
Landing GearE
42 e A (gimbal)< O]%?:sl' =
(thrust vector)< A}-83lH, < °
A A7t Yehdr] &l olgd aRE 1
Hafokd darvt vk AAE JHeE Fig 8, 9,
119 A 2lstTh

New Shepard+= th7]d MY Aol A==
Drag Brake®} Wedge Fing Ar&3ste] 7H&etal
H] B(H OPX-]/H S o ‘—"[q‘ =] )\Ei /K]—lﬂ—‘/] _TJ_E] ok
TZ=¢ Ring Fing 3719 &&F& ¥ ¢
= A

Z49 AAE WA A TS FHAT

o AFT Fin2 35 mo & FHo= 3
JAesS T3 AN S P S Al
e AFAZ Eolrlr] Y8l =FIH11]. 2
<, &5 Ao A-E e} landing geargs &
3 ZHFA|7|th. New Shepard?] ZZTHI A
& /8 E Fig. 10, 12, 13 A3kt

Fig. 8 Falcon 9 recovery flight schematic[27].
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Fig. 9 CRS-8 mission profile[28].
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Fig. 10 Overview of New Shepard[13].
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About 80 km in altitude
Separatiol |, Separating at a speed of Mach 10
(T+158) s The first stage heads on 1o an
Apoges altitude
|
Boost-back About 140 km in altitude
Burn s Decreasing the speed and turning
(T+262~298) |the rockst into a landing track
|
Grid pin About 80 km in altitude
Deploy |4 Unfold Grid fin before entering
(T+298~414) | the atmosphere
|
About 30 km-70 km in altitude
Entry burn |, Reduced zpeed from about 1,300
(T+414~441) | m/2 to 250 m/s using 3 Merlin
engines
|
Asrodynamic About 10 km-30 km in altitude
guidance |, Roll, Pitch, Yaw control using 4
(T+441~485) | Grid fin
|
Landing About 10 km in altitude - Landing
Burn « Landing uszing 1 Merlin engine
(T+485~) |4 Using 4 Landing Legz
|
Landing

Fig. 11 Falcon 9 recovery flight concept[17,28].

Fig. 12 Control surface

of New Shepard[13].

About 4.8 km in altituda

Separation -
« Eocape capoule using 70,000 b

T+167 i )
thrust solid rockst engine
About 100 km in altituds
Apogee - - -
7497 +Engine stop after disconnection
T+237

« Poak reached by inertia

-

About 10 km-15 km in altitude

Finz Daploy

« Unfold Wedgs fin

T+326 . -
« Improve flight stability
2995 . Unﬁt:ld Drag bra.L:
« Rapid decrsasze in opeed
Booster About 0.15 km in altitude
Restart «Engine re-ignition for decalsration
T+355 « Unfold Landing gear

¥

Landing

Fig. 13 New Shepard recovery flight concept[29].

322 O2l=
Grid Fin2

EZl (Grid Fin)
ojm) k= &of grids}t mA

d 59 ME vt fing] FAPAAER AAF
Ho Yi FxRE zte IS +t}. Falcon 9
oA Grid Fing ¥ 725 o

Pl

F2He gehiol
Z7)ol= A3z =;

Grid Fin& 1970dth A#9] WAL 279
e AHEEY F7] BE o] A(air break)d 7%
I HgRIAAY el 1 FF o] UATH46,47].

<, A4 Fluid
Dynamics, CFD)= ©] &3 571 &3 33

Hi B FeHEEol 39 Eol Grid Fin

o] 8}(Computational

of fr& TXHE EAd W3 AsEo] FESHI
LAXA =Ho AL AAA7F sHsalH T
53], ol 2&H o5& oA 7HE E8H0R
53t Grid Fine 7 33 dxRYg 52 &5
2 R Arle & A =RES FE/ES
=Y F Jon GHEFAY WEE =g vud
At E3H FEHX AEoA EAE F 7]
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Table 4. Grid fin flow regimes[33-35].
Flow form Lower bound | Upper bound Characteristics
. e No flow with complicated characteristics occurs
Subsonic 0 M, . .
e Same as flat plate pin analysis
e Internal flow can be modeled as Converting Nozzle
Chocked M 1 e Chocking occurs and the drag increases greatly
flow ot e Hinge moment greatly increased
Tra.n e Control efficiency lower than plate wing
sonic
B e High drag due to shock wave
ow
hock 1 M, e Hinge moment gratly increased
shoc
e Control efficiency lower than plate wing
Reflecting e Shockwave attaches to the front end, and reflection
wave M, ., M, shock wave occurs
Super pattern e Reduced lift due to compressed air and expanded air
sonic . e Non-reflective shock wave generation due to small
Non-reflecting
M, ©o attachment angle
wave pattern .
e The most appropriate form
wol BB WA Bojgo] AT
4% 540 FHAL TN HlelsE
YArtetret F20, I g2 Grid Finel 7]st
o2 Wabsh Beo] UTH30. FE Tl @

HAESET M, My, Mo el BE 5SS
Fig. 159} Table 4°l el it

323 8% 9F7
25% Y3F%(Supersonic Retro Propulsion,
SRP)& FZA 7 =2 oM Arje Ad
A3 bow shock)e] HFo= F=HI ¢y F
A *) o ° Fig. 14 Grid Fin of Falcon 9[31].
Aegsel FA% Wel Jojur wA, o
WA 37 433 gHADE olF meshs
AT7E AP e HA FHe FHES x2F . Oblaue Shacks Otiaue
& FAOZ Eq. 13 Zo] U F Tk -5
» A >
. VA 2% v 2l
C = Cptero T C 1 o
D, Total D, Aer T () " \/\ R
TAYA g
= b » —
CA=T/q.5,.)E AW FE3 A= el o ! el <
Eahe F9 AFelth Cpy,s 371984 & AV S —= N
g2 oujsiy wAA ¥4, AEFY, 0 2 oy 3 Through Lattice
Aol =82l EH36] 19509 ) e Thopst Zx Al Transonic  Low Supersonic High Supersonic

(

o] FaE o e HMHFAYGEH(CFD)S Fig. 15 Flow patterns in different flight
o] &3t Bd AFES FHst UTH37-39]. conditions[32].

o
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Reusable Launch

33 B3]

=
=
By apol 2

-7;-_
&3 stolHEE Axleltt
[e)

FANR AL B 7le

T2 BU7] A3 FFH(carrier) 2 0]
o]
o

A 3
Fo AAREAA A=

A Agshe ARE HGT 4 glon 54
A t7]1E WellMY 28322 wE 484
B3E Azd dart glo] SFLAA 284
o] H74E 4 Arh40].

RBCCE Z7]d& HEAE R=2 2§35t}
7 o]F &=7} FUHEe wet FAAE, ~IWA
=82 er wiEYg, O F, gy gl A
REE AEEH oi7]d Y A Y
2 283t uehA, RBCC dzle b4
NA ANE mZZ 8= firjde U=
ALgEtR g 7]Ee] EAAAT H @l
B3 g3o] Hojd & Qs AHol
L ARSHA '3 &%) A% WE ARE
T UoEE e FARE JV|ERT O
AEFYS & 5 UTH49]. RBCCY
2 Skylon®] SABRE7Z} $lt}. Skylon&
26 km, w3l 559 SE7AE AEAINS
ALg3ITH ) o] Fedl= FVIFHUTE 22 A4
& AHg-3TH24,25].

H.uh‘u
o

do [n

71

24

QX 0 ¢ oo & bl (m

P12 of o T Kb
AR

al

4. MALS LA 7= 24

AAE AR 71 Ee AAE Hiel wet A
A AAE, R2E ANE TYD BPAtelS

fud

sy
FR71H AR EFE At

41 A=A AAE 7=

bogkol 1%
ol el HMmH ¢ oz BuHETh A
A=H AN 71ee SRR osh o]
AA 2A9 RAZNE WG 5 gor Oz
A8 F74HQ Fo] Basith o= 23¥ 7
Aol otgge WA 5 Uk AW, A=A
ARG NEe A g FUA ALY $FA

e fmA A gHel FEHAs] WE

I
o
FAHFAZ A77F AL Y Aoz A%
At FZole =gA| o)A (dream chaser)7t $-

3
Z

O
>

FREH ol F Hzeol F9 AR AW
ofm A7he AL ol AE WY HEES
P& o ol thad]

Jo

42 28 AARE 7e

F2HE A 7€ @ &8 ¥ Fin,
RCS, 8 AFS o] &afiA F2=HY A &
SE Aojstd ZAFA F Aulste QAL
t}. o] 7]<2 Space X9 Falcon 9 ©|jeol= A
P A7 Hol dol=rt YA AMEE LA
Aol el daglo]l 7IEdd /MddE YAAE
48 & Atk HolA AA Aotk @A =
19 F2Eu 3gste] AgAEsta ot 2w
F2HE 3t AAagste A5 I35t
ATH45]. 19 F2ElEo He vdste 19 F
2B AZgol Hls| AAAPo]l A= FAN 2
@ 2B 9A AFEstE Bl &S d3ske
e d& AR JYdrh =g, F2H A
T % A+8-3= Grid Fin 7|2 H|A}F
oA FE ZFTHE o] &F vl W Ao
52 oln AFHIY V&R AIFE Asl
TE FPsHEA PAY Eofdx: FRioR

=d g Zgrbssitte Aol TH46,47].

fl

_1
o
® 2 o
R
N2 oo 12 b oy

43 E3lolg Akl wAMA AL 71

RBCC <1x13} TBCC AR} o] HFtAtolF
FANHES AgskE & 27 flewdd ¢
FEELR o] F7HH H2ETE §loi= 5
of 718 BAAHRJ] AL ¢FEAAE FED

M = Mg
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44 ARG A 71E T aRk

A ledozs AFE HoAW] H& =&
F9o] dostEng AAHor £ FYo] 7t
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AL o] Feje] Wstel A dFr] XY =
AN §E4E 712 EgAtolE F371#e

87F FU1etEA BAMOlF F1713e] WARA
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