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3-1
3-1.1

Bephrdh i a2

AOMEIDZE PSS o AT L))

BRI AT AT, KE, 7R, av T, UITAFT A AT AL
AZ VT, HE, EE, BABRV AT LB E LTS, TORBEE, oy ML
Ffzerg, vir o MEHEG, DEERFoREE T ERENO—E A2 £ 1L1-1ITRT,

# 1.1-1 2R 2T LRETEmn
FRE/tX4A Aryha/EBEH ik Oy EB A%
. Ll SR19+ORION50XL+ORIONS8 Liquid  [F-15GSE EaR, ARH T
Boeing/Orbital Sciences  [g1, CASTOR120+ORIONS0 C-5C-110) TaR BHETR
Lockheed Martin Peacekeeper (Solid & liquid upper) C-5An-124VS (An-124AL) [BEE T
Northrop Grumman liquid(Concept-1) F-14 [ SN
/PAN AERO liquid(Concept-2) F-14 AR TR
Airlaunch LLC Quickreach (liquid) C-17 MEZE T
Space Launch Corporation |oy o brocniy (Solid + upper liguid?) |F-4G RAR TR
SpaceWorks Commercial
RocketPlane Japan HASTIC (hybrid) CAMUI Modify Reajet25 (XP) HRiA R T
T AYA |Virgin Galactic LauncherOne WhiteKnight Two mothership. |HR{A & Tzt
SPACEWORKS Engineering  |NK33+ORION50 Modify C-5 (twin C-5) ERTR
General Kinetics Inc solid ? NF-104 AR TR
concept _study 1 NK33+ORION50 B747-400 AR TR
concept study 2 CASTOR120+ORIONS0 B767 AR TR
Pegasus NB-52 ERTR
Pegasus-HAPS NB-52 ZFRTR
Orbital Sciences Pegasus—H L-1011 fRfA R T
Pegasus—XL L-1011 [l S
Pegasus-XL HAPS L-1011 AR TR
CNES/ONERA Linear MLA (Solid base, upper liguid) _ |RAFALE fRfA R T
772 2A |CNES/ONERA MLA Trimaran (Solid base, upper liquid) |RAFALE [AAERT
CNES/ONERA HORVS (Solid base, upper liquid) A400M ﬁﬂ'{‘:_l’i%-l:it
Russia ISHIM(Solid) MiG-311(MiG-31D base) [EEY RN
Yuzhnoyes SDO SWIFT(Solid), Mil-31ALA MiG-31 fAAR T
Yuzhnoyes SDO SWIFT(Solid), Su-27ALA SU-27 fAAR T
AY7  [Yuzhnoyes SDO Space Clipper (solid base, upper liquid) |An-124 MHEE TR
797547 [Yuzhnoves SDO An-124 MHE T
Russia/Australia/UK M-55 launcher (Solid) M-55 =i-E
Air Launch System Inc Polyot (liquid) An-124AL BHEETR
Yuzhnoyes SDO Svitiaz (liquid) Modify An—-225 =6
RAFAEL LAL(Solid) F-15 HRfAR Tt
AZZI)L[RAFAEL HAL(Solid) B-747 HAfAm Tt
Israel Institute of Technology |DRLV (1st Air breathing + Solid) F-15 HRiAm T
ARAY [INTA AQUARIUS(Solid) F-18, EF-2000 [ElEEEN
School of Aerospace EFA Launched System EF-2000 RER T
147 Engineering of Roma
School of Aerospace Microspace LV MiG-31 RkR Tt
Engineering of Roma i
BE  |CNSA Shenlong (Solid) H-6 Badger (B-6/Tu-16) |HRAR T=
BE |KARI ? (Solid) F-15K AR TR
ISAS./Nissan (IHI Aerospace) |[M-V_(Solid) B-747 &3t
ISAS./Nissan (IHI Aerospace) | SS-520 (solid) C-130 ZERTR
A USEF_THI Aerospace Solid (50t Class LVS) B-747 Hax
USEF /IHI Aerospace Solid (9t Class LVS) B-747 ZRTFR
USEF /THI Aerospace Solid (9t Class LVS) C-130, C-17, C-5 ERTN or IHET
USEF /IHI Aerospace Solid (9t Class LVS) F-15J HaK

Source:Responsive Space conference,Space launch,RocketPlane,General Kinetics,CNES,Airworld,Airlaunch System

Inc,Myasishchev,Yuzhnoyes,INTA ISAS
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MR s TR O3 H FRUIMZEEOIRESCIE O Tii~a 7y MEET 5 TP 2
7/ R T, L-1011 <° NB-52B CTHEALL TE Y, FEOZEFRE > AT Mo Z D)
AN% <, 77 AD CNES (T KL% Rafale B IC L D22 AT ATHRE SN T
W5,

HH T 2RI ZERE D IR IR~ L, 4T ERRICEW =D O B LT BiF 5 5T
HY . 7 AVU D Airlaunch LLC @ C-17 {2 X % QuickReach 777 v k THHEERZY 2006 4
WZHEE S, FETHLmE S TEY, ES TR AR R o v N
T EFEAICHANLR TS,

HAXIMEROIRE B~ 58T 2 5N Cch v, Kloasry EEERT254I1CH
Woivsd, BREEIET AV A, a7, BHARET LD,

B E T (EPET)

X 1.1-1 vy Mg



3-1.2 ZeHidsht s AT LAEH

2008 FFITiF, BV 7 A4 — B 2 VT AT HE 2 RBH 3 % Virgin Galactic 7322 F138 5 $ 3
iRt d 2@A, CNES ZZH3E 4 & 27 A@atEha), Yuzhnoye SDO D ZE 38 G 55 34 5 1 52
DFsF, PEOZEHRIE > AT AFREIE, A AT T NVZERRFN AT AOFHa 27 b
WK, A XV T RPN AT AREEINABIEEESCEREZ B U TREREINTVD

3-1.2.1 Virgin GalacticZZH %5 93 (LancherOne)

Virgin Galactic 1%, F3EFHH & L TR 100km O HIEFRITFEHRITZ5HE L T\ 5, 4
7% AT X Mother ship T& % WhiteKnightTwo (EVE)23 R L 700 | 74— X LH A
B SpaceShipTwo Z #5# L T 50,000ft TZEHRITHU AT A TH D, Z OFHHETR
ITHATICIR T 2 — NS 720 OF L 20 7 V(K 2000 TH) ThH D, > A7 LBHFEIT Scaled
composites 23HY [ A TV Rl y @Y 0 SpaceDev 3G L TN 5,

2008 4F 12 H @ Flight International (16 December 2008)¥ki8 Tl%, Lancherone & 9 ZEHI¥
FHEEOFHMAEREK LT, 77y hOFEMTIIGEEMITRER STV,

2D NAT Y v Rury bC100kg OFE 2 BLER A
EA T 7 > M2 XD 200kg DR Z #LER A
PRFTSNTWD

2009 /-2 H 3 H @BBC?I%L *I%., Virgin Galactic & SSTL23 5 & 400-800km~ 50-100kgF2 i
Duy MTERELZFE L TWD, (X 1.2-1) T E#EAESS-10milfRE & LTV 223,
BRI IESImil & L7V & BBCRWorld of tech News TIXiRiE STV 5,

=
%“ White Knight Two
2 Orbital insertion
t\ \\:\ b e/ altitude

(400-800km/250-500mi)
P/ﬂ ey o -|
: by,
* & Air launch altitude -
~d i (15kmy50,0001t) §

Payload fairing

‘ HOW A BRITISH ROCKET COULD LAUNCH A SATELLITE

o o separation
o 3:' ‘Second stage ignition

Second stage shutdown

4 i
4 &
5 4 ¥ First st hutd
B g | First stage ignition * First stage shutdown
et ? aeld and separation

1.2-1 Virgin Galactic & SSTL O EIT FE 33+ % (source : BBC)

3-1.2.2 Yuzhnoye SDODZE F1 38 5 25l (SWIFT, SPACE CLIPPER)

v 7 7 A FOFHAEZE Yuzhnoye SDO T, F/MUTREAKR &7 v F &2 N—R L L7225
B AT L% 2008 4F 2 AFERITHEER LTz, U4y AT LB Mig-31, Su27(Cm 7y
&R T L7c 22t o 27 & [Swift] & An-124 59iastic v 7 v NSRS
T TE T+ 5238 (3% F) A7 A [SPACE CLIPPER] 788 %, Swift (3 AR5 Rl H1#L

10



18 500km ~ 40kg DOHERE AN TTRE/2 S 2T LT Y . SPACE CLIPPER (% 2 fE¥EH v . 16
A4 0 F£ D 500km BILIE ~ 500kg-1000kg DELIE AN FHET I 5,

(1) SWIFT

SWIFT /%, Mig-31 & Su-27 (Su-30) &\ 9 oo 7RI 2 N— 2 & L= 2B kD22
HI T AT LT D, Yuzhnoye SDO Tik, 3 BEXEA 7 v N & 22U ERBIFE 2 Mg
T HEEE LTS,

B4 1.2-2, K 1.2-312Su-27 &£ Mig-31 O ary ME#HXE ML e 7y MEEEEZ 7R T, Mig-31
ZeRRE AT Ak ey M EHEESK 6600kg, BLIE & AR/ 1XSSO500km~ 40kg T &
V. Su-27 ZEHIEST U AT ME a7y b AAHE R 5560kg, #E B AGE 7] 1XSSO500km~
40kgE LTV D,

25y N OREUTHEHRARX—ZDOEFZEN D, Mig3l MOZITAELD 1BERE T —A %
— L LTHHETLHFXTHY, SU27 BOZIIERE—XZEINZLT-XA T THD,
Mig-31 BUClE, 1 Be H OfEMESRE B4 2 AT 3000kg, 2 B¥H % 2000kg & L. 3 Bt H % 490kg
(SU-27 L[RIEH) L LTW5b, —JSU2713 1 B H L 2 Bt HOHEEREENF L TH 5,

Mig-31 OfRAEITZe T, I TAX L THY | SU2T RAEIZR T, v T4,
APFET72ALZ L FEH VT, Axva, 2V RIT AT XEFA TUrET A
VY RRUT  RI)N— | TFFET | DARF AL TH D, SU2T EIRIERTZIRD Su-30
ORAEIIEATEEbZATR YT, HE, TAV =27, XTI L—v LV R, <L
=T XM FAL A RRVT XRRAZ T TH Y | HiZETIX Yuzhnoye SDO & DAL
W CHIEIT L FBAHT 52 LR HkD,

‘Launch Vehicle (Version 1)

X 1.2-2 Mig-312ed%&4 25 A (source: Yuzhnoye SDO)
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Vehicle (Version 2)

1.2-3  Su—27 Zeh%&8+s A5 A (source: Yuzhnoye SDO)

(2) SPACE CLIPPER

SPACE CLIPPERIE, AN-124 Z R 3228 TRIT7 o F v — (M 1.24) THDH, &
v ME, ICBM SS-25 K UNSTARTR 7 v M T Sz ERE—4 1 B¢H &, Cyclone-4
0y NOE3IEAT—VEMFHLIELOT, BERE—42% 1 lET5 2 e, EKE
— X &2 i LT D 3B B D, [FFETlIDneprBi &L £ — # NRIE & 28 L T\ 5,

(¥ 1.2-5)

a7y M, 2 B RO HEE S BT 24104kg C SS-25 D — AT — VDT — X FIHZHIT
THY, 2BEHIKEIT 8500kg TH V| MKIEHEAIX NTO+HUDMH & 725> T 5, MiZAT —
VNIIRK 3 BOFEKENEZHT 5,

—7. 3BT 1 BB & 2 BEHITIESS 25— AT — YV DE—F ZFIH L TV H A, HdE
B RN, 1 B H 2N 24400kg, 2 BEH 2N 24104 & %080 %, 3 By H I 8500kg TH V) . WA
FERUIINTO+UDMH & 72 > TV 5, MEEAT — VIR K 3 BIOHEEKENEHT D, D%
225, 2 Byl SPACE CLIPPER DFAEL &3 37200kg CHAE & ABE /11X 500kg (0 FEMRMA
500km) . 3 Bx3id 64550kgT 1000kg (0 EEEANAG, 500km) & 72> TW5, AT —F
2% K 1.2-6127777,

Operator Station

/
/s
”l\ansponaﬁomLaunch Platfon#/

1.2-4 An-124 12 X 28 F )50 (source: Yuzhnoye SDO)
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Two-Stage Launch Vehicle (Version 1)

Cyclone-4 « ' ¥
3rdAF—o Wi
EaJi:| ﬂ

Specification Stage | Stage 2
(based on 85-25 (hased on
Solid First Stage) Cyclane-4 Thivd Stage)
§8-25 Prapellant NTOHUDMH
E—4EM Three-Stage Launch Vehicle (Version 2)
oo C[ p== L
:E—ka Specification Stage 1 Stage 2 Stage 3
ibased on §5-25 Selid ibased on §5-25 (based on Cyclone-
First Stige) Solid First Stage) 4 Thind $tage)
Propeflant NTO+UDMH

X] 1.2-5 SPACE CLIPPER ® A7 — iBIFIH (source: Yuzhnoye SDO)

Spacecrat separation

T=21525%
H = 200 km
W =7116 m's
g ([ O —
Cutoff of Stage 2 engne L \\
T=4138
Ho= 153 km Saecond igniton of
W= T8 mis stage 2 engina
T=2148s
H =500 4

A = BETT mis
Paylead Fairing jettison
T=1645s
H =107 i !
/ . \

- —
Stage 1 /stage 2 separation
w Firstignition of staga 2 enging

T=T4s
Igritinn of Stage 1 modor H=50%rm

He= 10 N Vibs= 25580 mis

W = 180 mis

%] 1.2-6 SPACE CLIPPER 71T —7/ > A (source: Yuzhnoye SDO)

3-1.2.3 CNESZEHIEIH > AT Ldf[A)
7 7 A TlX, TELEMAQUE, DEDALUS, HORVS X! MLA @ 4 DDZEH5EE o AT
LBmFI SN TN D

(1) TELEMAQUE

TELEMAQUEILit & (A330) ~v 7~ h & AR Lo 22h s 27 4 (M 1.2-7)
Thbd, Hixva/ry MICNESHIZED—ER & L CTiThil, vo v b&E &I 30t 3 B
A v R T, 1 BB T Ariane- VEEYERI Tl | & 472 Vulcain™ > ¥ 0 i L7ZLOX, A #
Uy (MEEEE 16t) | 2 B HIRER (HESEE 40) | 3 BeH ITHRIAHERE (e &
L. T EREJJIESSO~250kg& LT 5, 2 BEH & 3B HIZHORVS LRI L AT —V &L L
TW5,
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1.2-7 TELEMAQUE (source: CNES)

(2) DEDALUS

DEDALUSIE 7 7 . A DCNES & ONERAZN L [FIBARE 3~ 5 AR = 7 v D 258 LT %
HRRT 2D TH D, LT, 7/ 70 F ¥ —HBEGHE D BRE STV 7223, 2008 FI2iE
1 A\ BMultipurpose HA UAV~KHBIE R 1 5 > ME#H O & Globalhawk~1 7 v | Z #5#9
LENEEINTWD, TOaryv7 b a X 1.2-8%5R~7,

CNES/ONERA LV
under GlobalHAwk concept

1.2-8 DEDALUS (source: CNES)

HA UAV OZEF5GE o 27 2%, 3 BB e ERe 7y N2 EEB TL TS, =7y
N EIL 15t 1 B B HEERIE B ot 2 Be BT 4t 3EEEIZ 0.7t 295, HA UAV %
REIX A & 7t. 308 37m, — 2 ¥ % CF34-3 73 2 FE#i ST 5, T EWF X HA UAV
DO 16km, HE MO.7, FEEAKETR S > MAEY)ID BT, B2 BED 5 — B RER
EAATHDL, vy hOT7 T4 MRRIAERINTE LT, T LEESIIL SSO150kg & i
T\,

7 a—s3LAR—7 (Globalhawk) DZEHREGT AT AlX, &HEEN 2t Ov 7 v M
R TRTHL EFDEDHRFELRLTND,

(3) HORVS
HORVS (High Operational Responsive and Versatile System) X7 /N 2 Ad00M & Wik D 4%

WEIZ ey FEBE L, T ETFAERRTXe s> b (X 1.2-9) THD, CNESHEET
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I, Yoy FVAT LEC1] ~E#HT A2 B AREE LTV 5,

1.2-9  A400M & HORVS (source: CNES)

27y MT ERFE, & 6000-10000m, #HEMO0.45-0.6, FPASCTHUHE F ¢ 5 LHE L
TW5, BTy MNIEERIAHE &N 24t TH Y, VEGAR 7~ HP80 i F O (R HEHE S %
FIHL, 1BH (140) & 2BH (40 AEHA. 3 BeH 2K 8kN (NTO, MMH) Th 5,
a7y MEHEURIL & FTH BTRET) % | 1.2-1012777, UiZu sy M EoiTs BT
725 B ORESINE 130kg SSO(800km)IZ72 5 & LT\ 5,

[Pertormance HORUS selon inclinatsan]

=0 T T T T T T T T T
wslow— I L __d__ o __L__d______1__
"'1--7____I | | | I | | |

e t T Sl | t | | 1
- 1 T s o R AN IS N NP

Parformance fkg]

| |
a0 I I
| |
W —-—g-—-————-r - -
[0 IR S P,
I I
] R e
— = rm . -
aade | e L _ 1 e =~
—ti=400im | | | | | H: 268km
el el e
s T | | | | | | |
o 10 20 30 40 50 &0 0 80 20 100

1.2-10 v/ ME#E LT EVERE (source: CNES)

HORVS |3 kA E (A HERESKL DT » 77 L — R (Green and doped propellant : 2015-2020
& X Butalane with active binder: 2020) (Z X A g it & LT, KELEOHEMEIL T B %
DD LRELLTND, 3 B HITREE BRLAl (N,0s MMH) %, LOX/7'm B L LOX/
ABHENT T T L= R LB IR L TV D,

a7y MT EFIZASL U EFE LTS, £TO7 T4 32 % K 1.2-11HRT,
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|
Zane de retompée
2jbme étage (P3.5)

1.2-11 HORVS 2 v a {77 v~ 7 A /L (source: CNES)

(4)  MLA (Airborne Micro Launcher)
MLA X, & v Y —thEFfichmiaan Tty 2 B TMLA Liner) &, 3 Bzl TMLA
Trimaran | @ 2 FEOZHENDNH 5, HIZEHEIC 1T Rafale OfF 23 L TR #E#H e ( o

— RIZ 9.5t TH A, [FRAIICIT 11.5t £ THEHEATEEICAR D EREL TV 5,

a. MLA Liner

MLA Lineri% 2 B¢XE AR 2 7~ b & Rafale$k B~ R 7 TN CHEE T 228 R & o
AT LThHDH, vy MTEFIEASXAL AN EEHE L THEY | SSO~ 50kgD#IE
AWAREE LTV, 1 BEHIX, CFRPE / U ¥ v 7 D RBIHET — & 77— 2 &£
M7 7 Faxz—F—nHINTWD, 2BRITT L
YU X— T 4 — REROEEM & 7 A LTRIE AT — U C s il A ~

ML, 7 Anigaghc

Sy
FEL XL

— ZDOFUEN S 2 ANVFHEN oA ICRE STV, (1 1.2-12)

Linear configuration ;

~ Altitude > 16,000 m
» Velocity: Mach 0.8
-~ FPA: 40-50°

» Ignition: T+4 s

4
l}?
7 \
7 %

écnes MLA Concept « linear »

Architecture : Linear configuration under fuselage.

Constraints : front landing gear, height of the
gears, lateral gear traps, ground clearance, etc,

Main difficulty : affordable volume under fuselage
would not allow te reach the maximum payloa
capability of the aircraft.

Optimisation of the staging (with a Rafale) :
« 2-stages configuration,

+ Density as important as Isv : solid propellant
(standard HTFB) for first stage and storable
propellant (NTO-MMH) for upper stage

Best configuration = P3-L0.6
Launcher mass < 4.5t (~1/3 of the A/C capability)

1.2-12 MLA Liner ®#3% (source: CNES)
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b.

MLA Trimaran

MLA TrimaraniZRafale DA R FEE 72T Tidad . BB TOZEF RN a7~ b EF
BLTWS, v —tETid, FREEN/K T LIZE L TH Yy Y —BEREE LTY
Y AT AENERT TS, MLA TrimaranDAVEL & TRITS — 7 0 A% K 1.2-13127R
T

a7y ME3EBEAT 1L 2 BERERe Y T3 BICIRKRT 2 LTV 5,
1 BER O 2 BED AT A M, S0 — R i & =R s 2 L- et
— Rl —=REHHL, ) AT 4ADI—RY A=Ky s An—FTHY , W F
o TVC (AT BEEEZ A LT\ 5, 3 BiEN,O,  MMHDEIR AT —
T, 4ODFF LA oy RSN, ) AVIMBARERA S TWD, EikE—%
L7 =TV TOMEE K 1.2-14, ¥ 1.2-151277

FATEHNLE 2 BeRBERRAA £ TIIRECH D Rafale N EHI 21T 5. T OHKITEEICH
LESAH FIBFRERIRIIC CE L, 3B HIZA—A N T U 7ICh HESAH &R T
I &2 FEET 5 & LTnb, (X 1.2-16)

T LEEF11ESSO(800km) 150kgZ N—A T A > & LT, ERHEEROTER & 3 EEHD
WRIKAT =Y OEH&AT 5 Z & CEREMICERER EA XY . SSO(800km) ~ 180kg,
200kg~E T v 7L — R LR AZFEEXZ L TWD, (K 1.2-17)

550 800 km x 80 km / 98.6° I

Stage 3 re-ignition
Final orbit circularisation
359s : V=7.9km/s [ 250km
Stage 3 burnout
Transfer orbit injection

Flux<1.135kw/m? (119.5km) /
Stage 2 & fairing separatio, éﬂ
3rd stage ignition /
// 86s: V=4.5kmis | 78.5km

Stage 2 burnout
Ballistic phase (42s)

Ballistic phase

46s: Mach 6.5 / 36km
Stage 2 ignition
Boosters separatio 2

T=0: Mach 0.7 / 12
separation from aifcraft

Aircraft pull-up
waeows *_f p

4s: Boosters ignition

X 1.2-13 MLA Trimaran DM & TRIT—47 > A (source: CNES)
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MLA solid motors

Insulated case :
- Carbon epoxy

Ccnes

MLA - Installing the payload

Technologies - EPDM insulation
= Parasol (Myriade Use of an elliptic fairing, and
Actuated Nozzle : " class, 120 kg) an inclined launcher {increased
= 4D CIC throat E diameter for fairing)
= Phenalic liners 3 I " -
% Flex-seal bearing ? i | = :F—
3 EMA TVC = k... W
Stage 1 e Stage 2 v : ﬁ]‘ !."
g » Aluminium g D=094m \‘m-,, Tl
= Load transmission 1k ¢
Initial fairing volume
with constant ¥
Igniter diameter,
.
Grains,
= PBHT propellant (MPS) .
- Rear finocyl shape Taranis (derived
from myriade, 7
180 kg)

1.2-14 MLA Trimaran DEAEET—% & 7 =7V 2 (source: CNES)

H ;O VACUUM
MLA solid motors . TinusT
Characteristics -
150000.
100000
— — Gabarit
50000-
B Time (s) \ |
Motor data Unit Stage1 Stage2 o 10 o 0 40 0
External diameter m 0.85 0.85 Vacuum thrust vs. time
Overall length m 42 27 B T
Propellant mass ton 26 16 N)
Inert mass Kg 270 205
Burning time s 45 4
Maximum pressure  MPa 1.5 10.5
Average thrust KN 165 112
Vacuum ISP s 200 2935 e B ®

1.2-15 MLA Trimaran OFIR & 1 BB, 2 B H ERE— & OfLEE (source: CNES)

Stage 3 re-ignition

Final orbit
350.00 S
n
300.00 // ( (
250.00
Ballistic
E 200,00
8
2 15000
m
100.00
50.00 —
’ g0 1000 1200 1 1600 1800
distance (km)

1. 2-16 BHFE ] (source: CNES)
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Performance

-t 4iof -t PR
[T DS N S AR R R AR

L — 1 V. aRaRE ¥
= Ej Altitudelvelocity vs. time -4 e Orbit Payload
i fi-+t
AR TR LEO 28.5° 300km x 300km 250 kg
200 1o 6000
$S50 300km x 300km 180 kg
§' 150 1141 4500 -E §S0 800km x 800km 150 kg
100 ] 3000 —;?g Separation:
£l s m-0.7
. /-. Z~40kft
2 ' FPA~45deg
&
’ [} 50 100 150 200 250 300 350 400 ”’2{{
Temps (s) ) 7 Pull-up
~ 1 Pull-down ; maneuver
- "@#T - ._maneuver o
— o —

1.2-17 T E X7 #—=~ > % (source: CNES)

3-1.2.4 HEOZEFIRE > AT LFFEEE (S = > 2 > : Shenlong)

China National Space Administration (CNSA) 7% 2006 FFOEMETT > 3 — T, [Z25E#
KET] LN ALY R LB Y AT AR R R L. AHEE 13t &E 10km
OYBfETT SOkgff R A WEHR AT DRENNH D & LT, ZHLREORPLITEE T & 72
otz LavL, 2008 4 12 A 22 A 29 H ®AVIATION WEEK & Space Technology#tiZ,
13 2009 A2/ VU R B 2 M U, 2 0T EF§ & U CH-6 Badger/BB A % L35 v
zruy (K 12-18) ZBBELTCWDEH LN, 2T, Y= u o TREARTER &
BRI A VA EE L TBY ., 7 — X ZOREMERH D L LT3, BIOFE#RT
X AR, ERT R AT LA 0REE (X 1.2-19) THYH, &K 6.50m | HA
B2 0.80m, A/ 3.00m , B 4500kgE HH LTV D,

1.2-18 HE®> = 1> (Shenlong) 1.2-19 Flv v g

(source:strategycenter.net)
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3-1.2.5 A ATz /pzediEsfs A7 - (DRLV : Ducted Rocket launch Vehicle)

A AT T)UE, B74T7 & F-ISI 2RI LA & RENGH S BIT 5, REEERO 2RI
AT DA EITRER L TWTZA, 2008 4 4 A 2B = 417 Responsive Space conference T,
77 =4 THRK% (Technion - Israel Institute of Technology ) 7% Airbreathing % 1 Bt H |ZF]
L7223 4t A7 5 DRLV Z %3 L7-, DRLV (X, F-151 Z R L7222 R4 27 A
T, 17 v hO 1 EB:HIX Airbreathing, 2 B¥ H & 3 Bt H B EIR THERL S 7z, 28 & 3085kg
Dwr ey b OZERFEE TEH Y 250-532km PlE~75kg DFRZWIERATE 5L LTS,

DRLVODIE K OF-1SHERRFOAMILZ X 1.2-20, K 122057, 247w ME, 1 BEHIC
R~ v/ "\M4.5 £ TIET 5HE7) % H 7 S Ducted rocket (DR) i L, 2 Bt HIXSTAR48V
=4, 3BEHAIISTAR2T =X LW O MfFmZMMAT 5 & LTWD, ZEhEFORIT —
U AT ERED 2 X 1.2-22157R

The Launcher

) !ﬁauncher Scale

I = H 16.9m 22 6m

f ; ;

! 6.0m ' - 1

i : egasus XL 1

: ] 1}

Payload STAR27 STAR48Y DR _JS\ \ 23130 kg ! 1
I

vy .
cadLII T IR ED

1.2-20 DRLV OBk & ~FiELb#: (source: AIAA-RS6-2008-5003)

1.2-21 F-151 ~DRLV % #5#FF D48 (source: AIAA-RS6-2008-5003)
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Sensitivity Analysis
+ Circular orbit isn’t the best for tactical launch.
Satellite’s mass can be traded off for elliptic orbits

* Residual velocity of 80 m/s at burnout provides
532km apogee and enables adequate lifespan

DRLV Flight Path .

250x532km | 75kg, 16°]
251 X 596 74 kg, 16° (-1kg)
249 X 469 76 kg, 16° (+1kg)
243 X 464 75 kg, 15.8° (-0.2°)
240 X 429 75 kg, 16.2° (+0.2°)

1.2-22 DRLV ORITL—4 A LFT ERET) (source: AIAA-RS6-2008-5003)

3-1.2.6 A #V7rzEhRsts 27 A (EFA Launch system)

A % U7 DK, School of Aerospace Engineering of Roma CTlf,=—1 7 7 A ¥ — & Mig-31
RS LI2ZEh Rl n Y NORGETE FERT Th 5,

2 —n 7 7 A Z—® EFA Launched System (X, E#& Im, 2FEH) Sm, 2&ff'E & 4~5tD 3
Bk a 7y b T, B& S50kg DFEZEERARREE LTV D,

Mig-31 @ Microspace LV Ti&, FU 3 B ury FEEH L TWD8, vy MoriERy
DHE e N2 D 2 LB 75-140kg OFTR A IUEHRAFATREE LT 5,

3-1.2.7 QuickReach 2008 4EH}[i1]

Airlaunch LLC @ QuickReach I%, C-17 Z R’ & F- 5 22 s st (22 T) 27 AT,
K [E DAPRA 736 CU> % FALCON #lj oo —¥fi & L CRE%E LT\ 5, FALCON 247 ki,
& 200km, B 28.5 FEOKELE~, B & 1000lbs DOff A2 & T L AHi&$5million T 24 K]
PANITHT B ATRE &0 9 BERICE S W TR ST 5,

QuickReach & %7 > M, MK L T u XU 2H L Ee 7y T, 2K 66
feet(19.8m) . [EAE 7 feet(2.1m) . B 72,000 ;K> K(32.4t)T, C-17 DA—= + a2 /3—
b A MZ2 EOEHAZFHE L T 5,

QuickReach BHZEIE, 2004 4F7> 5 Phase 2A ($11mil) & LT 47 1551 384.5 B ool ke
ARER, M BT IR, GIEEERBR A 52T L. 2005 4E 9 H 7> 513 Phase 2B ($17.8mil) 733 H &
AU, 5 EIEFEE315.5 B o R BERER (B RBRBERRBRIGRH] 191 8D) . 7 =7 U > 753 BlEalli,
W TFEREZET LTS, 2007 47 225 1%, Phase-2C ($7.6 million) & L Tx= 2 ¥ BRA%
ZFERML TR, 2008 4F 8 HE TIZ 25 BIAFF434.7 D= o ¥ el 2 320 L 7=,

QuickReachOME K OFRAT > — 7 o A% X 1.2-23, 1.2-24127R77,
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1sT STAGE

_TM PROPANE TANK
u ea SUBMERGED
N0 STAGE :

NOZZLE :
2w STAGE A 15T STAGE
$1,000 Ib to LEO LOX TANK <05 NOZZLE
$5,000,000 per flight XA P

24 hour call-up LOX TANK

AVIONICS 2M0 STAGE

FAIRING WAFER PROPANE TANK

Gravity Air Launch

=Rocket extracted from rear of aircraft with drogue
=Ignite 1st stage engine & adjust PITR to 90°.
=Rocket drops ~750 ft 3
=3 sec coast

I

1.2-23  QuickReach #£% (source: SSCO8-IX-5)

+ AirLaunch LLC
- Founded in 2003
— Entrepreneurial
* Rapid Prototyping
« Small, Agile Team

+ QuickReach™ Small Launch Vehicle

~ Launched from C-17 T=0 s0c Staging

: All= 24,900 .
- Responsive Velr = 330 fps | Insertion

- Affordable W-Dmﬁ . / i K T;?!G-: i

— Liquid Propulsion
= LOX/!Propane
* Pintle Injector
+ VaPak Self-Prassurization sk
Ground Hold

Takeott within 60
minules of call-up

1000 Ibs to LEO; $5M per flight: Less than 24 hour response time

1.2-24 LTS —4 > A (source: SSCO8-IX-5)
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3-2  ZEHRET AT NELRIRG

3-2.1  AffHE AR
ZERIEI T AT WDOER Y AT MR & IR AT MEREERZ X 2. 1-1ZRT,
ZDOVAT LOEARBABIILLTO LB ThH D,

~A 7 uETL L O=—XZE 5 Btk fER 2R o E N o038 &2 B iE
_é—
ZEPRESIT & D 4T B HUR 0 BIEEME AR ) 2 B ABIVE R O o 2 T AR E B

&g
© BT REORIR LT ERREKNEAR O LTGRO R 22 HERT D
FREOEBICHT T, REA > 7 7/ 2 FMrgIZiE A LTl

2RSS AT DMIE DB EOR O E 1, W 2 E R T2 T, 2
I L 23T B Al aeif e 7 v MEM L O FWEZ I FIca— P EFICR LT
ALY —723T EIFAAEET, VY 2T 5 LCOF DM EICHE L, 2 ORIKRD
BEEECHEAFERTHDLENI AT v FEFFD, =— XN R 5 & TRINLIFENEIC
B A e/ VR RIT EFFEE LCEIERICE LR T vy v ERS W2 5,

AR ATLDOER STV AHRERTDHICHI-0 ., LB T - EAREMR, 2K 27 21
% & BT AT AEMA OIS X RS, FIEM, KOBEEOBSNS, LLTFO
EH/IVAT LABEERET D,

(1) Blpsdke, FUEM:A2FHRT2EHA TV 4
BRpst . B OYZF U E > I 2 EBR T 2 -0t —0EAM 272 A7 A L3
HI20DBEEREELLTO®Y &35,

TR VR SE I - <14 H
B ESZH~FT EiF £ T <2 H
EL— T 7R - <3 R

IO RERECHTHEMA A=V % K 2121077,
(2)  FEHHEBEEN DIFRE TOEM ST U A

TEEHE D BERE(Take of ) L TND, B 7w NBEAEH 21T, IET D ETOEM T
F & X 2.1-31277,
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(3) BEMZEBTLIEHC I
ZehEF S AT DA, M ERSEOBMFEOA 7 T EERET, HoFE o5 R
RMET A Z LTI ETHLE, ROSERZTOL 00 AEEZFEBRTH 2 ERAREL 25,
DD, vy NEHOTDODOHEHA 7 7% 5/ME LT BTV AT A8 LT,
UToOBREZRET 5,
W ER 2R L7 W EH T AT AR
—HERBATOT LA MY EE
— LU —7T7 4 HRED B AL
AT E Il AB R TR Offi Rk, D Ak

INGOBERTEICKHT HEHAA A—V% X 21412077,

x BIEWE 2 é _
...................... P

TV TR

«/f (2]

N S - SEBT AR ZEIES R T s

i j:‘;ﬁ»ﬁk s8¢ iz
................ : -0y MR (- 43 B - 2258 B54R - )

------------------------ SRV (F—5RE EEE1E)

-HE-07vhOME-EE-RE
A A OEH
-EHOER

B 2.1-1 ZERRI AT DAORKRT AT DR L 2R AT L IE A
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<: SHRBHEENM: <745REHMERO

<§ L LA ek <OFFE]
Air Base

)
<; REHEGRE ~(=TAT): <48FF/H >
)

***********

Y-0fEZE
: ... MAY(@AIr Base) ZSIN -t
L i : LY Take Off
" - e i ~SAD Safety PinERY#+L ake
=Ry - — e
B o Ly ERBARRR > —> T/ Ok
U -BREA A BE/NFEE TR AT R —RAO— P
Lo EsRAR 7 REARAR | T st R
SRR -8
—Ly =771
BRI AR -SHEBEIRIRA
(128
RAQ—FK [ B I B e S RO RCE RS Rt
B3/ 483/ FRER iz
= EHRRZE won WEL—Fo4R: FF/H
il o) b

2.1-2 ZERRE AT L BUSERIS O 7260 OEH] B AE

L.
Cruise Terminal Countdow \ \
S, — TLA—BRFR—RIE T T —55%1E
Climb /V — . — (BERH) \(BELH)
LA—BT7—BikiE/
R -O4yhZEE -SAD 7—LERE} :;Z/;g;—@ﬁ‘ﬁ/
- STLA—BT—ahf  -(REMED) TSP
LDV TRtk NAV 44—k
«(IMU TF—44#1E) ~O4 ko B
-0y k22 -NEREIR
Tl A—ST—Arhi &#& GO/NO GO #IHf —eizoins
LoDV TRk -

RETX—N
FLA—BT—Hhf)

LUSUY TRt

TLA—ST—5%4(E

LoovdT—2%E/a7UREE
(BERH)

NI 7Y
(BERH)

RS EH 52— BIER 52—

2.1-3 ZEHIEHE L AT A I v g v vF U 4 <Take Off ~ )& >
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VATLEE~OTy MERERA VOS5 Em/IMELEITS
FFRT L~
- EREERALGVVERY AT LER

WuLEE BMAvo5
T e — <<OAybgiEE> >
\\ [#i%-59)

A E(GPS/INS)
RE(277
(Orbcomm or Iridium) [FLA—%5]
,,,,,, EgE AU )Ly NTBD)EE(1ch)

NNl B g -MEREBRC VI TvT)
HZHIHR % (L5774

o N gt o)l -114
BRI

—GPSHMUIZ&BL Y Yv Y

e ~BIEREO BRI
[ —toz s RN /
=

—LuUvI T84
HFRHR(E )

(Orbcomm(TBD)/ A 2242 £)
AV Ny NTBDEH DRI
{57y

< <fRZHHAEMAE> >
[t L1/F]
B
;{i?}l«"i"yh(TBD)féBi

SR/ BRER L 5—

il
MEHHRER

(A4 yh/FEBER)]

“TLA—8T—5HUBHE
(1R, 1\ 7y T)

LUy T —SHUBHERE
(€35 AV VP

X 2.1-4 ZEH¥EH T AT A HEMMROTZODEHA A —

3-2.2 vy AT A
3-2.2.1 ZEisght )i
ZERIEG T AT DMTHW D EHEIL, 27y FOFRKFEE U THBEE 21725 b D,
BEFOMZE 72— & L CRIHT 20002 o03H 5, FiHBEEOEHEIE. v v b
FTECREE SN L 35 2 6 TE 505, BRI - BAREH & bICIERFITKRE
Kb b, ZBHERFa Y NOREICIIBEFMZE#ZFIH T & Th 5.
FEAMNEIC B W TE S B WVIERT STV 2 BEF e & 7o Zevh s it Koo fE
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