


@TAHF 1o FA

WBIRE 020 QAT 'AFE IF6 WSIAIFR" IR0 AT TS BF 7
432 RN SIEIRd (RAIIN® 202d TR I}RfBg Fier 7547 21 'S
0 2GR I3/ TU1F o1 SO U9 SF® (T ST ©feT ffettd
TI® WNITE (718 D NN a5t (O AT ©IF3 (@I 0
TP 8 FIFARTG ST LI BT WP Do 41 3AR | 90 AP
WA wfe o7 *vgw et 5T i [fer oHa @ [Bike @F
SIS FACO AR | IBBF X191 SR 932 SHANEH STRITo! FERE- Gl
faodt 30 EIR I @I T8 © 8 TiHie ~f AFiT 1o
ORI (1 5D Sifoqao foret o2 1 FiR R SHEIY GIH] @I
e SAf7qeN 8 gA e WA WNTF &6 ¥ BSRA ® O& [{@
ATGNT Pt W FIE| Bf6 IL B Aot FA Ty
AR W@ SR

TEIlE, 202D TRl 3T g

APIITT-
[SCIENCE BEE)

LEARN LIKE NEVER BEFORE




o IS0 fGINIHL 93 Wifersd 97 SR wels-

Rocket Motion
Stability And Control
combustion engine
Thrust

Weight
Aerodynamic Force

o IS0 MR 97 (Wiferd 7 SR 2els-

Science Fundamental's

Math Fundamental's
Planetary Information
Fluid Dynamic's

Static Gases
Thermodynamics

mﬁ?ﬂ?

T30 ST RO (@ IE 93, S, 30IEIBd SRy (ST 3| 93 02
AHO! 8 AFHFIS &fS Focso! ST FAMB|

Acknowledgment of gratitude:

The book has been prepared with the help of foreign reference
books, journals and internet. I am grateful to the authors and

publishers of this information.

Foiq oA @ SIfINGH-
Y fremig




biofq

S. A6 I

2. IF0 AN AIITHEF 7A?
. fifex Ie@a IF6

8. ACFBI FlOTT

¢. WA GieTi~T

Y. D A&

q. A6 RN

b, AFD B

H
®. I(PD (G

50. Fuel Injector

5d. Gimbaled Nozzle

3. I Hfoiaof

SV. Cold Gas Thruster

58. AL 1B MG

d¢. Launch Control Centre

5. IE6 8 FIRETd Wigy AAFs
Str. (&I i

5. JIETCIT AN FBIF &6




6 II?

SIS IEFB NN BIETR VT S| afb a9+ aF I i, FiA1 TR Iiat F41 27|
&8 "B =B 3o WY I97 FW| AN D WA AF0 fE 9 @IEy oo
(T, A IFB B IA2NT I OIE AP0 el YOI AHB 99 LS| HTos- (F, e

AP0 & IR P TRIHICT TGt G OIS b I

b A HITHIT 72

fafeq Tastt @ iRt T 5200 97 WA BN
NETEAT HEMIIS RO IF6 IR FEDET
AT SV00 WIF YA T GINIAIMRRIGT IFH 4,
WIS & g REIE e FE| F—I8] oo
FAME S0V A, aFTH T FrFF
FABIRID ORTSA ISR (Konstantin Tsiolkovsky)
SMRISAN BIA-GieTINT A LT e iRE|

A2 S AT WEFFH [N 716 161
(Robert Goddard) &Y SIA-GieTi~t A0 6
SFEAMSE SI6IE NN 8IAT Forg SN
st aeT IR bha O30 FERBEH




432 >5¢a A G 3G fAAE AN Fax Sstay TEFARI T AT
AT FEME davd A FifSEe TRFHEIR RO My IE 5@ AN
TRIFICT TGt FE1 932 Sabd A VI JFAE CToN-1S 0 AT FE NIl
N WINBe, IS TG 8 VIR FfeTad & Iw A

fIfeq IeWg 90

1) Solid fueled rocket  5) Nuclear electric rocket

2) Liquid fueled rocket 6) Nuclear rocket
3) Ramjet rocket 7) Solar Heated rocket
4) Ducted rocket 8) Photon rocket

APHBI IO 6T ST Aluminum 932 Titanium Tt, IR AFT g

OANIYAP S TS (RIS (6T AP TS| I@B IMGT FAY B Aluminum 8
fEotT B Titanium 932 BIF BT AN (ABIH FIEY I F1 o7 1, IOIGH
99 38 Wf6fAes 51T (UF 6 & T FE|

DB GieTit

B G (e T @RS Sl amas 12 it Sist F3t 791
Hypergolic:- (T, GieTiHT MR35I @IWT oft I, WY K2t Biot ffeat 8% Faw |
©Itd Hypergolic =TI

@IEIEH Fuel GiIdP Oxidizer
Hydrazine Fuming nitric acid
Kerosene (RP1) Fuming nitric acid
Hydrazine Dinitrogen tetroxide (N204)




Non-Hypergolic:- @, G Rigeat 3% e 3fRsste it 1, WBE Fraig eweH
%7 B Non-Hypergolic 3T foF fo7 aba [Afex 757 gieiat =1 8@ Solid 8
Liquid (Non-Hypergolic) Sieixt St @t e6fcTe | ©1% wivat 3¢ Solid @ Liquid

qlc‘ﬂlfll B RIGIPRIEIGI]

GIeTiAt Fuel GiIdSF Oxidizer
Liquid hydrogen (LH2) Liquid Oxygen (LOX)
Kerosene (RP1) Liquid Oxygen (LOX)
Alcohol (e.g. ethanol) Liquid Oxygen (LOX)

+Solid Fuel:- 93 £ B SN GIANT Potassium Nitrate (STBI<RN T13EE)
3 Sugar (6f¥) 1 @ FFE 9F Sugar Rocket 8 I 7| ABIAN NRGE 97 IATNS
SeF© KNO3I KNO3 YR wig a6 st {57 aft Siles 1ot gt i w11 Jodle
KNO3 @& WD FAE T Siidd 101 B I13ziq a1 271 olvg @it 9 Sosifaet
3 KNO3 a3 i Bl 19w F419 $& iy oo @F Wil Fist (7 919
H(eT KNO3 & (B Gl B FioN 1 TR QB%H@ AN JRE6 @ fofva

S SIS (KNO3-70%) (SUGAR30%)
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«Liquid Fuel:- T 51fS =7 8 73! T1GI7 G ©dd Gl A6 4% 1 77
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BIR S98d e @I et stitsta Ty [edy aF
NG WIIHF FE@V| aF Staged Combustion Cycle i,
Preburner Cycle 311 93 Preburner Y676 (P &S
1T FIG F@I Preburner 93 IS ieTiAT fwT A2
38 $@ 9FI6 Turbine YO @R =5t bie] Fa11 T3
%058 Preburner bIe] $I19 O SIS IR SA19e
& FE? WF 97 O&d 2E Compressed Air Pressure I3
I G B @ 519t 38 S Preburner Q TN SATSITT
37| 932 93 @Fﬂ% ?,tﬁ'(fl Preburner @, 12 5{@ I of fum




931® Turbine FIIE! 27| G]R Turbine 99 AN 9F6 Shaft I AF It AIG (T3
A=t aq Turbine ATSIE (@IFT| 98IE&R Preburner fST® =94 giawr SN

ORI TR ASI® AT
OPENCYCLE ~ CLOSEDCYCLE CLOSEDCYCLE  FULLFLOW

Preburner Cycle © 93¥3-

1) Open Cycle

2) Closed Cycle 932 closed cycle W 2 &FIT * Oxidizer rich * Fuel rich
3) Full Flow

Open cycle:- Preburner SWRSIET 24 ME OPEN CYCLE

(GAS GENERATGR]

Open cycle %o AFIRIT F41 3611 9 AHo©
Preburner Exhaust Pipe Mt sia¥ siieTa Syw &g
IRt @ 2 @el| [Nt s FaeEH a3
stmfore oipd TN Gt 78 =91 o
fassiRtat Closed cycle o%fS SHIBN FEA|
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CLOSED CYCLE ~ CLOSEDCYCLE ~— FULL FLOW

(OXIBIZER RICH) (FUEL RICH DUAL SHAFT] STAGED COMBUSTION CYCLE

Closed cycle:- 9% SI{&a1T Preburner 4 SifEE qiary gierT St si4if4F Tiaty
GilgS TP Y IV GiIgS (Fe3t 7g AN GIerNg At Preburner Q
Exhaust Pipe (AT &5 SN GietiAt It S S FIHN GFIE SHSIAT 731
Q%@ Open Cycle 9&©® Exhaust Pipe @?g@ iF fFF Closed Cycle smfo®
Exhaust Pipe SaISI T (GFIE ST & AN | T 0 GietiT N8 o7 1|

Closed cycle Oxidizer rich:- Closed cycle preburner Q 325 Ig SIfFNIN gietil
8 wfe sifavy Tige fepal S wigs AT Hot Oxidizer FgMN (BFIE
SHSIHT 27 BIF Closed cycle oxidizer rich JCe7|




Closed cycle Fuel rich:- Closed cycle Preburner 9 I24 ¥g AV Sidd 3
wigF Sfam~ e [feea Fw wfEs =N Hot fuel FEMN GRIE ST =
ISP Closed cycle fuel rich Il

Full flow:- @, smfore 1@% Preburner U@ 932 Sl WMl oI 936 gidt
Oxidizer rich 8 SEFO G4 Fuel rich $@ FIMN BRI ASIHT 77 BIF Full flow
(|
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Liquid Fuel I&Mhd GFE © I 394 Fdl 57e-

Spark plug ignition system:- I@B RIIET T ZI'Q?J}T/ (ATHR NP st FIRIT
Fd1 3R PTG &iist [iyye bifeto 9F 49 GO T, Step up FEAEI Vof FIS
IE 93 T [Agpe &2 (@ATF @000 @ATF 8G000 (SIEH T FE| FRY HH
I TIfSlot 1 Ot TP 1ePibo B2 ARF WA e a3 siepfoo B @A
Discharge 28TId ST &4 B & 1, GIeTINIE SIS 4w @71 90 =h1F
TSt 800 A ™H1F FI® AN Q FIAWR =HF st IQ efpfero R g

Laser heat ignition system:- 3T S5{cT® NI AT @119 26 91 93 Swfow®
T Watt IS @1 3921 $@ FIMN GFIET GIARI© WS SASHEH 7371 IOH
Fiber Laser Q Jo3$ A5 (73ll 2 ©IF (6T 10% @R ©fst aft TeoiF F® 193




@I ST oforifes Tesl I Sl @XF3-1000 watt 99 QF® Fiber Laser
1100 watt o 38 F® AIE|

Chemical reaction ignition:- Triethylborane (TEB) a&@
Triethylboron 8 JeTt =1 a3 IS 5+ (C.Hs)sB aft a3 Hypergolic
chemical 1 = WY AR STRIZ | IED AT & Grerg e a8 (TEB)
50-5¢% R T 291 SpaceX Falcon9 I 93 dmfore 9N F1 2|

Solid Fuel 3wbd GoE @i > 16 smfo Ixmi Tt w3s-

Igniter wire fire:- SBIRTN IREE et HIBIT IEH6 SHPIHT S
fJe1y 9% 999 Igniter wire I3 $1 39 9@ Nichrome wire 361 93
sImfo 8 e SifIpifcre wefe Fg S e 92 BIEd W& BIeH! FIET AHH
5300 fEf3 s Btst BEHN FACO A
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ACH6 (SOOI BIIB0 ARG AT FONI A TFHAV T, S
U RIPRA TV 8 AT 29120 2T | IF6 oG8 IF (VRN Y F1EA
T (IR IV INGET BT GH® JF0 (WHg AR (S
MABIA| OIRINE AR FRME FHNY W FAE G AR O
STOT® SO O G (¢ WRA ARS (HCY) WE (G RGP
A0H0H IO G (AT NF A (ATHTG GIF Yo (6
(A RIRN FACO A ST I & FHALT 51MOTO (N QT NS
TR0 2| STOA1E (6T (T, WLTHF AT IIF BT (T I 0L (72
e* Rty FIH G2 Y7o (R0 A (ATCNTT6 B ST el
AT GHRAT FCI T IPLOF AN BN FA1 2T | (FRIT YA 0RO Y
(RC (R6 (PO T AH TP POIF IR0 I | G2 AZO(P AP0
oMo I | ARG COMGE 1 Ol P IWe- FAT0 ONF VN5 8

TSI ATTATR |

Serial Staging Parallel Staging
|
Before Staging After Staging i Before Staging After Staging
P i Upper Stage o
Ascent Sustainer

Continues
Firing

Discarded
Strap On

Fires i J
P

Discarded
1st Stage

fSas-s ffas-y

Serial Staging:- >¥ 5@ 7121 FfF 9 OF@ FAT @6 6 9FIES St f[Tow 17
ATOIFID ©fst A6 JBIF I T, YA B (b I AT




Parallel Staging:- SN I (G5 (S5 IED @AY Yo DB S Ao
T& A& | Space Shuttle 93 Yo SIS I parallel staging I3% Tt 771

(D S

JPD CEHARY YoTog 3T Y181 WF 92 1B I SaleiH Hyol gaIfge FI© IR0
A6 1% Wit IRT FAT 2T1 98 WIS I =T 'IFD NG’ | I@F6 A0S
Graphite, Tungsten 8 Aluminum g9t (o4 $91 291 b G NSBRT 5if6
J@d pory [fETe <o 418 TeAMHI T Srale gallde FIw® aFb WISt 32T

I 3 Z gt Gestife e sifamid RS T M@ Ve o 21%d 319, S]ied
SBIHG @31, 932 M@ QAF S MR SINY il OofF1 a3 {66 SR wAeisg
T ToF Ao F@|

Combustion

cshatr)nbe.r:— High Low
HDOME Pressure 1 Pressure
Low High
gelocity Velocity
ases | Gases
Throat n -
—p | SUbsonic SURISONICY ey,
Nozzle:-
Supersonic : : G
Convergent Section Divergent Section

foas-2 foas-2

foas-2 9 T I @6 VO SAFTSIGR FIHN G AE 4 GFG et
GHIOIHIF ST THb19 (AT sifesr=sig  si1isT efaied fAawie 1S T T Bt Giedixt
AfSw FteeTd Throat i, stelt g sivisT 1117 $91 27 ©2 ©f (47 5ist T sifosrT

ST wshisfae 23|




JEB NG @B TG 3FBFI| 8 Gifbet

W | TN BT QAT SN T LB WP
f5f® 28T ST TSI 3200°C 97 WGP ST
A MW T T IV VST H7 A (q©

S | 9F NN RENE [RSEiRIg FeseTd MTieTd Tial o9t Hish tofd @ 992 99
aF B ST Liquid oxygen AR FIIET 2T 932 NG Ol oF FE WoF A
QAP AT FIHF (GFIE 7T S5 5ieT T

Fuel Injector
P06 AT OB GO L fSfotera todt

JFT 5T T7 o =& Fuel Injector 3T, Fuel Jet

4% Injector BT FIX GFIE oo sifow® Gt
NI TG T b BY Vg &I I THWBA
(%@ Fuel 8 Oxidizer &9 FI& |

COAXIAL INJECTORS

Gimbaled Nozzle

IR 97 i i~ Faw© 96 o & [fox e g F4i9 SIS 271

J@B NG (& ©ie $419 o Hydraulic Actuator Ieid 1 791 11, 93D
frfersitaa T3 Sobbist xifes smimidt forE




fottget Ntore ifpieig & wadid hydraulic actuator @32 hydraulic
actuator SfbIeINIg S5 WqPId compressed air T,
Air compressor pump T8 et IEH & 9ige
F@ compressed air @ F4t =11 hydraulic
actuator 9% %19 JehT NEes Hifersia 19

few actuator 31 {527 TG NS (ET12E wS A .
9% fHfeTeIe 9 2@ Air compressor pump &1 Ajr Compressor Pump

O BItst eI &1 T Pifersiad foud (U 5187 I @9 308 AT I O
SN Bist & e Fdw @1 9@ Hydraulic push I 93 95 [psi] |

93f® hydraulic actuator @ Compressor
pump ¥ T05F Air pressure Gl 2% 3F oopge

Bist {918 I© FeTied RO &miN T wie 3000

psi compressed air Pressure Wt {524 96 3000
psi hydraulic push fi@|

Thrust vector control gimbaled nozzle

Retract Flow Port

,l, Extend Flow Port
] Y Thrust Mount ~ Pivot Point

Piston Rod Rod Seals T\Piston & Seals

Hydraulic Actuator Engine

Actuator




Y [Bfedieret

Drag:- sifoxfeT IBIeIT A @I I8 SSoety g+
FIOII5TE FAE IQI &9 38 51 & Drag I

Drag 43 Si5ids-

5) W I (H@ 2 ©IF Aerodynamic force I

3) I BITF (%@ 77 ©iF Hydrodynamic force I
RG BI¥A Dragwmmﬁ%’?ﬁmﬁ@%ﬁl
fg a2 51g BN fFeim 8 =2

TeTo o T 92 51 oH 8 =)

* (Frictional force) @@ FISNIT IRGHHF1F
AT 3, PO AN IOER TET HE|

<=

* (Pressure stress) SSINIF 6 fF2at sfiet @I vitst

TISIEFS I B HE|

Pressure

Cp B9 (F4s3- (@I TS /@0 [, [iyo
Aerodynamic force f&at & B cp I@|

CG NCFEI (FH3- IBI/ IO sWa S 14571 COM (Center Of Mass) RoR 7@
CG fReffz~ 4t =27l

S

VAN




fawix 31, a6 Sule 8 o JfS,

Lift, Thrust, Drag, Weight at® Four principles of flight qteTI (&~ feat @6 Thrust
318 I ISP ANH {FI1 AW 3319 T Aerodynamic Drag 9 (Frictional force)
93 TCeT {APBIER 38 21 24 Thrust = Drag 2 (@ {531 I@0 sifoxIer A | R 4,

I 3RS GIFT 8 AT Tt STHYA WS 771 (ST TG SO Ty o7 Weight = Lift
200 |

LIFT

THRUST
* +

DRAG
* WEIGHT

IO BT 517 CCHAN WIBIY DTS IS TS Vol Y 96 IT IFKT 516 8 iF
ST FE@ ¢STF| I@6 U I BE

(Wind layer) fitg 919 ©24F I@mA FHI ToF 6 Aerodynamic force a7
Pressure stress fel $@|

Yaw Angle

¢ Wind Pressure




19 FT I@MGT yaw angle J(& ST 8 IO AT MiE el BF FEI 932 I@b
Unstable 301 T %G stable 1 F1 (1 Yaw angle 3% (9176 (51© IF6 Nose gooIt
3 Vi 6w 3@ ©leHAF IF6 @ Stable FI1F TN @6 Fin 8 Thrust vector
control gimbaled nozzle ITIT F41 2| &b AMF & I BiF oA ® I Fin 8
nozzle Y@ I H(A @b WK Stable 2T I1FI 93 &1 Sifgeat FEACBIF gt FIFFO!
(g [Pl T o a3 SHfear? 99 Sa8d e IS

@ cséo Q

ﬁgu 2 e

&

.- fas

i
iy se)
o=y @0

_GND S0A SCL_ucc

Gyroscope

WeIBW Gyroscope AE a3 Gyro W H& o7 (rotational motion) 8 @HIF @t
(angular velocity) @& ®If6 wo AN $IC© G @ W3- Degree per second (°/s)
4% Gyro value FFIGBIA 31 I&mA RO Flight controller fIGET F@ Fin @
Gimbaled nozzle & fRfi sifawiv Istf® Angle a gaw NPt o1 @BFAT Gyro a7
JG I@b & 90° IFAE T flight controller & AR Fl

Cold Gas Thruster

Cold gas thruster %3% 5%& 96 Propulsion system 3t §2 Sjf8&A 7 1,
SIIBIT I @IANIG GIeANT BIE, IBEH 8 YFB VS ATGH 77| EWB?
Y s o g e
a3 AFBIF AT 41 = FIIN a6 Y33 I
YJCE SATIBITT I T 3 CIPSH WL
grE Wi~ 8 IF FA© AN BI8 WF
FIET SF AfPIT IS | FIgT 93

Thrust Nozzle




T 93 SHG® SO TN BITR

Pressurized Gas @Iﬂlﬁl R eI Fdl 57 932 BIE @ Wffﬁsami
I SISIEHT (@BET6 2T P Y2 ble, I 8 AWGH Vol oferdl 418
CRIRIEN

Theoretical Measured

Molecular
weight M per

U (Unit) lsp (sec) lsp (sec)

H2

He

2.0

| 2.0

296

179

272

| 165

Ne

20.2

82

75

N2

28.0

80

73

Xe

131.3

31

28

Fuel Tank

Isp 2T Mass specific impulse 31, Thrust flow a3 sifaxist| stifcifes si@
Isp 20T fAAE SN Grert 231wd w6 of oTaes 78 Qe

TYoHE| AR St YRR AT ot
Xenon J3RIF FI 27 Ti, ISNINFOIE T,
MBI 8 IFIIN| 9BITI8 THAEG bltbd (NieT
B! FIRA FAIF APIAT GG 91T Krypton
(Kr), Argon (Ar) 1927 Fdt (FG A
SpaceX 99 B TI® W (H@ AW
HSPHGT BIH Toifoo 300 AP IS ©IE
Ifo® 28T ST FPBI FHART AfIT0F B | TEY B G I
IIE U IFD 99 T 1Y f5F AT Ty 9 YRR I IRTO 25|
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0 I FCA 38 T F=HNSF IS

37 @ Wf6ldas biof TN~ FIF G2 [0 &

NG IRARIT T 2T1 AN IFH 25120 FAl

o ST AR Sig e 3, e s e

g e B FE| I T N H AEET

Py 427 T | APAIA Teb FosHe IS

Up-to 200db *37 3Jf§ =1 IAW® OI 9FLIIE
1N 38 Teist IIF B SHSIET B T 20678
{3316 WS THfO o IF6 Q@I FARL
BT | T 93 TPt AT S [t
IF6 AP MG BT OHIHN FEN| B
TG AN 2! e AP SieTd By T,
& 800,000 SIeTN GreT YIgN FIO ANGI I
J(F0 IR0 $l 77 0N [Te At
STIRITES ACHB NCGIETd [FRBI N6 Jiq Vo CIFTS ST el (el 2|

Launch Control Centre (LCC)

NASA a3 LCC 8@ett ff<s

aFfb ©3+ T Merrit Island,Florida
(© 3[MH6| LCC @ifeid eI @
Telemetry (IPWHS T, NCGIGIAT,
e S, sistrat, g
ATV 1% FFeA ©LY TATTHA




~

S&f®), Tracking (A6 BT o7 99 WIFN BB FA4) 8 Rocket
ignition SAfIBIeNT |

LCC (1B >¢ o OIS [Roess- 99 W&y b T 9| 8 6 oIgd S/
BPgd BN Y|

1)Launch director (LD):- 9% GTBEF Rf&IIAAT b T SN
giflg SN $@&I preflight checkers engineer Bid &F MBI AP
BT Wefie BE, THEHST, NTeibidt, FieARg N, A it Hfy
SRR AN, oisivial, SErgNa @i 3% Ty SO (e
Control room 93 EHIFTWI IF6 2N 99 WINf© M S|

2)Control room:- PR P AEGHTFAT LD 99 'GO' command GIeT
I&6 I a7 Fifg fie @I

3)Flow director (FD):- 9F&H flow director RGBT IRIFHTH I, IFH6
AP 97 T PO AFTF 8 SHfIBIERT GifTg 95T G I37 Fa©
3| (WA IFHI @A 6 26 TSN BIFR 97 @iF TG {w 3@
432 93 I @I FA® @) 9BIGI8 BIF LCC 97 9FoH RTIF a3
Fifg SifeN $40 27|

4)NASA Test Director (NTD):- 9% GT8W@d A& IuFoidl preflight
checkers engineer 2fe SIS, AT BiiF, [{ge AT QAT BF
IE I TN @ TS Yo~ie @W=s- @B == J6, @i
BT, AED I, TN BIE 8 T AFA ST oD FAGT AdFIT
S WIS 9BIGie IHMm AR N FIT o7 A G AT TS
I RIS T BN O1itt Yo F419 FifTg8 NTD el @




5) Orbiter Test Conductor (OTC)
6) Tank/Booster Test Conductor (TBC)

7) Payload Test Conductor (PTC)

8)Launch Processing System Coordinator (LPS)
9) Support Test Manager (STM)

10) Safety Console Coordinator (SAFETY)

11) Shuttle Project Engineer (SPE)

12) Landing and Recovery Director (LRD)

13) No Landing and Recovery Director (NLRD)
14) Superintendent of Range Operations (SRO)
15) Ground Launch Sequencer Engineer (CGLS)

NASA 2025 a9 Artemis 1 &Fgd o ©imid LCC & Space Launch System

(SLS) eI R34 FEE|

o I A963- $18.6 billion US dollar 3, (1,577,088,234,000) S o5 ¢q 2IGid
qobt (6 b2 TT5F V8 BITTF BIFl|

«s1fI551T IIfFF UF638- $2 billion US dollar 3t, (169,579,380,000) Sb B&THF H¢a
&FIB >V T bo FGIF BIF

« AfGIIF I BT 4F63- $2.5 billion US dollar 3, (211,974,225,000) 2 2SI
559 &6 82 73 ¢ TG BIFH|

« GHo13- 111.25m (365 ft)

o S(GIYS- 8 VT 10




Payload Volume N/A® 10,100 ft* (286m?)* 18,970 f* (537 m) 10,100 £’ (286 m’)* 31,950 ft* (905 mv)

* Not including Orion/
Service Module volume
. e
=R e et Ve . JrvL
SLS Block 1 SLS Block 1B Crow SLS Block 1B Cargo SLS Block 2 Crew SLS Block 2 Carge
Maximum Thrust 8.8M Ibs 8.8M Ibs 8.8M Ibs 11.9M Ibs 11.9M lbs

SLS siits © 6 g 1, Launch system Stz

5) Block 19 @@FET 4999 (B8 I@6 A Fdl Q|

3) Block 1B Crew (@ YeISMBidt 9030 518 Fd1 21|

8 Block 1B Cargo (& GTBHIRE 8 TN T, NCoIbIAtd A SN s It
G STIRIG]

V) Block 2 Crew (@ e45if&< YeIFH6IA b o128 2@

8 Block 2 Cargo @ siesifes payload T f=ieT S0 18 F41 3 |

0 8 NRET Ty AT
I&F0 fTRe

5) B TFCHE RS @I B A, | 5) FHEBE @A IS o5 I
S OeP NN I ST STReS IR (Bio! 5




2) 06 @, M@ a1 FA W OTMER | Q) FeTRe [ maNords Iead

A YIS TRITYY oT3F IHE Y18 F|
) G YIS 8 LI ) FPIISeT BYNIq IYTSE Helte STH|
TRIFICT BeTlO HY|

8) ItdBd Nose payload GT8E 8) f1Re1q Nose payload cig@
fafSq Taiee, PIGaRD, dw AN, | [REie / Rreks IS w3 A
CSIBIT A |

¢) IFb CHFHANTE PR TS FI©@ ¢) fFg foTRe TeieriiN RO FIG
A1 PO A i

(S Y

. Thrust @
Oade- 3EH T Gestine @, Xf& @A I8 JANET ME W5 I ol F

Thrust I

2. 9D & ©estF Thrust [F6 fefam sifaxist Fat =12
Gads- Pound

. Thrust a7 fJstdie
Saas- Nose dive (6 97 65@)
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