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1 w3 AV (1) HECKHEBRITRILFT—

Propulsive Energy = Orbital Energy + Potential Energy

= mv, .22 — (um/r — um/r,)
(horizontal) (vertical)
Earth radius: 7,=6,378km

To Low Earth Orbit, required AV is approximately,

AV =v i T AV

grav



szzGMZ}’l ...Vb.t: GM:\/Z
a a orbit Al v

v: orbital velocity
r: circular orbit radius
Gravitational parameter: u=GM=398,600 km?’s-

Table 1 Orbital velocity
Low Earth Orbit (LEO) at #2=170 km 7.8 km/s

Geosynchronous orbit (GEO) r=42,164 km  3.075 km/s



http://en.wikipedia.org/wiki/File:Newton_Cannon.svg

3> AV (3)

LEOZ

Table 2 necessary velocities in m/s

- W
\2

Vehicle Orbit hp X ha VLEO AVgrav AVsteering AVdrag AVrot AVtotal
Inclination (deg) =2AV
Ariane 170x170 7802 1576 38 135 -413 9138
A-44L 7.0
Saturn 176 x 176 7798 1534 243 40 -348 9267
28.5
Titan 157 x 463 7896 1442 65 156 -352 9207
[V 28.6




oo 1 =wi3> AV (4) LEO to GEO
Vp:\/ﬁ 2r,
n KT
- i
7"2 7"1+7"2

Perigee Kick (launcher)

AV =V —V, =2.437|km/s]

Apogee Kick (Satellite’s motor)
AV, =V, -V, =1.485|km/s]

Fig. 1 Orbit Transfer between two

nonintersecting orbits at the apsides) V,. circular orbit velocity at h=170 km, LEO
V,: circular orbit velocity at the




Table 3 Exhaust velocity of bipropellant rockets

18t stage engine propellants | Thrust (ton) | Exhaust (m/s)
Space Shuttle (Main) LOX/LH, 218 4440
Energia (RD-0120) LOX/LH, 200 4460
H-1l (LE-7) LOX/LH, 110 4370
Ariane-V (Vulcan) LOX/LH, 105 4210
Energia (Booster) LOX/RP-1 805 3290
Saturn V LOX/RP-1 689 2980
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7 >~ A7 /n (SLS)

T BH—V ZR—ZZ ML | SLS (Artemis 1)
F4K 1966-1973 1981-2011 2022-
=< 98.3mE=2,603t (JOwWT1)iTteen | Esms1ish> |ERE24h> | E9E70 h>
#5 3,992 t (5 —>VD1.1565) RPLBA7R> | GTORES.8 b=
FIt8&8= | 3000 b> 2028 k> 2603 ~>
58 0 ks (Solid Rocket Booster) fTLER | 24 - 351 | SERIL 20/&RIL
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SLS EVOLVABILITY

FOUNDATION FOR A GENERATION OF DEEP SPACE EXPLORATION

322 ft. Up to 313 ft. 365 ft. 325 ft. 365 ft. 355 ft.

Universal Universal
— Launch Abort System —— Stage Adapter Stage Adapter
— 5m Class —— 8.4m Fairing 8.4m Fairing —
Orion Fairing Short (Up to 63’) Long (Up to 90”)
B iptari Crvogeiis (up to 63)) — Exploration _ —— Exploration —— —— Exploration ——
- p— - Upper Stage
Propulsion Stage PP g Upper Stage Upper Stage
—— Launch Vehicle —— Interstage —— —— Interstage —— — Interstage
Stage Adapter
—— Core Stage —— —— Core Stage —— —— Core Stage ——

Solid
—— Rocket — —— Rocket Evolved
Boosters Boosters Boosters
RS-25 RS-25
Engines Engines
| I 1 l 1 1 1 I
SLS Block 1 SLS Block 1 Cargo SLS Block 1B Crew SLS Block 1B Cargo SLS Block 2 Crew SLS Block 2 Cargo
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SpaceX Starship

1R X—)\— - ~NE— 2R RT—wvT

B 70 m 50 m

F1 ERES (LEO) 250 ton

Ex A TE kAR 1,200 ton

Ex A= 4,400 ton 1,355 ton

< =u~ Raptor2 x 3

R Raptor2 x 33 Raptor2 (Vacuum) x3
327% (BmL) 0
9,000 ton A 1,210 ton

" Starship
Saturn V

SLS Block 1

gp--—

|
i
TR ||

. ) |
Space Shuttle . : ‘ ‘ ]

I

T e e e o

S >

BT !
70N

RAIDT> > (dEA1SED .
=) UL ETEE c

taa
Max payload to low Earth orbit (kg)
29,000 63,800 95,000 118,000 100,000




SpaceX Super Heavy
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- 2023%E10H18H Super Heavy first stage booster exploded over the
Gulf of Mexico shortly after detaching Starship spacecraft.

https://www.voanews.com/a/second-spacex-starship-launch-presumed-failed-
minutes-after-reaching-space/7360601.html
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To land s: fely the rocket must slow from
h (4, 667km,th) to just 4.5mph
m/h), remain upright and steer towards
the 91 metre by 30 metre landing platfmm
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