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Approximate lifetimes for Earth satellites
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where
N = number of orbit revolutions in the satellite lifetime from the
above diagram.

Ballistic coefficient = m/(CpA4) (typically, 25-100kgm ~2),
m = mass of the satellite,
Cp = the drag coefficient (~ 1-2),
A=satellite cross-sectional area perpendicular to the velocity
vector,

G = gravitational constant,
h, = perigee height,

e = eccentricity of the orbit,
P = satellite period,

Mg = mass of the Earth,

R =radius of the Earth.

i 5 6378.14 + h, (km)\>/?
Lifetime (d) ~ 1.15x 10" x N x .

l—e
Satellite period (hr) = 1.41(a/Rg)*/?,
where a = semi-major axis.

(Adapted from Wertz, J., ed., Spacecraft Attitude Determination and Control,
D. Reidel Publ. Co., 1980.)
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Space transportation system (Space Shuttle)

Orbiter coordinate system and cargo bay envelope. The dynamic
clearance allowed between the vehicle and the payload at each end is

also illustrated.
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Shuttle performance capability

Launch azimuth and inclination limits from KSC in Florida. The inset
globe illustrates the extent of coverage possible when launches are
made from KSC.
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Launch azimuth and inclination limits from VAFB in California.
Note added in proof: no longer to be used for shuttle launches.
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US launch vehicles

N W ———— STAGE IV
5th STAGE (Optional) Height m (feet) 1.2 (4.0)
1 Diameter  m (feet) 0.7 (2.1)
4th STAGE Thrust  kn (pounds X 1000) 25.6 (5.8)
-4
!:1 STAGE (Il
3rd STAGE Height m (feet) 3.4(11.2)
Diameter  m (feet) 0.8( 2.5)
y Thrust kn (pounds X 1000) 83.1(18.7)
STAGE Il
Height m (feet) 6.3 (20.7)
: 2nd STAGE Diameter  m (feet) 0.8 ( 2.6)
Thrust kn {pounds X 1000) 285.2 (64.1)
STAGE |
Height m (feet) 9.4 (30.8)
1st STAGE Diameter  m (feet) 1.1( 3.8)
Thrust kn (pounds x 1000) 431.1 (96.9)

Scout

(Ling—Temco—Vogt.)

Delta 3920 Deltd Delta Enhanced under
PAM-D ‘ 6920 7920 Delta Il ! study
16 ft
) L) SGS I
Fair?ngt+ ! Derivative
' 9.3 -ft 3rd Stage
PAM-D | |Fairing 275 |
Second
Stage —<{Extended, =
Fuel tank‘
First_ | [112ft | (73 L
Stage  [Castor TVl e Ext_ehded -
! SO'IdS{ - Oxidizer ]
] A Tank
‘ i Graphite Stretmw
Castor |V Epoxy Grapmte Epoxy
Solids Motors Motors ‘
e ta 12:1 12’1
Engine| Engme
Low Earth Orbit 7,610 lbs 8,780 9,830 11,110
GEO Transfer Orbit 2,830 3,190 3,560 4,010
Delta

(McDonnell Douglas Astronautics Co.)
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STAGE Il
Height
Diameter
Thrust

STAGE |

Height
Diameter
Thrust

STAGE 0
Height
Diameter
Thrust

Ascent Agena

m (feet)
m (feet)

kn (pounds x 1,000)

m (feet)
m (feet)
kn {(pounds x 1,000)

m (feet)
m (feet)

kn (pounds x 1,000)

PAYLOAD AND
ASCENT AGENA

STAGE !

i K

PAYLOAD

STA

STA
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™
|

[
[

GE 2

A

"
1

|

STAGE D
GE 1

TITAN 348

9.6 (31.3)
3.1 (10.1)

449.2 (101.0)

23.8 (77.8)
3.1 (10.0)

2,059.4 (463.0)
N/A

Titan

(Martin Marietta Denver Aerospace.)

TITAN 34D/
No Upper Stage

9.6 (31.3)
3.1 (10.0)
449.2 (101.0)

23.8 (77.8)
3.1 (10.0)

2,353.0 (529.0)

27.6 (90.4)
3.1 (10.2}) ea

6,227.2 (1,400.0) ea
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French launch vehicles
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ARIANE 5
VOL HABITE CHARGES UTILES
MANNED FLIGHT A NON HABITEES &
HERMES UNMANNED FLIGHT

Diametre utile
Useful diameter

= A46m
P 170
GTO
Nsr_sr|”
ORBITE BASSE . LEO MASSE AU DECOLLAGE: 550 T
400/400/30° - 15T LIFT OFF MASS
800/800/HELIOSYNCHRONE . SS.0.10T HAUTEUR - HEIGHT . 52 M

(Aérospatiale.)
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Soviet launch vehicles

METERS
60
SL-4
0 SL-3
=
-
20
0 L)
LIFT-OFF WEIGHT (kg)' 290000 310000
LIFT-OFF THRUST (kg)' 410000 420000
PAYLOAD TO 180 km (kg)! 6300 7500
100
METERS
80
MEDIUM-LIFT

LAUNCH VEHICLE?

LAUNCH VEHICLE?

SL-12 SL-13

SL-6 H
SL-11 || L | . sL14
SL-8 | L
/ YA

310000 120000 180000 680000 670000 190000
420000 160000 280000 900000 900000 280000

2100 1700 4000 - 19500 5500

HEAVY-LIFT
LAUNCH VEHICLE?

HEAVY-LIFT

60 /\
[
REUSABLE ]
SPACE
PLANE IN ——
40 DEVELOPMENT
20 -
0 saayaas)

LIFT-OFF WEIGHT (kg)® 400000
LIFT-OFF THRUST (kg)* 600000
PAYLOAD TO 180 km (kg)! 15000 +

US Department of Defense.

WITH 6 OR MORE
2000000 STRAP ON BOOSTERS
3000000 4000000
30000 1560000

! Approximate
2 In final stages of development
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