
Approved for Release: 2018/05/07 C051 08590 

Version 14.1 

ACE-170 

Approved for Release: 2018/05/07 C051 08590 



ACE-170 

Approved for Release: 2018/05/07 C051 08590 

t the end of this lesson you should 
be able to: 

Recognize the fundamental laws to get to and stay 
in orbit 

orrectly apply basic terminology 

Describe the different types of orbits 
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n orbit is the constrained 
(think satellite) about a co 
(think the ea h) 

otion of a body 
on center of ass 

here are t 0 forces acting on a body in space 
ravity provides an attractive force between 0 

bodies 

otion (velocity) provides a force that tends to 
separate 0 bodies 

ut t 0 bodies in space with no otion and 
they will pull toward one another 
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on's La of niversal ravitation: 

2 / r2 -- 1 Where: 

G = gravitational constant 
(6.674 x 10-11 N*m2/kg2 

m1 = mass of object 1 

m2 = mass of object 2 

r = distance between them 

on's 2nd La • 
• 

-- Where: 

F = Force acting on the body 

m = mass 

a = acceleration (change in velocity) 
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he orbits of the planets are ellipses ith the 
sun at one focus 

he la also applies to satellites orbiting the 
ea h 
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The line joining the planet to the sun sweeps out equal 
area in equal times 

This allows us to determine the speed of a orbiting body 
various points in the orbit 
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o specify a satellite's orbit in space, e need 
to know four things about it: 

Size - Semi- ajor Axis 

Shape - Eccentricity 

rientation - Inclin ion 

Location - round Track 
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escribes the size of an orbit: half the distance 
of the • • aJor aXIs 

he larger the "a," the larger the orbit, the 
greater the energy 

.;;;...;:;;.;;~;...;;;;;. 
- Closest 

distance the satellite 
passes from the 
primary body 

ACE-170 

Forward velocity of 
the satellite is at its 
greatest 

Gravitational pull 
from the Earth is 
strongest point 

2a= rna or axis 
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~~~ 
- Furthest 

distance the satellite 
reaches from the 
primary body 

Forward velocity of 
the satellite is at its 
minimum point 

Gravitational pull 
from the Earth is 
weakest point 
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defines the elongation of an 
ellipse and easures the shape of an orbit 

he value of eccentricity in any closed orbit lies 
bet een zero and one 

he larger the value, the ore elliptical the orbit 
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hape of the orbit, 
described as the type 
of conic section 

Circle e = 0 

Ellipse 0 < e < 1 

Parabola e = 1 

Hyperbola e > 1 

.... 
~---
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escribe the tilt of the orbit plane ith respect 
to the equatorial plane 
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Orbit to Ground Track Video 
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The satellite is "fixed" in inertial space - the orbit plane doesn't move 
unless acted on by some external force 
But the earth rotates under the satell ite 

This makes the satellites ground path move west or east over the 
surface of the earth 
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51.6 egrees rograde Inclination 

ACE-170 
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Energy 

Min 
locit 

High 
Pote al 
Energy 
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Decreasing 
locity 

Increasing 
Velocity 

Approved for Release: 2018/05/07 C051 08590 

Hi h Kinetic 
nergy 

Max 
Veloci 

Low 
Potential 
Energy 



ACE-170 

Approved for Release: 2018/05/07 C051 08590 

satellite sitting on a booster is only affected 
by one of the forces (gravity) since it has no 
velocity 

o achieve orbit a satellite ust accelerate to 
a velocity sufficient to have gravity balanced 
by otion 

1 2 / r2 = 2 
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ravity will cause a projectile to fall 5 
meters in one second 

The earth's curvature is 5 meters for 
each 8000 meters along the surface 
(assuming a spherical earth) 

To avoid impacting the surface, the 
projectile must travel at least 8000 
meters before is falls 5 meters, i.e., 
within one second 

inimum veloci is 8000 meters/sec 
(17,600 mph) with smooth spherical 
earth and no atmosphere 
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Launch vehicle accelerates 
satellite to orbital velocity for 
minimum-energy sustainable 
orbit; a low earth orbit (blue) 

To achieve final orbit, satellite 
fires thrusters to increase 
velocity (adding energy), which 
makes it climb and causes orbit 
to become elliptical (black) 

Thrusters are fired at desired . 
pengee 

Satellite fires thruster again to 
adding energy and circularizing 
o (dashed) 
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ulti-burn transfer: 
Initial process same as 
single burn transfer 

As necessary, satellite 
fires thruster again, adding 
more energy and 
increasing ellipticity 

As before, thruster fires at 
desired perigee 

hen desired apogee 
altitude is reached, 
thrusters fire to circularize 
orbit (or reduce ellipticity 
and raise perigee) 
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Polar Axis 

HEO 
Orbit 

Geosynch ronous 
Orbit 

Low Earth 
Orbit 
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atellite deploy ent 

u eillance 

sually circular I constant 
height 

ost periods ~ 90 inutes wi 
constant velocity 

Full range of inclinations 

xa pies 
Space Shuttle 

International Space Station (ISS) 
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avigation ( av) and 
o unications (0 s) 

ighly elliptic 

eriod is 12 hours ( e i
ynchronous) 

Inclinations between 50 to 
70 degrees 

xa pies: 
olniya 
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The Instantaneous Field of View (FOV) Molniya Orbit to Ground Track Video 

Approved for Release: 2018/05/07 C051 08590 



ACE-170 

Approved for Release: 2018/05/07 C051 08590 

o s u eillance 
ost circular orbits 
eriods near 24 hrs 

a = 23,000 miles 
i = 0 to 15 degrees 

eostationary 
Circular, 24 hr period 
i = 0 

xa pies: 
ILSTAR 

Satellite TV 

Approved for Release: 2018/05/07 C051 08590 



ACE-170 

Approved for Release: 2018/05/07 C051 08590 

eostationa 
e=O 
i = 0 

Period = 24 hrs 

eosynchronous 
Period = 24 hrs 

he eostationary orbit has a ore stringent 
criteria than a eosynchronous orbit 
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geostationary orbit that isn't over the equator 

If the orbit is circular, but inclined, the ground 
track is a sy etric figure 8 

uator 

If the orbit is a 24 hour orbit, but elliptical, the 
figure 8 is asy etric 
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Between ~2000 - 35786km, 
usually ~20000km 

Circular 

PS, L NASS, alileo 

on-synchronous elliptic 
orbits 

Inclinations between 50 to 70 
degrees 
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irius atellite adio 
wanted the ini u 
nu ber of satellites 
possible to give 24/7 
coverage over the 

anada, and entrall 
outh erica 

onsiderations 
Polar orbits would require 
dozens of satellites 

eos can't see into 
anada 
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- xternal forces affect satellite 
orbits and vary depending on the altitude and 
inclination 

ypes: 
ravitational forces not 

uniform 
oon, Sun, Planets 

- Increasing effects further out in space 
- harged particles 

affects metal components on the spacecraft 
- Slows satellites down and 

bleeds off satellite energy 
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LEO 

HEO 

GEO 
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rbit adjust ents are ade to: 
orrect for perturbation effects 

Nodal changes to collect new targets 

ptimize collection in case of launch / spacecraft 
failure 

rbit djust ents take significant fuel and can 
reduce operating life 

hanges are carefully planned 

Executed to minimize fuel consumption 

Approved for Release: 2018/05/07 C051 08590 



ACE-170 

Approved for Release: 2018/05/07 C051 08590 

rbit adjustment to 
change nodal position 

Westwa move 

+ ~V to move to 
higher altitude 

Higher altitude, less V, 
longer period 

At correct node 

- ~ V to drop back to 
geosynchronous orbit 

Eastward move, reverse 
process 
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rbits are selected to balance: 

Resolution / 
Sensitivity 

Coverage 

ccess 

ost 

ACE-170 

Altitude (lower is better) 

Trade be een number of satellites and 
altitude 

Trade be een number of satellites and 
altitude 

Number of s ellites and capability 
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ou should no be able to: 
Recognize the fundamental laws to get to and stay 
in orbit 

Correctly apply basic terminology 

Describe the different types of orbits 
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