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Orbital Dynamics

v Keplers Laws of Planetary Motion
/ Newton's Laws of Motion and Gravitation

Applications of Orbital Dynamics:
§/ Orbit Elements
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Kepler’s Laws of Planetary Motion

Kepler used the observational

data of the Danish astronomer
Tycho Brahe to establish three
laws of planetary motion.
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Kepler’s 1st Law

Planets move 1n elliptical
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Kepler’s 2nd Law

I

Planets move so as to trace
out equal areas 1n equal
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Kepler’s 3rd Law

Planets move so that the
square of its period of
revolution is proportional
to the cube of its mean
distance from the sun.
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Newton’s LLaws of
Motion and Gravitation

Newton analyzed the work of
Kepler and derived a

mathematical form to express
the fundamental relationships
in particle dynamics.
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Learning Objectives 1in Orbital Dynamics

Basic reasons for elliptical motions of satellites in free space:

1. Newton’s Laws of Motion and Law of Universal Gravitation.
2. Conservation of Energy and Angular Momentum.

Properties of earth orbits and applications of Newton’s laws

1. Types of Earth satellite orbits and their properties.
2. Rocket propulsion and ascent into orbit.

3. Ballistic and sub-orbital trajectories.
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4. Variation of “g”.
5. Maneuvering in space.
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Newton’s Law of Gravitation

Goto: Subjects PartDyn OrbDyn Prev  Next




Newton’s Laws of Motion

I. Any object will remain at rest or in uniform
motion unless acted upon by an external force

(law of 1nertia).

II. The rate of change of momentum of any object
1s equal to the resultant external force acting
on the object.

III. The forces of action and reaction are equal in
magnitude and opposite in direction.




Conservation of Angular Momentum
as Applied to Satellites 1n Orbit

Y : .
\Y In space, there 1s no friction.

Newton’s laws of motion,
applied to particles moving

85 around a central body, leads
Sun to the law of conservation of
angular momentum:
Vi

R A mV = Constant = R mV Cosy, Joule-sec

e.g. at Apogee and Perigee V R, =
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Conservation of Total Energy
as Applied to Satellites in Orbit

\Y Newton’s laws lead to the
el sum of Kinetic Energy plus
Potential Energy being
constant for a particle in a
G particular orbit around a
given central body.
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Orbital Elements

Velocity Vector — |
_ Polar Angle,
Fllght Theta
Path
Angle
Time, t=0
N Perigee
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Equation of elliptical orbits

The 1nitial values of velocity, flight path angle and altitude determine the
total energy, E, and angular momentum, L, of the satellite.

E and L are conserved in free space when there are no dissipative forces and
no external torque acting on the system.

Therefore, satellites are constrained to move so that E and L remain

constant.

Eliminating dt leads to the ellipse equation:
9; o
Ax 2 TEe S e
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Equation of elliptical orbits (continuea)

ﬁGMm

IntegratingT—= Jmneters
l—{ ]ZﬂCBS
bla - . -
Comparing the above equation with r_l ~ 6% which is the equation for an ellipse, gives:
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Equation of Motion for Rockets

By Newton’s 2nd and 3rd laws of motion:

Thrust = Propellant Burn Rate x Exhaust Velocity

Applying the above equation to a single stage rocket, in
vertical ascent with no drag -
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Equation of Motion Applied to
a Rocket Ascent into Orbit

(using the Gravity-Turn Principle)

Resolving horizontal and vertical
velocities:

Resolving forces along vehicle axis:

g

Resolving forces normal to vehicle axis:

II]%%E@I—X psS

Show Simulation




Atmospheric Drag Force

(Used in Rocket Launch Simulation)

Drag=5*Cd*A* p * V"2
Cd = drag coefficient

A = frontal area, sq meters

V = vehicle velocity

p = air density at altitude, H
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‘g’ Load

Tangential Acceleration, dv/dt

Flight path trajectory

~
N
\0
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Maneuvering in Space between
Circular Orbits by Hohmann Transfers

By Kepler’s laws particles in space always move in an ellipse.

In the simulation:
First impulse (dV ,) initiates a transfer from a circular orbit
(where eccentricity = 0) into an ellipse.

Second impulse (dV ,) terminate the transfer from the ellipse
into the target circular orbit.

Each impulse changes the angular momentum and total
energy.
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