	[image: image20.wmf]
	 The 2nd International Conference

(Computational Mechanics 

and 

Virtual Engineering(
COMEC 2007

11 – 13 OCTOBER 2007, Brasov, Romania


[image: image1.emf]   

PERTURBATIONS OF SATELLITE ORBITS
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1. LUNAR AND SOLAR GRAVITY
The Sun and the Moon can modify the trajectory of a satellite by their gravity. When one of them is taken into account with the satellite and Earth model, we must study a three-body problem. The following equation determines forces that are acting on the i’th body in a system of n bodies.
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It follows that the acceleration becomes
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(2)
The mass of Earth, me, and the mass of the satellite, ms, can be extracted from the summation. The used vector positions are defined as
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(3)
Placing the origin of the inertial frame at the center of Earth gives
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(4)
Where 
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Perturbations coming from these forces are very relevant for the ESMO satellite as it is traveling to the Moon. Naturally, as the satellite gets closer to the Moon, the more the gravity of the Moon will influence the orbit of the satellite.

2. THE FLATTENING OF THE EARTH
Earth is in every day life thought of as being a perfect sphere. But this is not entirely true. Earth is slightly flattened at top and bottom.
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Figure 1: Earth’s non-homogeneity
Besides being flat at top and bottom, Earth has a bulge on Equator. It is not important to take this effect into account for Low Earth Orbits (LEOs) as it will average out after many revolutions, but it should be taken into account when determining orbits for Geosynchronous Earth Orbits (GEOs). As the ESMO satellite will keep a high altitude orbit around Earth before being launched into Moon orbit, it is relevant.

When only J2 zonal harmonic coefficient is considered, (see Sidi [2000]), the result is:
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(5)
Where 
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and Re is the mean equatorial radius of Earth and J2 the zonal harmonic coefficient of order 0. The radius from the satellite to Earth is 
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3. ATMOSPHERIC DRAG 
Atmospheric drag is a breaking force and therefore dissipates energy from the satellite in orbit. Orbital height of the satellite will decrease slightly. Atmospheric drag force is dependent on air density. Air density decreases with altitude. Therefore, atmospheric drag force is inversely proportional with altitude. It can be one of the main perturbations if working on a satellite in LEO. The ESMO satellite will only be in an orbit where atmospheric drag is relevant when it is in its parking orbit around Earth and possibly in the start of the transfer orbit.

Acceleration from atmospheric drag force can be expressed as:
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(6)
· Where:

· ρ is the density of the air,
· Cd is the drag coefficient,
· A is the reference area
· v is the velocity of the satellite relative to the air.

4. SOLAR RADIATION PRESSURE
The Sun’s radiation causes a small force on the spacecraft that is exposed to it. This is because the Sun emits photons that are either absorbed or reflected by the satellite. Therefore, the force experienced by the satellite depends upon the surface area of the satellite. The acceleration can be expressed as:
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(7)
· Where:

· ν is the eclipse factor,
· rse is the distance between the Sun and Earth,
· Cr=1+η where η is the reflectivity of the surface of the satellite,
· Ps is the solar radiation pressure constant
· A is the cross-section area.

The following notation will be used: 
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5. ONBOARD THRUSTER SYSTEM
Not only celestial bodies can make perturbations to the satellite’s trajectory. Also the satellite’s own thrusters can change the orbit unintentionally. During along thrust orbital maneuver, the mass of the satellite will change during the burn as propellant is consumed. A simple, constant thrust model is however often sufficient to describe the motion of a spacecraft during thrust arcs. When a propulsion system ejects a mass 
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 per time interval dt at a velocity ve, the spacecraft of mass m experiences a thrust F which results in the acceleration
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6. BAD THRUSTER IMPULSES
The satellite can cause itself to miss the desired trajectory if one use of the thrusters is not properly performed. This can be seen as a kind of perturbation as it makes the satellite follow another trajectory than the desired one.

7. IMPACT ON THE SATELLITE MOTION EQUATION
Starting from gravitational force equation expression, by dividing with the mass of the satellite, the acceleration of the satellite is found and expressed as:
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(9)
With perturbations, the expression becomes more complex
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Where the perturbations: 
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· am and as are due to Lunar and Solar gravity,
· aE is due to the flattening of Earth,
· ad is due to atmospheric drag,
· asp is due to solar radiation pressure
· at is due to the thrusters.
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