ASEN 5519

Lab 8 Assignment

The purpose of this assignment is to reproduce the Venus-Earth-Earth Gravity Assist (VEEGA) to Jupiter that was performed by the Galileo spacecraft.  We will be using dates close to, but not exactly, the dates from the actual Galileo mission.  First, we’ll use our orbit mechanics knowledge (i.e. Lambert’s problem) to determine our incoming and outgoing velocities for each flyby.  Then, we’ll use STK to model the trajectory.  Using the incoming and outgoing velocity information, we’ll use Impulsive Maneuvers in order to simulate the gravity swingbys.  Finally, in upcoming weeks, we’ll use our knowledge of 3-D gravity swingbys in order to compute B-plane parameters, which we’ll plug into STK.  These swingbys will then take the place of the Impulsive Maneuvers, and we’ll see how the VEEGA trajectory actually works.

The trajectory timeline is as follows:

Event


Date of Event

Julian Date

Earth Injection:  
Oct. 7, 1989

2447806.5

Venus Swingby:  
Feb. 15, 1990

2447937.5

Earth Swingby 1: 
Dec. 16, 1990

2448241.5

Earth Swingby 2: 
Dec. 16, 1992

2448972.5

Jupiter Arrival:
Jan. 15, 1996

2450097.5

Earth-Venus Transfer:

Use Lambert’s problem to compute the spacecraft velocity vectors (in ecliptic coordinates: both sun-centered and planet centered) at Earth injection and just before the Venus swingby.

Venus-Earth Transfer:

Again, use Lambert’s problem to compute the spacecraft velocity vectors just after the Venus swingby and just before the first Earth Swingby.  Verify that magnitude of the incoming V∞ (at Venus) is the same as the outgoing V∞
Use the sun-centered velocity vectors from before and after the Venus swingby in order to compute the V that the Venus swingby will need to produce.

Earth-Earth Transfer:

The Earth to Earth transfer is a two-year transfer, therefore the Earth will be in the same place for both swingbys.  In light of this, the sun-centered velocity must be such that the period of the heliocentric orbit goes from Dec. 16, 1990 to Dec. 16, 1992.  Use this information to compute the magnitude of the sun-centered velocity of the spacecraft just after the first Earth gravity assist.

Given that the sun-centered velocity of the spacecraft after the first Earth gravity assist is (check to make sure that the magnitude of this vector matches the magnitude that you just computed):


Vsc,sun = (-34.7697090172748, -2.31599734380916, 5.46491365060252) km/s

What is the earth-centered outgoing velocity after the first gravity assist?  Check that the magnitude is the same as the incoming velocity vector.

Compute the (sun-centered) V that the first Earth swingby will need to produce.

Given the above information, what is the velocity (Earth-centered and sun-centered) of the spacecraft just before the second Earth swingby?

Earth-Jupiter Transfer:

Use Lambert’s problem to compute the spacecraft velocity vectors just after the second Earth swingby and at Jupiter arrival.  Verify that magnitude of the incoming V∞ (at Earth) is the same as the outgoing V∞.

Use the sun-centered velocity vectors from before and after the second Earth swingby in order to compute the V that the second Earth swingby will need to produce.

Plug into STK:

Use the information that you have just computed to plan out the mission in STK.  Use a “Sun-Only” propagator to propagate the orbit.  Base it on the Heliocentric propagator, but erase all of the secondary bodies (i.e. the planets).  In place of the gravity assists, insert Impulsive Maneuvers to complete the V’s that you have computed.  Make sure you use the “Sun-Only” propagator for all segments so that the planets do NOT effect the trajectory (since the Impulsive Maneuvers are used in place of the gravity swingbys).  We will use the actual gravity swingbys in an upcoming lab.

