EA467 Mission Design and Analysis Project

Purpose:  The purpose of this project is to perform basic conceptual design of space missions using Satellite Tool Kit (STK).  In the first place you must use what you know about astrodynamics (EA362) and space missions from EA204 as well as what we may cover in EA467.  Secondly, this is an opportunity to expand your knowledge of a powerful industry standard mission analysis software tool.

Challenge:  Pick one of the requirements listed below, perform the analysis required for an existing satellite or design the orbit or constellation needed to meet a new mission requirement.  You should use your own judgment and various powerful tools to assess whether your orbit or constellation is a rational choice.  

Schedule:  You must select a project by 30 Aug 07 and submit the design by 14 Sep 07.

Project Requirements:

a. You may work in groups of two and you may discuss your project with other students as long as the finished product is the work of the original group (of 2).

b. You must submit a briefing report of no less than ten (10) charts describing your project or mission design and the work you did to complete the analysis or design orbit or constellation needed to meet the mission requirement.  You should attempt to define the type and geometry of the sensor employed, any figures of merit or calculations to support this orbit/sensor choice and conclusions and recommendations. You should back up your results with sample calculations and summarized numerical data from STK.  You should integrate graphical and text based STK outputs in the briefing.  Orbital elements for each spacecraft should be documented.  In the cases of a mission design, you should address how your design impacts a system level design.  What is the impact to cost and schedule?  What are the implications in terms of power and mass? Are there significant technological developments required for your design?
Notes:

· Use PowerPoint and integrate STK graphics, STK animations and data where at all possible.  Be prepared to use the instructor’s station at the front of class to put on a 10-15 minute presentation of the orbit scenario and design, addressing the additional areas given above.  Don’t use wholesale outputs from STK such as an access report for several days.  Only use that data which makes the case for your design.
· Use STK itself and show the scenario you created.  This should include a discussion of anything you did with the program that was unique or advanced.  To some degree the desired result is to teach all of us something about STK we did not know.  STK can create movies of any simulations you create.  This may be one way to make sure your presentation is smooth.

c. Requirements:

a. MEO Communications Satellite Constellation: This constellation must achieve global coverage between +/- 70 degrees latitude.  Here you may want to try a Walker or Beste constellation.  Assume all ground/earth stations have a ten-degree elevation mask and spacecraft have a nadir pointing parabolic antenna.    You may use cross-linking to achieve global coverage.  You should attempt to minimize the number of satellites required to communicate with both fixed and mobile stations.

· You may deviate somewhat if you can make another option work.

· There are communications tools in STK.  We can discuss how you might use them if you can satisfy the constellation requirements above.

b. LEO Reconnaissance Spacecraft: A LEO spacecraft constellation (try 3 satellites) with electro optical (EO) sensors must image an important location.  Pick a news hotspot and determine the best orbits for best coverage and then evaluate the impact to another important location.  What trade-offs are required to provide good coverage of locations for example in two different hemispheres?  Demonstrate the revisit time and discuss the sizing of the sensor swath with respect to the size of the target area and how this affects aperture size. If this satellite has body fixed solar panels show how it could reorient for sun tracking and then slew to image the designated targets.  If the spacecraft effectively images the two locations in different hemispheres, what percentage of the orbit is available for battery recharging?  You should review chains, coverage and sensors to prepare for this exercise.  Create some fixed and moving ground targets in the area, use the Az/El/Range from your satellite to back out geolocation in Latitude and Longitude.

c. LEO Remote Sensing Constellation: Using a LEO constellation of a few spacecraft, attempt to study the rainforests of Central America by scanning this region with digital IR instruments (rectangular pattern) and other instruments (See section 9.7 in SMAD).  Consider DMSP and other weather satellites for some actives instruments.  Consider what you are trying to measure.  Design the constellation such that the target area is observed in a near simultaneous fashion. (Hint: Several spacecraft with repeating ground tracks.  Consider formation flying.  How would do it?)  Determine what types of instruments can be used to measure rainfall?  What other properties of a rain forested area are of interest to climatologists etc.?  Here again use chains, coverage and sensors for this exercise.

d. Bay Buoy Monitoring Constellation: Use a small constellation of “PCSat” like satellites to monitor fixed and drifting buoys in the Atlantic Ocean.  It is of interest to record the data from these buoys at least once per hour.  Work with CDR Bruninga to understand the PCSat radio and time required to record all data during a satellite pass.  Determine the number of satellites using one satellite per plane to achieve the revisit requirement and download to a groundstation at USNA.  Develop two different models, one for a two-hour and another for a four-hour revisit time.  

e. Dynamics and Modeling Demo:  Use a LEO remote sensing satellite like that of option b or c above and demonstrate sensor pointing, spacecraft slewing and solar panel solar tracking in a live demonstration of at least three orbits.  Look at many of the tutorials in STK to find the features used to simulate spacecraft dynamics.  The more dynamics features demonstrated the higher the score.  In addition, you must be able to explain what you did to others in the class.  This project can be combined with projects b, c or even h.

f. Space Launch Scenario:  Use STK simulations to examine a spacecraft launch from Cape Canaveral Air Force Station (CCAFS) direct to a geosynchronous transfer orbit (GTO) and then simulate the spacecraft separation and entry into the final geostationary orbit (GEO).  We have no experience with this capability so you would be blazing new territory.

g. PCsat Operational Predictions: PCsat is approaching 5 years in space and 5  times 365 times 14 orbits of deep cycles of its NICAD batteries.  Essentially they are dead, and so PCsat can only operate under two conditions:

· When it is in a full-sun period of its orbit, AND/or

· When its best solar panel (the +Z panel) is facing the sun.

PCsat has a bar magnet aligned so that it's -Z face is "north seeking" pole.  We can use this knowledge and the knowledge of the Earths magnetic field to predict when PCsat is usable. 

Task 1: Propagate PCsat orbits for the next year and determine when PCsat is in full sun.  Further, of those periods, determine which ones have the +Z panel seeing the most sun.

Task 2: A separate problem is to find the when the sun is actually the strongest on the +Z panel (it is not during a full sun period when most of the sunlight is coming in on its sides).  For the next year, run out PCsat's orbits and determine those times when the +Z panel is pointed closest to the sun.

h. An ANDE STK project:  ANDE is another USNA satellite that was deployed from the space shuttle.  Its mission is to accurately measure drag in orbit.  It does this passively by observations from the ground as its orbit decays. Because it is a perfect 19" sphere weighing 50 kg, its drag coefficient is well defined.  Ground stations will track it and see how its orbit changes due to drag.  STK contains propagators with drag models (HPOP and SGP4).

Task 1:  Obtain the present ANDE orbital elements.  Use these to predict and plot the lifetime for ANDE.  Assume worst and best case sun activity and actual predicted sun activity as well if available.

See ANDE web page: http://www.ew.usna.edu/~bruninga/ande.html 

Task 2:  Using the present ANDE orbit, when can ANDE be used for Lab exercises during class hours?   

Task 3:  ANDE has a matching transponder to PCSAT-1 and has the potential for satellite-to-satellite communications.  When will they come into view of each other over the next months? 

