	Physics 4V10 – Spacecraft Systems


Homework 4 = Mega-Homework

Oral and Written Reports Due 

This assignment is designed to help with preparation of a final design report.  The Power group should do problem #1, the Attitude Control group should do problem #2, and the Telemetry group should do problem #3.  Note that there is significant overlap in some problems, so groups may collaborate on this assignment.  Solutions should be turned in by each group, rather than by individuals.  Groups may feel free to break the assignment into subtasks to better share the workload.  In addition to presenting results to the class, each group should create and turn in a formal project report document in response to this homework assignment.  Make three copies of this report – one to turn in for grading and one for each of the other groups.   

From this point on in the class we will assume that our orbit will be circular at an altitude of 375 km and a 50( inclination.  According to the results from homework #3 this orbit will provide roughly 1-year of lifetime and will cover all latitudes of interest.  For your STK simulations you may assume a launch date in May of 2010.

1. Download or generate a .mdl file of a three-unit CubeSat and import it into STK.  The model should incorporate whatever solar panel configuration the group has decided on for its final design (e. g., articulated booms, body-mounted panels, etc.).  Consult with the ADCS group to determine what type of attitude control they are using in their final design (e.g., spin stabilized or other).  Determine the battery voltage to be used on the spacecraft power bus and the solar panel type and design to be used; then use the STK solar panel tool in conjunction with the .mdl file to calculate the power available on orbit for charging these batteries.  Run an STK simulation that includes many orbits to determine whether this number is relatively constant.  Present all results as both a formal document and an oral report to the class, using whatever data tables, graphs, and other information you produce.  Document your work carefully for your report.  Include a flow chart showing how the on-board computer will be used to monitor and control battery status and charging.  Determine a telemetry requirement to monitor system charging, battery status, safe modes, etc.  Be prepared to defend any design choices you make.

2. Download or generate a .mdl file of a three-unit CubeSat, and import it into STK.  The model should incorporate whatever solar panel configuration the Power group has decided on for its final design (e.g., articulated booms, body-mounted panels, etc.).  Decide on the type of attitude control system to be used on our CubeSat, and construct a reasonable mass model of the CubeSat layout.  Decide on the location for the attitude control system within the satellite, and use the mass model with this layout to calculate the torque required throughout the orbit to keep the satellite aligned to within 1( of the velocity vector at all times.  Use these results to determine the power required by the ADCS, including any necessary duty cycling.  Create an ADCS design plan detailing how the onboard computer will determine and execute a strategy for maintaining attitude control to the desired level.  Determine the power required by the chosen ADCS system to achieve this goal, and communicate it to the Power group.  It may be useful to read up on attitude control systems in the textbook that is available in the lab to help answer some of these questions, in addition to using online resources.  Present all results to the class in a formal written report and a separate presentation, justifying all assumptions and design choices.  Include a flow chart showing how the on-board computer will control the spacecraft attitude, and indicating what housekeeping data will be downlinked.

3. Determine the design parameters for the antenna system to be used on the CubeSat, and use STK to generate the appropriate antenna pattern and its footprint on the Earth over the orbit.  Be sure to take into account the attitude control parameters (e.g., spin-stabilized) obtained from the ADCS group.  Consult with the other groups to determine the amount of telemetry required for system status checks, and what uplink commands need to implemented.  Determine the amount of data to be uploaded/downloaded during the mission, including instrument data, housekeeping data, command uplinks, and any duty cycling that is used by other groups.  Allow 20-30% margin (minimum) in these estimates.  Run STK simulations as required to answer the following questions:

A. What is the minimum number of ground stations required to support the mission?  Assume that the maximum number of ground stations available is 3 – Wallops Island, VA, Wollongong, Australia, and Vandenburg AFB in California (this is the prioritized order for these stations – determine how many are needed.)

B. How much on-board memory is required to store mission data so that it can all be downlinked successfully?  Is on-board data compression required to achieve mission objectives?

C. Can the mission coverage requirements be met using the duty cycling and downlink restrictions resulting from your design?  Create a map showing the data point coverage over the course of a one-year mission lifetime.

Present all results to the class as both a formal written report and a formal presentation, showing all data as needed to defend your design choices.

