ASEN 5519

Lab 5

Answer Sheet

Name: _______________________

1) Which result did you use for “DV1”?

2) What value did you enter for “DV1” Desired Result?

3) What is computed DV for “DV1”?

4) Which result did you use for “DV2”?

5) What value did you enter for “DV2” Desired Result?

6) What is computed DV for “DV2”?

7) Which results did you use for “DV3”?

8) What values did you enter for “DV3” Desired Results?

9) What is computed DV for “DV3”?

ASEN 5519

Lab # 5: Monday, Feb. 25

Lecture Notes

Components (Astrogator Browser)

· The Astrogator Component Browser is a powerful tool that enables you to redefine components of your space mission analysis and create new ones. To bring up the Component Browser, highlight the Scenario in the STK Browser window and select Astrogator Browser from the Tools menu.

· Briefly explain the different components.

· Propagator

· Click on Propagators folder

· On the right, the STK established propagators will be shown

· Highlight the one most like your desired new propagator and click Duplicate (i.e. Earth J2)

· Rename to desired name (i.e. Mars J2)

· Double-Click on the new propagator, and change desired components

· Central Body (i.e. Mars)

· Other Bodies (i.e. sun, Phobos, Deimos)

· Gravity Field (i.e. ZonalsToJ4), Degree (i.e. 2)

· Select Atmosphere and Solar Radiation, if desired

Sequence Segment

· You can use a Sequence segment to organize Master Control Sequence segments into groups.
Target Sequence Segment

· Like the Sequence segment, the Target Sequence allows you to nest other MCS segments within the segment.

· A Target Sequence allows you to pick control variables and constraint elements in order to compute maneuvers.

· First, insert the desired MCS segments into the Target Sequence.

· Next, select your control variables.  The available control elements within each nested MCS segment will have a target next to it.  To select the control element, click on the target (a check mark appears).

· Then, select your constraint elements.  This is done using the results button.  Choose the desired constraint (i.e. eccentricity or apoapse altitude), and place it in the right-hand window.  Use the lower window to choose the coordinate system, central body, etc. of the chosen constraint.

· Once you’ve selected your control variables and constraint elements, highlight the Target Sequence and hit the Edit Controls and Constraints button.  Use this window to set the constraint value and characteristics of the control variables (i.e. tolerance, maximum step for each iteration, etc.).

· To run the targeter, use the Action menu and choose Run Targeter (Calculate New Control Values).  You can choose the number of iterations using the Maximum Iteration field.  Hit the Go button and watch to see if the targeter converges.  If it does, and you’re happy with the results, hit the Apply All Corr button.

· Finally, change the Action back to Run Nominal Control Values (which have now been changed to the targeter solution since the Apply All Corr button was pressed).

MCS Summary (the scroll)

· These summaries provide a wealth of data on orbital parameters and spacecraft configuration.

· To get this, click on the scroll above the MCS window.  (Make sure you have hit the Go button first, which will run the MCS)

· You can change the coordinate system of the report by right-clicking the segment and selecting Properties.

· This can be used to (among many other things) make sure a Target Sequence does what you expect, or to show you if an error has occurred.  

Lab Exercise: Launch of Geostationary Satellite Using Targeter

Set Up Scenario

· Setup your scenario to cover a 5-day time period, with any epoch you choose.

· Set animation start time to the epoch you chose, and set the time-step to 60 sec.

· Create a new satellite

· In Satellite graphics window (properties menu) – On Pass tab, under orbit track, choose lead type: all.  Under ground track, choose lead type: none.

· In Satellite VO window (properties menu) – On Pass tab, check box next to inherit from 2-D graphics.

Set Up Map Views

· Change the 2-D projection to Orthographic with a display height of 100,000 km, viewing from the North Pole.  Display coordinate frame: ECI

Set Up Initial State of Satellite

· Coordinate System: Earth Centered Mean J2000, Element Type: Keplerian

· Epoch:  Make sure it matches your scenario epoch

· SMA = 6675 km, e = 0, I = 28 deg, RAAN = 0, Arg. of periapsis = 0, true anomaly = 0 (this is similar to the parking orbit from lab 1)

Propagate Parking Orbit

· Insert a Propagate segment after Launch segment (if one doesn’t already exist), and rename it to “Parking Orbit”

· Set Propagator to Earth Point Mass

· Stopping Condition: Duration, Trip: 5000 seconds

Use Target Sequence to Plan V1 (Insert into Geosynchronous Transfer Orbit)

· Insert a Target Sequence and rename it “Enter GTO”.  Expand the Target Sequence and insert an Impulsive Maneuver segment, nested in the Target Sequence (name it “DV1”).

· Highlight “DV1”.  Attitude Control: Thrust Vector, Thrust Axes: VNC, Vector Type: Cartesian.  Check the target next to X (Velocity) (this establishes the X component of the V as a control variable).

· With “DV1” highlighted, hit the Results button (upper right of the screen).  Expand the Keplerian Elems folder.  Several choices would work here.  Pick one and hit ok. Which one did you use? 

Enter answer on answer sheet, number 1.

· Highlight “Enter GTO” and hit the Edit Controls and Constraints button.  On the left are the Control Variables, leave these fields the same.  On the right are the Constraints.  Change the Desired Value to the appropriate value for the constraint you have chosen.  Make sure the Convergance Tolerance makes since for your constraint (for example, a tolerance of 0.1 for eccentricity would not be acceptable, it would have to be considerably smaller).  What value did you enter?

Enter answer on answer sheet, number 2.

· Change Maximum Iterations to 50.  Change the Action to Run Targeter.  Hit the Go button.  Observe the Popup window to see if it converged.  What is the solution for V?  Is it close to the value you calculated for Lab 1?

Enter answer on answer sheet, number 3.

· Click the Apply All Corr button.  Change Action to Run Nominal Control Values.

Propagate to Apogee of Transfer Orbit

· Copy the “Parking Orbit” Propagate segment and paste after “Enter GTO” (it should NOT be nested within the “Enter GTO” Target Sequece); rename it to “Transfer Orbit”.  Change the color of the segment (right-click on segment, and choose properties).

· Change the stopping condition to Apogee.

Use Target Sequence to Plan V2 (Insert into a Circular Geosynchronous Orbit)

· Insert Target Sequence and rename to “Enter Geosync”.  Insert an Impulsive Maneuver, nested within “Enter Geosync”, and rename it “DV2”.

· Highlight “DV2”.  Attitude Control: Thrust Vector, Thrust Axes: VNC, Vector Type: Cartesian.  Check the target next to X (Velocity).

· With “DV2” highlighted, hit the Results button.  Expand the Keplerian Elems folder.  Again, several choices would work here.  Pick one and hit ok. Which one did you use?

Enter answer on answer sheet, number 4.

· Highlight “Enter Geosync” and hit the Edit Controls and Constraints button.  Leave the Control Variables fields the same.  Change the Desired Value under the constraints to the appropriate value for the constraint you have chosen.  Make sure the Convergance Tolerance makes since for your constraint (for example, a tolerance of 0.1 for eccentricity would not be acceptable, it would have to be considerably smaller).    What value did you enter?

Enter answer on answer sheet, number 5.

· Change Maximum Iterations to 50.  Change the Action to Run Targeter.  Hit the Go button.  Observe the Popup window to see if it converged.  What is the solution for V?  Is it close to the value you calculated for Lab 1?

Enter answer on answer sheet, number 6.

· Click the Apply All Corr button.  Change Action to Run Nominal Control Values.

Propagate to Ascending Node

· Copy the “Transfer Orbit” segment and paste after “Enter Geosync” (NOT nested within “Enter Geosync”), rename to “Geosync Orbit”.  Change the color.

· Change the stopping condition to Ascending Node (delete the Duration stopping condition).

Use Target Sequence to Plan V3 (Change Planes into Geostationary Orbit)

· Insert Target Sequence and rename to “Enter Geosta”.  Insert an Impulsive Maneuver, nested within “Enter Geosta”, and rename it “DV3”.

· Highlight “DV3”.  Attitude Control: Thrust Vector, Thrust Axes: VNC, Vector Type: Cartesian.  Check the targets next to X (Velocity) and Y (Normal) (as we discovered last week, this maneuver requires a DV with both X and Y components).

· With “DV3” highlighted, hit the Results button.  Since there are two control variables, we’ll need two constraints.  Expand the Keplerian Elems folder.  Which two constraints define a circular Geostationary orbit (hint: there are actually three orbit elements that define a circular Geostationary orbit, but the sma will not be changed during this maneuver)?

Enter answer on answer sheet, number 7.

· Highlight “Enter Geosta” and hit the Edit Controls and Constraints button.  Leave the Control Variables fields the same.  Change the Desired Value under each constraint to the appropriate value for the constraints you have chosen.  Make sure the Convergance Tolerance makes since for your constraint (for example, a tolerance of 0.1 for eccentricity would not be acceptable, it would have to be considerably smaller).    What values did you enter?

Enter answer on answer sheet, number 8.

· Change Maximum Iterations to 50.  Change the Action to Run Targeter.  Hit the Go button.  Observe the Popup window to see if it converged.  What is the solution for V?  Is it close to the value you calculated for Lab 1?

Enter answer on answer sheet, number 9.

· Click the Apply All Corr button.  Change Action to Run Nominal Control Values.

Propagate Geostationary Orbit

· Copy the “Transfer Orbit” segment and paste after “Enter Geosta” (NOT nested within “Enter Geosta”), rename to “Geosta Orbit”.  Change the color.

· Change the stopping condition to Duration and the Trip to 24 hours

If you still have time, it is recommended that you try the next lab exercise.  The easiest way to complete the suggested lab exercise is to simply modify the previous STK scenario, rather than starting from the beginning.  If you do not have time, it is recommended that you save your scenario to a disk, or save it to the hard drive and ftp it somewhere that you can retrieve it later.

Suggested Lab Exercise: Launch of Geostationary Satellite Using Targeter Using Combined Perigee Raise / Plane Change Maneuver

As an additional exercise, try the following problem.  Try to start in the same parking orbit as before, but get to a Geostationary orbit using only two impulsive maneuvers.  This will involve propagating the parking orbit to the ascending or descending node, performing DV1, propagating to apogee, then use DV2 to circularize and do the plane change.  This is only possible since you’ll be at the ascending or descending node when you reach apogee (since you started at the descending or ascending node, respectively, at perigee).  The second V maneuver is an excellent application of the targeter.  Use the X and Y component of the V vector (VNC thrust axes) as the control variables, and the constraints should be e = 0, and i = 0.  Since the perigee raise and plane change are performed in the same maneuver, there is a significant savings in V.

