ASEN 5519

Lab 6 Exercises

I’d like to give credit to Scott Mitchell who developed this lab exercise.  He is the lead Astrodynamicist at Ball Aerospace & Technologies Corporation here in Boulder.  If Ball needs an interplanetary trajectory design, he is the one they call.  I have taken out a few things, and added a few things in order to make the lab a bit more challenging (and, of course, more of a learning experience.  I know you love it!)

Using the STK Astrogator Targeter to get to Mars
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A real example – I did this for our Mars Scout study/proposal effort. The RF and power engineers want to know things like the spacecraft to Earth range, the spacecraft to sun range, and the angle formed by the sun, Earth, and spacecraft (for antenna placement and range of motion). For all of these, we need to generate a trajectory from the Earth to Mars. 

STK was not designed to do interplanetary targeting. The next version may have this capability. But you can make it work as follows, although it is a bit of work.

Using the porkchop plot (provided in the pre-lab), determine the following parameters of the Earth to Mars trajectory that minimizes the C3launch:

· Type

· Launch date 

· Arrival data

· C3

· Declination of launch asymptote

· Right ascension of the launch asymptote

Check with Rodney or me to make sure your values are correct before continuing (otherwise the following scenario might not work).

Trajectory Correction Maneuvers (TCMs) are performed at launch +15 days, launch + 90 days, and arrival – 20 days.

Here are the step by step instructions:

· Get into STK, set up the scenario times starting on your departure date and ending on your arrival date plus 10 days.

· Set up 2-D map to orthographic, ECI, display height = 100,000 km.

· Make a new propagator using the Astrogator Browser (highlight the scenario and choose Astrogator Browser from the tools menu).  Click on Propagators.  Highlight Earth J2 and click Duplicate.  Rename to Mars J2 and hit ok.  Double-Click Mars J2, change central body to Mars, change gravity field to ZonalsToJ4, set degree to 2, hit ok.  Hit ok to exit astrogator browser.

· Create two planets, make one Earth, and the other Mars.  Change graphics properties to show inertial position, show orbit, and show position label (all other boxes unchecked).

· Create a spacecraft, view the basic properties, and select Astrogator as the propagator

· Launch and outward trajectory –

· Start by creating a target sequence (delete the initial state segment). Inside of the target sequence put a launch, propagation segment, and impulsive maneuver. We will use this to target the outgoing C3, declination of the launch asymptote, and right ascension of the launch asymptote.

· For the launch, put the time as 12:00 on your departure date. Leave the other items as the defaults.

· Rename the propagate segment “for DLA, RLA”; use the Earth J2 propagator

· Rename the impulsive maneuver segment “target C3, DLA, RLA”, and select attitude control “along velocity vector”, and put in an initial guess (magnitude) of 3 km/s. 

· With the impulsive maneuver highlighted, hit the results button, and under target vector select C3 energy, outgoing asymptote declination, outgoing asymptote right ascension.

· With the target sequence highlighted, hit the edit controls and constrains button, and set the targeted C3, outgoing declination, and outgoing right ascension to the numbers that you obtained from the porkchop plot.

· Make the launch epoch, propagation trip duration, and impulsive velocity magnitude to be the varied parameters (put a check mark in the target near them).

· We want to thrust only in the velocity direction (most efficient). We will vary the launch time and propagation (parking orbit) time to get the proper outgoing trajectory.

· With the targeter highlighted, select the action to be run targeter.

· Run the targeter (hit the green “go” button). It may take a few runs to converge. You can watch the convergence process in the targeting profile window at the top.

· Once the targeter has converged, with the targeter highlighted, hit the “apply all corr” button, then select the targeter action to be “Run Nominal Control Values”.  What are your new launch date, propagation trip duration, and impulsive V magnitude?

· Add a propagation segment after the target sequence.  Set the propagator to Earth Two Body and duration to 12 hours.  Hit ok in the MCS window and view the trajectory on the 2-D map to make sure that you’re on a hyperbolic escape trajectory.

· Change 2-D map to heliocentric, orthographic projection with display height of 500,000,000 km.

· Change 3-D map central body to Mars (Using the VO Graphics Properties button on the VO window).

· TCM 1 –

· Modify the propagation segment after the target sequence as follows. Rename the propagation segment to be “propagate to L+15 days”. Set the propagator to heliocentric. Set the trip length to be 15 days.

· Add a target sequence after the propagate segment and rename it TCM1. We will now calculate the first TCM.

· In the target sequence, put an impulsive maneuver and propagate segment. Rename the impulsive maneuver to “target B dot R, B dot T, time of arrival”

· In the propagate segment, select the heliocentric propagator.  Hit the advanced button and turn off the maximum propagate time. Under stopping conditions, select “periapsis” and delete duration. For central body, select Mars. The propagator will now propagate to the closest Mars approach.

· With the propagate segment highlighted, hit the results button. From Multibody, select BDotR and BdotT. Change the target body for each of these to be Mars by double clicking on the target body in the bottom panel. Also select epoch. So you will now have 3 selected components; hit OK.

· Highlight the TCM1 target sequence, hit the “edit controls and constraints” button.

· Set the BdotT and BdotR to be 6000 km (targeting for a near miss of Mars, but allowing for planetary protection considerations), and the epoch to your arrival date.

· With the impulsive maneuver highlighted, change attitude control to thrust vector, thrust axes to Mars VNC. Select all three velocity components as the varied parameters (put a check in the target next to each of them).

· Highlight the TCM1 target sequence, change the action to “run targeter”.

· Run the targeter (hit green “go” button). 

· Once the targeter has converged, with the targeter highlighted, hit the “apply all corr” button, then select the targeter action to be “Run Nominal Control Values”. The maneuver should be on the order of 100 m/s, or less.  What are the three components of your V vector?

· Hit ok in the MCS window.  View the trajectory in the 2-D window to make sure that you’re getting close to Mars.  When the s/c gets close to Mars, view the s/c in the 3-D window and see just how close to Mars it really is getting.

· Delete the propagate segment within the TCM1 target sequence.

· TCM 2 –

· Add a propagation segment after the TCM1 target sequence. Rename the propagation segment to be “propagate to L+90 days”. Set the propagator to heliocentric. Set the trip length to be 75 days.

· Add a target sequence after the propagate segment and rename it TCM2. We will now calculate the second TCM.

· In the TCM2 target sequence, put an impulsive maneuver and propagate segment. Rename the impulsive maneuver to “target B dot R, B dot T, time of arrival”

· In the propagate segment, select the heliocentric propagator.  Hit the advanced button and turn off the maximum propagate time.  Under stopping conditions, select “periapsis” and delete duration. For central body, select Mars. The propagator will now propagate to the closest Mars approach.

· With the propagate segment highlighted, hit the results button. From Multibody, select BDotR and BdotT. Change the target body for each of these to be Mars by double clinking on the target body in the bottom panel. Also select epoch. So you will now have 3 selected components; hit OK.

· Highlight the TCM2 target sequence, hit the “edit controls and constraints” button.

· Set the BdotT and BdotR to be 6000 km (targeting for a near miss of Mars), and the epoch to your arrival date.

· With the impulsive maneuver highlighted, change attitude control to thrust vector, thrust axes to Mars VNC. Select all three velocity components as the varied parameters (put a check in the target next to each of them).

· Highlight the TCM2 target sequence, change the action to “run targeter”.

· Run the targeter (hit green “go” button). 

· Once the targeter has converged, with the targeter highlighted, hit the “apply all corr” button, then select the targeter action to be “Run Nominal Control Values”. The maneuver should be small – a few m/s at most.  What are the three components of your V vector?

· Hit ok in the MCS window.  View the trajectory in the 2-D window to make sure that you’re getting close to Mars.  When the s/c gets close to Mars, view the s/c in the 3-D window and see just how close to Mars it really is getting.

· Delete the propagate segment within the target sequence.

· TCM 3 –

· Add a propagation segment after the target sequence. Rename the propagation segment to be “propagate to arrival-20 days”. Set the propagator to heliocentric.  Hit the advanced button and turn off the maximum propagate time.  Set the trip length to be 259 days.

· Add a target sequence after the propagate segment and rename it to TCM3. We will now calculate the third TCM.

· In the TCM3 target sequence, put an impulsive maneuver and propagate segment. Rename the impulsive maneuver to “target B dot R, B dot T, time of arrival”

· In the propagate segment, select the heliocentric propagator. Under stopping conditions, select “periapsis” and delete duration. For central body, select Mars. The propagator will now propagate to the closest Mars approach.

· With the propagate segment highlighted, hit the results button. From Multibody, select BDotR and BdotT. Change the target body for each of these to be Mars by double clinking on the target body in the bottom panel. Also select epoch. So you will now have 3 selected components; hit OK.

· Highlight the TCM3 target sequence, hit the “edit controls and constraints” button.

· Set the BdotT and BdotR to the values you computed in the pre-lab  (targeting for a near miss of Mars, with 200 km periapsis), and the epoch to your arrival epoch.

· With the impulsive maneuver highlighted, change attitude control to thrust vector, thrust axes to Mars VNC. Select all three velocity components as the varied parameters (put a check in the target next to each of them.

· Highlight the TCM3 target sequence, change the action to “run targeter”.

· Run the targeter (hit green “go” button). 

· Once the targeter has converged, with the targeter highlighted, hit the “apply all corr” button, then select the targeter action to be “Run Nominal Control Values”. The maneuver should be small – a few m/s at most. What are the three components of your V vector?

· Hit ok in the MCS window.  View the trajectory in the 2-D window to make sure that you’re getting close to Mars.  When the s/c gets close to Mars, view the s/c in the 3-D window and see just how close to Mars it really is getting.

· Delete the propagate segment within the target sequence.

· Mars Orbit Insertion –

· Add a propagation segment after the TCM3 target sequence. Rename the propagation segment to be “propagate to Mars periapsis”. Set the propagator to heliocentric. Under stopping conditions, select “periapsis” and delete duration. For central body, select Mars. The propagator will now propagate to the closest Mars approach.

· Add a target sequence after the propagate segment and rename it MOI. We will now calculate the Mars Orbit Insertion (MOI) burn.

· In the target sequence, put an impulsive maneuver and propagate segment. Rename the impulsive maneuver to “MOI”

· In the propagate segment, select the Mars J2 propagator. Leave “duration” as the stopping condition.

· With the propagate segment highlighted, hit the results button. From Keplerian Elements, select orbit period. Change the central body to be Mars by double clinking on the central body in the bottom panel.

· With the impulsive maneuver highlighted, change attitude control to thrust vector, thrust axes to Mars VNC. Select only the X (along) velocity component as the varied parameters (put a check in the target next to X only). Start with an initial guess of –1 km/s for the X velocity.

· Highlight the MOI target sequence, hit the “edit controls and constraints” button.

· Set the orbit period to be 35 hours (targeting for a Mars capture orbit period of 35 hours).

· Highlight the MOI target sequence, change the action to “run targeter”.

· Run the targeter (hit green “go” button). 

· Once the targeter has converged, with the targeter highlighted, hit the “apply all corr” button, then select the targeter action to be “Run Nominal Control Values”.  What is the new V?

Your spacecraft should now be in an eccentric Mars orbit, with a period of 35 hours and a periapsis of 200 km. This is a typical Mars capture orbit. Aerobraking would then be used to circularize the orbit.

