GRAIL  (Gravity Recovery And Interior Laboratory)  twin lunar spacecraft – Introduction
NASA Glenn Exploring Computer Technology Post 631 mini-lesson for January 5, 2012, by Don Braun

1. Today the main lesson will introduce robotics and will help you get some hands-on experience with constructing and programming robots using LEGO MindStorms kits.


2. Before we begin that activity, I’d like to present a mini-lesson about “NASA in the news” concerning the GRAIL (“Gravity Recovery And Interior Laboratory”) spacecraft.


3. While you were celebrating the New Year last weekend on Saturday and Sunday, if you happened to see or hear any public newscasts you may have heard a story about NASA’s GRAIL mission.  Have you heard of the GRAIL mission?  What do you know about it?


4. Describe the launch almost 4 months ago on September 10, 2011, and the insertion of the two GRAIL spacecraft into their initial orbits around the Moon last weekend on December 31 and January 1.

5. After you learn how to make the LEGO robots, we’ll ask you to form teams and to build and program robots that should cooperate in solving a composite task.  For now, consider how you might solve the task given to the scientists, technologists, engineers, and mathematicians working on the GRAIL mission.

6. Explain the GRAIL mission.


7. Q:   How would you determine a map of the density of material inside the Moon?


8. Q:
A landing spacecraft would probably speed up its descent over a mountain because of increased gravitational pull, but why might it speed up its descent over a (fairly flat and low) basin on the moon?


A:   That basin may have been created by the impact of an asteroid containing dense, heavy metal, which now remains just beneath the basin as a “mass concentration” or “mascon”.
1. Task of the GRAIL mission  –  Produce a high resolution gravity map of the Moon’s interior.

2. Goal  –  Dynamically measure the Moon’s interior structure and composition from crust to core, to understand its heating and cooling, origin, and development, and to guide navigation for landing.

3. September 10, 2011  –  Twin GRAIL spacecraft were launched on one rocket from Florida.

4. December 31, 2011  (New Year’s Eve)  –  First spacecraft called GRAIL A entered lunar orbit.

5. January 1, 2012  (New Year’s Day)  –  Second spacecraft called GRAIL B entered lunar orbit.

6. By early March, both of the twin spacecraft will synchronously complete a nearly circular orbit approximately over the lunar poles about every two hours.

7. March 8 to May 29, 2012  –  Proper sunlight angles will power the science mission for 3 months.

8. Why do it  –  “A surprising discovery was made in the 1960s, when it was found that the Moon’s gravity was unexpectedly strong over certain impact basins, and that this is what had been pulling lunar spacecraft off course.  It was deduced that these impact basins have large mass concentrations (or ‘mascons’ for short) underneath them.  GRAIL will provide more information about their nature.”
http://solarsystem.nasa.gov/grail/investigations.cfm


9. It’s hard  –  The “far” side of the Moon always faces away from Earth, so cannot be observed directly or with a low orbiting spacecraft in continuous communication with Earth.  Therefore, the Doppler frequency shift of radio signals from a spacecraft to Earth cannot continuously be used to measure the spacecraft speed indicating gravity (which is the usual technique when a spacecraft orbits a planet).

10. How  –  2 spacecraft track the changing distance between each other, using Doppler shift to measure that distance to within a few microns  (i.e., millionths of a meter;  about size of a red blood cell).

11. What’s going on  –  “Earth’s gravity creates tides in the solid Moon just as the Moon creates tides in Earth’s oceans.  Of course, the Moon’s rocky surface doesn’t bulge as much as water would – it only deforms about 9 cm in response to Earth’s gravity from one part of the lunar orbit to another.  But what’s significant to GRAIL is that the Moon responds to Earth’s gravity all the way down to the core, and different internal structures would produce differences in the way the Moon’s gravitational field deforms.  By analyzing how the field deforms at various parts of the Moon’s orbit around Earth, scientists will be able to deduce information about the core and other deep features.”
http://solarsystem.nasa.gov/grail/investigations.cfm

12. http://solarsystem.nasa.gov/grail/home.cfm

13. http://solarsystem.nasa.gov/grail/videos/Episode2-1280.mov

14. http://solarsystem.nasa.gov/grail/videos/Episode3-1280.mov
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