1.1  
The Need

Only small portions of the lunar surface have been explored. The only lunar missions to actually visit the surface were Apollo 11, 12, 14, 15, 16, and 17.  Of those missions only the last 3 missions actually contained a lunar rover.  Much of the lunar surface has yet to be explored. Some satellites and lunar orbiters have been to the moon and have taken surface scans. Galileo, in 1990 and 1992, and Clementine, in 1994, surveyed the lunar topography and conducted multi-spectral imaging of the surface.  They found hints of water at the south pole and in some shadowed craters. When the Lunar Prospector flew by the moon, from 1998 to 1999, it conducted a global mapping of the contents of the lunar surface. This survey found evidence of hydrogen at the poles.  The Lunar Prospector also surveyed the geochemistry of the lunar surface.  It found evidence of iron, thorium, along with other elements.  It was also discovered that the moon has a small iron core.  Although the scientific implications of this new information are immense, no surface mission to the moon has been launched in over thirty years.

The moon is an unexploited record of the history of the solar system. Its recent geological record has not been recently marred by winds, tectonic plates, or other similar forces.    The surface of the moon has been exposed to thousands of meteorite and comet impacts throughout its existence. The lunar surface may contain a record of the evolution of the solar system.  The potential to collect data from the lunar surface is the opportunity to capture a few of the solar system that has been left untouched by plants, animals, or human civilization. Therefore it is a preserved record of the early formation of the solar system. It is hypothesized that the Earth and moon come from a common source.  If scientists can examine and understand how the moon was formed, then they can hypothesis how the Earth was also formed.  

Even with all the advanced technologies of today, approximately six percent of the lunar surface has been sampled.  With all of the scientific data collected by various satellites, a new mission to sample more of the surface is imperative.  Although much data has been collected by various satellites over the years, it is imperative that more sampling of the lunar surface be conducted. The new lunar lander/rover will go to a few unexplored sites of interest, namely the poles and inside some of the craters.  New lander/rovers will need to be designed with the ability to operate in any lunar environment.   A mobile lander/rover would lead to a more expansive exploration of the lunar surface.   A new lunar lander/rover would be able to gather samples from these previously unexplored areas of the Moon, and gather data that has never been seen before.   The lander/rover would be able to go into areas of the moon that are so inhospitable, that no human could explore them.  A rugged design of a mobile lander/rover would allow for greater surface exploration and even more discoveries.  If the lander/rover has sample return capabilities, more lunar samples can be sent back to Earth and studied in more detail.  Also, new discoveries about the formation of the Earth and Moon could be made. Lunar exploration could lead to a better understanding of the physical make up of the regolith on the moon.  The theories concerning the existence of either hydrogen or water could also be tested.  With the technological and scientific advances waiting to be discovered; a new lunar lander/rover is a necessity.  A better understanding of the lunar surface could eventually lead to the construction of a permanent lunar base.  The existence of a lunar base would allow for further exploration into the solar system.

 

1.2  
The Requirements
The new lunar lander/rover designed must meet several requirements. The propulsion system requirements are as follows. It must fit inside the shroud of an Atlas V – 401 EPF launch vehicle with a landed mass of no more than 997.4kg.  There is to be 64.6kg dedicated to the dry mass of the propulsion system.  The propulsion system must accommodate 159.5 kg of hydrazine (N2H4) propellant and 2.0 kg of helium.  The tanks used to carry the propellant must be two spherical tanks with a diameter of 0.55m and the helium must be in another two spherical tanks 0.4m in diameter.  The propulsion system must be two MR-80B monopropellant liquid rocket engines. The attitude control system must consist of twelve MR-106 monopropellant thrusters.  

The lunar lander/rover must be available to launch no later than September 30, 2012.  The lander/rover must survive both the cruise to the moon and the operations on the moon.  The lander/rover must survive the radiation and thermal stresses along with micrometeoroid hits.  The survivability of the lander/rover must be at least one year. The climate the lander/rover must survive is a high temperature of 107 Celsius to -223 Celsius.  The lander/rover must also accomplish all of the scientific goals to be outlined later.  The lander/rover must also be able to land on a 12° slope. The precision of the landing must land within 100m ± 3 sigma of the intended landing site.  The control of the lander/rover is in mission control’s hands 5 km above the lunar surface.  The lander/rover must survive the g loads felt during launch but the design team is not responsible for the vibration analysis on liftoff.   

The lander/rover must also have the following characteristics.  It must maximize “off the shelf” technology, TRL 9 technology.  The lander/rover must minimize cost across the entire design. For a single site, the lander/rover must determine the lighting conditions every two hours, micrometeorite flux, and dust levitation that correlations with the different lighting conditions. Also, the lander/rover must sample 20 different sites, separated by 500m.  15 of those sites must be in permanently dark sites and 5 of those are in lighted regions. The minimum scientific criteria are to determine the composition, geotechnical properties, and volatile content of the regolith.  Extra criteria are determining the geological context information of all of the sites and vertical composition of the surface for one or more sites.  The final assumption made is that each sample is 300MB and takes one day to acquire. 

2.10 Concept of Operations
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The operations of the mission are as follows. The lander/rover will launch at 12:00 noon on September 30, 2012. Five days later the lander/rover will arrive at the moon and wake up.  It will then perform a system diagnostic to make sure all systems are operating at nominal levels. The next day, October 8, the lander/rover will begin its decent onto the \m of the Shackleton crater. When over the center of Shackleton crater, the lander/rover will launch 15 penetrators into the crater.  After waiting for 30 seconds to allow the penetrators to clear the lander/rover, the lander/rover will then continue it’s decent on to the rim of the crater. A map of the proposed landing site for the penetrators is shown in Figure 23. The lander/rover will drop of a box called the “single site box.” The “single site box” samples micrometeorite flux, and dust levitation as it correlates to the lighting conditions.  After dropping off the “single site box”, the lander/rover will then perform another system diagnostic to make sure no systems were damaged upon decent. 

The lander/rover will then take a day to rove to the rim of Shackleton crater to await the information from the penetrators. While the lander/rover is continuing its decent, the penetrators will begin theirs.  The penetrators will fall from the lander/rover and impact the bottom of Shackleton crater.  Upon impact, the penetrators will sample the site they where landed.  The penetrators will then relay their data to the lander/rover.  The lander/rover will then relay the data to the LRO who will relay the data to Earth.  The antenna that will be used is a parabolic dish reflector antenna mounted on the rover.  The penetrators will have an omni-directional antenna.  The operation of the penetrators will be as follows.  From Thursday October 11through Thursday October 18, the penetrators will relay their data to the lander/rover.  The next day, Friday October 19, the lander/rover will relay its data from the penetrators to the LRO.  The LRO will relay the data to Earth.  The data will take 5 orbits to transmit.  For the lighted sites, the rover will move to the first lighted site on Monday October 22.  On Tuesday October 23, the lander/rover will sample the first lighted site.  The next day, Wednesday October 24, the lander/rover will relay the sample data from the site to the LRO.  The pattern will repeat for 28 lighted sites.  The lander/rover will then rove to the site designated for the sample to be returned via the Sample Return Vehicle on March 5, 2013.  The sample will be taken on March 6 and the Sample Return Vehicle will launch back to Earth on March 7, 2013.  The sampling of lighted sights will then recommence on March 8. The sampling will continue in the previously mentioned fashion until July 22. A total of 59 lighted sites will be sampled.  From July 23 to 25, the lander/rover will rove back the rim of Shackleton Crater. In the event the penetrators fail, the following timeline will be used.  On Friday, July 26, the rover will move to the first dark site. The rover will sample the first dark site on July 29. The data will be relayed back to Earth the next day, July 30. This sequence will repeat until all the sites not sampled by the penetrators are sampled, up to 15 sites. On September 30, 2013, the rover will power down. A detailed timeline is located in Table 10 in Appendix J.
Mission Control will be located in Huntsville, AL.  Located at Mission Control will be a Flight Director, Rover Operator, Data Analyst, Data Archivist, Scientist, Communication Specialist, two Troubleshooters, and a Mission Planner. The Flight Director is responsible for the overall accomplishment of the mission. It is his responsibility to make sure all the objectives are accomplished. The responsibility of the Rover Driver is to navigate the rover to all of the predetermined sites on the moon.  The Rover Driver will use a Surface Stereo Imager (SSI) camera in order to see the surface of the moon.  The Data Analyst will analyze the data collected by the rover to make sure nothing has gone wrong during the tests and also send the data to the appropriate scientists. The Data Archivist will maintain the archives of all the data collected over the entire mission.  There will be two Troubleshooters on hand to troubleshoot any problems that may arise during the mission. They will have manuals and schematics on hand to handle any problems.  They will also be responsible for the system checks that happen every Saturday.  The system checks are diagnostics that cover the entire lander/rover systems to make sure they are operating within normal parameters. The Scientist on hand will help the Data Analyst analyze the data to make sure all the data makes sense.  He will then take the data and analyze it for his own research.  The Mission Planner is in charge of the entire mission planning.  He will oversee the day to day operations of the mission.  If problems were to arise and the mission timeline need to be altered, he is the one to handle the changes.  A table outlining all the positions in Mission Control and their responsibilities can be found in Table XX.

References:

The Need:


All Things Lunar by Dr. Barbara Cohen


Moon http://en.wikipedia.org/wiki/Moon 

The Requirements:


Project 2 CDD

Concept of Operations


none
Table 10 – Mission Timeline

	Date
	Activity 1
	Activity 2
	Activity 3

	Sun Sep 30, 2012
	Launch
	 
	 

	Mon Oct 01, 2012
	Cruise to Moon
	 
	 

	Tue Oct 02, 2012
	Cruise to Moon
	 
	 

	Wed Oct 03, 2012
	Cruise to Moon
	 
	 

	Thu Oct 04, 2012
	Cruise to Moon
	 
	 

	Fri Oct 05, 2012
	Cruise to Moon
	 
	 

	Sat Oct 06, 2012
	Arrive at Moon
	 
	 

	Sun Oct 07, 2012
	System Check
	 
	 

	Mon Oct 08, 2012
	Decent
	Launch Penetrators
	Landing

	Tue Oct 09, 2012
	System Check
	Drop of single site box
	 

	Wed Oct 10, 2012
	Rove to Rim of Schackelton Crator
	 
	 

	Thu Oct 11, 2012
	Collect Data from Penetrators
	 
	 

	Fri Oct 12, 2012
	Collect Data from Penetrators
	 
	 

	Sat Oct 13, 2012
	System check
	 
	 

	Sun Oct 14, 2012
	Sunday's Off
	 
	 

	Mon Oct 15, 2012
	Collect Data from Penetrators
	 
	 

	Tue Oct 16, 2012
	Collect Data from Penetrators
	 
	 

	Wed Oct 17, 2012
	Collect Data from Penetrators
	 
	 

	Thu Oct 18, 2012
	Collect Data from Penetrators
	 
	 

	Fri Oct 19, 2012
	Relay Data from Penetrators to LRO
	 
	 

	Sat Oct 20, 2012
	System check
	 
	 

	Sun Oct 21, 2012
	Sunday's Off
	 
	 

	Mon Oct 22, 2012
	Rove to Lighted Site 1
	 
	 

	Tue Oct 23, 2012
	Collect Data from Lighted Site 1
	 
	 

	Wed Oct 24, 2012
	Relay Data from Lighted Site 1
	 
	 

	Thu Oct 25, 2012
	Rove to Lighted Site 2
	 
	 

	Fri Oct 26, 2012
	Collect Data from Lighted Site 2
	 
	 

	Sat Oct 27, 2012
	System check
	 
	 

	Sun Oct 28, 2012
	Sunday's Off
	 
	 

	Mon Oct 29, 2012
	Relay Data from Lighted Site 2
	 
	 

	Tue Oct 30, 2012
	Rove to Lighted Site 3
	 
	 

	Wed Oct 31, 2012
	Collect Data from Lighted Site 3
	 
	 

	Thu Nov 01, 2012
	Relay Data from Lighted Site 3
	 
	 

	Fri Nov 02, 2012
	Rove to Lighted Site 4
	 
	 

	Sat Nov 03, 2012
	System check
	 
	 

	Sun Nov 04, 2012
	Sunday's Off
	 
	 

	Mon Nov 05, 2012
	Collect Data from Lighted Site 4
	 
	 

	Tue Nov 06, 2012
	Relay Data from Lighted Site 4
	 
	 

	Wed Nov 07, 2012
	Rove to Lighted Site 5
	 
	 

	Thu Nov 08, 2012
	Collect Data from Lighted Site 5
	 
	 

	Fri Nov 09, 2012
	Relay Data from Lighted Site 5
	 
	 

	Sat Nov 10, 2012
	System check
	 
	 

	Sun Nov 11, 2012
	Sunday's Off
	 
	 

	Mon Nov 12, 2012
	Rove to Lighted Site 6
	 
	 

	Tue Nov 13, 2012
	Collect Data from Lighted Site 6
	 
	 

	Wed Nov 14, 2012
	Relay Data from Lighted Site 6
	 
	 

	Thu Nov 15, 2012
	Rove to Lighted Site 7
	 
	 

	Fri Nov 16, 2012
	Collect Data from Lighted Site 7
	 
	 

	Sat Nov 17, 2012
	System check
	 
	 

	Sun Nov 18, 2012
	Sunday's Off
	 
	 

	Mon Nov 19, 2012
	Relay Data from Lighted Site 7
	 
	 

	Tue Nov 20, 2012
	Rove to Lighted Site 8
	 
	 

	Wed Nov 21, 2012
	Thanksgiving Break
	 
	 

	Thu Nov 22, 2012
	
	 
	 

	Fri Nov 23, 2012
	
	 
	 

	Sat Nov 24, 2012
	System check
	 
	 

	Sun Nov 25, 2012
	Sunday's Off
	 
	 

	Mon Nov 26, 2012
	Collect Data from Lighted Site 8
	 
	 

	Tue Nov 27, 2012
	Relay Data from Lighted Site 8
	 
	 

	Wed Nov 28, 2012
	Rove to Lighted Site 9
	 
	 

	Thu Nov 29, 2012
	Collect Data from Lighted Site 9
	 
	 

	Fri Nov 30, 2012
	Relay Data from Lighted Site 9
	 
	 

	Sat Dec 01, 2012
	System check
	 
	 

	Sun Dec 02, 2012
	Sunday's Off
	 
	 

	Mon Dec 03, 2012
	Rove to Lighted Site 10
	 
	 

	Tue Dec 04, 2012
	Collect Data from Lighted Site 10
	 
	 

	Wed Dec 05, 2012
	Relay Data from Lighted Site 10
	 
	 

	Thu Dec 06, 2012
	Rove to Lighted Site 11
	 
	 

	Fri Dec 07, 2012
	Collect Data from Lighted Site 11
	 
	 

	Sat Dec 08, 2012
	System check
	 
	 

	Sun Dec 09, 2012
	Sunday's Off
	 
	 

	Mon Dec 10, 2012
	Relay Data from Lighted Site 11
	 
	 

	Tue Dec 11, 2012
	Rove to Lighted Site 12
	 
	 

	Wed Dec 12, 2012
	Collect Data from Lighted Site 12
	 
	 

	Thu Dec 13, 2012
	Relay Data from Lighted Site 12
	 
	 

	Fri Dec 14, 2012
	Rove to Lighted Site 13
	 
	 

	Sat Dec 15, 2012
	System check
	 
	 

	Sun Dec 16, 2012
	Sunday's Off
	 
	 

	Mon Dec 17, 2012
	Collect Data from Lighted Site 13
	 
	 

	Tue Dec 18, 2012
	Relay Data from Lighted Site 13
	 
	 

	Wed Dec 19, 2012
	Rove to Lighted Site 14
	 
	 

	Thu Dec 20, 2012
	Collect Data from Lighted Site 14
	 
	 

	Fri Dec 21, 2012
	Relay Data from Lighted Site 14
	 
	 

	Sat Dec 22, 2012
	System check
	 
	 

	Sun Dec 23, 2012
	Christmas Break
	 
	 

	Mon Dec 24, 2012
	
	 
	 

	Tue Dec 25, 2012
	
	 
	 

	Wed Dec 26, 2012
	
	 
	 

	Thu Dec 27, 2012
	
	 
	 

	Fri Dec 28, 2012
	Rove to Lighted Site 15
	 
	 

	Sat Dec 29, 2012
	System check
	 
	 

	Sun Dec 30, 2012
	Sunday's Off
	 
	 

	Mon Dec 31, 2012
	New Year's Break
	 
	 

	Tue Jan 01, 2013
	
	 
	 

	Wed Jan 02, 2013
	
	 
	 

	Thu Jan 03, 2013
	Collect Data from Lighted Site 15
	 
	 

	Fri Jan 04, 2013
	Relay Data from Lighted Site 15
	 
	 

	Sat Jan 05, 2013
	System check
	 
	 

	Sun Jan 06, 2013
	Sunday's Off
	 
	 

	Mon Jan 07, 2013
	Rove to Lighted Site 16
	 
	 

	Tue Jan 08, 2013
	Collect Data from Lighted Site 16
	 
	 

	Wed Jan 09, 2013
	Relay Data from Lighted Site 16
	 
	 

	Thu Jan 10, 2013
	Rove to Lighted Site 17
	 
	 

	Fri Jan 11, 2013
	Collect Data from Lighted Site 17
	 
	 

	Sat Jan 12, 2013
	System check
	 
	 

	Sun Jan 13, 2013
	Sunday's Off
	 
	 

	Mon Jan 14, 2013
	Relay Data from Lighted Site 17
	 
	 

	Tue Jan 15, 2013
	Rove to Lighted Site 18
	 
	 

	Wed Jan 16, 2013
	Collect Data from Lighted Site 18
	 
	 

	Thu Jan 17, 2013
	Relay Data from Lighted Site 18
	 
	 

	Fri Jan 18, 2013
	Rove to Lighted Site 19
	 
	 

	Sat Jan 19, 2013
	System check
	 
	 

	Sun Jan 20, 2013
	Sunday's Off
	 
	 

	Mon Jan 21, 2013
	Martin Luther King's Birthday
	 
	 

	Tue Jan 22, 2013
	Collect Data from Lighted Site 19
	 
	 

	Wed Jan 23, 2013
	Relay Data from Lighted Site 19
	 
	 

	Thu Jan 24, 2013
	Rove to Lighted Site 20
	 
	 

	Fri Jan 25, 2013
	Collect Data from Lighted Site 20
	 
	 

	Sat Jan 26, 2013
	System check
	 
	 

	Sun Jan 27, 2013
	Sunday's Off
	 
	 

	Mon Jan 28, 2013
	Relay Data from Lighted Site 20
	 
	 

	Tue Jan 29, 2013
	Rove to Lighted Site 21
	 
	 

	Wed Jan 30, 2013
	Collect Data from Lighted Site 21
	 
	 

	Thu Jan 31, 2013
	Relay Data from Lighted Site 21
	 
	 

	Fri Feb 01, 2013
	Rove to Lighted Site 22
	 
	 

	Sat Feb 02, 2013
	System check
	 
	 

	Sun Feb 03, 2013
	Sunday's Off
	 
	 

	Mon Feb 04, 2013
	Collect Data from Lighted Site 22
	 
	 

	Tue Feb 05, 2013
	Relay Data from Lighted Site 22
	 
	 

	Wed Feb 06, 2013
	Rove to Lighted Site 23
	 
	 

	Thu Feb 07, 2013
	Collect Data from Lighted Site 23
	 
	 

	Fri Feb 08, 2013
	Relay Data from Lighted Site 23
	 
	 

	Sat Feb 09, 2013
	System check
	 
	 

	Sun Feb 10, 2013
	Sunday's Off
	 
	 

	Mon Feb 11, 2013
	Rove to Lighted Site 24
	 
	 

	Tue Feb 12, 2013
	Collect Data from Lighted Site 24
	 
	 

	Wed Feb 13, 2013
	Relay Data from Lighted Site 24
	 
	 

	Thu Feb 14, 2013
	Rove to Lighted Site 25
	 
	 

	Fri Feb 15, 2013
	Collect Data from Lighted Site 25
	 
	 

	Sat Feb 16, 2013
	System check
	 
	 

	Sun Feb 17, 2013
	Sunday's Off
	 
	 

	Mon Feb 18, 2013
	President's Day Off
	 
	 

	Tue Feb 19, 2013
	Relay Data from Lighted Site 25
	 
	 

	Wed Feb 20, 2013
	Rove to Lighted Site 26
	 
	 

	Thu Feb 21, 2013
	Collect Data from Lighted Site 26
	 
	 

	Fri Feb 22, 2013
	Relay Data from Lighted Site 26
	 
	 

	Sat Feb 23, 2013
	System check
	 
	 

	Sun Feb 24, 2013
	Sunday's Off
	 
	 

	Mon Feb 25, 2013
	Rove to Lighted Site 27
	 
	 

	Tue Feb 26, 2013
	Collect Data from Lighted Site 27
	 
	 

	Wed Feb 27, 2013
	Relay Data from Lighted Site 27
	 
	 

	Thu Feb 28, 2013
	Rove to Lighted Site 28
	 
	 

	Fri Mar 01, 2013
	Collect Data from Lighted Site 28
	 
	 

	Sat Mar 02, 2013
	System check
	 
	 

	Sun Mar 03, 2013
	Sunday's Off
	 
	 

	Mon Mar 04, 2013
	Relay Data from Lighted Site 28
	 
	 

	Tue Mar 05, 2013
	Rove to site to Collect Sample for SRV
	 
	 

	Wed Mar 06, 2013
	Collect Sample for SRV
	 
	 

	Thu Mar 07, 2013
	Launch SRV
	 
	 

	Fri Mar 08, 2013
	Rove to Lighted Site 29
	 
	 

	Sat Mar 09, 2013
	System check
	 
	 

	Sun Mar 10, 2013
	Sunday's Off
	 
	 

	Mon Mar 11, 2013
	Collect Data from Lighted Site 29
	 
	 

	Tue Mar 12, 2013
	Relay Data from Lighted Site 29
	 
	 

	Wed Mar 13, 2013
	Rove to Lighted Site 30
	 
	 

	Thu Mar 14, 2013
	Collect Data from Lighted Site 30
	 
	 

	Fri Mar 15, 2013
	Relay Data from Lighted Site 30
	 
	 

	Sat Mar 16, 2013
	System check
	 
	 

	Sun Mar 17, 2013
	Sunday's Off
	 
	 

	Mon Mar 18, 2013
	Rove to Lighted Site 31
	 
	 

	Tue Mar 19, 2013
	Collect Data from Lighted Site 31
	 
	 

	Wed Mar 20, 2013
	Relay Data from Lighted Site 31
	 
	 

	Thu Mar 21, 2013
	Rove to Lighted Site 32
	 
	 

	Fri Mar 22, 2013
	Collect Data from Lighted Site 32
	 
	 

	Sat Mar 23, 2013
	System check
	 
	 

	Sun Mar 24, 2013
	Sunday's Off
	 
	 

	Mon Mar 25, 2013
	Relay Data from Lighted Site 32
	 
	 

	Tue Mar 26, 2013
	Rove to Lighted Site 33
	 
	 

	Wed Mar 27, 2013
	Collect Data from Lighted Site 33
	 
	 

	Thu Mar 28, 2013
	Relay Data from Lighted Site 33
	 
	 

	Fri Mar 29, 2013
	Good Friday Off
	 
	 

	Sat Mar 30, 2013
	System Check
	 
	 

	Sun Mar 31, 2013
	Easter Sunday's Off
	 
	 

	Mon Apr 01, 2013
	Easter Vacation Off
	 
	 

	Tue Apr 02, 2013
	Rove to Lighted Site 34
	 
	 

	Wed Apr 03, 2013
	Collect Data from Lighted Site 34
	 
	 

	Thu Apr 04, 2013
	Relay Data from Lighted Site 34
	 
	 

	Fri Apr 05, 2013
	Rove to Lighted Site 35
	 
	 

	Sat Apr 06, 2013
	System check
	 
	 

	Sun Apr 07, 2013
	Sunday's Off
	 
	 

	Mon Apr 08, 2013
	Collect Data from Lighted Site 35
	 
	 

	Tue Apr 09, 2013
	Relay Data from Lighted Site 35
	 
	 

	Wed Apr 10, 2013
	Rove to Lighted Site 36
	 
	 

	Thu Apr 11, 2013
	Collect Data from Lighted Site 36
	 
	 

	Fri Apr 12, 2013
	Relay Data from Lighted Site 36
	 
	 

	Sat Apr 13, 2013
	System check
	 
	 

	Sun Apr 14, 2013
	Sunday's Off
	 
	 

	Mon Apr 15, 2013
	Rove to Lighted Site 37
	 
	 

	Tue Apr 16, 2013
	Collect Data from Lighted Site 37
	 
	 

	Wed Apr 17, 2013
	Relay Data from Lighted Site 37
	 
	 

	Thu Apr 18, 2013
	Rove to Lighted Site 38
	 
	 

	Fri Apr 19, 2013
	Collect Data from Lighted Site 38
	 
	 

	Sat Apr 20, 2013
	System check
	 
	 

	Sun Apr 21, 2013
	Sunday's Off
	 
	 

	Mon Apr 22, 2013
	Relay Data from Lighted Site 38
	 
	 

	Tue Apr 23, 2013
	Rove to Lighted Site 39
	 
	 

	Wed Apr 24, 2013
	Collect Data from Lighted Site 39
	 
	 

	Thu Apr 25, 2013
	Relay Data from Lighted Site 39
	 
	 

	Fri Apr 26, 2013
	Rove to Lighted Site 40
	 
	 

	Sat Apr 27, 2013
	System check
	 
	 

	Sun Apr 28, 2013
	Sunday's Off
	 
	 

	Mon Apr 29, 2013
	Collect Data from Lighted Site 40
	 
	 

	Tue Apr 30, 2013
	Relay Data from Lighted Site 40
	 
	 

	Wed May 01, 2013
	Rove to Lighted Site 41
	 
	 

	Thu May 02, 2013
	Collect Data from Lighted Site 41
	 
	 

	Fri May 03, 2013
	Relay Data from Lighted Site 41
	 
	 

	Sat May 04, 2013
	System check
	 
	 

	Sun May 05, 2013
	Sunday's Off
	 
	 

	Mon May 06, 2013
	Rove to Lighted Site 42
	 
	 

	Tue May 07, 2013
	Collect Data from Lighted Site 42
	 
	 

	Wed May 08, 2013
	Relay Data from Lighted Site 42
	 
	 

	Thu May 09, 2013
	Rove to Lighted Site 43
	 
	 

	Fri May 10, 2013
	Collect Data from Lighted Site 43
	 
	 

	Sat May 11, 2013
	System check
	 
	 

	Sun May 12, 2013
	Sunday's Off
	 
	 

	Mon May 13, 2013
	Relay Data from Lighted Site 43
	 
	 

	Tue May 14, 2013
	Rove to Lighted Site 44
	 
	 

	Wed May 15, 2013
	Collect Data from Lighted Site 44
	 
	 

	Thu May 16, 2013
	Relay Data from Lighted Site 44
	 
	 

	Fri May 17, 2013
	Rove to Lighted Site 45
	 
	 

	Sat May 18, 2013
	System check
	 
	 

	Sun May 19, 2013
	Sunday's Off
	 
	 

	Mon May 20, 2013
	Collect Data from Lighted Site 45
	 
	 

	Tue May 21, 2013
	Relay Data from Lighted Site 45
	 
	 

	Wed May 22, 2013
	Rove to Lighted Site 46
	 
	 

	Thu May 23, 2013
	Collect Data from Lighted Site 46
	 
	 

	Fri May 24, 2013
	Relay Data from Lighted Site 46
	 
	 

	Sat May 25, 2013
	System check
	 
	 

	Sun May 26, 2013
	Sunday's Off
	 
	 

	Mon May 27, 2013
	Memorial Day
	 
	 

	Tue May 28, 2013
	Rove to Lighted Site 47
	 
	 

	Wed May 29, 2013
	Collect Data from Lighted Site 47
	 
	 

	Thu May 30, 2013
	Relay Data from Lighted Site 47
	 
	 

	Fri May 31, 2013
	Rove to Lighted Site 48
	 
	 

	Sat Jun 01, 2013
	System check
	 
	 

	Sun Jun 02, 2013
	Sunday's Off
	 
	 

	Mon Jun 03, 2013
	Collect Data from Lighted Site 48
	 
	 

	Tue Jun 04, 2013
	Relay Data from Lighted Site 48
	 
	 

	Wed Jun 05, 2013
	Rove to Lighted Site 49
	 
	 

	Thu Jun 06, 2013
	Collect Data from Lighted Site 49
	 
	 

	Fri Jun 07, 2013
	Relay Data from Lighted Site 49
	 
	 

	Sat Jun 08, 2013
	System check
	 
	 

	Sun Jun 09, 2013
	Sunday's Off
	 
	 

	Mon Jun 10, 2013
	Rove to Lighted Site 50
	 
	 

	Tue Jun 11, 2013
	Collect Data from Lighted Site 50
	 
	 

	Wed Jun 12, 2013
	Relay Data from Lighted Site 50
	 
	 

	Thu Jun 13, 2013
	Rove to Lighted Site 51
	 
	 

	Fri Jun 14, 2013
	Collect Data from Lighted Site 51
	 
	 

	Sat Jun 15, 2013
	System check
	 
	 

	Sun Jun 16, 2013
	Sunday's Off
	 
	 

	Mon Jun 17, 2013
	Relay Data from Lighted Site 51
	 
	 

	Tue Jun 18, 2013
	Rove to Lighted Site 52
	 
	 

	Wed Jun 19, 2013
	Collect Data from Lighted Site 52
	 
	 

	Thu Jun 20, 2013
	Relay Data from Lighted Site 52
	 
	 

	Fri Jun 21, 2013
	Rove to Lighted Site 53
	 
	 

	Sat Jun 22, 2013
	System check
	 
	 

	Sun Jun 23, 2013
	Sunday's Off
	 
	 

	Mon Jun 24, 2013
	Collect Data from Lighted Site 53
	 
	 

	Tue Jun 25, 2013
	Relay Data from Lighted Site 53
	 
	 

	Wed Jun 26, 2013
	Rove to Lighted Site 54
	 
	 

	Thu Jun 27, 2013
	Collect Data from Lighted Site 54
	 
	 

	Fri Jun 28, 2013
	Relay Data from Lighted Site 54
	 
	 

	Sat Jun 29, 2013
	System check
	 
	 

	Sun Jun 30, 2013
	Sunday's Off
	 
	 

	Mon Jul 01, 2013
	Rove to Lighted Site 55
	 
	 

	Tue Jul 02, 2013
	Collect Data from Lighted Site 55
	 
	 

	Wed Jul 03, 2013
	Relay Data from Lighted Site 55
	 
	 

	Thu Jul 04, 2013
	July 4th Holiday
	 
	 

	Fri Jul 05, 2013
	Rove to Lighted Site 56
	 
	 

	Sat Jul 06, 2013
	System check
	 
	 

	Sun Jul 07, 2013
	Sunday's Off
	 
	 

	Mon Jul 08, 2013
	Collect Data from Lighted Site 56
	 
	 

	Tue Jul 09, 2013
	Relay Data from Lighted Site 56
	 
	 

	Wed Jul 10, 2013
	Rove to Lighted Site 57
	 
	 

	Thu Jul 11, 2013
	Collect Data from Lighted Site 57
	 
	 

	Fri Jul 12, 2013
	Relay Data from Lighted Site 57
	 
	 

	Sat Jul 13, 2013
	System check
	 
	 

	Sun Jul 14, 2013
	Sunday's Off
	 
	 

	Mon Jul 15, 2013
	Rove to Lighted Site 58
	 
	 

	Tue Jul 16, 2013
	Collect Data from Lighted Site 58
	 
	 

	Wed Jul 17, 2013
	Relay Data from Lighted Site 58
	 
	 

	Thu Jul 18, 2013
	Rove to Lighted Site 59
	 
	 

	Fri Jul 19, 2013
	Collect Data from Lighted Site 59
	 
	 

	Sat Jul 20, 2013
	System check
	 
	 

	Sun Jul 21, 2013
	Sunday's Off
	 
	 

	Mon Jul 22, 2013
	Relay Data from Lighted Site 59
	 
	 

	Tue Jul 23, 2013
	Rove to Rim of Schackelton Crator
	 
	 

	Wed Jul 24, 2013
	Rove to Rim of Schackelton Crator
	 
	 

	Thu Jul 25, 2013
	Rove to Rim of Schackelton Crator
	 
	 

	Fri Jul 26, 2013
	Alternate Rove to Penetrator Site 1
	 
	 

	Sat Jul 27, 2013
	System check
	 
	 

	Sun Jul 28, 2013
	Sunday's Off
	 
	 

	Mon Jul 29, 2013
	Alternate Collect Data from Penetrator Site 1
	 
	 

	Tue Jul 30, 2013
	Alternate Relay Data from Penetrator Site 1
	 
	 

	Wed Jul 31, 2013
	Alternate Rove to Penetrator Site 2
	 
	 

	Thu Aug 01, 2013
	Alternate Collect Data from Penetrator Site 2
	 
	 

	Fri Aug 02, 2013
	Alternate Relay Data from Penetrator Site 2
	 
	 

	Sat Aug 03, 2013
	System check
	 
	 

	Sun Aug 04, 2013
	Sunday's Off
	 
	 

	Mon Aug 05, 2013
	Alternate Rove to Penetrator Site 3
	 
	 

	Tue Aug 06, 2013
	Alternate Collect Data from Penetrator Site 3
	 
	 

	Wed Aug 07, 2013
	Alternate Relay Data from Penetrator Site 3
	 
	 

	Thu Aug 08, 2013
	Alternate Rove to Penetrator Site 4
	 
	 

	Fri Aug 09, 2013
	Alternate Collect Data from Penetrator Site 4
	 
	 

	Sat Aug 10, 2013
	System check
	 
	 

	Sun Aug 11, 2013
	Sunday's Off
	 
	 

	Mon Aug 12, 2013
	Alternate Relay Data from Penetrator Site 4
	 
	 

	Tue Aug 13, 2013
	Alternate Rove to Penetrator Site 5
	 
	 

	Wed Aug 14, 2013
	Alternate Collect Data from Penetrator Site 5
	 
	 

	Thu Aug 15, 2013
	Alternate Relay Data from Penetrator Site 5
	 
	 

	Fri Aug 16, 2013
	Alternate Rove to Penetrator Site 6
	 
	 

	Sat Aug 17, 2013
	System check
	 
	 

	Sun Aug 18, 2013
	Sunday's Off
	 
	 

	Mon Aug 19, 2013
	Alternate Collect Data from Penetrator Site 6
	 
	 

	Tue Aug 20, 2013
	Alternate Relay Data from Penetrator Site 6
	 
	 

	Wed Aug 21, 2013
	Alternate Rove to Penetrator Site 7
	 
	 

	Thu Aug 22, 2013
	Alternate Collect Data from Penetrator Site 7
	 
	 

	Fri Aug 23, 2013
	Alternate Relay Data from Penetrator Site 7
	 
	 

	Sat Aug 24, 2013
	System check
	 
	 

	Sun Aug 25, 2013
	Sunday's Off
	 
	 

	Mon Aug 26, 2013
	Alternate Rove to Penetrator Site 8
	 
	 

	Tue Aug 27, 2013
	Alternate Collect Data from Penetrator Site 8
	 
	 

	Wed Aug 28, 2013
	Alternate Relay Data from Penetrator Site 8
	 
	 

	Thu Aug 29, 2013
	Alternate Rove to Penetrator Site 9
	 
	 

	Fri Aug 30, 2013
	Alternate Collect Data from Penetrator Site 9
	 
	 

	Sat Aug 31, 2013
	System check
	 
	 

	Sun Sep 01, 2013
	Sunday's Off
	 
	 

	Mon Sep 02, 2013
	Labor Day Off
	 
	 

	Tue Sep 03, 2013
	Alternate Relay Data from Penetrator Site 9
	 
	 

	Wed Sep 04, 2013
	Alternate Rove to Penetrator Site 10
	 
	 

	Thu Sep 05, 2013
	Alternate Collect Data from Penetrator Site 10
	 
	 

	Fri Sep 06, 2013
	Alternate Relay Data from Penetrator Site 10
	 
	 

	Sat Sep 07, 2013
	System check
	 
	 

	Sun Sep 08, 2013
	Sunday's Off
	 
	 

	Mon Sep 09, 2013
	Alternate Rove to Penetrator Site 11
	 
	 

	Tue Sep 10, 2013
	Alternate Collect Data from Penetrator Site 11
	 
	 

	Wed Sep 11, 2013
	Alternate Relay Data from Penetrator Site 11
	 
	 

	Thu Sep 12, 2013
	Alternate Rove to Penetrator Site 12
	 
	 

	Fri Sep 13, 2013
	Alternate Collect Data from Penetrator Site 12
	 
	 

	Sat Sep 14, 2013
	System check
	 
	 

	Sun Sep 15, 2013
	Sunday's Off
	 
	 

	Mon Sep 16, 2013
	Alternate Relay Data from Penetrator Site 12
	 
	 

	Tue Sep 17, 2013
	Alternate Rove to Penetrator Site 13
	 
	 

	Wed Sep 18, 2013
	Alternate Collect Data from Penetrator Site 13
	 
	 

	Thu Sep 19, 2013
	Alternate Relay Data from Penetrator Site 13
	 
	 

	Fri Sep 20, 2013
	Alternate Rove to Penetrator Site 14
	 
	 

	Sat Sep 21, 2013
	System check
	 
	 

	Sun Sep 22, 2013
	Sunday's Off
	 
	 

	Mon Sep 23, 2013
	Alternate Collect Data from Penetrator Site 14
	 
	 

	Tue Sep 24, 2013
	Alternate Relay Data from Penetrator Site 14
	 
	 

	Wed Sep 25, 2013
	Alternate Rove to Penetrator Site 15
	 
	 

	Thu Sep 26, 2013
	Alternate Collect Data from Penetrator Site 15
	 
	 

	Fri Sep 27, 2013
	Alternate Relay Data from Penetrator Site 15
	 
	 

	Sat Sep 28, 2013
	System check
	 
	 

	Sun Sep 29, 2013
	Sunday's Off
	 
	 

	Mon Sep 30, 2013
	Power Down
	 
	 





























































































































Position�
Work Description�
Work Type�
�
Flight Director�
Oversees entire mission�
2 Shifts�
�
Rover Operator�
Operates Camera to see where the rover is going and drive the rover on the surface of the moon�
2 Shifts�
�
Data Analyst�
Analyses the data sent back to Mission Control�
2 Shifts�
�
Data Archivist�
Archives the data collected�
2 Shifts�
�
Scientist�
Controls Experiments and data collection�
2 shifts�
�
Communication Specialist�
Controls the communications with the rover�
2 Shifts�
�
Troubleshooter 1�
Troubleshoots any problems that arise�
2 Shifts�
�
Troubleshooter 2�
Troubleshoots any problems that arise�
2 Shifts�
�
Mission Planner�
Plans the next day’s missions�
2 Shifts�
�
Table: XX Mission Control Operations





�


Figure 23: Map of Penetrator Deployment
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