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1. Scope.  This document outlines the specifications for the Lunar Exploration Transportation System (LETS).  The LETS project is to develop a lunar lander mission for NASA that provides the flexibility to conduct different scientific investigations and technology validation tasks at different areas on the moon’s surface.  For this study only one lander is envisioned.  The mobility of the lander system is subject to trade.  For the purposes of this project, the mission begins with terminal descent.  The project goal is to design the transportation system to accomplish the scientific and technology objectives, not the science and technology itself.
2. Customer Requirements.  The following requirements were given by the customer as Level 1 Requirements.

2.1.   The LETS shall use an Atlas V-401 EPF shroud configuration with a total landed mass of 997.4 kg.  
2.1.1. The LETS shall be designed so that 64.6 kg of the total landed mass is devoted to the propulsion system dry mass.  Table 1 details this mass allocation to the propulsion subsystems.
2.1.2. The LETS propulsion system shall be designed to accommodate 159.5 kg of hydrazine (N2H4) propellant and 2.0 kg of helium.  The propellant shall be housed in two spherical propellant tanks, each 0.55 m in diameter.  The helium shall be housed in 2 spherical tanks, each 0.4 m in diameter.

2.1.3. The LETS propulsion system shall be designed for two (2) MR-80B monopropellant liquid rocket engines.

2.1.4. The LETS attitude control system shall be designed for twelve (12) MR-106 monopropellant thrusters.

2.2.   The LETS shall be designed for its first mission to be at a polar location.
2.3.   The LETS shall be designed with the capability to land at other lunar locations.
2.4.   The LETS shall minimize cost across the design.

2.5.   The LETS shall launch to the moon NLT September 30, 2012.

2.6.   The LETS shall have the capability to move on the surface.

2.7.   The LETS shall be designed to survive for one year on the surface of the moon.

2.8.   The LETS shall survive the proposed concept of operations.

2.9.   The LETS shall be capable of meeting both the Science Mission Directorate (SMD) and the Exploration Systems Mission Directorate (ESMD) objectives.
2.10. The LETS shall land to a precision of ± 100m 3 sigma of the predicted location.
2.10.1. The LETS shall provided guidance, navigation, and control for the terminal descent phase, beginning at 5 km above the surface of the moon.

2.10.2. The LETS shall not be responsible for hazard avoidance.

2.11. The LETS shall be capable of landing at a slope of 12 degrees (slope between highest elevated leg of landing gear and lowest elevated leg).

2.12. The LETS shall be designed for g-loads during lunar landing not to exceed the worst case design loads for any other phase of the mission (launch to terminal descent).
2.12.1. The LETS shall be designed to withstand g-loads with respect to stiffness only.

2.12.2. The LETS design shall not be concerned with frequency responses or frequency loads.

3. Concept Design Constraints.  The following constraints are placed on the LETS design.

3.1. The LETS shall be designed to interface with the Atlas V-401 EPF shroud configuration launch vehicle per the Atlas Launch System Mission Planner's Guide, Rev 10a, January 2007, CLSB-0409-1109.  
3.2. The LETS shall be designed to survive the lunar cruise environment for up to 28 days per NASA Technical Memorandum 82478, Space and Planetary Environment Criteria Guidelines for Use in Space Vehicle Development, Volume 1. Including but not limited to the following environment obstacles
3.2.1. Radiation

3.2.2. Thermal

3.2.3. Micrometeoroids
 

3.3. The LETS shall be designed to survive the lunar surface environment at both the polar and equatorial regions.

3.3.1. This includes temperatures ranging from 107 Celsius to -223  Celsius
3.3.2. Including conditions stated in section 3.2
3.4. The LETS shall maximize the use of off-the-shelf technology.  Off-the-shelf technology shall have a technology readiness level of 9.

3.4.1. Readiness of level 9 states it is an actual “Flight Proven” system through successful mission operations.

3.5. The LETS shall be designed to accomplish the maximum surface objectives outlined below.

4. Figures of Merit.  The following Figures of Merit (FOM) will be used to evaluate the LETS design concepts.

4.1. Number of surface objectives accomplished (as outlined below)

4.2. Percentage of mass allocated to payload

4.3. Ratio of objectives (SMD to ESMD) validation (2 to 1 being the goal)
4.4. Efficiency of getting data in stakeholders hands vs. capability of mission
4.5. Percentage of mass allocated to power system

4.6. Ratio of off-the-shelf hardware to new development hardware
5. Surface Objectives.  The following surface objectives were provided by the customer.

5.1. Single site goals - Geologic context

5.1.1. Determine lighting conditions every 2 hours over the course of one year

5.1.2. Determine micrometeorite flux

5.1.3. Assess electrostatic dust levitation and its correlation with lighting conditions
5.2. Mobility goals
5.2.1. Independent measurement of 15 samples in permanent dark and 5 samples in lighted terrain

5.2.2. Each sampling site must be separated by at least 500 m from every other site

5.2.3. Minimum: determine the composition, geotechnical properties and volatile content of the regolith

5.2.4. Value added: collect geologic context information for all or selected sites

5.2.5. Value added: determine the vertical variation in volatile content at one or more sites

5.2.6. Assume each sample site takes 1 earth day to acquire minimal data and generates 300 MB of data

5.3. Instrument package baselines
5.3.1. Minimal volatile composition and geotechnical properties package, suitable for a penetrometer, surface-only, or down-bore package: 3 kg

5.3.2. Enhanced volatile species and elemental composition (e.g. GC-MS): add 5 kg

5.3.3. Enhanced geologic characterization (multispectral imager + remote sensing instrument such as Mini-TES or Raman): add 5 kg
Table 1.  Propulsion Dry Subsystem Mass

	Subsystem
	Number
	Mass/Unit (kg)
	Total Mass (kg)

	Propellant Tank
	2
	5.1
	10.2

	Helium Tank
	2
	5.2
	10.4

	Helium
	2
	1.0
	2.0

	Main Engine
	2
	7.9
	15.8

	ACS Thruster
	12
	0.5
	6.0

	Components
	1
	14.1
	14.1

	Contingency
	1
	6.1
	6.1


*I added this section (Matt I.)*

Latest version and the latest changes made.

Changes

1.        3.2 – changed JPL standard to NASA Technical Memorandum 

2.       3.3.1 – changed -153 °C to -223 °C to reflect 50K temperature

regime

3.       3.3.2 – changed section 2.11 to section 3.2

4.       Eliminated 3.5 – designed operation for one year – already covered

by year survivability

5.       4.3 added 2 to 1 ratio

6.       4.6 – added “hardware” after shelf and development
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