DRAFT


Statement of Work 
Spacecraft Propulsion System
Objective

The objective of this task is to obtain a propulsion system for NASA’s Lunar Atmosphere and Dust Environment Explorer, (LADEE) spacecraft. The vendor will design and construct one propulsion system which meets the requirements listed below, integrate the propulsion system into the LADEE spacecraft propulsion structure (provided by NASA), and provide training and technical advice to NASA regarding the operation of the propulsion system.
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Background

The Small Spacecraft office plans to initiate a technology development activity in support of NASAs Lunar Atmospheric Dust Environment Explorer spacecraft, LADEE.  This activity involves demonstrating a propulsion system which can be used for multiple missions using the modular approach of the Common Bus Project. Therefore the requirements for the spacecraft propulsion system of LADEE include requirements derived from the Common Bus Project.
Requirements

1. The propulsion system shall consist of an orbit control thruster system (OCS) and an attitude control system (ACS). The ACS shall provide three-axis attitude control. The ACS shall also provide velocity control along one axis for fine velocity adjustments. The OCS shall provide velocity control along one axis for large velocity adjustments.
2. The total impulse of the propulsion system shall be sufficient to impart a velocity change of 610 m/s to a spacecraft with an initial mass of 132.00 kg.
3. The total propulsion system wet mass, including wiring harness, shall not exceed 45.50 kg. This includes 4.00 kg of reserves, but does not include the structure needed to mount the propulsion system in the spacecraft.
4. The propulsion system shall be able to be activated immediately after separation from the launch vehicle. The propulsion system shall then remain active for no less than 125 days. It is desirable, but not required, for the propulsion system to remain active for up to 210 days. When active, the propulsion system shall be capable of generating thrust for attitude control and/or spacecraft velocity changes at any time.
5. The OCS thrust shall be no less than 3,300 N and no greater than 6,000 N. The OCS should have a minimum impulse bit no greater than 100 Ns.
6. Each ACS thruster shall have a maximum thrust of at least 16 N, and a minimum impulse bit of no greater than 0.12 Ns.
7. The propulsion system shall be capable of operating with a guidance, navigation, and control (GN&C) system with a bandwidth of 20 Hz. This requirement shall be deemed satisfied if the sum of the thrust rise time to 90% thrust plus the shutdown response time is less than 20 milliseconds for the ACS thrusters and 50 milliseconds for the OCS thrusters.
8. The propulsion system shall physically fit within the LADEE Extension Module as shown in the attached Interface Control Drawing.
9. The propulsion system shall include pressure and temperature transducers needed for its safe operation.

10. The vendor’s proposal shall include cost and technical information for the following control system options:

a. The vendor supplies a control unit consisting of the valve driver and a readout unit for the pressure and temperature transducers. The control unit will operate with 28 volts (unregulated) and communicate with the main avionics unit via RS-422 or MIL-STD-1553. (Other standards may also be acceptable.)

b. The vendor provides valve voltage and current requirements, and sensor calibration data, for a control unit supplied by the avionics manufacturer (Broadreach Engineering). The propulsion system mass allotment shall be reduced by 0.2 kg to reflect the extra mass required for the externally-supplied control unit.
c. The vendor may also propose a control system which mixes responsibilities (such as vendor-supplied valve driver and NASA-supplied sensor readouts) if desired.
11. The center of gravity offset in the plane normal to the OCS thrust axis of the fueled propulsion system should be minimized. The system should also be designed to minimize center of gravity travel during flight.
12. The propulsion system shall have an operating temperature range of at least +10( to +20 C, and a storage temperature range of at least -35 to +25 °C. NASA will perform a thermal analysis to predict the temperature range to be experienced by the propulsion system, and NASA will install heaters to prevent propellant freezing as necessary.
13. The following system level tests  shall be performed:
a. System Level Leak Test
b. System Level Functional Electrical System Test
c. Acceptance Test, including Cleanliness Test
d. OPTION LINE: System Level Vibration Test (vibration environments as per Minotaur V Launch Vehicle)
14. The propulsion system shall conform to the range safety requirements of the NASA Wallops Flight Facility per the Range Safety Manual (RSM-2002) Rev A For Goddard Space Flight Center (GSFC)/Wallops Flight Facility (WFF), dated November 3, 2006.
15. The Government reserves the right to have in-plant representation at the Contractor's facility and at all major subcontractor sites, or sites where manufacturing, performance/verification testing or operations are being performed. This Government representation may be by NASA or by their designated representatives. The Contractor shall ensure that Government access privileges are included in any subcontractor or supplier contract.
16. The processes used during the design, manufacturing, and integration of the propulsion system should comply with AS 9100. 
17. They shall also meet or exceed the following NASA Standards. If alternative standards are proposed, provide a discussion on how those alternative standards compare with the NASA ones.
a. NASA-STD-4003 Electrical Bonding for NASA Launch Vehicles, Spacecraft Payloads, and Flight Equipment
b. NASA-STD-8739.1A, Workmanship Standard for Polymeric Application on Electronic Assemblies
c. NASA-STD-8739.2 Workmanship Standard for Surface Mount Technology
d. NASA-STD-8739.3 Soldered Electrical Connections
e. NASA-STD-8739.4 Crimping Interconnecting Cables, Harnesses, and Wiring
f. NASA-STD-8739.5 Fiber Optic Terminations, Cable Assemblies, and Installation
g. NASA-STD-8739.7 Electrostatic Discharge Control (Excluding Electrically Initiated Explosive Devices)
18. The Contractor shall query the Government-Industry Data Exchange Program (GIDEP) Alert database as necessary to ensure that product is not procured or delivered containing known failure-prone materials or components. For the products applicable to this SOW, the Contractor should participate in the reporting and identification of GIDEP Alerts in accordance with NPR 8735.1A, Procedures for Exchanging Parts, Materials, and Safety Problem Data Utilizing the Government-Industry Data Exchange Program and NASA Advisories.
19. The Government reserves the right to review Contractor's plan for qualifying each significant new sub-contractor.  The Government reserves the right to review Contractor's qualification results for each significant new or existing sub-contractor. The Government reserves the right to perform audits in sub-contractor facilities. Before execution, the Government reserves the right to review contracts to sub-contractors to ensure that all pertinent technical requirements from this contract have been included.
The Government reserves the right to attend and participate in Contractor's technical reviews, project status meetings, and test readiness reviews. The Government reserves the right to witness inspections and tests performed by Contractor and its sub-contractors.
20. The contractor shall identify calibration and metrology standards and equipment accuracy used to support acceptance testing of the propulsion system.

21. The contractor shall identify the reliability of the individual components used in the propulsion system.
22. The quote shall include a preliminary design with a schematic and a brief description of the components used less structure. This shall also include a performance estimate. The vendors shall also identify the components that are most likely to outgas.
23. OPTION: The quote shall include an option for NASA to purchase a second identical propulsion system, to be installed in a second spacecraft. This option should include the incremental price for the second propulsion system, and state any deadline or other terms by which NASA must choose to exercise this option.
Deliverables

I. A Preliminary Design Package by 11/15/08
II. Interface Control Drawings of Propulsion Components to Propulsion Structure by 1/15/2009
III. One (optionally two) complete integrated propulsion system(s) shall be delivered by FY09 Q4. The required structure of the Extension Module will be supplied and delivered to the vendor by NASA.
IV. A user guide detailing system specifications and operational procedures shall be delivered by FY09 Q3. This report should furthermore include:
a. Information on the  performance and the methods to measure it
b. Information about the calibration standards and metrology used
c. Information on the reliability of all components used
V. A test report including the results of the Functional Electrical Test and the Leak Test shall be delivered by 5/1/2009.
VI. A test report documenting the procedure and the results of the Acceptance Test shall be delivered by FY09 Q4.
Applicable Documents

[1]
Interface Drawing of Extension Module 9sp-060c-m004
[2]
STEP File with the CAD Model of the Extension Module (FILENAME.stp)

[3]
Eastern and Western Range (EWR) 127

[4]
Wallops Flight Facility (WFF) Range Safety Manual (RSM-2002) Rev. A)

[5]
Aerospace Standard (AS) 9100

[6]
NASA-STD-4003: Electrical Bonding for NASA Launch Vehicles, Spacecraft, Payloads, and Flight Equipment

[7]
NASA-STD-8739.1A, Staking and Conformal Coating of Printed Wiring Boards and Electronic Assemblies, March 2008

[8]
NASA-STD-8739.2, Surface Mount Technology, August 1999

[9]
NASA-STD-8739.3, Soldered Electrical Connections, January 2001

[10]
NASA-STD-8739.4, Crimping, Interconnecting Cables, Harnesses, and Wiring, February 1998

[11]
NASA-STD-8739.5, Fiber Optics Terminations, Cable Assemblies, and Installation, February 1998

[12]
NASA-STD-8739.7, Electrostatic Discharge Control (Excluding Electrically Initiated Explosive Devices), December 1997

[13]
MIL-STD-461E, Control of Electromagnetic Interference, August 1999
[14]
MIL-STD-1540E, Test Requirements for Launch & Space Vehicles, December 2002
ADVISORY DOCUMENT: Design Reference Missions
These design reference missions show how the requirement for a total (V of 615 m/s and an active period of 125 days, being the time between first and last firing of the propulsion system, can be derived from the various mission scenarios considered in the Common Bus Project.
	Mission Scenario
	Lunar Orbiter

(WSB Transfer)
	Lunar Orbiter

(Direct Trajectory)
	Lunar Lander

	Spacecraft Total Mass
	132.00 kg
	132.00 kg
	132.00 kg

	Total (V Required:

Trajectory Correction Maneuvers

Lunar Orbit Insertion

Lunar Orbit Maintenance
Landing

Attitude Control
	620 m/s
100 m/s

497 m/s
0 m/s
0 m/s

23 m/s
	223 m/s
100 m/s

0 m/s

100 m/s

0 m/s

23 m/s
	580 m/s
100 m/s

0 m/s

0 m/s

460 m/s

20 m/s

	Mission Duration (Active Period)
	210 days
	125 days
	14 days

	Time between Trajectory Correction and Lunar Orbit Insertion or Landing
	100 days
	4 days
	4 days
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Figure 1. A preliminary drawing of the LADEE spacecraft. Basic structure is an octagon with body-mounted solar panels. The spacecraft is 105.8 cm high, 117.1 cm wide corner-to-corner, and 108.2 cm wide face-to-face. The structure is divided into three “modules”, each of which is 35.3 cm high. The propulsion system is carried in the “extension module” at the bottom of structure.








