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STATEMENT OF WORK

GPM Propulsion Tank Manufacturing Assessment

Problem 

The GPM tank hydrazine compatibility test effort has highlighted a problem in the wetting of aluminum PMD (propellant management device) elements. Certain elements of a PMD must have the ability to be wetted by the hydrazine fuel in order for the PMD and the tank as a whole to function in space. For this effort, a PMD is defined as a device within the tank that gathers the fuel via surface tension for expulsion out of the tank. For this effort, wetting is defined as having a contact angle less than 30º. A contact angle less than 10º is preferred for low risk design.

Background
The Global Precipitation Measurement (GPM) demisable tank effort is a Goddard Space Flight Center (GSFC) in-house program. The GPM core spacecraft is to be designed such that at the end of its mission it passively enters the atmosphere and demises ("burns up") to a degree that the characteristics of the debris reaching the ground is below a specified limit. Crucial to a successful design for demise (D4D) spacecraft is the demise of its propellant tank. A composite overwrapped aluminum lined tank with aluminum PMD is the leading design option. If successfully developed, the tank will be the first hydrazine spacecraft tank to use aluminum for all of its wetted surfaces.

The fuel to be used by GPM, hydrazine, must wet certain elements within the tank in order for the tank to function. Wetting depends not only on the metal alloy chosen but also depends on detailed characteristics such as heat treatment, manufacturing methods, cleaning, and surface condition of the item. Generic methods were used to prepare compatibility test samples for the GSFC GPM hydrazine compatibility testing. A part of this testing was a check on the wetting characteristics of the hydrazine and the samples. Contrary to historical data, the hydrazine did not wet the samples. It is hypothesized that the methods used to manufacture the compatibility samples were not adequate to produce the critical wetting characteristic. 

The GPM tank design and flight qualification effort must be completed by September 2006 to support the projects overall launch schedule. In support of the design and flight qualification effort procurement (estimated completion 15 – 18 month after award), detailed data from this proposed study must be available no later than February 1, 2005 and preferably sooner. This will require this study to be executed with great efficiency and agility. Failure to successfully complete this study will have impact on not only launch schedule but on the spacecraft architecture as well

Objective

The objective of this effort is to define the manufacturing processes required to produce a flight qualifiable aluminum lined spacecraft hydrazine tank with an aluminum PMD which meets the GPM propulsion subsystem requirements. This effort must produce detailed data with analyses no later than February 2005 and within the small purchase price cap of $100k.

Basic Tasks

1. Survey government and/or private laboratories for unpublished data relevant to the wetting of aluminum.

2. Investigate the characteristics a generic aluminum part must have to induce wetting. This will include an investigation of the sensitivity to variations of a given characteristic.

3. Assess the wetting of a typical spun aluminum liner. 

4. Assess the critical design elements of a PMD for the GPM mission in sufficient detail that all elements types (channels, vanes, screens) and mechanical characteristics (hole size, bends, welds) for which wetting is critical can be identified. PMD element will be included in the design. 

5. Assess the manufacturing processes required to produce the PMD design with the required wetting characteristics. Include an assessment of the tank liner if it is required to wet in concert with the PMD elements.

Test matrices including sample types and preparation variable will be developed in cooperation between the vendor and GSFC consistent with the available funding and schedule resources.

Summary of Tank Requirements

The following table of tank requirements is adapted from the first draft of the GPM tank specification. The specific requirements are subject to change and should be reviewed by the vendor and GSFC upon initiation of this study effort. 

	Tank Characteristic
	Requirement

	Safety
	EWR 127-1 TBR

	Propellant Compatibility
	Hydrazine for 5 years minimum at 55C, No performance degradation, 95% mechanical strength retention.

	Tank Metallic Elements
	All aluminum alloy except inlet/outlet transition tubes

	Nominal Temperature
	20C

	Maximum Design Pressure
	2.758 MPa, (400 psi), 50C (Shell Material properties at 55C.)

	Nominal Fuel Load
	550 kg total

	Maximum Fuel Load
	96% of tank volume (approximately 770 kg)

	Minimum Blowdown Pressure
	.6895 MPa, (100 psi) at 20C

	Pressure Cycle Life
	10 proof cycles. Ten MEOP cycles, Fifty cycles to ½ MEOP, Unlimited cycles to .3447 MPa, (50 psig). Unlimited vacuum cycles.

	Propellant Flow Rate
	Beginning of life = .0624 kg/sec (0.137 lbm/sec), End of life = .02408 kg/sec (0.0529 lbm/sec) (flow rates for 6 x 5lbf class thrusters) TBR 

	Maximum Operating Temperature
	50 C

	On Orbit Acceleration

(BOL / EOL)


	Axial maneuver: ±0.0070 / ±0.0040g for 120 seconds maximum (always opposite direction of drag).  Lateral maneuver: < ±0.0003/0.000186g for 2 to 18 seconds.  TBR (4 x 5 lbf class axial, 2 x 5 lbf class lateral)

Axial (X axis) drag: ±6 E-7 to ±2.00E-8g. The Y component of drag tracks the X axis variations and is roughly an order of magnitude less than the X axis drag. The X axis drag acceleration varies with position in the orbit, with the seasons, with solar cycle, and with the mass of the S/C. See the supplemental drag tables for some of the observed analytical drag variations. 

NOTE: All accelerations can be in the positive or negative directions due to seasonal flipping of the S/C.  



	Spacecraft Packaging Envelope
	Nominal diameter (inc. support skirt): 1067 mm (42 in.)

Minimum diameter is 965 mm (38 in.)

	Maximum Launch Loads
	Axial = 5.3g, Lateral = 2.9g

	Skirt length for skirt mount tanks
	Skirt length shall be minimized but shall be based on accepted design practices. The axial location of the center line of the mounting holes shall be such that there is 25.4 mm (1 in.) separation between the inner surface of the skirt (including nut plates or other hardware items) and the outer surface of the tank.

	Tank shape
	Geodesic isotensoid (~elliptical) domes with cylindrical section between domes.

	Liner Mechanical
	The liner shall have a minimum thickness of .030” and shall be overwrapped with composite such that the liner is non-yielding at proof pressure.


MEETINGS, REPORTS AND REVIEWS 

Meetings and reviews will be conducted via teleconference. GSFC personnel may elect to hold the meeting at the contractor facility. Presentation materials shall be delivered to GSFC electronically. The draft final report will be subject to one review cycle by GSFC. 

Contract Deliverables

The contract deliverables shall consist of the following:
1. Meeting and oral review presentation materials shall be delivered electronically (.PPT or .DOC formats) before the teleconference (half day lead time desired).
2. Final Review Presentation Package.  Delivered via electronic copies (.PPT or .DOC formats), and one CD-ROM copy. Desired lead-time for E-mailed copies is one day.
3. Final Report. Draft due in time for Final Review Presentation (Delivered via electronic copies, .DOC format). Approved Final Report due two weeks after presentation. Delivered via 2 hard copies, E-mailed electronic copies (.DOC formats), and one CD-ROM copy.

4. CAD or hand produce drawings of design details.

5. Photographic (electronic preferred) documentation of tests.

6. Preliminary data and results shall be delivered or communicated (verbal, e-mail) as soon as possible consistent with reasonable confidence in its validity.

