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Request For Information (RFI)

NASA Crew Exploration Vehicle (CEV) Prototype
Gaseous Helium (GHe) Composite Overwrapped Pressure Vessel (COPV)
Introduction
The purpose of this Request for Information (RFI) is to obtain information from manufacturers of Composite Overwrapped Pressure Vessels (COPV) regarding the costs and delivery times required to design, analyze, build and test COPVs per the requested specifications. 

NASA’s immediate need for this capability is for the development of a pressurization subsystem required to move propellants through a proposed propulsion system for the new CEV which will be used to replace the Space Shuttle and to support future lunar missions.
Consequently, the goal of this RFI is to survey industry interest in accommodating the development of hardware to support an advanced propulsion system being proposed for the new Crew Exploration Vehicle and to determine if the specifications set in this document can be met using a COPV.
CEV Advanced Propulsion Development Concept
NASA has developed the following concept for the development of a propulsion system. These program elements are considered to be a starting point for the collection of comments and ideas from industry on shaping a successful program and contract. 

1.  The oxidizer is sub-cooled liquid oxygen (LOX) at 340 psia.

2.  The fuel is sub-cooled liquid methane (LCH4) at 340 psia. 

3.  The propellants are injected in to the engines with a pressure fed subsystem.  A representative schematic for this subsystem is shown in Figure 1.
4.  A COPV will be used for the GHe storage and distribution to maintain a light-weight article for space missions.

5.  The GHe will be stored in a COPV at a temperature equivalent to that of sub-cooled LOX at 325 psia which is 160 R (90 K).     
Points of Contact (POC)
Contracting Officer:  Eunice Adams-Sipp, Glenn Research Center, 216-433-6644, 

Eunice.J.Adams-Sipp@nasa.gov

Project Engineer:  David M. Ray, P.E., Johnson Space Center, 281-483-5928  david.m.ray@nasa.gov
Please address all e-mail correspondence, questions or comments, to the above points of contact.

CEV GHe COPV Requested Specifications

It must be noted that some of the following specifications are set forth as target goals based on estimations using current commercially available hardware to meet the extremely low temperature requirement of 160 R (90 K).  A description of the CEV Prototype GHe COPV design is given in Figure 2.
Shape
The CEV GHe COPV shown in Figure 2 is a spherical vessel that has at least 2 structural support pieces.  The target goal for the geometry of the prototype GHe COPV is to use a sphere since it has a lower volume/surface area ratio as opposed to a cylindrical COPV.  The lower volume/surface area of a sphere accommodates efforts to minimize heat transfer in to the COPV to maintain low temperatures to prevent the boil-off of the propellants.  The target goal for the volume of the COPV is 20 ft3.  Cylindrical geometries can be proposed as a response to this RFI to provide a comparison with spherical vessels regarding:  weight, volume/surface area and cost.
Sizes
The target goal for the size of the COPV is given in Figure 2 which shows a 40.41 in. ID to provide the 20 ft3 volume.  Other sizes are requested as a response to this RFI which will show comparisons between spherical and cylindrical vessels.  Table 1 shows a breakdown of the requested comparisons.  COPVs with target volumes of 10 ft3, 5 ft3 and 2.5 ft3 are requested in an effort to determine the costs of conducting scaled down testing while still developing the technology.
Table 1:  COPV Comparison – Spheres vs. Cylinders

	
	Shape
	Volume (ft3)
	Weight (lb)
	Liner Cost
	COPV Cost

	Vessel 1
	Sphere
	20
	
	
	

	Vessel 2
	Cylinder
	20
	
	
	

	Vessel 3
	Sphere
	10
	
	
	

	Vessel 4
	Cylinder
	10
	
	
	

	Vessel 5
	Sphere
	5
	
	
	

	Vessel 6
	Cylinder
	5
	
	
	

	Vessel 7
	Sphere
	2.5
	
	
	

	Vessel 8
	Cylinder
	2.5
	
	
	


Note:  The requested volumes are target values and quotes are requested for vessels from vendors that are similar to these volumes based on current tooling and fabrication procedures to maintain relatively lower costs.  
Tank Supports

The size, shape and configuration of the support pieces shall be designed to accommodate the testing procedures and operations.  The supports for the COPV shall be attached to holding structures for testing such that the COPV can expand and contract during charging and testing operations.  There shall be no less than 2 tank supports on the COPV to accommodate proper restraining for testing operations.  The tank supports shall be part of the liner fabrication or directly attached to the liner.  A major design goal for the tank supports is to minimize GHe temperature increases by connecting a strap with high thermal conductivity to the LOX propellant tank.  It is requested that vendors propose tank support designs to satisfy the specifications herein and to optimize the heat transfer to the liner. 
Fill Port

The size and type of the port shall be designed to satisfy the specifications herein and proposed testing procedures.  For a flight design, the goal is to have only one port on the COPV to reduce the amount of potential leak paths.  An additional port can be added if it is justified by allowing for a quicker and more cost effective method for filling the COPV at the required operating temperatures for testing. 
Maximum Operating Pressure  
The Maximum Operating Pressure (MOP) of the COPV shall be 6,000 psia.
Proof Pressure Safety Factor  
The proof pressure testing for the COPV shall be conducted at 1.5 X MOP at the minimum operating temperature.
Burst Pressure Safety Factor  
The burst pressure of the COPV shall be tested to verify that it is no less than 2.0 X MOP.  The burst pressure test shall also be used to determine that the COPV demonstrates Leak Before Burst.
Liner
The liner material shall be compatible with Oxygen.  The target goal is to use INCONEL 718 for the liner material.  It is requested that vendors propose other materials such as INCONEL 708 and CRES 301 and provide cost and weight comparisons for these materials.  Note:  Table 1 has a Liner Cost column which will be used to obtain quotes for fabrication and delivery of liners without overwrap.
Composite Overwrap Material  
Graphite epoxy is the target goal for the overwrap material.  It is requested that vendors propose other materials to satisfy the temperature and safety factor requirements and provide cost and weight comparisons for these materials.
Operating Temperature

The operating temperature for the COPV shall be 160 R (90 K) to 610 R (339 K) at 6,000 psia.  This temperature range is specified to meet the requirement for the CEV GHe Pressurization System to avoid heating of the LOX and LCH4 propellants.  The COPV can also be subjected to blowdown temperatures that are estimated to be 90 R (50 K) at lower pressures.  This condition is related to long duration firings of Reaction Control Engines.  One of the acceptance tests for actual procurement of the COPV will require a cold shock temperature test at 90 R (50 K) at 1,000 psia.
Leak Rate 
The leak rate for the COPV with GHe at 6,000 psia at temperatures no greater than 160 R (90 K)  shall be less than 1.0x10-6 SCCS.  
Cycles

The target goal for the COPV is to satisfy the final design specifications after no less than 20 cycles from ambient to MOP at the minimum operating temperature.  The COPV shall also have 2 proof cycles from ambient to 1.5 X MOP at the minimum operating temperature.
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Figure 1:  CEV Prototype GHe Pressurization System Schematic
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Figure 2:  CEV Prototype GHE COPV Description Drawing

Tentative Project Schedule 

	Event or Task
	Date

	
	

	CEV GHe COPV RFI Release
	2005-12/20

	CEV GHe COPV RFI Responses Due
	2006-1/27


RFI Response Content Instructions
At a minimum, the RFI response should include the following:

1.0 A statement indicating your company’s interest in the development of Composite Overwrapped Pressure Vessels for low temperature spacecraft propulsion applications. 

2.0 A list of tasks that your company believes it will need to perform to accommodate the delivery of the proposed COPVs per the requested specifications.  The primary tasks need to include but not be limited to:  design, analysis, fabrication and testing. 

3.0 A cost and delivery estimate for performing the full list of tasks and a payment milestone profile.

4.0 A summary of relevant experiences and history of your company related to the development of hardware for space applications.

5.0 The capabilities your test facilities related to performing pressure cycles and testing at cryogenic temperatures. 

6.0 All other information that your company considers to be pertinent to this activity. 

To LCH4 tank





To LOX tank








Burst Disc





Relief


Valve





Regulator





Valves





CEV GHe Pressurization System





GHe

































































GHe





































































page 1

