STATEMENT OF WORK

SCOUT PEM Fuel Cell Stack Task
1.0 PURPOSE

1.1 BACKGROUND

The Science, Crew, Operations, & Utility Testbed (SCOUT) program is a NASA Johnson Space Center (JSC) mobile human transport development and demonstration program.  The program incorporates many existing technology development programs, combining the separate efforts to produce a high profile demonstration testbed.  The SCOUT program includes desert field test milestones each fall in support of the advanced crew and exploration organizations as well as testing the technologies in an exploration analog environment.  A new SCOUT vehicle will be built to support the September 2004 field test.

One of the existing programs participating in SCOUT is the Energy Systems Division's (ESD) mobile fuel cell development and demonstration team.  ESD personnel will be producing a second-generation mobile PEM fuel cell power plant to support the future SCOUT vehicle.

1.2 OBJECTIVES

The objective of this Statement Of Work (SOW) is to define the requirements for the design, fabrication, testing, and delivery of a PEM fuel cell and user’s manual.  The PEM fuel cell stack is required to consume hydrogen (or hydrogen reformate) and oxygen (not air) and allow for the oxygen to be recirculated (no venting of reactants other than to remove build up of inert gases).  An understanding of the operating limits and probable characteristics of the fuel cell over its operating life must be provided to NASA to support rover integration studies and the implementation of the fuel cell into the SCOUT powerplant.

1.3 END PRODUCT SUMMARY

The final end products shall include the fuel cell stack, acceptance test data, one design review to discuss both the fuel cell design and the power plant system (designed and built by NASA), and a user’s manual that includes top-level drawings, detailed installation and operation instructions, and detailed maintenance requirements.  This fuel cell does not entail the development of any flight hardware.

2.0 END ITEM REQUIREMENTS

The fuel cell shall be manufactured per the following specifications and perform at the specified levels and conditions.

2.1 PHYSICAL REQUIREMENTS

2.1.1 EXTERNAL INTERFACES

2.1.1.1 WEIGHT

The fuel cell stack weight is required to be 100 lbm or less to meet the requirements of the power system but the goal of the program is 50 lbm or less.

2.1.1.2 FLUID CONNECTIONS

Inlet and outlet fluid connections shall be ¼ inch AN fittings per MS33649-04, unless NASA approves alternate connections.  The fuel cell shall include one inlet connection for hydrogen gas, one outlet connection for hydrogen gas, one inlet connection for oxygen gas and one outlet connection for oxygen gas.

2.1.1.3 ELECTRICAL CONNECTIONS

Electrical connections shall consist of buss plates that are isolated from the fuel cell endplates.  The buss plates shall have adequate sized holes drilled and adequate spacing to connect 0 AWG (ott gauge) cables, lugs, bolts, and nuts for electrical bus ties.   

2.1.1.4 HEAT TRANSFER INTERFACE

The fuel cell shall be designed for cooling by means of liquid water circulation and a heat exchanger external to the fuel cell stack.  Water fluid interfaces and heat removal requirements shall be defined in the proposal to allow NASA-JSC to begin plans for designing adequate cooling of the SCOUT fuel cell power plant.  Maximum internal and external operating temperatures shall be included in the proposal if available and in the user’s manual at minimal requirement.
2.1.1.5 FUEL CELL MOUNTING INTERFACE

The mounting interface will be defined during the development task of the project, included in the user’s manual, and is subject to NASA-JSC approval before or during the design review.

2.1.1.6 INSTRUMENTATION

All instrumentation required for monitoring and control of the fuel cell stack shall be included in the user’s manual.  The fuel cell stack shall include the instrumentation necessary to adequately monitor operating temperature and individual cell voltages.  The fuel cell stack goal for temperature measurement is five internal thermocouples and six external thermocouples in locations subject to NASA approval that will be monitored by the NASA developed power plant controller.  Each cell of the fuel cell shall include a contact for individual cell voltage monitoring.  Each contact shall be wired to a standard ribbon cable (or cables) with a connector(s) subject to NASA approval before or during the design review. 

2.1.1.7 CONTROLS

Procedures for the operational control of the fuel cell shall be provided in the user’s manual.

2.1.1.8 FUEL CELL VOLUME

The estimated stack volume and dimensions shall be provided in the proposal with the final size included in the design review package.

2.1.1.9 TIE-ROD TORQUE

If tie-rod torquing is required for regular fuel cell maintenance, the user’s manual shall define the tie-rod torque required to keep the stack at the required compression.  If any other methods of compression control are used for the stack that requires a maintenance procedure, the procedure shall be addressed in the user’s manual. 

2.1.2 OPERATIONS

2.1.2.1 SUPPLY FLUIDS

Any requirements for purity of the reactant gases shall be defined in the user’s manual.  Reactants will eventually be stored cryogenically and supplied to the fuel cell.  The minimum and maximum temperatures for both hydrogen and oxygen gas supplied to the fuel cell stack shall be specified in the user’s manual.  The fuel cell stack will eventually be operated with hydrogen from reformed methane.  The fuel cell membrane electrode assemblies and its catalysts should have a goal tolerance of no greater than 10 ppm CO in hydrogen reformate. 

2.1.2.2 FLUID FLOWRATES

The fuel cell power plant shall recycle any excess, unutilized hydrogen if the stack is not designed to operate in a “dead ended” mode.  The fuel cell power plant shall recycle any excess unutilized oxygen to remove water from the stack and to humidify the reactants.  Excess product water will be removed external to the fuel cell stack.  The definition NASA JSC is currently using for the fuel cell system stoichiometric ratio is the ratio of the mass flow into the fuel cell to the fuel cell consumption flow rate (mOut/mCons) and these parameters are displayed in Figure 1.  The goal for the fuel cell is to operate throughout the load profile with no flooding in the fuel cell stack with an anode (hydrogen) and a cathode (oxygen) stoichiometric ratio of no more than 2.  The requirement for the fuel cell stack is that it shall operate throughout the load profile with no flooding in the fuel cell stack with an anode stoichiometric ratio of no more than 3 and a cathode stoichiometric ratio of no more than 5.  Proven operation at stoichiometric ratios lower than this requirement is considered value added to this contract selection and it is required that the proposal mention the stoichiometric ratio requirements of the proposed fuel cell stack. 





             

Figure 1.  NASA JSC definition of the fuel cell system Stoichiometric Ratio

2.1.2.3 ORIENTATION

The fuel cell will operate under Earth gravity, but shall be able to tolerate minor movements and orientation changes during use of the power plant on the rover.  The goal of the human transport vehicle demonstration unit is to climb a maximum slope of 20o and the fuel cell stack is required to tolerate this orientation.

2.1.2.4 VIBRATION TOLERANCE

The fuel cell must be capable of nominal operation during testing of the rover including the effects of rugged terrain and non-uniform orientation.  

2.1.3 PRESSURE

2.1.3.1 OPERATING PRESSURE RANGE

The fuel cell shall operate at anode and cathode pressures greater than or equal to 5 psig and less than or equal to 20 psig.  The contractor shall define the anode and cathode operating pressures of the stack before or during the design review to allow modifications of the power plant to be pursued concurrent to the stack fabrication, and is subject to NASA-JSC approval.

2.1.4 MATERIAL COMPATIBILITY 

All materials exposed to the fuel cell reactants shall be compatible with the reactants, and is subject to NASA-JSC approval.  All materials of the stack design shall be listed in the user’s manual in order for the fuel cell stack to be incorporated into the power plant.

2.1.5 EXTERNAL ENVIRONMENT COMPATIBILITY

2.1.5.1 EXTERNAL PRESSURE

The fuel cell shall be capable of operating at Earth ambient pressure.

2.1.5.2 EXTERNAL TEMPERATURE

The fuel cell shall be capable of operating anywhere within the external temperature range of 3 to 49 (C  (37 to 120 (F).

2.2 PERFORMANCE REQUIREMENTS

2.2.1 DUTY CYCLE

Any limitations on the maximum or minimum duty cycle of the fuel cell shall be discussed at the design review and specified in the user’s manual.

2.2.2 PRODUCTION

2.2.2.1 POWER

The fuel cell shall be capable of producing at least 8 kW at a maximum of 48 VDC.  The goal for the fuel cell voltage is to not exceed 80 Volts when the fuel cell is operating at 5 Amps.  The fuel cell is also required to be capable of providing 4 kW continuous for not less than 10 hours and 8 kW continuous for not less than 1 hour.  The fuel cell shall be capable of responding to load demands increasing from 300 Watts to 8 kW in less than one second.  Performance data to verify the fuel cell is capable of supplying these requirements shall be documented in the user’s manual and allow for the option of NASA-JSC witnessing the testing of the fuel cell.  

2.2.2.2 WASTE GASES

The waste gases will be vented to the environment.  Any gases or combination of gases that would pose a health hazard to the operators of the fuel cell must be documented.

2.2.2.3 EFFICIENCY

Fuel cell stack efficiency shall be documented in the user’s manual based on the validation testing described in 2.2.3.1.

2.2.4 OPERATING LIFE/ DURABILITY

NASA JSC shall approve the membrane fabrication method and membrane thickness before or during the fuel cell design review.  The lifetime goal of the fuel cell stack is a minimum of 5,000 hours with a minimum of 500 startups.  Performance test data, specifically any performance degradation, shall be used to judge these criteria.  Reliability and durability are the highest priorities of this fuel cell procurement.  Preference for this contract award will be given to vendors with reliable experience with PEM fuel cell stacks that operate on hydrogen (and hydrogen reformate) and oxygen (not air).  Any vendor history with PEM fuel cell stacks that utilize oxygen (instead of air) should be mentioned when proposing for this contract award.  Any vendor history with specific PEM fuel cell stack designs similar to the proposed design should be mentioned when proposing for this contract award.  Specific information related to hours of operation with pure oxygen, size or power rating for the fuel cell stacks, polarization curve of actual data, and hours achieved is requested for all examples provided.  

2.2.5 PERFORMANCE DEMONSTRATION

The fuel cell stack shall have at least 100 hours of performance demonstration prior to delivery at a Load Profile (LP) as defined below in Table 1.  Each of the 4 LP’s shall be performed along with one half LP as necessary to meet 100 hours of performance testing.  The vendor may choose to only perform the 4th LP one time.  The performance testing shall also include at least two sharp power increases from 500 Watts to 8 kW in one second or less.  

	LP #1
	LP #1
	LP #2
	LP #2
	LP #3
	LP #3
	LP #4
	LP #4

	Hours
	Power
	Hours
	Power
	Hours
	Power
	Hours
	Power

	0-0.5
	300 W
	0-0.5
	300 W
	0-0.5
	300 W
	0-0.5
	300 W

	0.5-1.5
	2 kW
	0.5-1.5
	4 kW
	0.5-1.5
	6 kW
	0.5-1.5
	8 kW

	1.5-2.5
	4 kW
	1.5-2.5
	300 W
	1.5-2.5
	300 W
	1.5-2.5
	300 W

	2.5-3.5
	6 kW
	2.5-3.5
	4 kW
	2.5-3.5
	6 kW
	2.5-3.5
	8 kW

	3.5-4.5
	8 kW
	3.5-4.5
	300 W
	3.5-4.5
	300 W
	3.5-4.5
	300 W

	4.5-5.5
	6 kW
	4.5-5.5
	4 kW
	4.5-5.5
	6 kW
	4.5-5.5
	8 kW

	5.5-6.5
	4 kW
	5.5-6.5
	300 W
	5.5-6.5
	300 W
	5.5-6.5
	300 W

	6.5-7.5
	2 kW
	6.5-7.5
	4 kW
	6.5-7.5
	6 kW
	6.5-7.5
	8 kW

	7.5-8
	300 W
	7.5-8
	300 W
	7.5-8
	300 W
	7.5-8
	300 W


Table 1. Load Profiles (LP) for the qualification testing of the fuel cell stack 

3.0 SCHEDULE

3.1 PROGRAMMATIC REQUIREMENTS

The contractor shall propose and be capable of meeting a project schedule of delivery of the fuel cell stack and user’s manual 20 weeks after the start of the contract.  A design review shall be conducted after receipt of order with NASA at the fuel cell vendor’s facility.  Teleconferences shall be held between the fuel cell vendor and NASA every week for the duration of this contract.   

4.0 DELIVERABLES

4.1 HARDWARE  

4.1.1 FUEL CELL STACK

One (1) fuel cell stack that meets all requirements specified in this statement of work shall be delivered to JSC upon successful completion of contractor acceptance tests.

4.1.2 HARDWARE PACKAGING

The hardware shall be packaged for safe storage, transportation, and handling.

4.2 USER’S MANUAL

4.2.1 OPERATIONAL REQUIREMENTS

Operational requirements shall be listed in the user’s manual with the minimum of the requirements to be documented covered in this SOW.  JPG 8500.4 is suggested as a guideline.
4.2.2 MAINTENANCE REQUIREMENTS

Maintenance requirements shall be listed in the user’s manual with the minimum of the requirements to be documented covered in this SOW.
4.2.3 ACCEPTANCE DATA

The contractor shall include in the user’s manual the acceptance data that provides the inspection, analysis, and test information needed to verify that all the requirements specified in this SOW have been met.  Successful completion of this acceptance testing is required before NASA will accept the hardware.
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