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ATTACHMENT  A

STATEMENT OF WORK

CLOSED BRAYTON POWER SYSTEM

The overall objective of this effort is to design and build an electrically-heated, water-cooled, closed-loop Brayton electrical power system to be installed in a laboratory test cell at Glenn Research Center (GRC).  The technical objectives for the Brayton Power System include development of operational control strategies, investigation of design, off-design, and transient performance, and validation of government computer models.  There is no intention of using this system in an actual space application.  Therefore, there are no requirements for space environment rating, nor are there any space-flight mass restrictions.  However, it is desirable that the system have operational characteristics that are representative of a potential space power system.  A functional acceptance test shall be conducted at the contractor’s site prior to shipment to GRC.  Upon delivery, contractor personnel shall be provided to assist with the installation and initial checkout testing of the system at GRC.

I.
Brayton Power System Description
The Brayton Power System shall consist of two turboalternator-compressor units that share a common gas containment loop.  The Contractor shall design the Brayton Power System to produce approximately 30 kilowatts with nitrogen working fluid at a turbine inlet temperature of 1000 K, compressor inlet temperature of 315 K, and compressor inlet pressure of 1.1 bar. The Contractor shall design the Brayton Power System for full power operation with both turboalternator-compressor units at design speed, or at partial power with either unit at operating speed and the remaining unit in standby.  The Contractor should utilize existing commercial components to the extent practical in order to reduce cost and minimize development schedule for the Brayton Power System.  The Brayton Power System shall be delivered to NASA Glenn Research Center (GRC) within six months of Contract Authority-to-Proceed (ATP). 

The Brayton Power System will be used as a laboratory testbed to evaluate the performance and operational characteristics of closed Brayton power systems for future space power applications.  The anticipated components of the Brayton Power System are as follows: 

· Electrical gas heater (1 each)

· Turboalternator-compressor (TAC) (2 each)

· Gas cooler (2 each)

· Piping set (1 each)

· Gas supply system (1 each)

· Data acquisition and control system (1 each). 

The desired gas working fluid is nitrogen, although other inert gases may be evaluated.  The desired cooling fluid is water.

II.
Government Furnished Equipment (GFE)

NASA GRC has several components available as GFE that can be used at the contractor’s discretion for the completion of this Brayton Power System. The GFE is described in Attachment B.

III.
Design Specifications 

The Brayton Power System shall be designed and fabricated with the following operating parameters and features:

Nominal operating parameters: 

· 30 kW-electric (AC) system output power

· 1000 K turbine inlet temperature

· 315 K compressor inlet temperature

· 1.1 bar compressor inlet pressure

Operational features:

· Capability for simultaneous operation of TAC units at the same operating speed (i.e. balance operation)

· Capability for simultaneous operation of TAC units at different operating speeds (i.e. unbalanced operation)

· Capability for operation of single TAC unit with the remaining unit in standby (i.e. single unit operation)

· Capability to dissipate full electrical output via parasitic load

· Capability for 1000 hour design life

IV.
Test Location and Facility Interfaces

The anticipated test location at NASA GRC is the Engine Research Building (ERB) Test Cell CW-11.  Some salient features of CW-11 that may be relevant to this activity are provided:

· Preferred test article footprint:
15’ x 19’ or less*

· Approximate ceiling height:
15’

· Available electrical service:
up to 220 amps at 480V, 3 phase

· Available cooling water service:
up to 150 GPM at 50 psig

· Available shop air service:
up to 5 lbm/sec at 120 psig

· Potential for remote operations:
adjacent control room available

* additional floor space may be available depending on configuration.

V.    Safety Requirements

The Contractor shall design and fabricate the Brayton Power System to meet all applicable federal, state and local codes including ASME B31.3 Process Piping, and ASME Boiler and Pressure Vessel Code Section IX.  The Contractor in designing and fabricating the Brayton Power System shall adhere to all regulations stipulated in the NASA Glenn Safety Manual (BMS Document # GRC-MQSA.001).  An on-line version of the NASA Glenn Safety Manual can be obtained at:

http://smad-ext.grc.nasa.gov/gso/manual/chapter_index.shtml
VI.
Deliverables

The Contractor shall deliver the following items to NASA GRC:

1. System Design Review ( ATP + 2 months) – The Contractor shall deliver a System Design Review.  The System Design Review shall be conducted through a Viewgraph presentation which will be delivered at the Contractor Site. The System Design Review shall  describe the system design, parts list, hazards list, and fabrication and assembly plan.

2. Final Design Report (ATP + 6 months) – The Contractor shall deliver a written report (as described in Section F of the Contract) that summarizes the system design and includes parts and materials lists, schematics, instrumentation list, and operating characteristics.  An “As-Built” drawing set (as described in Attachment D, “Requirements for Drawings”) shall be provided with the Final Design Report.

3. Operational Procedure Manual (ATP + 6 months) – The Contractor shall deliver a written manual that provides instructions for starting, operating, and stopping the system including data acquisition parameters and safe operating ranges.  The manual should also include a section with all pertinent Material Safety Data Sheets (MSDS) and Hazards Analyses.

4. Closed Brayton Power System (ATP + 6 months) – The Contractor shall deliver a Closed Brayton Power System (Turn-key operating system) with appropriate facility interfaces for integration into GRC CW-11.  

5. Along with delivery of the system, the contractor shall provide on-site personnel (for up to 10 work days) to assist in the installation and initial checkout testing of the system.
6. As -Built Data Package  (ATP + 6 months) - The Contractor shall submit an As-Built   

    Data   Package to GRC for review.  The As-Built Data Package shall include as a 
    minimum the  following:

a. As-built Configuration List.  The completion of an as-built list, which will document 
      the final versions of the components contained in the system, along with verification 
      that all testing and changes have been properly completed in both documentation and 
      the system.

b. List of as-built parts used.

c. List of Materials and Processes used.

d. Log Books, including total operating and repair times, and cycle records.

e. Listing, status, and remaining life of Limited-Life items.

f. Listing and status of all nonconformance, failure or problem reports.

VII.
Reporting

 In accordance with the Reports or Work clause of this Contract (See Section F), the Contractor shall develop and deliver the following items:

A.  
The Work Plan (subject to revision).

B. 
Weekly Status Telecons (as requested by the Contracting Officers Technical Representative (COTR).

C.
Monthly Financial Management Reports (specifically, the NASA Form 533M).
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