SpaceDOC

Attachment L-1



SpaceDOC

Sample Delivery Order #1

Extravehicular Activities (EVA) Battery Systems

For the Performance Period from January 1, 2009 to September 30, 2009

1) EVA Battery Conceptual Design and Mockup

Introduction

A new generation of space suits is needed to support Extravehicular Activities (EVAs) for future lunar surface exploration missions. These new suits will require improved functionality and reliability, decreased mass and volume, and lower operating cost as compared to current suits.  While the power subsystem requirements are still being defined, trade studies have shown that the next generation surface suit will require more power than today’s suit.  Increases in communications, avionics, and informatics requirements for lunar surface EVAs, as well as the increased power demands of the Portable Life Support System (PLSS) and other components, will lead to increased power demands. A significant component of the power system will be the battery.  Current PLSS packaging studies have provided mass and volume allocations that put EVA batteries in an entirely new realm of specific energy and energy density than what has been previously required for the Extravehicular Mobility Unit (EMU).  While it is desired to have one battery to supply the power for the required 8-hour EVA, recent trade studies have shown that it may not be possible to meet these specific energies and energy densities given the timeline for technology development.  Therefore, innovative concepts must be explored to provide the required power and energy to the PLSS to meet the 8-hour requirement.  The leading candidate is a battery capable of being hot-swapped during the course of the EVA. 
Background

NASA is currently funding efforts to develop the technology for the next generation PLSS through the Exploration Technology Development Program (ETDP) Extravehicular Activity (EVA) Project.  As part of this project, the NASA Johnson Space Center (JSC) has conducted packaging and schematic studies, which have provided a target mass and volume for the battery package as well as initial concepts for mechanically latching the battery to the PLSS.  The NASA Glenn Research Center (GRC) has performed trade studies to identify candidate battery technologies suitable for the PLSS application.  The contractor will coordinate with both of these teams to develop a swappable battery concept suitable for use in the PLSS.

Statement of Work

The contractor shall develop a battery conceptual design capable of being hot-swapped in the field by a single astronaut in a lunar surface suit.  The contractor shall build upon studies done by JSC and GRC.  The conceptual design shall be developed to fit into a specified volume and mass envelope to be provided by NASA.  The contractor shall develop operational concepts that will allow power to be continuously provided to the suit during swap out.  Upon down-selection of a single operational concept, the contractor shall develop a conceptual design of a battery based on cell technology selected by NASA GRC.  The conceptual design shall include the design of the battery enclosure, including the mechanical, electrical, and thermal interfaces to the PLSS and the packaging of the cells, interconnects, and electronics within the battery enclosure. The packaging shall also address the thermal integration of the cells with the PLSS thermal management system.  Finally, the contractor shall develop a prototype mock-up of the battery design suitable for testing the mate and de-mate of the mechanical, electrical, and thermal connections in a simulated dust environment.

Specific Tasks

1. The contractor shall develop operational concepts for a hot-swappable battery design that will allow continuous power to be provided to the PLSS during swap out.  Operational concepts may include, but are not limited to, temporary connection to an umbilical provided on a rover, multiple batteries, or a dedicated back-up battery.  The operational concepts shall be consistent with the resources that will be available in the lunar architecture and shall strive to maximize safety and reliability and minimize on-suit mass.  The operational concepts will be presented to the NASA team and one operational concept will be down-selected for development into a conceptual design.
2. The contractor shall develop a conceptual design of the PLSS battery package.  This task encompasses two sub-tasks: (a) the packaging of the cells interconnects, and necessary electronics within the battery enclosure, and (b) the design of the enclosure and mechanical, electrical and thermal latching interfaces with the PLSS.  The battery package shall be capable of being swapped in the field and must fit within specified mass and volume targets to be supplied by NASA.  

a) The contractor shall develop a packaging scheme for the cells, interconnects, and necessary electronics based on a cell technology selected by NASA GRC.  The number of cells, series/parallel configuration of the cells, and dimensions of the cells will be supplied by NASA GRC.  The contractor shall determine the appropriate cell interconnects and charge/discharge control electronics to allow for safe battery operation.  The contractor shall include any additional structural support required within the enclosure to ensure sufficient mechanical stability of the cells.  The contractor shall also address the thermal integration of the cells with the PLSS thermal management system to ensure that the cells remain at the desired operating temperature.

b. The contractor shall develop a conceptual design of a battery enclosure capable of interfacing with the PLSS.  The purpose of the enclosure is to house the battery cells and electronics and provide a mechanical, thermal, and electrical interface to the PLSS.  This work shall be performed in conjunction with the JSC PLSS packaging team, which has been exploring mechanical latching concepts and thermal interfaces for the enclosure and holds primary responsibility for the enclosure and interfaces.  The interfaces must be able to be blind-mated, tolerant to the lunar dust environment, capable of being made by a single astronaut with gloved hands, and must withstand a minimum of 100 mate/de-mates events reliably and without degradation of performance.
3. The contractor shall develop a prototype mock-up of the battery design suitable for testing the mate and de-mate of the mechanical, electrical, and thermal connections in a simulated dust environment.  It is not necessary for the mock-up to include the battery cells, but it should provide electrical and thermal output similar to that expected from the battery in order to test the interface performance.

Deliverables

1. Monthly technical status reports detailing work performed, technical progress and accomplishments, issues, and planned work for the next month and budget status.  Monthly status reports shall also include PowerPoint slides detailing significant technical progress and accomplishments, as appropriate.

2. Mid-term presentation to NASA on operational concepts for a hot-swappable PLSS battery.  Presentation will include all concepts considered, advantages and disadvantages of each, and a recommendation for a selected concept.  The presentation package will also be delivered to NASA.

3. Presentation to NASA of final conceptual design of the battery including cell packaging, enclosure design, and thermal, electrical, and mechanical interfaces. The presentation package will also be delivered to NASA.  The presentation will serve as a review before the contractor proceeds with the prototype development.

4. Prototype mock-up of the battery conceptual design

5. Final report and presentation summarizing the work done on the task, including:

a. Development and selection of operational concept

b. Packaging of cells, interconnects, electronics, and structural and thermal support within the enclosure

c. Development of the battery enclosure, including mechanical, thermal, and electrical interfaces

d. Development of the prototype mock-up
e. Evaluation of the prototype mock up

2) Milestones and Reviews

The contractor shall provide regularly scheduled meetings with the NASA Technical Representative for the following:

1. Monthly technical status. Items to be covered:

a. Top Level Technical Performance/Accomplishments

b. Near Term Activities

c. WBS Comments (Problems/Issues/Risks and Mitigation Strategies)

d. Schedules (to include a Critical Path Schedule)
e. Budget 
2. Mid-term status presentation, per the SOW, April 30, 2009

3. Conceptual design presentation, per the SOW, by June 30, 2009

4. Final report and presentation, per the SOW, by September, 2009

3) Hardware Deliverables 
The specific hardware deliverables called out in DO-xxx are listed below. 

	Deliverable 

No. 
	Item 

Description 
	Completion 

Date 

	1 
	Prototype Mock Up of EVA Battery Assembly
	September 30, 2009


4) Document Deliverables: 
Document deliveries shall be prepared, documented, and delivered in compliance with Sections 1.3 through 1.7 of the Contract Data Requirements List (CDRL). Documentation electronic copy, applicable hard copy, and required cover letter shall be delivered to: 

Task Manager, EVA Project (Lisa Kohout, Mail Stop 309-1, NASA Glenn Research Center, Cleveland, OH 44135) 

Deliver courtesy copies of cover letter only to: 

Contracting Officer (Kurt Brocone, Mail Stop 500-319) 

The specific documentation deliverables called out in DO-xxx are listed below. 
a) Contractor Delivery Order Work Plan per DID PM-06;

b) Contractor Financial Management Reporting per DID CD-01;

c) EVM Baseline Plan per DID CD-002;

d) Monthly reporting per DID CD-003;

e) Supporting documentation (specifications, drawings, test procedures, analysis/test reports, and operating/maintenance manuals as applicable) for the hardware deliverables identified above, upon delivery of hardware.

f) Mid-term presentation package, per the SOW, by April 30, 2008

g) Conceptual design presentation, per the SOW, by June 30, 2009
h) Final report and presentation, per the SOW, by September 30, 2009
5) Government Furnished Equipment (provided in accordance with 52.245-1)

In assessing the contractor budget and schedule, the following hardware and software shall be available by the Government to the contractor:

a) None

The following EVA project documentation shall be provided to the contractor:
a) ETDP-EVA-PCAI-001 Battery Sizing Trade Study

b) Mass, Volume and Geometry specifications for the EVA Battery Assembly

6) Government Furnished Facilities

In assessing the contractor budget and schedule, the following Government Facilities shall be available by the Government to the contractor per agreement and coordination with the GRC Project Manager:

a) FAB Shop (including Rapid Prototyping capability

b) Inspection Department
c) Instrumentation Department
d) Calibration Lab
e) Instrument Pool

7) Government Contacts

The contractor shall have access to consultation with:

a) GRC EVA Battery Assembly Technical Representative

b) GRC EVA PCAI Manager

c) GRC EVA Lead

d) JSC PLSS Manager

8) Period of Performance

The period of performance for the contractor plan shall be from January 1, 2009 to September 30, 2009.
9) CPIF, Clause H20, Fee Matrix Structure 4

Cost: 100%

Schedule:

Technical:
1

