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1.0
GENERAL

1.1
Purpose

This statement of work (SOW) defines tasks for the design, development, certification, production and implementation of a lithium-ion battery (LIB) for the Extravehicular Mobility Unit (EMU) Primary Life Support System (PLSS) referred to herein as the battery or the LIB.  The Contractor shall also design, certify, and produce a flight charger for the battery that is compatible with Shuttle and ISS interfaces. The Contractor shall perform all work necessary to satisfy the requirements described in this SOW.  This SOW covers all required work from contract award through the first post flight EVA test/analysis of the battery. However, only the preliminary design is included in the basic contract. All other work is contained in contract options to be exercised at NASA’s discretion within the sequence and time constraints specified herein.

1.2
Objective

The objective is to provide a new flight battery and charger system that will replace the current silver-zinc (Ag-Zn) EMU (spacesuit) battery to improve battery performance, safety and life, reduce battery operations and maintenance, and lower NASA’s recurring costs of performing spacewalks (or Extravehicular Activities (EVA)). 

1.3
Background

NASA is pursuing an alternative battery design for the EMU-PLSS to the current Ag-Zn Increased Capacity Battery (ICB) (see Figure 1). By using lithium-ion chemistry, we believe that significant improvements in stand and cycle life and reduction in life cycle cost can be achieved in supporting Shuttle and Space Station EVAs. The Ag-Zn ICB has a wet life of 425 days within which 32 cycles with 26.6Ah discharges are required. The ICB is delivered to NASA’s EVA logistic Contractor in an unfilled, uncharged state, and thus, requires a complicated filling and charge formation procedure to prepare each battery for its first EVA. Furthermore, the ICB design carries with it 4 potential failures modes (short to ground, valve stuck open, valve stuck closed, and electrolyte leakage) whose occurrence during an EVA could require an astronaut to solely rely on activation of his secondary oxygen supply to return to safety within 30 minutes. Since, no other redundancy is provided by the battery or the EMU, these 4 conditions are in violation of NASA safety requirements (2-failure tolerance to a catastrophic hazard) and are listed on the mission Critical Items List (CIL). The new battery shall at minimum remove the two cell valve failure conditions from the CIL while not adding any new failures to the CIL.
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Figure 1. Current Ag/Zn Increase Capacity Battery (ICB) for the EMU

1.4
Scope of Effort

The Contractor shall provide all materials, tooling, test equipment, test facilities, analysis tools, and labor required to complete effort defined in this SOW.  This effort shall include the tasks described in sections 2 and 3 below. 

1.5 Project Hardware Definitions
The LIB project hardware shall consist of the following pieces;

1.5.1
Lithium-ion Battery (LIB) – The new flight battery designed to power the spacesuit.

1.5.2 
LIB Charger – The flight charger designed to recharge and discharge two LIBs while inside the Shuttle or ISS.

1.5.3 
LIB Charger Extension Cables – A pair of extension cables from the LIB Charger channels to two LIBs will allow the charging or discharging of two LIBs while they are located inside the spacesuit rather than adjacent to the LIB Charger. This pair of cables are considered part of the LIB Charger Assembly.

1.5.4 
LIB Ground Support Equipment (GSE) – This GSE is the set of equipment that is portable and conveniently capable of processing 2 LIBs and LIB chargers for test and storage while on the ground. The GSE will be used as a control to grade the charge performance of the flight charger.

2.0
APPLICABLE DOCUMENTS

The following documents are applicable to this SOW.

2.1  Requirements and Specifications

The work performed and products delivered shall conform to the requirements defined in this SOW and in the Battery, Charger, and GSE End Item Specifications (EIS) listed below.

JSC-29928
Lithium-ion Battery (LIB), GFE End Item Specification

JSC-29927
Lithium-ion Battery (LIB) Charger, GFE End Item Specification

NSTS 5300.4 (1D-2)
Safety, Reliability, Maintainability and Quality Provisions for the Space Shuttle Program

SSP 41173B
Space Station Quality Assurance Requirements
PRC-0009C
Process Specification for the Resistance Spot Welding of Battery and Electronic Assemblies

EA-WI-025A
GFE Flight Project Software and Firmware Development

EA-WI-027
Configuration Management Requirements

NSTS 22206
Instructions for Preparation of Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL)

SSP 30233F
Space Station Requirements for Materials and Processes

JSC 27301D
Materials Control Plan for Johnson Space Center (JSC) Flight Hardware

SN-C-0005D
Contamination Control Requirements

SSP 30426D
Space Station External Contamination Control Requirements

SSP 30695A
Space Station Acceptance Data Package Requirements Specification

2.2 Data Requirements

The Contractor shall deliver data and hardware in accordance with Data Deliverables List (DRL) and Data Requirements Description (DRD). The table below shows the phasing of each data deliverable.  

Refer to the following list of codes used in the table.

Prop – Proposal Phase, Basic – Basic Contract Phase, Op 1 – Detailed Design Phase

Op 2 – Certification Phase, Op 3 – Production Phase, Op 4 – Operations Pathfinder Phase

W – Weekly,  M- Monthly,

P- Prelim,     F – Final,   U – Update,    AR – As Required     

	#
	Title
	Prop
	Basic

PDR
	Op 1

CDR
	Op 2

DCR
	Op 3

MRR,

PAR
	Op 4

(-MRR

	1
	Battery Design Drawings
	
	P
	F
	U
	U
	U

	2
	Charger Design Drawings
	
	P
	F
	U
	U
	

	3
	GSE Design Drawings
	
	P
	F
	U
	
	

	4
	Interface Control Document - Charger
	
	P
	F
	U
	
	

	5
	Interface Control Document - Battery
	
	P
	F
	U
	
	

	6
	Software Development Plan
	
	F
	U
	
	
	

	7
	Software Requirement Specification
	
	P
	F
	
	
	

	8
	Software Design Document
	
	
	F
	U
	
	

	9
	Version Verification Document
	
	
	P
	F
	U
	

	10
	Material Identification and Usage List
	
	P
	F
	F
	
	

	11
	Contamination Control Plan
	
	
	F
	
	
	

	12
	Structural Stress Analysis Report
	
	P
	F
	U
	
	

	13
	Fracture Control Report
	
	P
	F
	U
	
	

	14
	Thermal Analysis Report
	
	P
	F
	U
	
	

	15
	Cell Acceptance and Lot Certification Plan
	
	F
	U
	
	
	

	16
	Cell Acceptance and Lot Certification Procedure
	
	F
	U
	
	
	

	17
	Cell Acceptance Report
	
	
	F
	
	F
	F

	18
	Cell Lot Certification Report
	
	
	F
	F
	
	

	19
	FMEA
	
	P
	F
	
	
	

	20
	Configuration Management Plan
	P
	F
	
	
	
	

	21
	Quality Plan
	F
	
	
	
	
	

	22
	PDR Package
	
	F
	
	
	
	

	23
	TRR Package
	
	AR
	AR
	AR
	AR
	AR

	24
	CDR Package
	
	
	F
	
	
	

	25
	DCR Package
	
	
	
	F
	
	U

	26
	MRR Package
	
	
	
	AR
	F
	U

	27
	PAR Package
	
	
	
	
	F
	

	28
	Charger Operation Manual
	
	
	P
	F
	
	

	29
	GSE Operation Manual
	
	
	P
	F
	
	

	30
	EEE Parts Plan
	
	F
	
	
	
	

	31
	Radiation Control Plan
	
	F
	
	
	
	

	32
	EEE Non-Orbiter Parts Approval Request (NOPAR)
	
	AR
	AR
	AR
	AR
	AR

	33
	EEE Parts List Where Used and Qualification Status
	
	P
	F
	U
	U
	U

	34
	EEE Part Application Analysis
	
	P
	F
	U
	U
	U

	35
	EEE Part Drawing and Specification
	
	P
	F
	U
	U
	U

	36
	EEE Part Qualification Test Report
	
	
	P
	F
	U
	U


	#
	Title
	Prop
	Basic

PDR
	Op 1

CDR
	Op 2

DCR
	Op 3

MRR,

PAR
	Op 4

(-MRR

	37
	Engineering Test Plan
	
	
	AR
	
	
	

	38
	Engineering Test Procedure
	
	
	AR
	
	
	

	39
	Engineering Test Report
	
	
	AR
	
	
	

	40
	Qualification Test Plan
	
	P
	F
	
	
	U

	41
	Qualification Test Procedure
	
	
	
	F
	
	U

	42
	Qualification Test Report
	
	
	
	F
	
	U

	43
	Acceptance Test Plan
	
	
	
	F
	U
	U

	44
	Acceptance Test Procedure
	
	
	
	F
	U
	U

	45
	Acceptance Data Package
	
	
	
	F
	F
	U

	46
	Waivers and Deviations
	
	
	
	AR
	AR
	AR

	47
	Deleted
	
	
	
	
	
	

	48
	Limited Life Items
	
	
	F
	U
	U
	U

	49
	Critical Items List
	
	
	
	AR
	AR
	AR

	50
	Problem Closeout and Explanation Report
	
	
	
	AR
	AR
	AR

	51
	Verification Plan
	
	P
	F
	U
	
	

	52
	Verification Report
	
	
	F
	
	
	

	53
	Deleted
	
	
	
	
	
	

	54
	Project Status Report and Schedule
	
	W
	W
	W
	W
	W

	55
	Project Plan and WBS
	F
	
	
	
	
	

	56
	Material Usage Agreement
	
	AR
	AR
	AR
	AR
	AR

	57
	Weld Process Specification
	
	
	AR
	AR
	AR
	AR


2.3 Schedule 

The No-Later-Than durations for critical project milestones are listed below in reference to the Authorization to Proceed (ATP) date of applicable contract phase.

	Contract Phase
	Milestone
	NLT Duration

	Basic Contract
	PDR
	2.5 months

	
	Completion
	6 months

	Option 1 – Detailed Design
	Delivery of Engineering Units
	6 months

	
	CDR
	9 months

	
	Completion
	10 months

	Option 2 – Certification
	Delivery of Qualification Units
	3 months

	
	DCR
	5.5 months

	
	Completion
	9 months

	Option 3 – Production
	MRR
	0.5 months

	
	PAR
	3.0 months

	
	Delivery of Production Units
	3.5 months

	
	Completion
	7 months

	Option 4 – Operations Pathfinder
	Return on Cert Units to Contractor
	1 months

	
	MRR
	1.5 months

	
	Delivery of Refurbished Units
	5 months

	
	Completion
	6 months


3.0  Work Breakdown Schedule (WBS)

The WBS for this effort shall include the major tasks as described herein this section.

3.1   Project Management and Control

3.1.1  Project Planning and Control
Except where specifically delineated, the Contractor shall plan, manage, organize, monitor, and control the tasks required to accomplish all SOW tasks.  Such activities include preparation, management, and delivery of data/hardware deliverables, continuous evaluation of performance through performance measurement techniques integrating schedule and technical performance, performance statusing, and issue identification.  Refer to deliverables list for a listing of associated deliverables.

The Contractor shall develop and implement a management program that clearly defines how the tasks will be managed and controlled.  Specifically, this task includes the effort to manage and maintain a master schedule, a Work Breakdown Structure, and technical/project metrics.

· The Contractor shall establish and implement a project management office function to manage project aspects of contract requirements including technical performance, safety, reliability, manufacturing, data delivery, and schedule.

· The Contractor shall establish required communications between the customer and all stakeholders to establish and control the baseline plan, identify and implement corrective action, and analyze project performance.

3.1.2  Technical Reporting
The Contractor shall deliver brief electronic status reports (DRL#54) that cover each task assigned and technical performance metrics progress.  This will include Contractor and subcontractor efforts.  These reports shall be emailed to the NASA Contracting Officer Technical Representative (COTR) prior to each scheduled weekly telecon with NASA. In addition, the Contractor shall support the NASA (COTR) in the development of EMU project level monthly status briefings to Space Shuttle EVA Program Management.

3.1.3  Schedule

The Contractor shall develop and maintain a schedule (as part of DRL #54) for each task under this contract using Microsoft Project.  Schedule shall include all task, critical milestones, critical path(s), and pre-requisite events.

3.1.4  Electronic Connectivity

Effective and appropriate communication links between the Contractor and customer will be established and maintained.  Communication resources may include transmission devices such as telephone, facsimile machines, and audio teleconferencing. Electronic submission of deliverable data and documentation may be used for items denoted in the list of data deliverables.

3.1.5  Configuration Management

The Contractor shall institute a Configuration Management (CM) process to track and manage requirements and design changes and to provide requirements traceability and documentation control.  The Contractor shall conduct CM activities and develop a CM plan (DRL #20) in accordance with the Contractor’s Quality Plan (DRL item #21) and consistent with appendix A, B, and C of EA-WI-027, where the JSC CM processes are substituted with similar contractor processes.  The Contractors CM process shall provide the control of the design baselines by means of drawings, specifications, and other supporting documents.  The Contractor shall support the customer’s review and approval process for engineering change proposals.

After CDR, the Contractor’s CM process shall control the design and development of hardware by means of drawings, specifications, and other documents. Documented evidence will be required to demonstrate that the hardware is configured in accordance with defining documentation, including the latest approved changes.

The Contractor shall ensure control of all documents and changes thereto that affect the flight, qualification or ground support hardware. The Contractor shall ensure that documents and changes are controlled in accordance with the CM requirements. The Contractor shall ensure that the effectivity of documents and changes are clearly specified, changes are accomplished on affected articles, and changed articles are appropriately identified. Documents shall be kept current and all fabrications and inspections shall be performed according to the most recent drawing and changes. The inspection record of the product shall indicate the change level with which it is in compliance.

The issue numbers of the drawings and specifications to which the particular hardware has been fabricated and inspected shall be documented as the as-built configuration. Evidence shall be provided of compliance with the as-designed/as built documentation as a basis for acceptance of the hardware. This information shall be submitted as part of the Acceptance Data Package (DRL #45).

The Contractor shall maintain a product identification and tracking system. Each product shall be identified by a unique part or type number, consistent with the configuration management system and the End Item Specification. Control of individual product lots/batches is required along with date codes, lot numbers, serial numbers, or other identification per DRL #20. 

This system shall be in place to ensure identification of all materials/products, whether separately produced discrete items, or material produced in batches, to ensure traceability to the original source/manufacturer and to determine verification status. This system shall be maintained throughout the life of this contract, including material/product receipt; all stages of production; delivery; installation, etc.

Hardware shall be serialized if it needs to meet any of the following requirements:   

· Ability to track the part or assembly to the work authorization or performance documentation.

· Ability to trace to the source manufacturer.

· Part or assembly contains lower level parts or sub-assemblies that are serialized or lot traceable. 

· Need to differentiate one item from the others that are currently the same (i.e., need to incorporate changes or rework on one item versus the rest of the same item; need to process discrepancy reports (DR) or material reports (MR) against the part or assembly with dispositions other than "return to print" or "scrap".

· Ability to locate part or assembly for the purpose of responding to alerts.

The configuration management system shall be capable of retrieving the identification and serialization record down to the lowest subassembly level, by maintaining manufacturing and processing records (travellers) containing date codes, lot numbers, and manufacturers of the parts. Beginning at the subassembly level and continuing through the end product, the system shall be capable of tracing backward to the originating subassembly and forward to the location of the subassembly at any given level of the process, assembly, or test. Serial numbers of scrapped products shall not be reused.

Software and firmware configuration shall be managed per the Contractor’s software development plan (DRL #6) and shall be documented in the Software Design Document (DRL #8) and Version Verfication Document (DRL #9). Each of these documents shall follow guidelines of EA-WI-025A to a level commensurate to the complexity level of the software/firmware.
3.2  REQUIREMENTS DEVELOPMENT AND CONTROL 

3.2.1  Requirements

The Battery, Charger, and GSE End Item Specifications (EIS) are provided by NASA (see applicable documents).  The NASA shall maintain and update these documents as the design is matured.  Based on these, the Contractor shall develop design drawings and interface specifications for the LIB project hardware to be delivered.  Contractor shall provide support to the customer to identify and evaluate any changes to the EIS that are necessary or beneficial to NASA.

3.2.2  Verification

The Contractor shall provide a verification plan (DRL #51) with a requirements verification matrix to define the source verification and method for all battery, charger, and GSE requirements. The Contractor shall provide a verification report (DRL #52) to document how each requirement was verified and the results of each verification.

3.3  SPECIALTY ENGINEERING

3.3.1  Safety, Reliability, Maintainability, Quality, and Mission Assurance (SRQ&MA) Plans

The Contractor shall develop and implement SRQ&MA plan (DRL #21) that is compatible with NSTS 5300.4 (1D-2), “ Safety, Reliability, Maintainability and Quality Provisions for the Space Shuttle Program.” Similarly, the Contractor shall implement a quality assurance system for this project that is suitably equivalent to SSP 41173B, “Space Station Quality Assurance Requirements.”
3.3.2  SRQ&MA Support

The Contractor shall provide SRQ&MA support for:

· Qualification and acceptance testing

· Design and acceptance reviews

· Certification review and approval

· Safety documentation review and approval

· Hazards analysis review and approval

· Critical item lists (CIL) review and approval

· Non-conformance reporting and problem tracking

3.3.3  Risk Management

The Contractor shall support NASA in developing and implementing a risk management program to assess risks associated with achievement of technical, cost, and schedule requirements.  To accomplish this, NASA will develop a risk assessment and management plan to include, as a minimum:

· Identify known and potential risks – cost, schedule, and technical

· Assess risks, including a relative ranking of likelihood, program impact, and the establishment of critical thresholds.

· Develop a risk mitigation plan, which defines the methods or alternatives to mitigate or minimize these risks, including the criteria upon which programmatic decisions can be based.

· Track and report risk mitigation progress.

3.3.4  Ground Support Equipment (GSE)

The GSE for the LIB is the only piece of ground support equipment the Contractor is required to provide under this SOW.  All other GSE necessary to accomplish the tasks herein shall be provided if deemed necessary by the Contractor. Contractor shall provide technical support to the customer in determining GSE needs for battery storage at NASA sites and generating technical requirements.

3.3.5 Resistive Spot Welding

As specified in the EIS for the LIB, all resistive spot welds in the LIB shall be controlled per PRC-0009C. In support of this process, NASA-JSC can provide to the Contractor cross-cut examinations of weld samples submitted by the Contractor for establishing a process qualification record (PQR) of the weld.

3.3.6 EEE Parts Approval Process

In support of the EEE parts approval process specified in the battery and charger EIS, the services of NASA-JSC’s Receiving, Inspection, and Test Facility (RITF) will be available to the Contractor to perform the following;

1) PIND testing of EEE parts selected by the Contractor for use in the LIB or LIB charger.

2) Destructive Physical Analysis (DPA) of all EEE parts selected for the LIB or LIB charger.

3) All wire and cable acceptance and certification designated for the project flight hardware.

All RIFT test reports generated will be provided to the Contractor.

In addition, NASA-JSC will provide up to three separate radiation test sets of the Contractor’s selected EEE parts, his proposed circuits, or the entire LIB and LIB charger if deemed necessary per the EEE Parts Plan (DRL# 30) to verify compliance with the ionizing radiation requirements of the specification. Each test set will consist of one test visit to the radiation test lab at Indiana University and can radiation test all the critical parts provided by the Contractor. The Contractor shall be responsible for providing operating instructions for his hardware and pass/fail criteria to detect when single event upsets occur during the radiation bombardment. The plan is to use the first two test sets with engineering hardware and reserve the final test set with certification hardware. 

3.4  PRELIMINARY DESIGN PHASE
In this phase, the Contractor shall order or manufacture all the cells and long lead items necessary for the detailed design, certification, production, and operation pathfinder phases. The Contractor shall establish a preliminary design of the battery, charger, and GSE and conduct a Preliminary Design Review at NASA-JSC. This phase will not exceed 6 months and the PDR shall occur within 3 months after contract start date.

3.4.1 Cell Manufacture/Procurement

Immediately after award, the Contractor shall initiate procurement or manufacture of a single lot of the cell design selected in the Contractor’s proposal. This lot must be of sufficient quantity to complete all the tasks and deliverables of the basic portion of the contract and all of the options and sub-options herein (Make note that sub-option BP (section 3.9), if exercised, will significantly increase cell quantity). Similarly, the Contractor shall procure all other long lead parts necessary to support the most aggressive schedule NASA could levy by exercising contract options at their earliest permitted date. This would execute the Option 1 immediately after completion of the PDR from the basic contract. Immediately upon completion of Option 1 execute Option 2 in sequence (Certification). In parallel with Certification, NASA would execute Option 3 (Flight Production). Option 4 (Operation Pathfinder) would be executed no earlier than after the completion of Option 2 (Certification).
3.4.2  Kick-Off Meeting

Within 2 weeks after contract award, the Contractor shall participate in a project kick-off meeting at JSC.  The purpose of the meeting is to ensure an efficient preliminary design effort is conducted by the Contractor and to specify the conceptual battery and charger design trades that will be necessary. The meeting will provide an opportunity for discussion of project requirements to ensure mutual understanding between the Contractor and customer.  The Contractor shall identify which EIS requirements most drive design, safety, cost, and schedule and challenge them if reasonable. This will also be an opportunity for the Contractor to recommend changes that will reduce cost, optimize schedule, or improve ability to meet the requirements. This review will also focus on a getting a clear definition of the interfaces of the battery and charger to the PLSS, Shuttle, and ISS. 

3.4.3 Cell Design Selection and Initial Characterization

The Contractor shall have selected the cell design for the battery in his proposal for this project. In addition to what data the Contractor provided in his proposal, the Contractor shall complete the analyses and tests necessary to fully support his cell design selection for the battery. At minimum, this includes characterization of the cell discharge capacity performance at 3.8A at 4 temperatures between worst case hot and cold conditions, cell capacity fade with cycling, and cell open circuit voltage with Depth-of-Discharge (DoD) at 25(C. The Contractor shall initiate cells tests that will determine how frequently cell balancing by the LIB charger will be necessary to meet the LIB service life. The Contractor shall also determine the effects, if any, of interrupting the charge sequence as is possible with the existing Shuttle and ISS chargers. The Contractor shall also prove the cell performance’s orientation insensitivity. It is acceptable to perform these tests with the most with the most readily available cell lots of the selected cell design even if they are not the flight lot to be used in subsequent options.

3.4.4 Cell Acceptance and Lot Certification Plan and Procedures

The Contractor shall complete the establishment of a plan and procedure for cell acceptance and lot certification and deliver them for final NASA approval prior to performing cell acceptance screening on the lot of cells produced in section 3.4.1. See DRD #15 for plan requirements. 

3.4.5 Preliminary Design Review

The Contractor shall conduct a preliminary design review (PDR) at NASA-JSC for the LIB project hardware.  The Contractor shall generate and deliver a PDR package (DRL item #22) to NASA-JSC prior to the review. The PDR shall demonstrate that the preliminary design meets all requirements with acceptable risk and that the battery and charger interfaces are adequately identified.  The Contractor shall present results of all trades of various preliminary designs for the battery and flight charger to meet requirements defined in the end item specifications (EIS). At minimum, these include cell number and electrical configuration, physical cell layout within the battery case, selection and location of battery thermal sensor, selection of battery short circuit protection, selection of the additional battery connector, battery mass estimates, charge/discharge/autocycle methodology of the LIB charger, user interface of the LIB charger, interface definitions between LIB, LIB Charger, and Extension Cable, and finally, the GSE design concept.

 At the PDR, the Contractor shall provide rationale that existing technologies and adequate manufacturing, test equipment, and facilities are available.  It also demonstrates that the design is verifiable and of sufficient maturity to proceed with final design.  The PDR consists of a formal technical presentation and a PDR data package of the items contained in the deliverable list.  The results of all cells tests to date shall be presented at the PDR.

3.4.6  Cell Acceptance

The Contractor shall complete acceptance testing of the entire lot of cells procured/fabricated in the basic contract per the plan and procedure developed in 3.4.4 and approved before PDR (3.4.5).

3.4.7  Delivery of Cells to JSC for Thermal and Life Testing

As early as possible in the basic contract, the Contractor shall deliver to JSC a minimum of 4 batteries worth of cells from the lot of accepted cells (from 3.4.6) for life testing. These cells will be used to determine the long-term storage capacity fade and self-discharge as a function of DoD and temperature. JSC will also be responsible for performing service life verification under lowest, average, and maximum LIB usage scenarios using individual cells. JSC will also perform calorimetric tests of the cell design to determine its heat capacity, heat generation rate during charge and discharge, and onset of thermal runaway temperature at various states of charge. If Option BP is exercised, then the Contractor shall deliver 28 batteries worth of cells, of which 20 batteries worth of cells will be archived in cold storage for 5 years to protect against cell obsolescence when the 5-year service life of the initial batch expires.

3.4.8 Parts Approval Process

Beginning after PDR, selection of EEE Parts for the battery and charger shall be submitted to JSC for approval. Samples shall be delivered to JSC for assessment, which will include functional verifications and destructive physical analysis. 

3.5  OPTION 1 - DETAILED DESIGN PHASE

This Option involves the detailed design and fabrication of the engineering units (Battery, Charger, and GSE) per the designs established after PDR. It also includes all the cell lot certification testing, engineering tests of the battery, charger, extension cable, and GSE, delivery to JSC of a subset of the engineering units for systems level testing. This option will be exercised no earlier than after PDR, no later than 1 year after PDR, and be completed in less than 10 months.

3.5.1  Detailed Design

The Contractor shall produce final designs for the battery, charger, extension cable, and GSE to the requirements defined in the EIS and document them with engineering drawings, schematics, and ICDs, part lists, and assembly instructions.  This will include development and delivery of the items shown in the deliverables list.  LIB project hardware interfaces shall be defined and documented in Interface Control Documents. This phase will include completion of the EEE parts selection and approval process and the analysis of circuit design margins.

3.5.2 Cell Lot Certification

The Contractor shall complete cell lot certification per the approved plan and procedures from section 3.4.4. prior to the CDR.

3.5.3
Engineering Unit Fabrication

The Contractor shall manufacture and assemble, at minimum, quantities listed in the table below of engineering unit battery assemblies and engineering version of the flight charger to allow verification of all EIS requirements as part of the engineering verification testing without the formality of configuration control and government source inspections as would be necessary during a qualification program. Each charger shall include a set of extension cables to charge two LIBs while inside the spacesuit. The Contractor shall also procure and deliver to NASA-JSC 4 sets of mating connectors and backshells to the LIB Charger power connectors within 3 months after exercise of this option. NASA will use these mates for assembling power cables for the EVA System Engineering Tests (3.5.6). The Contractor should build this hardware to “engineering” drawings to mitigate risks during certification. Purpose is to allow identification of any design problems before committing to the qualification and production hardware. However, if the contractor pre-declares that the engineering test results will be used for the qualification and the configuration of the hardware is fully documented and verified by qualify inspection, then if the tests are successful and no significant changes to the configuration occur when moving to the production hardware, then the data could be used to reduce the scope of qualification program. 

	Purpose
	Battery Quantity
	Charger Quantity
	GSE Set Qty

	Contractor Engineering Testing
	2
	1
	1

	EMU Subsystem & Life Testing
	4
	2
	1


3.5.4
Engineering Unit Verification

The Contractor shall complete the acceptance tests defined in the end item specification on all battery and charger assemblies built for engineering testing to verify integrity of the assembly process before starting the “engineering” certification testing. These battery and charger tests shall not commence until the Contractor has delivered a Test Readiness Review (TRR) Package, conducted a TRR at his facility, and has received written NASA approval. 

The engineering verifications that shall be performed by test are, at minimum, the following tests;

Engineering Battery

· Acceptance Test on all 6 units (Mass, Dimensional, Capacity, Internal Resistance, Bonding, Insulation Resistance)

· Thermal Cycling with one unit (>qual level)

· Bench Shock with one unit

· Short Circuit with one unit (hard and smart)

· Overcharge with one unit (under worst case most credible charger failure conditions)

· AC impedance response over 1 Hz to 2MHz (no pass/fail)

Engineering Charger

· Acceptance Test on all units (Mass, Dimensional, Operation, Burn-in, Bonding, Insulation Resistance)

· Thermal Cycling with one unit (>qual level)

· Bench Shock with one unit

· Full Functional Performance of one unit at worst case IVA thermal and electrical input conditions with two LIBs

LIB EIS requires that the LIB be certified for long-term storage as low as –20(C. In addition, the Contractor shall determine for engineering information if the unpackaged LIB and LIB Charger can tolerate a 24 hour temperature exposure to –50(C and still meet all the requirements of LIB EIS and LIB Charger EIS, respectively. This exposure could occur during the Russian ground transportation of the battery and charger to the Russian launch site. If the battery fails this test due to a cell failure, the contractor shall determine if the cell can tolerate exposure to –40(C. If the cell design fails this test, the contractor shall determine if the cell can tolerate 24-hour exposure to –30(C. 

The purpose of the AC impedance test of the LIB is to compare it to the response of the Ag-Zn ICB, which will be obtained by its manufacturer. The EMU (while powered with the original Ag-Zn battery design) passed all ISS electromagnetic compatibility (EMC) requirements with robust margins. If the impedance of the LIB exceeds that of the ICB significantly over certain range of frequencies, the LIB may reduce the EMU’s EMC margins, and may require NASA to perform EMC tests with the EMU powered by the LIB to re-quantify those margins.

3.5.5
Sub-Option 1A – Specialized Engineering Testing
This is a sub-option to Option 1. In it, the Contractor shall perform the following verification by tests;

Engineering Battery

· Mechanical Shock on one unit (>qual level)

· Random Vibration on one unit (>qual level)

· Thermal Vacuum Capacity Performance on one unit (Worst case hot and cold capacity performance)

Engineering Charger

· Mechanical Shock on one unit (>qual level)

· Random Vibration on one unit (>qual level)

If exercised, this Option will start at the same time as the Option 1. This sub-option 1A shall require the Contractor to prepare a TRR package and conduct a TRR for the above tests. This sub-option shall be completed prior to the CDR. If not exercised, the above tests will be NASA’s responsibility to accomplish using hardware delivered for the EVA Systems Engineering Testing (3.5.6). Resulting test data will be provided to the Contractor prior to the CDR.

3.5.6
EVA Systems Engineering Testing

The engineering batteries and charger that NASA shall receive from the Contractor will be used to verify its compatibility with interfacing hardware (PLSS, Shuttle and ISS chargers and with Shuttle and ISS power simulators). The Contractor shall deliver these items (per Table in 3.5.3) to JSC within 6 months after exercise of Option 1. NASA will also perform worst case hot and cold thermal vacuum testing to independently confirm the Contractor test results. NASA will be responsible for performing the following system level testing; 

· Charger EMI

· Charger power quality

· Charger acoustic noise

· Manned EMU vacuum tests of the LIB

· LIB charging with the BCA/BSA

· LIB charging with the APLS

· Pre-Installation Acceptance Tests at USA

The units will also serve for crew training and orientation purposes. Performing the system level test is the responsibility of NASA or other Contractors and will not take longer than 2 months after delivery of the test articles.  Contractor shall also provide technical support for integration of these batteries into the subsystem test stand(s) and with operation of the engineering and GSE chargers. The GSE charger delivered by the Contractor shall become a standard by which the performance of the engineering flight charger will be compared.

It will be JSC’s responsibility to verify the maximum and lowest usage scenarios. After completion of the above tests, NASA-JSC will use the 4 LIBs for the purpose of verifying those scenarios and provide the results to the Contractor on a monthly basis. The applicability of the usage scenario life data will depend on the degree of similarity between the “engineering” and “qualification” LIBs. 
3.5.7
Critical Design Review

The Contractor shall conduct a critical design review for the battery and charger at his facility after completion of all engineering tests and EVA systems tests. The Contractor shall generate and deliver a CDR package (DRL item #24) to NASA-JSC prior to the review.  The CDR consists of a formal technical presentation and a CDR data package of the items contained in the deliverable list. The CDR is a formal technical review conducted after the design has reached the degree of completion needed to permit a comprehensive and detailed examination and data analysis.  The purpose of CDR is to approve the detailed design and to provide rationale for exercising options for certification and production of flight hardware. One requirement for the review is to have >90% of the final drawings, ICDs, schematics, parts lists, and assembly instructions complete.  The CDR shall enable final design decisions to be made.  Engineering units of the battery and charger shall be presented as available.  After completion of the CDR, Contractor shall deliver to NASA-JSC all the remaining engineering hardware and GSE.

3.6  OPTION 2 - CERTIFICATION PHASE

Certification consists of qualification testing in addition to other verification techniques (analysis, demonstration, similarity).  Flight qualification hardware has the identical configuration and manufacturing process to flight production hardware.  Depending upon success level of engineering verifications, qualification and production hardware may be manufactured in parallel.   Reporting and data deliverables for this testing are described in the deliverables list. If exercised, this option will start no earlier than after CDR and no later than 1 year after CDR, and this option shall be completed in no more than 9 months.

3.6.1  Hardware Assembly

At minimum, the Contractor shall manufacture and assemble 4 battery assemblies, 2 chargers, and 2 GSE chargers to support flight qualification testing as described in 3.6.4.  Each flight charger shall include a pair of extension cables to charge two LIBs while inside the spacesuit. Contractor may propose a different quantity, where appropriate, to reduce cost or schedule.

	Purpose
	Battery Quantity
	Charger Quantity
	GSE Charger Qty

	Contractor Qual Testing
	2
	1
	1

	EVA System Qual Testing
	2
	1
	1


3.6.2  Acceptance

The Contractor shall complete acceptance testing of all qualification hardware per approved test plan and procedures. The LIB acceptance tests shall at minimum include mass, dimensional, EEE parts burn-in, capacity, internal resistance, bonding, insulation resistance, thermal cycling, and random vibration. The LIB charger acceptance tests shall at minimum include mass, dimensional, burn-in, bonding, insulation resistance, charge/discharge and interface functionality check, thermal cycling, and random vibration. Thereafter, the Contractor shall deliver to NASA-JSC, the quantities of hardware required for EVA System Qualification Testing.

3.6.3  Contractor Qualification Testing

The Contractor shall at minimum perform the following verifications by tests with qualification hardware.  Associated test plans, procedures, and reports will be required to support this list of tests.  Note, the scope of this testing may be reduced depending upon success level of the engineering tests and resulting low level of configuration changes. The Contractor shall host a Qualification Test Readiness Review (QTRR) prior to starting qualification tests.  This will include review of all test plans, test procedures, test requirements, certification requirements, test facilities, and certification requirements. NASA approval of the certification test plan and procedure is required prior to starting certification testing.

Battery

· Acceptance Tests (3.6.2)

· AC impedance response over 1 Hz to 2MHz (no pass/fail)

· Thermal Cycling 

· Bench Shock

· Mechanical Shock

· Random Vibration

· Thermal Vacuum – worst hot and cold mission

Charger

· Acceptance Tests

· Thermal Cycling (>qual level)

· Bench Shock 

· Mechanical Shock

· Random Vibration (>qual level)

· Charging performance at worst case hot and cold cabin conditions

The Contractor shall provide certification requirements document and verification analysis report using test data, analysis, and other techniques to evaluate compliance with requirements for the battery and charger. 

3.6.4
Option 2A – Specialized Qualification Testing
This a sub-option to Option2. In it, the Contractor shall perform the following qualification verification by tests;

Battery

· Mechanical Shock on one unit

· Random Vibration on one unit

· Thermal Vacuum Capacity Performance on one unit (Worst case hot and cold capacity performance)

Charger

· Mechanical Shock on one unit

· Random Vibration on one unit

If exercised, this Option will start at the same time as the Option 2. This sub-option 2A shall require the Contractor to prepare a TRR package and conduct a TRR for the above tests.  This sub-option shall be completed prior to the DCR. If not exercised, the above tests will be NASA’s responsibility to accomplish using hardware delivered for the EVA Systems Qualification Testing (3.6.5). Resulting test data will be provided to the Contractor prior to the CDR. 

3.6.5
EVA System Qualification Testing

The qualification batteries and charger that NASA shall receive from the Contractor will be used to formally verify its compatibility with interfacing hardware (PLSS, Shuttle and ISS chargers and with Shuttle and ISS power simulators). NASA will be responsible for performing the following system level testing;

· Pre-Installation Acceptance Testing at USA

· Charger EMI

· Charger power quality

· Charger acoustic noise

· Manned EMU vacuum tests of the LIB

· LIB charging with the BCA/BSA

· LIB charging with the APLS

The GSE chargers will be used to support these tests as a standard for measuring the performance of the flight chargers.   Performing the system level test is the responsibility of NASA or other Contractors.  The Contractor shall provide technical support and participate in selected TRRs conducted at customer facilities for subsystem level qualification testing. Contractor shall provide technical support for integration of these batteries into the subsystem test stand(s) and operation with the flight and GSE chargers. NASA will provide the Contractor with all test reports of the tests performed by NASA. 

3.6.7 Design Certification Review

Once the Contractor and NASA qualification tests reports have been completed, the Contractor shall conduct a Design Certification Review at his facility. The Contractor shall generate and deliver a DCR package (DRL item #25) to NASA-JSC prior to the review. The main objective of the review will to achieve closure of each element of the verification matrix for all EIS requirements (except for the lowest and maximum usage life scenarios which are NASA’s responsibility to verify). To that end, the Contractor shall provide all necessary reports, briefings, and supporting rationale to show how certification requirements are satisfied for the battery and charger. After completion of the review, Contractor shall deliver to NASA-JSC all the remaining qualification hardware and GSE.

3.6 OPTION 3 - FLIGHT PRODUCTION PHASE

In this phase, the Contractor shall fabricate the flight hardware and performed all pre-delivery acceptance tests in no more than 7 months.

3.7.1 Hardware Supply, Spares Planning and Provisioning

Other than the lithium-ion cells, the Contractor shall determine the quantity of spare LIB and LIB Charger components, which must be provided to sustain long-term (20 year) support of LIB operations.  Spares requirements shall be based, in part, upon the following elements

· Number of unique components (EEE parts, etc) in each hardware item with a high obsolescence risk

· Quantity of each type of component within each hardware item

· Projected mean time between failure / removal for all components

· Cycle / power on time assessments for each hardware item

· Time period of support

· Periodic maintenance requirements
· Life limited items
3.7.2  Hardware Assembly

The Contractor shall generate and deliver a Manufacturing Readiness Review package (DRL item #26) to NASA-JSC prior to hosting this review. After a successful MRR, the Contractor shall manufacture and assemble flight hardware as per the table below to support flight implementation. The review will include all aspects of the manufacturing processes and facilities for production/qualification. Each flight charger shall include a set of extension cables to charge two LIBs while inside the spacesuit. 

	Purpose
	Battery Quantity
	Charger Qty

	Flight Use
	20
	8


The Contractor shall also procure and deliver to NASA-JSC 8 sets of mating connectors and backshells to the LIB Charger power connectors within 3 months after exercise of this option. NASA will use these mates for assembling flight power cables for the chargers.

3.7.3  Acceptance Testing

The Contractor shall complete the acceptance tests defined in the end item specification and acceptance test procedure on all chargers and battery assemblies to verify integrity of the assembly process before delivery to the customer. An acceptance data package shall be delivered with each piece of hardware delivered. Prior to the delivery of the first production units, the Contractor shall host a Pre-delivery Acceptance Review (PAR) (DRL #27) to verify that the hardware and its ADP conform to the EIS requirements. The Contractor shall deliver copies one representative ADP package for a battery and a charger (DRL item #45) to NASA-JSC prior to the review.
3.7.2 Delivery to JSC

After a successful PAR, the Contractor shall deliver the flight hardware in quantities specified in section 3.7.1 with an acceptance data package for each item. If a dissimilarity issue between the “engineering” and “flight” LIB configuration prevents a valid verification of the usage life scenarios with the “engineering” hardware, NASA will utilize 4 of the flight LIBs for those verification tests. The Contractor shall also deliver the spare components from 3.7.1 to NASA-JSC for archiving at the expiration of this option.
3.8
OPTION 4 - OPERATIONS PATHFINDER

The purpose of this option to provide consultation for the flight performance analysis of the battery and charger after its first spaceflight use and to refurbish 4 qualification LIBs to return them to class I flight status. If exercised, this option will start no earlier than after the DCR and no later than 1 year after DCR. This option shall be completed in less than 6 months.

3.8.1 EVA Flight Performance Analysis

The Contractor shall provide review of the flight data on the performance of the LIB and LIB charger provided by NASA and determine if the capacity performance was nominal considering the EVA conditions and the history of the LIB relative to the battery database established by the Contractor and the cell database established by NASA.

3.8.2 Battery Refurbishment and/or Disposal

The Contractor shall update the MRR package and host a (-MRR prior to refurbishing the provided LIBs. This review shall include all aspects of the manufacturing and test processes to be used for LIB refurbishment. The package shall contain updated qualification plan and procedures for the refurbishment. No later than 2 months after exercise of this option, the Contractor will receive all 4 qualification LIBs from NASA. The Contractor shall dispose of the cells from the returned LIBs and refurbish them with new cells.

3.8.3 Acceptance of Refurbished Batteries

After assembly is complete, the Contractor shall acceptance test the refurbished LIBs per the flight battery acceptance procedure used in Option 3. The Contractor shall update the DCR package with an updated Qualification Report as a result of completing verification of LIB refurbishment.

3.8.4 Delivery of Refurbished Batteries

After acceptance is complete, the Contractor shall deliver the refurbished LIBs to NASA-JSC.

3.9 Sub-Option BP – Additional Cells

The purpose of this sub-option to the Basic Program (BP) is to supplement the order/fabrication of cells provided in the basic program to be put into long term storage to mitigate risks of future cell obsolescence. The extra quantity of cells involved shall be enough to refurbish 24 LIBs.  In this sub-option, the Contractor shall complete cell acceptance of all additional cells, deliver the accepted and rejected cells in separately marked packages, and include the additional cells in the cell acceptance report (DRD# 17) from the basic program. If exercised, this option will start at contract award and shall extend the length of the basic program by no more than 2 months.

3.10 CONTRACT CLOSURE

Prior to the contract completion, the Contractor shall provide NASA with all spare parts procured for this contract that present an obsolescence risk to maintaining the LIB and LIB charger operational over 20 twenty years.
3.11 GOVERNMENT SOURCE INSPECTION
All work on this Purchase Contract is subject to inspection and test by the Government at any time and any place. Government inspection is required on this order prior to shipment from Contractor’s facility. Government inspections performed will be determined by the delegated Government inspection representative and may be conducted during processing, fabrication, or final inspection. Upon receipt of this Purchase Contract, promptly notify the Government representative who normally services your plant so that appropriate Government inspection planning can be accomplished. If your facility is not serviced by Government inspection and/or the area Government inspection representative or agency cannot be located, immediately notify Customer. NOTE: Do not proceed with fabrication/manufacture processing until Government mandatory inspection points (GMIPs) are added to Contractor's manufacturing planning. GMIPs shall not be by-passed unless authorized in writing by the Government inspection representative. The Contractor shall request and include the documents specified in the Government delegation, in the shipment.   The Government’s request for source inspection shall specify the period and method for the advance notification and the Government representative to whom it shall be furnished. Request shall not require more then 2 workdays of advance notification of the Government representative is in residence in the Contractors plant, nor more then 7 workdays in other instances.   The Contractor, without additional charge to the procurement document, shall provide all reasonably required facilities and assistance (applicable drawings, specifications, change orders, inspection and/or test equipment) for the US Government representative to perform their duties.   The Contractor shall ensure that Government inspection acceptance is evident for every individual GMIP and that completion of Government inspection is evident on Contractor's shipping document/packing list. Evidence may be the signature of Government inspection representative with printed name and office, or application of the representative's stamp. The Government shall accept or reject supplies as promptly as practical after delivery, unless otherwise provided in the contract. Government failure to inspect and accept or reject the supplies shall not relieve the Contractor from responsibility, nor impose liability on the Government, for nonconforming supplies.   When manufacturing processing affected by GMIPs is subcontracted by Contractor, the provisions of this Clause shall be included in the Contractor's Purchase Order verbatim.”

4.0  ACRONYM LIST

ATP
Authorization to Proceed

ATP
Acceptance Test Procedure

CDR
Critical Design Review

CIL
Critical Items List

CM
Configuration Management

CR
Certification Requirements

DoD
Depth-of-Discharge

EMU
Extravehicular Mobility Unit

EVA
Extravehicular Activity

EIS
End Item Specification

FMEA
Failure Modes and Effects Analysis

GSE
Ground Support Equipment

JSC
Johnson Space Center

KSC
Kennedy Space Center

NASA
National Aeronatics and Space Administration

PDR
Preliminary Design Review

PLSS
Primary Life Support System

PRACA
Problem Reporting and Corrective Action

PQR
Process Qualification Record

MRR
Manufacturing Readiness Review

PTRS
Project Technical Requirements Specification

RITF
Receiving, Inspection & Test Facility

SoC
State of Charge

SOW
Statement of Work

SRQ&MA
Safety, Reliabilty, Quality, and Mission Assurance

TRR
Test Readiness Review

USA
United Space Alliance

WBS
Work Breakdown Structure
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