

RevA

1/30/2007

18650 Cell Module for the EMU LIB

SOW for RFI

1.0 Scope – The purpose of this effort is to design, assemble, certify, and deliver lithium ion cell modules that are replaceable components of the Lithium Ion Battery (LIB) for the EMU (Extravehicular Mobility Unit). The tasks are divided into an engineering phase followed by a certification/production phase. The Engineering Phase is further broken down into the Basic Contract and Option 1; Preliminary Design and Detailed Design.  The Basic Contract consists of cell procurement and acceptance, and cell module preliminary design. Option 1 consists of cell lot certification, engineering cell module assembly and verification, and cell module detailed design. The Certification/Production Phase is entirely Option 2. It consists of cell module fabrication, acceptance, qualification, and delivery, along with LIB refurbishment, acceptance, and qualification. Options 3A and 3B: LIB Life & Charger Justification – This option performs the life tests necessary to verify the service life the LIB design and to determine if a dedicated charger is necessary for the LIB to meet its service life requirements.

2.0 Background - The LIB (P/N EV032656-1) is a 20V, 37Ah lithium ion polymer battery (see Interface Definition Document, EV307705). Since the lithium ion polymer cell modules from the original manufacturer, Electrovaya, did not meet its required 5-year service life, NASA is seeking to redesign the LIB with a new cell module design that will enable the LIB to meet or exceed all its requirements as specified in JSC-29928E. Note that the original design met all the requirements of JSC-29928E except for the service life requirement. The cell module design that is sought herein will be a replacement for the current one whose envelope and interface designs details are specified in Interface Definition Document (JSC 63549). The LIB is designed to be charged by the LIB Charger, which charges each LIB cell module to no more than 4.1V and performs charge balancing if necessary. Therefore, 100% SoC is defined at the capacity to 4.1V/cell module and 4.2V is defined as 110% SoC.

3.0 Applicable Documents - The work performed and products delivered shall conform to the requirements defined in this SOW and in the End Item Specifications (EIS) listed below;

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

JSC-63549
Interface Definition Document Lithium-ion Battery (LIB) Assembly and its Cell Module Assembly

JSC-20793B
Crewed Space Vehicle Battery Safety Requirements

PRC-0005E
Manual Arc Welding of Carbon Steel and Nickel Alloy Hardware
PRC-0009D
Process Specification for the Resistance Spot Welding of Battery and Electronic Assemblies

EA-WI-027
Configuration Management Requirements

SSP 30233F
Space Station Requirements for Materials and Processes

SN-C-0005D
Contamination Control Requirements

SSP 30426D
Space Station External Contamination Control Requirements

SSP 30695A
Space Station Acceptance Data Package Requirements Specification

4.0 Data Deliverables

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/Production Phase 

Op 3 – Charger Justification Phase

Op 4A & 4B – Life Testing Phase

W – Weekly,  M- Monthly,

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

	#
	Title
	Prop
	Basic

PDR
	Op 1

CDR
	Op 2

MRR

	1
	Cell Module Design Drawings
	
	P
	F
	U

	2
	Material Identification and Usage List
	
	P
	F
	U

	3
	Contamination Control Plan
	
	
	F
	

	4
	Deleted
	
	
	
	

	5
	Deleted
	
	
	
	

	6
	Cell Acceptance and Lot Certification Procedure
	
	F
	U
	

	7
	Cell Acceptance Report
	
	
	F
	

	8
	Cell Lot Certification Report
	
	
	F
	F

	9
	Deleted
	
	
	
	

	10
	Deleted
	
	
	
	

	11
	Configuration Management Plan
	P
	F
	
	

	12
	Quality Plan
	F
	
	
	

	13
	PDR Package
	
	F
	
	

	14
	TRR Package
	
	
	AR
	AR

	15
	CDR Package
	
	
	F
	

	16
	Manufacturing Control Document (MCD)
	
	
	
	F

	17
	Engineering Test Plan & Procedure
	
	
	AR
	

	18
	Engineering Test Report
	
	
	F
	

	19
	Qualification Test Procedure
	
	
	
	F

	20
	Qualification Test Report
	
	
	
	F

	21
	Acceptance Test Procedure
	
	
	
	F

	22
	Acceptance Data Package
	
	
	
	F

	23
	Waivers and Deviations
	
	
	
	AR

	24
	Deleted
	
	
	
	

	25
	Problem Closeout and Explanation Report
	
	
	
	AR

	26
	Deleted
	
	
	
	

	27
	Project Status Report and Schedule Update
	
	W
	W
	W

	28
	Project Plan and Schedule
	F
	
	
	

	29
	Deleted
	
	
	
	

	30
	Weld Process Specification
	
	
	AR
	AR


5.0 Schedule Requirements

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

	Contract Phase
	Milestone
	NLT Duration from

ATP of the Phase

	Basic Contract
	PDR
	2 months

	
	Cell Acceptance Reports
	4 months

	
	
	

	Option 1 – Detailed Design
	Receipt of 6 empty Engineering LIBs
	2 weeks

	
	Delivery of 2 Engineering LIBs with engineering 18650 cell modules
	5 months

	
	CDR
	6 months

	
	Cell Lot Certification Reports
	9 months

	
	
	

	Option 2 – Cert/Prod
	MRR
	3 weeks

	
	Receipt of 23 empty LIBs to Contractor
	4 weeks

	
	Assembly of 3 qualification LIBs 
	2 months

	
	Assembly of 20 flight LIBs
	5 months

	
	Acceptance of 3 qualification LIBs
	4 months

	
	Delivery of 1 qualification LIB
	4 months

	
	Acceptance and delivery of 20 flight LIBs
	7 months

	
	Delivery of remaining 2 qualification LIBs and return of all GFE Hardware.
	8 months


6.0 Engineering Phase – Basic Contract (Period of Performance 4 months)

6.1 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 that an efficient preliminary design effort be conducted by the Contractor and to specify the conceptual cell module 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. This meeting will also focus on a getting a clear definition of the interfaces between the LIB and the cell module.

6.2 Cell Procurement – Buy 1 lot of two different manufacturers of 18650 cell designs in sufficient quantities to complete all the tasks specified in this RFI with either cell design.

6.3 Cell Acceptance

6.3.1 Receiving inspection – Serialize, visual, mass ((5 mg), dimensions, OCV ((1 mV), CCV ((1 mV) to calculate DC resistance, and AC impedance ((10 mohm). Reject any cells outside 3 sigma range.

6.3.2 Leak Testing – A helium leak test shall be performed to reject leaky cells from each lot. A NASA developed test method is documented JSC-62875 and can be a useful guide. The objective of the NASA test method was to screen 200 cells in batches of 20, spending 1 min per cell in the mass spectrometer. The contractor is expected to increase the throughput of the test accordingly for the ~3000 cells per design that must be screened herein. If a failure occurs (defined in He cc/sec), reject the failing batch or subdivide the batch and retest. 

6.3.3 Capacity Cycles – At 20 ( 2(C, Charge at C/2 to 4.2V to C/25 mA taper. Reject any cell outside the average charge input ( 3 sigma. Discharge at C/2 to 3.0V (with one 1 sec pulse near 50% SoC for calculating internal resistance). Calculate capacity to 3.0V and internal resistance. Deep discharge at constant voltage 3.0V with a 2C max current limit to a taper current of 25 mA. Allow cell to stand on open circuit for 1 week at 25 ( 2(C. Measure OCV at day 1, 5, and 7. Reject any cells with declining OCVs between days 5 and 7. Repeat charge/discharge regime (without deep discharge) to complete second cycle. Reject any cells outside ( 3 sigma range for charge, discharge capacity and internal resistance. 

6.4 Cell Module Preliminary Design Review (PDR) - The Contractor shall establish a preliminary design of the cell module, with either cell design, that meets the cell module IDD requirements (JSC 63549), and when assembled into an LIB will allow it to meet the End-Item-Specification for the LIB. The Contractor shall present pros and cons of trades of preliminary designs for the cell module to meet requirements defined in the IDD and EIS. At minimum, these include cell number in parallel, physical layout of components within the cell module envelope, selection of materials of construction, and any selection of additional short circuit protection. If any EEE parts are included in the design, the contractor shall provide a plan for approval of those parts per 3.3.1.2 of JSC 29928. The Contractor shall generate a PDR package and conduct a PDR at NASA-JSC. The PDR shall occur within 2 months after contract start date. 

7.0 Engineering Phase – Option 1: Detailed Design - This option will be exercised no earlier than after PDR, no later than 6 months after PDR, and be all completed in less than 4 months (except for the self-discharge test (7.1.3) which will require 9 months).
7.1 Cell Lot Certification (performed on both cell design lots)

7.1.1 Capacity discharge vs temperature (10, 20, 32 ( 2(C) with 10 randomly picked cells from each lot. Charge at 0.31A to 4.1V. Rest 10 minutes. Discharge at 0.24A to 3.2V at the specified temperature (with one 2.4A, 1 sec pulse near 50% SoC). Repeat  twice more for three cycles at each temperature. Use the same 10 cells each temperature condition.

7.1.2 Environmental Exposure – While at TBD% SoC, the same random sample of cells used in 7.1.1 shall be exposed to 15 depress/repress pressure cycles, 24 thermal cycles, and 1 spectrum of random vibration & shock.  

7.1.2.1 Depress/Repress Cycling - Begin with cells at 30%SoC or 0.625 ( 0.075 Ah charge input. Place all cells in vacuum chamber. Depress chamber within 7.5 minutes to < 7 torr. Hold 15 minutes. Repress chamber within 15 minutes to > 14 psia. Hold for 15 minutes. Repeat until 15 depress/repress cycles have been completed. Keep chamber temperature in 10 to 35 ºC temperature range throughout the test. For post-test check-out, perform visual inspection, record mass to ± 1mg, and measure OCVs and CCV (1C, 5s pulse) of each cell.

7.1.2.2 Thermal Cycling – Expose cells to the following regime: Starting at ambient temperature, ramp down to -25 ± 3 ºC, when chamber controlling temperature sensor placed on a cell gets within range, dwell 3 ( 0.1 hours, then ramp up to 54 ± 3 ºC, when same sensor gets within range, dwell 3 ( 0.1 hours, then repeat for a total of 24 hot and 24 cold dwells. Maintain ramp rates within 1.5 ± 1.0 ºC/min. For post-test check-out, perform visual inspection, record mass to ± 1mg, and measure OCVs and CCV (1C, 5s pulse) of each cell.

7.1.2.3 Random Vibration – Expose cells to the following qualification acceptance vibration spectrum;

Frequency Range Amplitude

20 to 80 Hz 


Increase + 3 db/oct

80 to 350 Hz 


Constant 0.113 g2/Hz

350 to 2,000 Hz 

Decrease - 3 db/oct

Duration: 5 minutes per axis

The tolerances follow Space Shuttle Specification Environmental Acceptance Testing Document (SP-T-0023RevC section 5.2.3.1 and section 5.2.3.2).

7.1.2.4 Shock – Expose cells to the following shock regime:

The shock levels used were MIL-STD-810E, Method 516.4, Procedure 1, modified below and applied in each direction of each axis.

a) 20.0 ± 2.0g shock

b) 11 ± 1 millisecond saw-tooth pulse,

The tolerances follow Space Shuttle Specification Environmental Acceptance Testing Document (SP-T-0023RevC section 5.2.3.1 and section 5.2.3.2).

7.1.2.5 Post Test Check-out - perform helium leak check (as in 6.3.2), record mass to ± 1 mg, perform visual inspection, and measure OCVs and CCV (1C, 5s pulse) of each cell. Repeat the capacity discharge vs temperature of 7.1.1 for each cell, except only perform two cycles. Compare pre and post test capacity performance.

7.1.3 Self-Discharge vs SOC, Temperature – Perform a full factorial experiment at 5, 20, 32 ( 2(C and while at 0%, 30%, 100% (4.1V), and 110% SoC (4.2V), over a 270 day stand period to determine the self-discharge and irreversible capacity loss of each cell design as function of state of charge and temperature. Use 6 cells for each cell design at each test condition (72 cells total). At 25 ( 2(C, charge cells at 0.31A to 4.2V to a taper current of 60 mA, rest 10 minutes, and discharge at 0.24A each cell to its test state-of-charge. Store cells in a bag with desiccant during the 270 day stand. Measure OCV at days 0, 7, 14, 28, 56, 90, 130 and 270 (3 days. On days 90, 180, and 270, remove 2 cells from each test condition and capacity cycle each cell. Charge at 0.31A to 4.1V at 20 ( 2(C. Rest 10 minutes. Discharge at 0.24A to 3.2V at the 25( 2(C (with one 2.4A, 1 sec pulse near 50% SoC).

7.1.4 Vent-Burst Pressure – Determine the pressure range at which the cell vent activates. While disabling the vent, determine the pressure range at which the crimp seal of cell can design will fail. Perform these tests with 5 cells per condition (10 cells total per cell design).

7.1.5 DPA – Disassemble 5 cells from each design to inspect and photograph its construction features and internal components such as the header assembly with CID, PTC, crimp seal, and the jelly roll assembly. Unroll the jellyroll, to measure the dimensions of the electrodes and separator(s). Capture a sample of the liquid electrolyte and complete an analysis of its composition. Determine its constituents and their relative quantities on any component present in quantities > 1%wt or 1% vol. Drain the electrolyte from 2 cells and fill them with epoxy. Cross cut one in the radial direction and cross cut the other axially for in-situ dimensional analyses.

7.1.6 Archived Cells – Set aside 10 cells per lot for archiving. 

7.1.7 Abuse Tolerance

7.1.7.1 Overcharge – At C/20, charge 9 cells to 4.4V per cell until 48 hours are spent with the cell voltage at 4.4V. Rest for 24 hours, then charge the same 9 cells (split up in 3 groups of 3 cells) up to 22.0V or 48 hours with a current limited at 0.10A, 0.6A and 2.4A. Starting temperature shall be 25 ( 2(C for each test.

7.1.7.2 Overdischarge – Evaluate the ability of the cell design to tolerate various overdischarge and reversal conditions.  Starting temperature shall be 25 ( 2(C for each test. Starting with 100% SoC cells, discharge 9 cells split into 3 groups of 3 cells at C/10, C/2, 2C rate to zero volts. Rest 24 hours. Continue discharge past 0.0V and into reversal until 150% of rate capacity has been extracted from the cell at a voltage below zero voltage.

7.1.7.3 External short circuit – Evaluate the trip characteristics of the cell’s positive thermal coefficient (PTC) current limiter. At a starting temperature of 25 ( 2(C for each test, charge up 9 cells to 4.2V with a < 60 mA taper limit each. Short 3 cells at each of the following conditions < 50 mohms, ~100 mohms, and ~200 mohms. Standardize the cell heat sink solution for this test.

7.1.7.4 Internal short circuit – Charge cells to 4.2V. Perform crush test at the center of the length of the cell (away from its terminals). The crush can be performed with a ¼” or 1/8” non metallic rod placed crossways to the cell axis, to cause deformation to the point where cell voltage reaches zero volts, but without penetrating or breaching the cell can. Monitor OCV of cells. Use 5 cells for this test.

7.1.7.5 Over-temperature and Heat-to-vent – Take 5 fully charged (4.2V) cells and place them in a thermal chamber that allows ramping up the temperature to 60 ( 2(C within one hour. Plateau at that temperature for 24 hours. Return cells to room temperature, weigh the cells, and compare pre and post test mass. Return cells to thermal chamber. Monitor cell voltage and within 3 hours, ramp the temperature to 200 ( 2(C or until cell venting occurs.  Discharging the cell at a low rate is allowed if it helps in detecting the occurrence of the vent activation.

7.2 Engineering Cell Module Fabrication

7.2.1 Special Processes – The Contractor shall establish the weld process specifications for all resistive spot welds per PRC-0009D in the 2 cell module designs (one for each cell design). If arc welds are utilized, the contractor shall control them per PRC-0005E.

7.2.2 Assembly - The Contractor shall fabricate sufficient quantities of cell modules, using both cell designs, to populate the engineering verification tests and enable the specified deliverables herein. The Electrovaya cell module was designed with polyurethane structural foam to secure its pouch cells. The Electrovaya assembly was done with a precisely machined mold assembly, which were used to fill up gaps necessary to achieve precisely controlled external dimensions. NASA will provide 3 such mold assemblies that can be used by the Contractor to precisely control the volume and dimensions of the end product cell module. NASA will also provide empty LIB assemblies and its CAD models to the Contractor for fit checking and dimensional analysis.

7.3 Engineering Cell Module Verification

7.3.1 Acceptance – This shall consist of visual inspection, mass, OCV, CCV, AC Impedance, 10 depress/repress cycles similar to 7.1.2.1, 10 thermal cycles similar to 7.1.2.2, and 5 capacity cycles. The capacity cycling consists of a 5A charge to 4.1V to a 1A taper, 10-minute rest, and 9.0A, 5-second discharge followed with a 3.8A discharge to 3.2V, all at 20 ( 2(C. Then, each cell module shall be deep discharged at a constant 3.0V to a taper current of 125 mA and allowed to rest for 7 days at 25 ( 2(C. Cell modules whose OCVs on day 7 are lower than on day 5 will be rejected because of suspected soft shorts.

7.3.2 Refurbished Engineering LIBs – The Contractor shall assemble 8 engineering LIBs using 6 empty LIB housings from NASA-JSC and cell module fabricated in 7.2.2. Some LIB housings will be repopulated with new cell module for multiple tests.

7.3.3 Engineering LIB Acceptance – Acceptance shall consist of OCV, CCV, Insulation Resistance, Mass, and Visual Inspection.

7.3.4 Mission Simulation Cycles – The Contractor shall perform 100 mission simulation cycles simultaneously with 1 engineering LIB for each cell design. These cycles combine thermal, vacuum, and electrochemical cycling to reproduce EVA conditions. The 100 cycles will be split evenly between hot and cold mission cycles in an alternating sequence. Duration of each cycle is estimated at < 30 hours of test time, including time to equilibrate to the required test temperature.

7.3.4.1 Charge – Equilibrate LIB to 25 ± 2ºC by placing LIB upside down (lid down) or on its J1 face on thermal heat exchanger for 1 hour based on reading from the LIB thermistor. While at ambient pressure, charge the LIB at 20.5V with a 5A limit to a 1A taper without cell module balancing. Balancing cell modules is allowed after obtaining NASA concurrence.

7.3.4.2 Depress - After charge is complete, depress the chamber to <1 torr in < 15 minutes.

7.3.4.3 Discharge – Discharge the LIB at 9A for first 5s, then 3.8A constant current to 16.0V or until first cell module reaches 3.0V. In 0.5 ± 0.5ºC increments over the first 7 hours of the hot cycle discharge, gradually ramp up the LIB temperature to 39 ± 2ºC, then, keep it in that range for the remainder of the discharge.  Maintain the LIB temperature at 14 ± 4ºC during the cold cycle discharge.

7.3.4.4 Repress – After the discharge is complete, repress the chamber to > 14 psia in < 15 minutes.

7.3.5 Environment Verification – The Contractor shall perform the following tests with 2 LIBs: one of each cell design) 

7.3.5.1 Discharge Capacity vs Temperature (10, 20, 32 ( 2(C) - Charge at 5A to 20.5V at 20 ( 2(C. Rest 10 minutes. Discharge at 3.8A to 16.0V at the specified temperature (with two 9A, 5 sec pulses at 100% and near 50% SoC).

7.3.5.2 Depress/Repress - Begin with LIBs at 30%SoC by servicing a 0.625 ( 0.075 Ah charge input into them. Place LIBs in vacuum chamber. Depress chamber within 7.5 minutes to < 7 torr. Hold 15 minutes. Repress chamber within 15 minutes to > 14 psia. Hold for 15 minutes. Repeat until 15 depress/repress cycles have been completed. Keep chamber temperature in 10 to 35 ºC temperature range throughout the test. For post-test check-out, perform visual inspection, record mass to ± 1g, and measure OCVs and CCV (9A, 5s pulse) to ± 5 mV for each LIB.

7.3.5.3 Thermal Cycling - Expose LIBs to the following regime: Starting at ambient temperature, ramp down to -25 ± 3 ºC, when chamber controlling temperature sensor placed on a LIB skin gets within range, dwell 4 ( 0.1 hours, then ramp up to 54 ± 3 ºC, when same sensor gets within range, dwell 4 ( 0.1 hours, then repeat for a total of 24 hot and 24 cold dwells. Maintain ramp rates within 1.5 ± 1.0 ºC/min. For post-test check-out, perform visual inspection, record mass to ± 1g, and measure OCVs and CCV (9A, 5s pulse) of each LIB. One and only one of the 24 cycles, shall have the cold extreme be at –50 ( 3(C.

7.3.5.4 Random Acceptance Vibration - Expose LIBs to the following acceptance vibration spectrum;

Frequency Range Amplitude

20 to 80 Hz 


Increase + 3 db/oct

80 to 350 Hz 


Constant 0.067 g2/Hz

350 to 2,000 Hz 

Decrease - 3 db/oct

Duration: 1 minutes per axis

Fixture: Clamp down

Tolerances per SP-T-0023C sections 5.2.3.1 and 5.2.3.2

Measure OCV, CCV, Insulation Resistance, Mass and perform visual inspection post test.

7.3.5.5 Random Qualification Acceptance Vibration - Expose LIBs to the following qualification acceptance vibration spectrum;

Frequency Range Amplitude

20 to 80 Hz 


Increase + 3 db/oct

80 to 1000 Hz 

Constant 0.113 g2/Hz

1000 to 2,000 Hz 

Decrease - 3 db/oct

Duration: 5 minutes per axis

Fixture: Clamp down

Tolerances per SP-T-0023C sections 5.2.3.1 and 5.2.3.2

Measure OCV, CCV, Insulation Resistance, Mass and perform visual inspection post test.

7.3.5.6 Qualification Vibration & Shock - Expose LIBs to the following qualification vibration spectrum;

Frequency Range Amplitude

20 to 150 Hz
Increase + 6 db/oct

150 to 1000 Hz
Constant 0.03 g2/Hz

1,000 to 2,000 Hz
Decrease - 6 db/oct.

Duration: 25 + 10%/-0% minutes/axis (50 Launches) while under a discharge current and recording battery voltage.

Fixture: LIB Vibration Fixture which NASA will provide.

Tolerances per SP-T-0023C sections 5.2.3.1 and 5.2.3.2

Design Shock – One LIB per cell design shall be subjected to a shock test per MIL-STD-810E, Method 516.4, Procedure 1, modified below and applied in each direction of each axis.

a) 20.0 ± 2.0g shock

b) 11 ± 1 millisecond saw-tooth pulse

Fixture: Clamp down

Tolerances per SP-T-0023C

7.3.5.7 Bench Shock - The 2 LIBs, unpackaged and non‑operating, shall be bench shocked per MIL-STD-810E, Method 516.4, Procedure VI.  Measure OCV, CCV, Insulation Resistance, Mass and perform visual inspection post test.

7.3.5.8 Discharge Capacity vs Temperature – Repeat 7.3.5.1

7.3.5.9 Post Test Verification - OCV, CCV, Insulation Resistance, Mass, and Visual Inspection.

7.3.6 Abuse Tolerance Verification

7.3.6.1 Overcharge w/ ALPS for 48 hrs (1 LIBs)

7.3.6.2 Overcharge w/ ALPS with 4 CMs at 0% SoC and 1 CM at 100% SoC (same 1 LIB as in 7.3.6.1)

7.3.6.3 Cell Module Overdischarge/Reversal – At 25 ( 2(C, a single cell module shall be overdischarged at 3.8A to zero volts. Rest 24 hours. Continue forced discharge at 3.8A past 0.0V and into reversal until 150% of rate capacity has been extracted from the cell module at a negative voltage. (1 cell module per cell design)

7.3.6.4 Cell Module External Short (<10 mohm, 100 mohm) in an LIB with used cell modules. (Need 2 cell modules per cell design)

7.3.6.5 Cell Module Internal Short (worst case hazard test) in a LIB (Need 5 cell modules from each cell design). 

7.4 Cell Module Detailed Design - The Contractor shall produce final designs for the cell module to the requirements defined in the IDD and EIS and document them with solid models, engineering drawings, schematics, part lists, and assembly instructions.  This will include development and delivery of the items shown in the CDR package. At this point forward, the Contractor shall present rationale for down selecting one cell design to proceed with for NASA approval.
8.0 Certification/Production Phase: Option 2 - This option will be exercised no earlier than after CDR, no later than 7 months after CDR, and be completed in less than 6 months after authorization. All tasks within this option shall be completed with the down selected cell design only.
8.1 Configuration Management

The Contractor shall utilize 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 #11) in accordance with the Contractor’s Quality Plan (DRL item #12) 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.

Prior to MRR, 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.

8.2 Manufacturing Readiness Review

The Contractor shall conduct a Manufacturing Readiness Review within 3 weeks of start of the Option. The Contractor shall provide a Manufacturing Control Document (DRD #16), which shall contain all cell module drawings, assembly procedures, along with drawings of all unique and necessary jigs and fixtures. NASA will provide LIB refurbishment procedures. 

8.3 Cell Module Fabrication

The Contractor shall fabricate sufficient quantities of flight cell modules to populate the qualification and flight LIB required and the tests required herein.

8.4 Cell Module Acceptance

Same set of tests are required as in 7.3.1, but with quality assurance oversight.

8.5 Cell Module Qualification

Repeat entire set of abuse tests in 7.3.6.3 and 7.3.6.4, but with quality assurance oversight.

8.6 LIB Refurbishment

The Contractor shall refurbish 22 LIBs with his 18650 cell modules per procedures provided by NASA.

8.7 LIB Acceptance

With quality assurance oversight, repeat all the tests specified in 7.3.3, add a bonding verification test, and perform 5 mission simulation cycles as specified in 7.3.4. Subsequently, perform 1 autocycle on each LIB with two GSE LIB Chargers provided by NASA. Deliver each LIB not used in qualification tests to NASA in the NASA provided shipping container.

8.8 LIB Qualification - With 3 LIBs designated as qualification units, perform the following tests with quality assurance oversight;

8.8.1 Environmental Verification – 1 unit undergoes the tests sequence as specified in 7.3.5

8.8.2 Abuse Tolerance Verification – 1 unit undergoes overcharge per 7.3.6.1 and 7.3.6.2.

8.8.3 Delivery to JSC – 1 unit delivered early for JSC qualification tests.

9.0 RFI Deliverables

NASA is seeking Rough Order of Magnitude Cost Estimates for the tasks specified herein broken down according to the following table. Even though NASA is seeking estimates for all tasks, respondents should not feel obligated to provide estimates for tasks outside of their expertise. 

	#
	Task Title
	ROM Cost Estimate

	6.2-6.3
	Cell Procurement & Acceptance
	

	6.1, 6.4
	Kick-off & Cell Module Preliminary Design
	

	7.1
	Cell Lot Certification
	

	7.2
	Engineering Cell Module Fab
	

	7.3.1
	Engineering Cell Module Acceptance
	

	7.3.2-3
	Engineering LIB refurbishment and Acceptance
	

	7.3.4
	Mission Simulation Cycles
	

	7.3.5
	Environment Verification
	

	7.3.6
	Abuse Tolerance Verification
	

	7.4
	Cell Module Detail Design
	

	8.1-8.3
	CM, MRR and Cell Module Fabrication
	

	8.4
	Cell Module Acceptance
	

	8.5
	Cell Module Qualification
	

	8.6
	LIB Refurbishment
	

	8.7
	LIB Acceptance
	

	8.8
	LIB Qualification
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