Statement of Work
WP2
LLB Cell Lot Certification

1.0 Scope – The purpose of this statement of work is to perform certification of two (2) lots of 18650 lithium ion commercial cells for the Long Life Battery (LLB) for the EMU (Extravehicular Mobility Unit). The certification testing consists of a number of performance tests (capacity discharge vs temperature, self-discharge vs temperature and state of charge), environmental tests (depress/repress, thermal cycling, vibration, and shock), and destructive and abuse tests (vent/burst pressure, destructive physical analysis, overcharge, overdischarge, external short, internal short, over-temperature, and heat-to-vent). 

2.0 Applicable Documents - The work performed and products delivered shall conform to the requirements defined in this SOW and in the documents listed below;

AS9003

Inspection And Test Quality System (SAE)

ISO 9001-2000    
Quality Management Systems Requirements
3.0 Data and Cell Deliverables

The Contractor shall provide a plan to NASA for how each test shall be conducted at least 3 days prior to the test readiness review that shall be conducted and hosted by the contractor. The plan shall succinctly describe how the specified tests shall be conducted and controlled. The report shall include the test methods and results for both cell lots. The Interim report shall exclude the self-discharge results past 90 days. The Final report shall include all test results. 
	#
	Title

	1
	Cell Lot Certification Plan

	2
	Cell Lot Certification Report (Interim and Final)

	3
	Cell Cross Cuts (1 radial and 1 axial)


4.0 Schedule Requirements

For each lot, the No-Later-Than (NLT) Durations for data and cell deliverables are listed below in reference to the Authorization to Proceed (ATP). 

	Delivery Item 
	NLT Duration

	Cell Lot Certification Plan
	1 month ARO

	Cell Lot Certification Report (Interim)
	5 months ARO

	Cell Lot Certification Report (Final)
	10 months ARO

	Cell Cross Cuts
	5 months ARO


5.0 Cell Acceptance - The Contractor shall received 200 randomly selected cells from each lot from a NASA designated supplier. The cells will come already serialized. If the Contractor chooses to re-serializes the cells, he must keep traceability with the old serialization. Receiving acceptance shall consist at minimum of the following;
5.1 Mass – Measure each cell mass within ± 5 mg.

5.2 Leak Check – Perform He leak check of each cell for comparison with previous leak check performance.
5.3 OCV – Measure each cell OCV as received within ± 1 mV
5.4 Visual – Inspect each cell for visual defects

6.0 Certification Testing

6.1 Capacity discharge vs temperature (10, 20, 32 ( 2(C) with 20 randomly picked cells from each lot. Charge at 0.31A to 4.1V at 20 ( 2(C. Rest 10 minutes. Discharge at 10C to 3.2V at the specified temperature (with one 1C, 1 sec pulse near 50% SoC). Use the same 10 cells each temperature condition.
6.2 Environmental Exposure – While at 30% (qty 10) and 100% SoC (qty 10), the same random sample of cells used in 6.1 shall be exposed to 15 depress/repress pressure cycles, 24 thermal cycles, and 1 spectrum of random vibration & shock.  After which, the capacity discharge vs temperature of 6.1 is to be repeated and along with mass (5.1) and helium leak check (5.2).

6.2.1 Depress/Repress Cycling - Begin with cells at 30%SoC. 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.
6.2.2 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 above 0.5 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.
6.2.3 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).
6.2.4
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).

6.2.5 Post Test Check-out - perform helium leak check (as in 5.2), 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 6.1 for each cell. Compare pre and post test capacity performance. Pass/fail criteria are to be established by the Contractor and provided to NASA in his test plan. 
6.3 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 9 cells for each cell design at each test condition (108 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). This is for engineering information. 
6.4 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 a minimum of 5 cells per condition (10 cells total per cell design). Pass/fail criterion is that ratio of vent to burst is greater or equal to 1:2.5.
6.5 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.

6.6 Archived Cells – Set aside 10 cells per lot for archiving.
6.7 Abuse Tolerance

6.7.1 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 with a current limited at 0.10A, 0.6A and 2.4A and continue charge for 48 hours. Starting temperature shall be 25 ( 2(C for each test. Pass/fail criteria are no leaking, venting, sparks, flames, smoke, or explosion.
6.7.2 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. Pass/fail criteria are no leaking, venting, sparks, flames, smoke, or explosion.
6.7.3 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 ~300 mohms. Standardize the cell heat sink solution for this test. Stop test after cell temperature has reached its maximum and decayed monotonically for at least one hour. Pass/fail criteria are no leaking, venting, sparks, flames, smoke, or explosion.
6.7.4 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. This is for engineering information.
6.7.5 Over-temperature and Heat-to-vent – Take 5 fully charged cells (4.2V) 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 180 ( 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. Pass/fail criteria are no venting < 100 °C and no explosion.
7.0 Quality Provisions

7.1 GSI - Contractor must allow a Government Source Inspector (GSI) at the test site for approval of Government Mandatory Inspections Points (MIPs). NASA will provide this inspector with a letter of delegation assigning these GMIPs on the contractor’s test procedure.  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 Supplier’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. The Government representative will be notified, by the contractor, 48 hours in advance of the time articles are ready for test or inspection.

7.2 Quality System – The contractor shall have a quality program that complies with the quality system requirements of AS 9003 Inspection And Test Quality System (SAE) or ISO 9001:2000, Quality Management Systems Requirements. The contractor’s quality manual, as developed per AS9003 or ISO 9001, shall be submitted as part of the response to request for quote. Calibration System - The contractor shall have a documented calibration system that meets the requirements of the American National Standard Institute (ANSI)/National Conference of Standards Laboratories (CSL) ANSI/CSL Z540-1, General Requirements for Calibration Laboratories and Measuring and Test Equipment.

7.3 Record Retention – The contractor shall maintain a copy of all data produced by this contract for six months after the period of the performance of this contract. NASA-JSC will maintain those records thereafter.

Flight Hardware Clause - FOR USE IN HUMAN SPACE FLIGHT; MATERIALS, MANUFACTURING, AND WORKMANSHIP OF HIGHEST QUALITY STANDARDS ARE ESSENTIAL TO ASTRONAUT SAFETY. IF YOU ARE ABLE TO SUPPLY THE DESIRED ITEM WITH A HIGHER QUALITY THAN THAT OF THE ITEMS SPECIFIED OR PROPOSED, YOU ARE REQUESTED TO BRING THIS FACT TO THE IMMEDIATE ATTENTION OF THE PURCHASER.

