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Statement of Work for EMU Cells Cycle Life Acceleration Factors

OBJECTIVE:

Develop relationship of 1) calendar time/charge rest and 2) cycles on cell performance between single and double bagged cells,  3) Examine temperature as an acceleration factor in the evaluation of calendar life.

EXPERIMENTAL:

Cells are lithium ion flat pouch cells with a rated capacity of 8Ah.  Table 1 below describes 7 individual tests planned for the cell testing.  Cells are to undergo an 1) acceptance procedure, 2) a calendar life test and 3) a final baseline.  All seven groups are to be run simultaneously to avoid the unequal treatment of one group over the other.  If equipment is not available for testing all cells, partial testing may be run in two sets with a full complement of cells from the seven groups.  All seven-calendar life groups are described in detail in following tables.  Testing is projected to be complete in 6-7 months with 6 cycles for cells resting 28 days and 12 cycles for cells resting 14 days and 150 cycles for cycle life test.

Table 1.  Overall Module Testing Plan
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EMU Cell Test Description

A weight, dimensional measurements and OCV shall be taken at the start and end of the testing as part of the acceptance testing and final baseline testing described in table 2 and 3.  

Table 2.  Acceptance Cycling
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Table 3.  Baseline cycles at end of testing.

[image: image3.wmf]Cycle

Rest

Rest

Chg Type

Max 

Current

Cutoff

Temp

@ Test 

Temp

Dchg 

Type

Max 

Current

Cutoff

Temp

@ Test 

Temp

1-5

C.V. 

4.15V

1A

<C/20

25°C

0 hours

Current

0.76A

3.2V

25°C

0 hours

Discharge Step

Charge Step


During acceptance and “final baseline” tests, modules shall be measured for dimensions, OCV, weight.  A visual inspection shall be performed to insure modules have not lost vacuum seal.  Five cycles shall be performed according to cycling regime listed in tables 2 and 3.  Sublevel testing for the acceptance and baseline will follow diagram in figure 1 for each cycle.  During the charge cycle, modules shall undergo a 1.8A resistance and a charge interruption test.  During discharge, the modules shall experience a charge interruption test.  However weights and dimensions are only required at start and end of testing. 

Figure 1.  EMU Cell Test Cycle Flow Diagram
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Calendar life testing, shall be completed for each group as outlined in table 4 and sublevel testing during the charge and discharge is described in figure 1.  The first 3 groups will rest in the charged state for 14 +/- 2 days at three temperatures 25°C, 35°C, and 45°C for a total charge storage of 168 days and 12 cycles at end of test.  The second 3 groups will rest in the charged state for 28 +/- 2 days at three temperatures 25°C, 35°C, and 45°C for a total charge storage of 168 days and 6 cycles at end of test.  Cells quantities for groups are listed in table 1.  The last group will be a simple cycle life test with no rest.  For all groups during charge, cells shall undergo a 1.8A Re test and an interruption Re test.  During discharge an interruption Re test shall be performed.  Details of Re measurements follow.  Voltage shall be recorded for the charge and discharge cycles.  A voltage decay measurement shall be taken at the start and end of the charged rest.  Every cycle the capacity shall be recorded for charge and full discharge.  At the end of 6-7 months or 6/12 cycles all groups shall be brought to room temperature and baselined as described in table 3.  It is not necessary to perform these cycles simultaneously but schedules should be planned to maintain a similar testing flow for each group.  

Table 4.  Cycle life protocol for calendar life groups.
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1.8A Re test and Interruption Re Test Descriptions

The 1.8A sub-test shall be performed on the 1) acceptance and 2) baseline tests and 3) the life tests (Figure 1).    Testing for 1.8A test shall be performed at 40% SOC on charge and at the start of EMU simulation discharge.  Voltage and current shall be recorded during a 3 second, 1.8A discharge pulse overlaid on the charge cycle.  Data shall be recorded every at least every 0.1 seconds during the pulse.  The charge-interrupt Re sub-test shall be performed on the 1) acceptance and 2) baseline tests and 3) the life tests (Figure 1).  Testing for interrupt Re test shall be performed at 60% SOC on charge.  Voltage and current shall be recorded during a 0A one minute interrupt at 60% SOC overlaid on the charge.  A discharge-interrupt Re sub-test shall be performed on the 1) acceptance and 2) baseline tests and 3) the life tests (Figure 1).  Voltage and current shall be recorded during a 0A one minute interrupt at 10% DOD overlaid on the discharge.  Data shall be recorded at every second during the interrupt Re cycle.

Decay Voltage Description and Charge Rest Time

During the life test, voltages shall be recorded before and after charged rest time.  Voltage readings shall be taken at storage temperature.  Total storage time between voltages readings shall be recorded.  The cycling equipment should automatically perform this voltage reading however data must be available.

REPORTING:

All charge and discharge voltage cycle data shall be stored and available when requested.  The following minimum recorded data points shall be maintained in database per cycle and sent monthly by email: 

1. Module ID.

2. Test ID

3. Visual Inspection results initial and final

4. Overall Cycle Number*

5. Total Charged Storage Time* 

6. Weight (+/- 0.01g) initial and final

7. Length, width (initial and final), height, dimensions (+/- 0.0005 in) 

8. Beginning and end voltages for charge 1.8A pulse per cycle* (+/- 0.001V)

9. Beginning and end voltages for charge interrupt per cycle* (+/- 0.001V)

10. Beginning and end voltages for discharge interrupt per cycle* (+/- 0.001V)

11. Charge Rest Decay Voltages per cycle* (+/- 0.001V)

12. Charge Capacity per cycle* (+/- 0.001V)

13. Discharge Capacity per cycle* (+/- 0.001 Ah)

14. Baseline Charge and Discharge Capacities @ 0.76A(+/- 0.001 Ah) initial and final

*Represents a data point that shall be updated as test progresses as shown in usage flow diagram, Figure 1.

A temperature monitor shall continuously monitor respective chambers and test areas to insure temperature +/- 2°C.  Temperature graphs shall be available upon request.
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