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High Current Charging and Discharging Report for Lithium (LiFeYPO4) Cells

The purpose of the test isto verify the life-span of the LiFeY PO4 cellsin long
time run. The following questions will be answered:

1) How will the cell behave after 10 000 and more cycles

2) How will the performance of the cell be when charging
and discharging with high current (more than 1C)?

3) Will the cell overhesat or have any other malfunction?

4) Will the cell age and lose its capacity?

The test is done with LFPO90AH — Winston Battery LiFeYPO4 model

W0ES

The cycle definition:

A) Discharge the battery with 130A current (1.5C) for 250 seconds

B) Relax for ashort period (up to 250 seconds)

C) Charge the battery with 130A current (1.C) until 4.0V and then reduce
the current (up to 350 seconds)

D) Relax for ashort period (up to 100 seconds) and start discharge A) again
G1mm

The timing of the cycleis 950 seconds (up 16 minutes per cycle)

To make the test of 10 000 cycles, the time for testing needed is 2670 hours

(111 days). To make the test of 13 000 cycles, the time for testing needed h . / / _
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The test was performed by the Czech Technical University in Prague, (member of GWL/Power group)

Faculty of Transportation Sciences, Department o€ontrol and Prumyslova 11, CZ-10219 Prague 10, CZECH REPUBLIC (EU)
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The test report follows on next pages.
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The discharge characteristics afterl3 000 cycles at 1.5 C (130A)

1) Discharging — voltage and current 1) Discharging — power and energy

Power and energy during discharging of accumulator 90 Ah

Voltage and current during discharging of accumulator 90 Ah :
LiFeYPQO, after 13000 cycles of 10% depth under 35 °C.

LiFeYPO, after 13000 cycles of 10% depth under 35 °C.
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Conclusion of the discharge characteristics after3.000 cycles:

There is no degradation in the performance of the cell. The cell performs the same way and no significant change
of in the discharge characteristics has been measured.
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The charge characteristics afterl3 000 cycles at 1.5 C (130A)

2) Charging — voltage and current 2) Charging — power and energy

Voltage and current during charging of accumulator 90 Ah
LiFeYPQO, after 13000 cycles of 10% depth under 35 °C.

Power and energy during charging of accumulator 90 Ah
LiFeYPO, after 13000 cycles of 10% depth under 35 °C.

Voltage and current of accumulator
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Conclusion of the charge characteristics after 130D cycles:

There is no degradation in the performance of the cell. The cell performs the same way and no significant change
of in the charge characteristics has been measured.
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The energy accumulation results after 13000 cycled 1.5 C charge and discharge

Results of testing

Summary of example results - accumulator 90 Ah
LiFeYPO, after 13000 cycles of 10% depth under 35 °C.

| Wout Wi n [%]
[XC] [Wh] [Wh]
1.5 29,6 32,4 91,4

Czech Technical University in Prague — Faculty of Transportation Sciences }p, '

Department of Control and Telematics

The effectiveness of the energy storage after 13M0ycles is still 91.4%

The answers to the test questions

1) How will the cell behave after 10 000 and moreycles

The cell behaves in the same ways after 13000 cycles. No abnormalities or a change of the cycle performance has been measured.
2) How will the performance of the cell be after sonany cycles of charging and discharging with higleurrent (more than 1C)?
Degspite the high charging and discharging rate, the performance of the cell did not show any abnormalities.

3) Will the battery overheat or have any other malfinction?

The cell does not overheat and we did not record any increase of temperature.
The cell keeps the same temperature during the test.

4) Will the battery age and lose its capacity?

There is no measurable degradation of the cell and the cell did not lose either
the capacity or the ability to accumulate and to release energy.

The test results exceeded our expectations. The cell
performance is extremely satisfying.
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