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Depelopment of High-performance 20 Ah-class
Lithium-ion Cells with Lithium Iron Phosphate Positive
Active Material for EV and PHEV Applications
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Abstract

Lithium iron phosphate (LiFePO,) is very attractive as a positive active material for large-sized lithium-ion cells
because of its features such as high thermal stability and environmental friendliness. The large-sized prototype
50 Ah LiFePO,/graphite cells were fabricated with structural parts used for mass production cells of EV applica-
tion to evaluate their durability performance of long-term tests over 2 years. The cells were found out to meet
the requirements of life performance of EV and PHEV applications. For their much higher performance, 20 Ah
cells have been newly developed using prismatic lightweight Al-housing. The developed cells are able to supply
the stable output-power more than 1100 W/kg over wide range of SOC from 10 to 90%. The cells also exhibit
the higher charge acceptance capability of restoring the level of SOC 90% within 30 minutes at 25 °C. Further-
more, the results of crush and overcharge tests show the superior safety of EUCAR hazard level 3. Thus, the 20

Ah cells are promising for EV and PHEV applications.
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Table 1 Specifications of prototype 50 Ah LiFePO,/
graphite lithium-ion cell.
Rated capacity / Ah 50
Nominal voltage /V 3.3
Dimensions / mm H 100*

W 44

T 171
Volume /| 0.75
Mass / kg 1.70

*Excluding terminal position

Fig. 1 Appearance of prototype 50 Ah LiFePQO,/
graphite lithium-ion cell.
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Table 2 Specifications of newly developed 20 Ah
LiFePQO,/graphite lithium-ion cell.

Rated capacity / Ah 20
Nominal voltage /V 3.3
Dimensions / mm H 85*
W 21
T 173
Volume /1 0.31
Mass / kg 0.63

Fig. 2 Appearance of newly developed 20 Ah
LiFePO,/graphite lithium-ion cell.
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Fig. 3 Change in discharge capacity of prototype
50 Ah LiFePO,/graphite lithium-ion cells of SOC
100% during long—term storage under various tem-
peratures. Monthly capacity check conditions:
Charge at 45 A to 3.5 V followed by its voltage until
cutoff current of 4.5 A at 25 °C; Discharge at 45 A
to2.0Vat25C.
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Fig. 4 Change in discharge capacity after one
month storage at 45 ‘C under various SOC condi-
tions for prototype 50 Ah LiFePO,/graphite lithium-
ion cells. Monthly capacity check conditions:
Charge at 45 A to 3.5 V followed by its voltage until
cutoff current of 4.5 A at 25 °C; Discharge at 45 A
to2.0Vat25C.
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Fig. 5 Change in discharge capacity of prototype
50 Ah LiFePO,/graphite lithium-ion cells with num-
ber of cycles at 25 and 45 C. Charge: 45 A to 3.5
V followed by its voltage until cutoff current of 4.5 A ;
Discharge: 45 Ato 2.0 V.
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Fig. 6 Ten-second output power performance of
newly developed 20 Ah LiFePO,/graphite lithium-
ion cells as a function of various SOC at 25 C.
Power was calculated from voltage and current val-
ues at either of 350 A of maximum current or 2.0 V
of lower limiting voltage on the extrapolated straight
line observed in V-I characteristics.
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Fig. 7 Ten-second output power performance of
newly developed 20 Ah LiFePO,/graphite lithium-
ion cells at various temperatures at SOC 50%. Pow-
er was calculated from voltage and current value
at either of 350 A of maximum current or 2.0 V of
lower limiting voltage on the extrapolated straight
line observed in V-I characteristics.
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Fig. 8 Charge acceptance profiles of newly devel-
oped 20 Ah LiFePO,/graphite lithium-ion cells at
standard charging of 20 A and rapid one of 50 A to
3.5 V followed by constant voltage until cutoff current
of 0.1 CAat25C.
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Fig. 9 Change in terminal voltage and surface
temperature during crush test in X-axis direction for
newly developed 20 Ah LiFePO,/graphite lithium-
ion cell.
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Fig. 10 Change in terminal voltage and surface

temperature during crush test in Y-axis direction for
newly developed 20 Ah LiFePO,/graphite lithium-
ion cell.
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Fig. 11 Change in terminal voltage and surface

temperature during crush test in Z-axis direction for
newly developed 20 Ah LiFePO,/graphite lithium-
ion cell.
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Fig. 12 Outer appearance of newly developed 20
Ah LiFePO,/graphite lithium-ion cell after crush
test in X-axis direction.

Fig. 13 Outer appearance of newly developed 20
Ah LiFePO,/graphite lithium-ion cell after crush
test in Y-axis direction.

Fig. 14 Outer appearance of newly developed 20
Ah LiFePO,/graphite lithium-ion cell after crush
test in Z-axis direction.
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Fig. 15 Change in terminal voltage, charge current,
and surface temperature during overcharge test for
newly developed 20 Ah LiFePO,/graphite lithium-
ion cell. The fully charged cell was overcharged at
1.6 CA to 7.2 V followed by its voltage holding.
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Fig. 16 Comparison of cycle life characteristics be-
tween 50 Ah(QO) and 20 Ah(A) LiFePO,/graphite
lithium—ion cells during cycling at 45 C.

Charge: 1 CA to 3.5V followed by its voltage until
cutoff current of 0.1 CA; Discharge: 1 CAto 2.0 V.
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Fig. 17 Change in the output power during cycling
of 20 Ah LiFePO,/graphite lithium-ion cells at 45
‘C. Charge: 1 CA to 3.5 V followed by its voltage
until cutoff current of 0.1 CA; Discharge: 1 CA to
2.0 V at 45 'C. Power was calculated by the meth-
od shown in Fig. 7.
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