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Abstract

We have developed 12 V lithium—-ion battery which consists of four 69 Ah cells, a relay ASSY, a current sensor and

a battery management unit which has a LIN(Local interconnect network) interface with the vehicle ECU(Electronic

control unit). External battery configuration is compatible with DIN LN5 for 12 V lead-acid battery, and operation-

al voltage range is almost the same as the lead—acid battery. Therefore, the new lithium-ion battery is physically

replaceable with the LN5 size lead-acid battery in the vehicle, however, the LIN interface protocol between the ve-

hicle ECU and the battery management unit should be modified, and also the control of the alternator should be

optimized for the lithium-ion battery. The new lithium-ion battery has some advantages in comparison with the

traditional lead-acid battery in terms of light weight, high power and long life.
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Table 1 Specifications of 019SLIB type 12 V lithi-

um-ion battery.
019SLIB

Chemistry Lithium Iron Phosphate
/ Graphite

Nominal capacity / Ah 69

Nominal voltage / V 13.2

Operational voltagerange/V ~ 7.0to 144

Cell model : LEV60OF

Four LEV60F cells con-
nected in series

Construction

Mass / kg 13.6
Series LN (DIN spec.) LN5
Dimensions / mm W 353

L 175

H 190
BMU, Relay, Shunt resistor Equipped

Vehicle control 12V lithium-ion starter battery
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Fig. 1 Control block diagram of 019SLIB type 12 V
lithium-ion battery.
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Fig. 2 Outer appearance of 019SLIB type 12 V lithi-
um-ion battery.
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Fig. 3 Inner structure of 019SLIB type 12 V lithium-
ion battery.
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Fig.4 Operating voltage range of 019SLIB type 12V
lithium-ion battery.
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Fig. 5 Charge and discharge characteristics for 019
SLIB type 12 V lithium-ion battery. Battery was charged
at 60 A to 14.0 V and then, discharged at 60 At0 9.0 V
at25°C.
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Fig. 6 Discharge characteristics for 019SLIB type 12
V lithium-ion battery. Battery discharged at various
currents of 20 A(O), 60 A(), and 180 A([J) at 25 °C.
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Fig. 7 Discharge characteristics for 019SLIB type 12 V
lithium-ion battery. Battery discharged at various cur-
rents of 750 A(O), 850 A(C), and 930 A () at -18 °C.
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Fig. 9 Energy throughput performance during repe-
tition of PSOC cycle life test for 019SLIB type 12 V lith-
ium-ion battery at 25 °C (O) and 45 °C ().
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Fig. 10  Circuit block diagram of 019SLIB type 12 V lithium-ion battery.
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Table 2 Comparison of management system for lead-acid battery and 019SLIB.

Function Lead-acid battery(Europe)

019SLIB

Measurement function Battery terminal voltage

External temperature of battery
Charge and discharge current

Quiescent current

Cell voltage X 4ch

Battery terminal voltage

Cell temperature X 2ch
Charge and discharge current
Quiescent current

Safety function No safety function

Internal cutoff switch (disconnected due to
over char%e over discharge, over current,
over heat

Redundant design of cell over voltage detect-
ing circuit

SOC (State of charge) calculation

charge

Current integrating function
Full charge detection due to equalized

Current integrating

Refer to look-up table in voltage-current
measurement plot at charge and discharge

Refer to look-up table in cell open voltage
Regular reset of full charge

SOH (State of health) calculation
scent at cranking

Lifetime judgment due to voltage de-

Calendar degradation calculation
DC resistance calculation at cranking

Self-diagnosis No self-diagnosis function

Defect of voltage measurement circuit
Internal switch failure

Sensor defect

Arithmetic circuit defect

Memory defect

Cell defect

Quiescent current defect

Installation location Negative terminal(external)

Inside of battery

Table 3 Safety test results for 019SLIB type 12 V lithium-ion battery.

Test Conditions Result Level
Crush 100% SOC, ® 150 mm No flame 2
Displacement of 15% No venting
(Freedom CAR 1st stage)
Overcharge CC-CVchargeat 120 A No flame 1
to 22 V from 100% SOC No venting
(UN recommendation) (Relay contactor open)
External short circuit Total external resistance: No flame 2
less than 0.1 ohm at 55 °C No venting
(UN recommendation)
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