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Development of Overhead Line Voltage
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Compensator System for Streetcars
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Abstract

The overhead line voltage compensation system consisting of lithium-ion battery module with air cooling fan

and bidirectional converter has been installed in two streetcar stops in Kagoshima City for its practical use. This

system has the function to support the operation of streetcars by both supplying energy from the battery during

their acceleration in the case of lower voltage of overhead line and absorbing regenerated power during the de-

celeration for re-use of energy. The battery capable of high rate discharge for the supplement to lower overhead

line voltage was verified to effectively suppress the temperature rise caused by heat generation accelerating bat-

tery degradation. This system is now effectively operative to compensate the overhead line voltage after passing

approximately six months.
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Fig. 1
pensator system for streetcars.
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Fig. 2 System configuration of voltage compensa-
tion for streetcars.
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Table 1 Converter specifications of voltage com-
pensation system.

Iltems Specifications
System IGBT
Bidirectional DC/DC con-
verter
Control PWM control
Cooling system Cooling fan
PWM frequency 720 Hz
Overhead wire nominal voltage DC600 V
Overhead wire voltage range DC360-750 V
Battery nominal voltage DC302 V
Battery voltage range DC244-344 V
Dimensions W : 13000 mm
D: 850mm
H : 1250 mm
Paint color Light green

Table 2 Lithium-ion battery module specifications.

ltems Specifications
Battery type LIMG0OH
Battery capacity 60 Ah
Nominal voltage 216 V(36 V X 6 cell)
Maximum current 600 A (10 C)
Cooling system Fan
Dimensions W : 220 mm
D : 640 mm
H : 150 mm
Mass 31kg

Fig. 3 External appearance of the battery module
with air cooling fan for voltage compensation sys-
tem.
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Fig. 4 Control operation chart of voltage compen-
sation system for streetcars.
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Fig.5 Representative SOC adjustment control in
voltage compensation system for streetcars.
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Fig. 6 Representative operation chart at the func-
tion stoppage of voltage compensation system for
streetcars.

Setting voltage of installed discharge

Setting voltage of constant discharge
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Fig. 7 Representative operation chart at the func-
tion working of voltage compensation system for
streetcars.

Setting voltage of installed discharge

Setting voltage of constant discharge
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Fig. 8 Required protections for lithium-ion battery.

Charger

Upper and lower
voltage setting

Overcharge alarm
— Converter stop

Overcharge warning
— Converter standby

Voltage protection level

—

(Converted into cell voltage)

Bidirectional
DC/DC

converter

A A

A A

Overdischarge warning
— Converter standby

Overdischarge alarm
— Converter stop

BM

Overcharge alarm (4.3V)
p— Overcharge warning  (4.2V)
cs| 1
T Converter upper limit ~ (4.1V)
—1—

Operation range

(2.9V)

i Converter lower limit
|
I

Overdischarge warning (2.8 V)

r____
&
-

Overdischarge alarm (2.5 V)

Fig. 9 Outline of protection operation in the voltage compensation system for streetcars.
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Fig. 10 Calendar life performance for LIM30H type
lithium—-ion battery.

Table 3 Charge and discharge test condition of
LIM60 type lithium-ion battery module with air cool-
ing fan.

Pattern Charge 30 seconds-, Discharge
30 seconds, and repeat

Cycle number 300 times (5 hours)
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Fig. 11 Temperature measurement point of LIM60
type lithium-ion battery module with air cooling fan.
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Fig. 12 Rising temperature of LIM60 type lithium-

Thermostatic bath setting 10, 25, 40 'C ion battery module with air cooling fan.
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