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Development of Forced-air-cooling Lithium-ion
Battery Module "LIM30H-8R" for
Railway Applications
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Abstract

Forced-air-cooling lithium-ion battery module "LIM30H-8R" has been developed for railway applications. This
battery module with series-connected 8 cells of 30 Ah class LIM30H type cell has wind tunnel structure for good
cooling performance, and the continuous rating of current effective value defined as square mean value of charge
and discharge current is 100 A (3.3 I, A). At that value of 140 A of charge and discharge test corresponding to
rated current at the condition of end of life to maintain the power by compensating the increase of the battery
internal resistance reaching to the provisional criteria twice as initial value, the highest surface temperature was
42 C in the case of 1.0 m*/min. cooling air flow rate at environmental temperature of 34 C resulting in the tem-
perature reduction of 8 C than that of the case of natural convection condition. This means that the cycle life
at this condition of LIM30H cells in this battery module is expected to be around. 77 months by half capacity of
initial one at effective current of 100 A at 35 C under 1.0 m*/min. cooling air flow rate compared with the value
of around. 56 months under the conventional type. Therefore, this battery module is best suited for railway appli-

cations needed for large-current charge and discharge.
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Fig. 1 Appearance of LIM30H-8R type lithium-ion
battery module.

Table 1  Specifications of LIM30H-8R type lithium-
ion battery module.
LIM30H-8R

Nominal capacity / Ah 30
Nominal voltage / V 28.8
Mass / kg ca. 18
Dimensions / mm L 389

W 231

H 147
Rated current (continuous) / A 100
Resistance to vibration JIS E 4031 2b
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Fig. 2 Appearance measurement apparatus of
cooling air flow rate for LIM30OH-8R type lithium-
ion battery module.

(a) LIM30H-8R, (b) Exhaust unit, (c) DC 24 V fan,
(d) Cooling air inlet unit
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Fig. 3 Cooling air flow rate of LIM30OH-8R type
lithium-ion battery module as a function of param-
eter "L": linear distance between air exhaust of
LIM30OH-8R and edge face of DC 24 V fan.
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Fig. 4 Increase trend in temperature on the surface
of each cell in LIM30H-8R type lithium-ion battery
module at 100 A effective values of current under
cooling air flow rate of 1.0 m®/min..
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Fig. 5 Dependence of cell surface temperature
of LIM30OH-8R type lithium-ion battery module on
cooling air flow rate under various effective value of
current: 140 A (O), 120 A (2 ), 100 A ([]), and
85A ().

Table 2 Cooling test conditions for LIM30H-8R
type lithium—-ion battery module.

LIM30OH-8R
Ambient temp. / C 34
Effective value of current / A 85, 100, 120, and 140
L value / mm 30

Cooling air flow rate / m*/min.  0.11, 0.40, 0.74, and 1.00
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Fig. 6 Comparison of increase trend in tempera-
ture on the surface of each cell in LIM30H-8R type
lithium-ion battery module at 140 A effective value
of current under cooling air flow rate of 1.0 m®/min.
at natural convection condition.
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Table 3 Deterioration factor for capacity (kg) and
DC internal resistance (kr) of LIM30OH type lithium-
ion cells under 100% S.0.C. storage test at 25 and
45 °C.

Ambient temperature / ‘C ka kr
25 3.98 1.53
45 7.15 2.41
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Fig. 7 Cycle life performance of LIM30H type lithi-
um-ion cells under 300 A pattern test at 25 C.
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Fig. 8 Calendar life performance of LIM30H type
lithium-ion cells under 100% S.0O.C. storage test at
25°C(O)and 45 C ([]).
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Fig. 9 Dependence of DC internal resistance on
cell temperature for LIM30H type lithium-ion cells.
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Fig. 10 Dependence of cell surface temperature
increase on heat generation calculated by power
distribution to LIM30H type lithium-ion cells.
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Fig. 11 Simulation on cycle life performance of

lithium—-ion cells in LIM30H-8R type battery module
by the calculation from values of deterioration factor
under different cooling conditions at the setting am-
bient temperature of 35 °C.
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