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Behavior for 48 V MHEV NMC Battery
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Abstract : A battery management system(BMS) is responsible for the safe operation of a lithium-ion battery pack in a mild
hybrid electric vehicle(MMHEV). One of the main functions of BMS is to supply the vehicle with the required power.
However, the available battery power is entirely dependent on the impedance characteristic of the battery that is affected by
temperature, current, and state of charge(SOC). In this study, a battery pack model of the 48 V MHEYV battery is developed in
order to simulate the response of the battery under vehicle driving conditions. The model is developed based on hybrid pulse
power characterization(HPPC) and electrochemical impedance spectroscopy(EIS) experiments over temperatures ranging
from -20 °C to 25 °C. The current dependency of charge transfer resistance is considered in the battery model by including the
Butler-Volmer equation. The 48 V battery pack model for the MHEYV is developed based on the cell model, and it is used to
validate the results of the MHEYV tests.

Key words : Equivalent circuit model(‘s-7} 3] 2 @), Lithium battery(2] & ¥l €] 2]), Battery management system( 4} £
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Nomenclature T : time constant of charge transfer, sec
T : time constant of diffusion, sec
\Y% : voltage, V 2 v of b AR ’
L. : capacity of batte;
Voev : open circuit voltage, V Q P .ty ] Y,
At : sampling time, sec

Ven  :cell voltage, V

: absolute temperature, K
AVy4.  :voltage drop, V

. A n : the number of electrons, -
: current
. N ’ A F : faraday constant, C/mol
0 . exchange current .
i = ? Ruas : universal gas constant, J/mol *+ K
R : resistance, & . . .
a : symmetry factor of anodic and cathodic reactions, -
Ry : ohmic resistance, &
Rt : charge transfer resistance, &2 Subscripts
R, : diffusion resistance, &2 Batt  : battery pack
Rac : direct current resistance, &2 In - interconnect
Ca : double layer capacitance, F M - measurement
G : capacitance of diffusion, F Sim  :simulation
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Fig. 1 Impedance spectra of NMC cell at SOC 50 %, 0 °C
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Table 1 Specifications of NMC battery cell

Type NMC/Graphite
Rated capacity 10 [Ah]
Rated voltage 3.6 [V]
Maximum voltage 42[V]
Minimum voltage 3.0[V]
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Table 2 Summary of battery ECMs

Equivalent circuit model

Model equations ECM description

vcell(k) =Rg- I(k) + Av::t(k) + Voor
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vehicle test during WLTC for validating 12S1P 48
V NMC Battery pack model
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