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Abstract : In large-format, pouch-cell EV(Electric Vehicle) battery packs with bottom-cooled liquid thermal management,
persistent vertical temperature gradients can cause nonuniform internal resistance and polarization. Consequently, SOC(State
of Charge) estimation based on EECM(Electrical Equivalent Circuit Model) parameters extracted under uniform temperature
failed to capture behavior under nonisothermal fields. Thus, this study is proposing DW-NCA(Doubly Weighted-Normalized
Conductance Averaging), a lightweight correction measure that remaps lookup-table series resistance to an effective value
from real-time local temperature differentials, and integrates a real-time temperature estimator and the corrected resistance
into an EKF(Extended Kalman Filter) for SOC estimation. The experiment uses an NMC(Nickel Manganese Cobalt) pouch
cell with induced vertical AT of 5-7 °C, capacity and HPPC(Hybrid Pulse Power Characterization) tests, entropy-coefficient
measurement, and an inner chamber to suppress forced convection. The method mitigates SOC degradation caused by
internal thermal gradients with minimal architectural change, thus enabling practical deployment in EV BMS(Battery
Management Systems).

Key words : Li-ion battery(2]5°]-2 viE]2]), Imbalance temperature(-2% E5%), Entropy coefficient(AEZ1] AR,
State-of-charge(57% A H), State-of-temperature(-2= A1)
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Fig. 5 Capacity test. (a) current and voltage, (b) temperature
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Fig. 14 SOC estimation results of EKF, EKF with DW-
NCA, and EKF with RLS under temperature
gradients: (a) SOC estimation results at AT = 5
°C, (b) SOC estimation errors at AT =35 °C, (c)
SOC estimation results at AT = 7 °C, (d) SOC
estimation errorsat AT=7 °C

Table 2 Comparison of SOC estimation errors of EKF, EKF
with DW-NCA and EKF with RLS under different
temperature gradients (Max, MAE, RMSE)

Temperature | Applied | Max. | MAE | RMSE
gradient model [%] [%] [%]
EKF 256 1.79 1.90
BEwil | 0 1.01 L1
A5°C | Dwnea
EKE WA | o 1.29 1.36
RLS
EKF 241 1.77 1.86
ERERE | 1.01 1.10
A7°C |DwnNea
BEwl | o 1.44 1.53
RLS
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