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Development and Hardware Validation of a First-Order Equivalent Circuit Model for

Lithium-ion Batteries
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Abstract

This study presents the development and hardware validation of a first-order equivalent circuit
model (ECM) for a lithium-ion battery using MATLAB/Simulink (License No. 41282542). The model
consists of the open-circuit voltage (OCV), internal resistance, and a resistance-capacitance network to
represent the steady-state and transient behaviors of the battery. The model parameters were
determined from the relationships between the state of charge (SoC) and the electrical parameters of
the battery. A hardware testing setup was then developed to measure the battery voltage, load
current, and SoC of a 3.7-V, 12-Ah lithium-ion battery under a discharge condition for model validation.
The comparison results showed that the simulated voltage, load current, and SoC followed the overall
trends of the experimental measurements. The simulated voltage decreased from approximately 3.68
V to 3.64 V, while the experimental voltage ranged from approximately 3.67 to 3.65 V. The simulated
load current was approximately 1.70 A, whereas the experimental current ranged from approximately
1.60 to 1.65 A. At approximately 1,200 s, the experimental SoC was 29.8%, compared with 28.0%

obtained from the simulation. The differences between the simulation and experimental results can be
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attributed to physical factors that were not included in the model, such as temperature effects,

variations in internal resistance, and losses in the practical system.

Keywords: Lithium-ion battery, mathematical modeling, equivalent circuit model, first-order circuit
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Load Current vs Time
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45 State of Charge vs Time
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