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Abstract: Aiming at bidirectional coupling and energy flow reversal in electric vehicle drive sy-
stems, traditional modeling faces cross—domain description difficulties and requires separate
models for driving and braking conditions. Based on power bond graph theory, this paper est-
ablishes a standardized process for modular modeling of the battery, inverter, PMSM, gears, a-
nd vehicle load. The variable-speed constraints, rotor angle modulo formula, and a unified el-
ectromagnetic torque equation are derived. By utilizing unified effort and flow variables, the
model automatically switches operating modes based on power flow direction to character reg-
enerative braking paths. The modeling process is modular and universal, which can provide a-
standardized and reusable modeling scheme for multi—physical field simulation of electric dri-
ve system.
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