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ABSTRACT

In the regenerative braking process of small electric vehicles, when the battery is in a high state of
charge, fully charged, or electrically disconnected, the recovered energy cannot be absorbed in time. This may
cause the DC bus voltage to rise rapidly and threaten braking safety. To solve this problem, this paper
studies an active energy release control method for small electric vehicles.

First, the variations of vehicle kinetic energy, motor generating characteristics, DC bus voltage, and
braking resistor dissipation mechanism under constrained regenerative braking conditions are analyzed, and the
dynamic and power balance models of the energy recovery and release system are established

Then, with road slope and vehicle speed taken as operating variables, and the optimal single-motor braking
torque and optimal duty cycle of the dissipation branch taken as optimization variables, a Sequential
Quadratic Programming method is adopted in MATLAB to solve the optimal parameters offline and generate optimal
torque and duty-cycle maps

After that, a MATLAB/Simulink simulation moedel.-is built, and the offline—generated maps are imported into
the system for lookup—table—based verification under typical operating conditions.

Finally, the hardware schematic and PCB-of the system are completed, providing a hardware basis for

subsequent prototype testing and vehicle verification.

The results show that the proposed method can provide a relatively reasonable allocation of braking torque
and dissipation duty cycle when the battery cannot absorb regenerative energy, enabling the vehicle speed to
converge smoothly while suppressing DC bus overvoltage and improving dissipation power regulation.

KEYWORDS: Small Electric Vehicle; Regenerative Braking; Braking Resistor; Sequential Quadratic Programming;
Energy Release Control
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