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Abstract: To address the issue of insufficient smoothness during mode transitions in the power
transmission system of vehicles, a hybrid power hydro-mechanical composite power transmission
system was developed. This system integrates an electric motor and an engine as dual power sources and
achieves efficient power delivery through a mechanical-hydraulic composite transmission mechanism.
Starting from configuration design and power transmission mode analysis, equivalent dynamic

models were established for the power system, transmission system, switching components, and
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the overall vehicle powertrain system. With the complex process of motor low-gear switching to

hybrid torque coupling taken as a typical research scenario, a physical model was developed. A

fuzzy PID controller was designed to regulate motor speed, and the switching sequence of the

transmission components was optimized using an orthogonal experiment method, enabling

composite control of the motor and switching components. Simulation results demonstrated that

the optimized system significantly improved transition smoothness: The maximum impact on the

output shaft was reduced from 11. 418 8 m/s* to 8. 112 7 m/s’, the torque fluctuation coefficient

decreased from 4. 771 to 3. 874, the speed fluctuation amplitude dropped from 17. 118 6% to

2.350 0%, and the switching time was shortened from 1. 5 s to 0. 7 s. Hardware-in-the-loop

(HIL ) tests further validated the effectiveness of the control strategy, showing robust

adaptability and stability under various mode transitions and working conditions.

Keywords: power transmission system; switching element; mode switching; fuzzy PID control;

orthogonal test
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Fig. 1 Schematic diagram of power transmission system
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Fig. 4 Equivalent dynamics model of switching element
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Fig. 5 Equivalent dynamics model of hydraulic mechanism
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