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Abstract: To address the deterioration of low-frequency torsional vibration performance during
the transient mode-switching process in power-split hybrid electric vehicle transmission systems, a
hierarchical dynamic coordinated control strategy based on finite-time prescribed performance

control with control barrier functions (FTPPC-CBFs) is proposed. For this series-parallel hybrid
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configuration, the lever method is adopted to establish a low-frequency torsional vibration dynamic
model for different mode-switching stages. In the upper-layer design, the clutch speed synchronization
stage is selected as the primary research phase. Based on the design principles of general
prescribed performance control (PPC), a prescribed performance function is constructed using
mode-switching performance metrics. Control Barrier Functions (CBFs) are introduced to
transform the prescribed performance constraint problem into a quadratic programming problem,
forming the Prescribed Performance Control with Control Barrier Functions (PPC-CBFs) strategy. In the
lower layer, finite-time adaptive power integration (FTAAPD is employed to achieve rapid error
convergence control. The combination of the upper-layer PPC-CBF's and the lower-layer FTAAPI
constitutes the FTPPC-CBFs control strategy, which is validated through hardware-in-the-loop
(HIL) testing. Results show that, compared to FTAAPI control, sliding mode control (SMC)
under ordinary PPC, and FTAAPI-PPC control, the FTPPC-CBFs strategy reduces the impact
severity by 50.12%, 37.42%, and 42. 92%, respectively. Under sudden disturbance conditions.,
the jerk with CBFs constraints is 9. 99 m/s’, whereas without CBFs, it reaches 13. 76 m/s’-
exceeding the prescribed jerk standard. HIL test results demonstrate that, compared to the other
three control strategies, FTPPC-CBFs reduces jerk by 81.89%, 77.30%, and 43.01% , respectively.
Under sudden disturbances, the jerk is maintained at 9. 71 m/s’, confirming consistency between
experimental and simulation conclusions.

Keywords: hybrid electric vehicle; torsional vibration; control barrier function; hardware in the loop
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Fig. 1 PS-HEV configuration with torsional vibration
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Table 1 Vehicle model parameters
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