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Predictive Optimization of Energy Management Strategy for

New Type Power-Split Hybrid Driveline System
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(1. Clean Energy Automotive Engineering Center, Tongji University. Shanghai 201804, China;
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Abstract: To improve the fuel economy of a prototype vehicle with a new type dual-mode power
split hybrid driveline system, a real-time optimized energy management strategy based on model
predictive control (MPC) was developed and verified. First, the relationship of speed and torque
of different power source under every working mode was analyzed, and a model of power split
system was built. Then the mechanical points of different power split modes were analyzed, and
the relationship between system efficiency and gear ratio was obtained. Based on the fuel
consumption characteristic curve of the engine, its mathematical model was established. In the
meantime, the first-order RC model of battery based on the amper-hour integral method was
built. Further, a short-time prediction model for power split hybrid driveline system based on the
engine and battery models was obtained to predict the variation of battery SOC and fuel

consumption rate in a predictive horizon. Finally, an optimal decision law about the engine
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operating point under hybrid mode at the minimum cost of the equivalent fuel consumption was

proposed, and an MPC-based energy management strategy based on the optimal decision law was

developed to realize the real-time optimal distribution of torque among different power sources.

Simulation results show that the MPC-based energy management strategy can achieve the real-

time rolling optimization of a hybrid power vehicle consuming 4. 95 liters of gasoline per 100

kilometers. Compared with 5.364 liters of gasoline per 100 kilometers under the rule-based

energy management, MPC-based energy management can dramatically improve fuel economy by

7.7%.

Keywords: dual-mode power-split hybrid driveline system; energy management strategy; model

predictive control; optimal decision law
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