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Simulation of Adaptive Energy Management Strategy for
Multi-rotor Hybrid UAVs

YANG Mingtang"*, HU Chunming'®, XU Yinze', DU Chunyuan®
(1. School of Mechanical Engineering, Tianjin University, Tianjin 300072, China;

2. Internal Combustion Engine Research Institute, Tianjin University, Tianjin 300072, China)

Abstract: In order to improve the operating stability, output power and energy utilization of multi-rotor
hybrid drones, GT-Power and Simulink are used to jointly build models, and rules-based consumption
management strategy and equivalent consumption minimization strategy (ECMS) are compared. Adaptive-
ECMS (A-ECMS)based on back propagation (BP) neural networks optimization is designed and developed.
Simulation shows that in terms of operational stability of A-ECMS, the overall operating speed fluctuation
rate is 7.74% , which is significantly lower than those of the rule-based strategy and ECMS. The speed
fluctuation rate of A-ECMS under compound disturbance and random turbulence is 8.32%, 7.18%,
respectively. Compared with rule-based strategy and ECMS, it operates more stably under emergency
conditions. A-ECMS can effectively improve the power performance of the hybrid system, allowing the
engine to operate at an economical operating condition of 10 kW, and the battery power can be adjusted in real
time according to changes in the state of charge (SOC). The average fuel consumption rate of A-ECMS is
297.585 g/(kW+h), and the overall fuel consumption is 3 755.31 g, which is significantly lower than those of

the rule-based strategy and ECMS. The engine operating points are concentrated in the fuel economy zone
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when running under various operating conditions. The proposed method can effectively improve system

economy.

Key words: multi-rotor unmanned aerial vehicle; hybrid power; back propagation (BP) neural network;

adaptive equivalent consumption minimization strategy( A-ECMS) ; energy management
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Table 1 Main parameters of DA170 aero engine
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Fig.2 Engine universal characteristic diagram
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Fig.3 Battery equivalent circuit model
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Table 2 Power battery parameters
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Table 3 ISG motor parameters
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Table 4 Rotor motor parameters
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Table S5 Propeller model parameters
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Table 7 BP neural network parameterization
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Table 8 Comparison of speed control effects under dis-
turbance and turbulence
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Table 9 Comparison of engine fuel consumption under

different strategies
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