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Fig.1 Structure of ship electric propulsion system
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Virtual synchronous machine-based control method for high power

electric propulsion of ship
SUN Zhihao',HUANG Wentao',WEI Wei’,YU Moduo', TAT Nengling'
(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,
Shanghai Jiao Tong University, Shanghai 200240, China;
2. Marine Design & Research Institute of China,Shanghai 200011, China)

Abstract: Electric propulsion,as one of the most important load of ship integrated power system,is affected
by multiple operation conditions and sea conditions, and it is easy to produce large power fluctuation,
which causes impact on the safe and stable operation of the system. Therefore, a virtual synchronous ma-
chine-based control method for high power electric propulsion of ship is proposed. The rectifier unit is
equivalent to a synchronous machine to increase the inertia characteristics of port power and f[requency
response. The inverter unit adopts magnetic field directional vector control to improve the speed regulation
performance of the propulsion machine, and uses virtual inertia and damping to smooth the propulsion im-
pact power and suppress the frequency fluctuation of power grid. The small signal model of the converter
controlled by virtual synchronous machine is established. Considering the dynamic characteristics of DC
capacitance and propulsion load,the influence of control parameters’ change on the response characteristics
of the converter is analyzed. Considering the suppression effect of impact power and dynamic performance
comprehensively, a parameter design method is given. PSCAD / EMTDC simulation and RT-LAB hardware-
in-loop test show that the proposed control method can reduce the peak power of propulsion impulse by
30% under the existing hardware configuration without affecting the performance of propulsion speed regula-
tion, effectively improving the power characteristics of the electric propulsion system,and ensuring the safe
and stable operation of the ship integrated power system.

Key words:virtual synchronous machine;ship integrated power system;electric propulsion;small signal model;

load impact power
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