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Fault-Tolerant Control of Marine Propulsion Motor Open-
Circuit Fault Based on Model Prediction Theory
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Abstract: A single—phase open—circuit fault tolerant control based on model prediction theory was present-
ed for marine electric propulsion system. According to the fault state space representation of the propulsion motor
after one phase open, a new decoupling matrix is reconstructed to obtain the decoupling current in the new coordi-
nate system, so as to improve the performance of predictive control. The simulation results show that the fault-tol-
erant current control can reduce the stay—state error by 0.15% and the ripple by 0.24% under phase failure for
torque, the stator current has better sinusoidal properties yet. Under propeller load, the speed output of propul-
sion motor has better stability and stronger fault tolerance. Therefore the marine electric propulsion system can re-
alize stable operation after phase failure with this method, enhance the safety and reliability of navigation as well.
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Integrated electric propulsion control system
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Fig.1 Structure of integrated electric propulsion system
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Fig.2 Calculation diagram of propeller torque
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Table 2 Parameters of PMSM model

Parameter Value
Pole pairs p, 4
Stator resistance R_/Q) 1.5
Inductance L/mH 8.5
Flux ¢ /Wh 0.03
Inertia/(kg-m?) 0.8

Table 3 Parameters of propeller model

Parameter Value
Diameter D/m 3.6
Density p/(kg-m™) 1025
Drainage m/t 15527
Wake coefficient w 0.1355
Added factor A 1.08
Resistance factor 0.018
Thrust deduction factor ¢ 0.1548
Reduction factor 2.85%107°
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i lcorresponding vector and zero
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its sector

v

Modulate the PWM
signal and input it
into the inverter to
control the motor

The kth control cycle
end

Fig. 6 Flow chart of model predictive control
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Fig. 7 Performances of propulsion system under MPCC

and PI control
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Table 4 Comparisons of MPFTCC, MPCC and PI control methods’ performance

Pl MPCC MPFTCC
Setting time in normal/s 0318 0.221 0.221
Instantaneous speed at fault/(r+min™") 60 66 66
Resetting time/s 0.267 0.250 0.360
THD for current after fault/% 22.89 18.70 11.76
Pulsation of torque after fault/% 0.20 0.37 0.13
Steady state error of torque after fault/% 0.47 0.26 0.11
Steady state error of speed after fault/% 16.10 2.05 0.40
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