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Research on Fuzzy Self-Tuning PID Control of Marine Fuel Oil Viscosity under Complex
Working Conditions

Liu Xiang, Bai Kaiyang, Li Xin, Zhu Linglei, Wang Mian
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Abstract: To guarantee reliable atomization and high combustion efficiency of marine diesel engines using heavy fuel oil,
fuel viscosity must be strictly controlled within the allowable range of the injection system. Conventional fixed-parameter
PID control fails to balance set-point tracking and disturbance rejection under complex working conditions including engine
load variation, fuel grade switching and strong viscosity-temperature nonlinearity. This paper establishes mathematical models
of the heater, steam regulating valve and fuel viscosity-temperature relationship for a container ship's fuel viscosity control
system, and develops a fuzzy self-tuning PID controller. With viscosity error and its change rate as dual inputs, the controller
online adjusts PID gains and forms a dual closed-loop structure with the temperature loop via a high selector. Simulation
results demonstrate that both fixed-parameter PID and the proposed method achieve steady-state viscosity errors below 0.03cst
under step and load disturbance conditions. When switching fuel grades, the conventional PID exhibits slow response and long
settling time due to integral regulation, while the proposed controller rapidly converges the error within 30 s to below 0.02cst
without manual parameter retuning. This study provides a theoretical basis for the adaptive control of marine fuel oil viscosity.

Keywords: Marine fuel oil viscosity; Dual closed-loop control; Fuzzy self-tuning PID; Complex working conditions; Fuel switching
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