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Two-level tuning for fuzzy PID control and its application to curing oven

SHEN Ping, DUAN Xiaogang
(The State Key Laboratory of High Performance Complex Manufacturing, Central South University,
Changsha 410083, P.R.China)

Abstract: A two-level tuning method for fuzzy PID (proportion integration differentiation) controller is
proposed. It includes scale factor tuning and member function tuning. An analytical model of fuzzy PID
controller is derived first, which consists of a linear item and a nonlinear compensation item. The nonlinear
compensation item is considered as a process disturbance, fuzzy PID control is tuned with the linear item
and the SOPDT (second-order plus dead-time) model of plant based on the gain margin. Then triangle
member functions are tuned by PSO (particle swarm optimization) algorithm. Simulations show that the
proposed method is effective. Finally, the method is applied to the temperature control process of curing
oven to improve the temperature control effect.
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Table 1 The general form of fuzzy rule base
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Fig.3 A schematic diagram of trigonometric membership function in fuzzy logic
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Table 2 Fuzzy PID ratio factor and the setting parameter value

of traditional PID
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Table 3 Control performance comparison (unlimited amplitude)
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PID 0.56 2.77
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Fig.4 The simulation curve (unrestricted amplitude)
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Table 4 Compare the control performance( |u|<(10)
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Table 5 Integer parameter values of fuzzy PID and traditional PID
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Table 6 Comparison of control performance
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PID 14.937 425.21
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Table 7 The setting parameter value of fuzzy PID and traditional PID (curing furnace)
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Table 8 Performance comparison of curing furnace control
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PID 6.78e+04 4.97e+07
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Fig.9 Temperature control experiment of chip curing furnace
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