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Simulation of coevolutionary fuzzy-PID in nonlinear
hydro-turbine regulating system

WU Luo-chang, YU Xiang-yang, NAN Hai-peng, LI Yu-xia

(Institute of Water Resources and Hydro-electric Engineering , Xi’an University of Technology ,»Xi’an,Shaanzi 710048 ,China)

Abstract: [Objective] To handle the lack of adaptability in PID control, using the fuzzy-PID as hydro-
turbine regulating system basic control strategy was introduced to hydro-turbine governor system. [Meth-
od) Nonlinear hydro-turbine model based on the model-synthetical characteristic curve was applied to mod-
el the hydro-turbine governor system fuzzy-PID simulation model,and the parameters and fuzzy rules were
optimized by co-evolutionary algorithm and verified the control performance of the hydro-turbine regulating
sustems by examples. [Result] The universal effective fuzzy rules suitable for hydro-turbine regulatory
system was obtained through different operation point fuzzy-PID control optimal rules by co-evolutionary
algorithm. The regulating time reduced by 28 % ,the overshoot decreased by 49% and the number of oscilla-
tions was cut down by 50%. [Conclusion) The introduction of a nonlinear model of hydro-turbine made
system modeling more rational and the simulation results were more authentic. Coevolutionary fuzzy-PID
control performance of the hydro-turbine regulatory system was superior to conventional PID control and
this control strategy would enable the regulatory system to well adapt to changes in the operating condi-

tions.
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Fig.1 Diagram of hydro-turbine regulating system
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Fig. 2 Diagram of nonlinear hydro-turbine based on model synthetical characteristics curves
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Fig.3 Diagram of hydro-turbine regulating system control based on coevolutionary fuzzy-PID
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Fig. 4 Diagram of co-evolutionary algorithm
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Table 2 k;’s change fuzzy rules in all working condition
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Table 4 Control index comparison for various conditions

R JH A5 B E] /s Regulating time #E R/ % Overshoot PR ¥ Number of oscillations
Conditions # # PID HH PID # L PID L PID # ML PID BH) PID

point Conventional PID Fuzzy PID Conventional PID Fuzzy PID Conventional PID Fuzzy PID

1 21 16 5 1 2 0

2 18 12 4 2 2 1

3 12 10 2 2 1 1

4 7 5 1 0.5 1 0

5 16 10 6 2 2 1

6 15 11 2 1 1 1
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