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Optimization of wind turbine variable pitch control parameters based on the
improved proportional integral derivative optimization algorithm
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Abstract: The efficient operation of a variable pitch control system is an important basis to ensure the stable power output of wind
turbines, optimize the operating conditions, and reduce the mechanical load fatigue. Before the operation of the wind turbine, it is
necessary to complete the refined design and tuning of the pitch control system parameters offline. In engineering, these parameters
mainly rely on engineers to perform manual tuning through experience knowledge and simulation software. This method has high
personnel training and optimization time costs and faces low accuracy and poor consistency. However, traditional proportional-integral-
derivative optimization algorithms are limited in the process of intelligent tuning of variable pitch control parameters, and it is easy to fall
into local optimality. Therefore, based on the idea of proportional integral and derivative control, this article sets convergent and random
controller parameter, and further introduces new control targets, control errors, and Levy flight strategies. An improved proportional-
integral-derivative optimization algorithm is proposed. IPIDOA and PIDOA, Harris Hawks optimization, whale optimization algorithm,
gray wolf optimizer, particle swarm optimization, and genetic algorithm are tested and verified on 4 single-peak reference functions,
4 multi-peak reference functions, and optimization examples of wind turbine pitch control parameters. The results show that IPIDOA has
faster convergence speed, better parameter optimization ability, and stronger optimization stability in multi-class optimization cases.

Concurrently, by calculating the time complexity of the IPIDOA and comparing the convergence curves of the algorithms in the parameter
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optimization research of the wind turbine pitch control system, it shows that the IPIDOA algorithm has excellent computational efficiency.

Keywords: wind turbine pitch control; parameter optimization; intelligent tuning; improved proportional-integral-derivative optimization
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Fig. 1 The structure of the wind turbine control system model
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Table 1 The known parameters of filter and notch module
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Fig.2 Flow chart of the improved proportional-integral-

derivative optimization algorithm
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Table 3 The statistical results of benchmark test functions
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FHME 4. 04x1073 1.01x107> 3.36x107'° 1. 04x107'88 4.57x107™ 4.48x107" 5.22x107°
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- E 4.56x107' 1.79 3.08x107'% 1.63x107" 1.07x107% 1. 00 7.50x107
F, E 4.01x107 1.03 9.62x107'% 4.42x107" 1.00x107% 3.16 2.15%x107!
AR 3.43x107'% 2.87x107" 3.28x107'° 4,25%x107 1.61x107¥ 1.01x107® 6. 68x107
- E 4.11x107*° 5.47x10" 6.55x107"7° 7.83x10° 5.74x107% 8.19x10? 9. 66x107!
Fy E 0. 00 6.56x10" 0.00 4.56x10° 1.81x107* 2.11x10° 8.78x107!
=2) K=E 2.30x107* 2.99x10™" 6.95x107"" 2.01x10? 9.80x107% 7.89x10" 1.97x107"!
- E 2.03x107 3.19%x107" 6.13x107'? 2.93x10’ 1.95%x107% 1.73 1.87
F, Vg 2.96x107'3 2.17x107" 1.94x107'! 3.00x10" 1.75%x107% 4.25%107" 5.68x107"
FALE 1.80x107 3.52x107% 1. 14x107'% 2.03x1072 2.91x107% 1.08 9. 64x10™"
FHE 1.96x107° 1.35x107" 3.60x107° 6.59x107 4.11x107 1.85x1072 6.50x107"
Fs T 1.27x1075 1.79x107" 3.95x107° 8.55x107* 2.21x107* 4.57x107° 1.95x107"!
FAufE 6.26x1077 2.15x107° 1.85x107° 1.01x10™ 1.59x107* 1.06x107? 3.77x107!
S 0. 00 9.62 0. 00 0. 00 5.68x107° 4.21x10" 4.48
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FH{E 8.88x107'6 7.82x107" 8.88x107'¢ 4.80x107" 1.08x107" 2.43x1077 8.23x107
F = 0. 00 8.20x107! 0. 00 2.62x107" 3.67x107" 3.07x1077 7.66x107*
B AE 8.88x107'° 1.43%107 8.88x107'¢ 8.88x107'¢ 7.99x107" 1.21x1078 2.15x107
S 0.00 8.13x107° 0. 00 0. 00 7.77x107* 1.16x1072 6.65%x107
Fy - 0. 00 8.21x107 0. 00 0. 00 2.46x107° 8.29x107 6.18x107
A 0. 00 1.01x107* 0. 00 0. 00 0. 00 4.12x107% 1.97x10°
F a4 LohEMEERSHRLER
Table 4 The parameter optimization results of the transmission chain resistance module
ZH IPIDOA PIDOA HHO WOA GWO PSO GA
K 419.545930 2  434.5603977  426.684 9117 419. 555 204 421. 680 749 4 419. 878 742 419.5
QVw 5.754 924 724  5.372188 904  6.614 785444  5.754 667 218  5.702 129 964  5.734 426 629 5.75
ovd 1 0. 747 927 025 0.998 234 12 1 1 0.977 661 562 0.999 915 209
f(x) 108. 132 698 110. 113 156 9 108.546 892 1  108.133460 6  108.309 7374  108.192 453 6 108. 145 601 7
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Table 5 The parameter optimization results of filter and notch module
ZH IPIDOA PIDOA HHO WOA GWO PSO GA
W, 4.914 410 784 2. 608 749 095 4.022 703 222 4.046 805 789 2.820 765 613 5.723 685 567 5.372 391 036
d, 0. 676 626 814 0.308 499 910 0. 330 359 66 0. 681 626 794 0.371 181 644 0.192 611 019 0.087 372 372
Wy 1.757 219 577 1. 873 705 979 3.004 608 134 1. 696 686 333 4. 806 478 420 3.730 835 283 4.826 016 742
dg, 0. 696 721 306 0.759 087 097 0.032 317 033 0. 896 838 632 0. 020 227 862 1 0. 022 390 808
W, 8.014 757 545 4.531 265 025 6. 876 847 433 6. 800 502 265 8. 018 449 697 4. 665 952 599 6. 535 262 160
d, 0.083 601 470 0. 381 997 547 0. 189 324 088 0. 429 019 766 0. 495 823 144 0. 185 953 727 0. 430 985 733
w 5.929 180 936 4.801 739 724 3.285 879 744 4.806 071 053 5. 665 504 265 3.326 338 581 3.976 818 117
dp 0. 487 486 775 0.018 254 033 0.057 543 133 0. 019 456 886 0.770 455 776 0. 937 544 900 0. 871 305 455
w3 6.716 138 438 6. 858 392 853 5.731 599 387 9.238 604 905 6. 875 321 626 10.968 333 720  8.322 451 265
d,5 0.370 652 868 0. 076 659 909 0.070 714 699 0.414 229 098 0. 401 946 172 0.200 641 480 0.161 513 639
W3 5.721 050 055 7.150 064 632 5.731 599 387 8. 889 509 961 8.262 273 184 5.723 685 567 5.814 715 249
d 3 1 0. 856 655 173 0. 055 789 228 0.771 881 546 0. 356 337 056 0. 584 342 701 0.792 794 681
Wy 13.764 726 100 12. 849 044 54 9. 448 284 660 12.573 199 020 14. 738 148 580 12.397 950 390  11.493 205 610
dy 0. 357 888 899 0. 295 255 749 0. 144 186 545 0. 138 772 404 0. 959 802 622 0.015 251 994 0.132 871 717
Wy 11. 975 004 220 10. 261 837 600 9. 448 284 660 10. 629 759 560 9. 448 284 660 14.551 621 850  13.789 061 170
d gy 0.011 888 158 0. 393 895 904 0.380 778 161 0. 833 153 045 0. 362 640 590 0. 162 540 125 0.251 267 674
f(x) 0. 000 600 769 0. 000 617 203 0. 000 624 397 0. 000 605 523 0. 000 613 126 0. 000 609 477 0. 000 607 639
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Table 6 The parameter optimization results of the PID controller

K/ (mes™") S5 IPIDOA PIDOA HHO WOA GWO PSO GA
P 0.005 858 47  0.020 482 455 0.002 218 989  0.003 364 02  0.000 660 392 0.009 890 975  0.010 985 95
I 0.000 568 45 0.008 177 272 0.000 687 727  0.000 228 11 7.69%x107° 0 0. 000 701 436
11
D 0.004 131 444 0.014 535072 0.010 998 101 0 5.34x1078 0 3.97x107°
f(x) 1 754. 651 319 1. 74x10% 13 126. 483 5084.547 127 85 625.792 04 87 313.595 47 734 962 830. 6
P 0.003 185368  0.003288383  0.003 700 951  0.003 056 612  0.001 349 551  0.007 018 113 0. 012 006 848
1 0.000 528 364 0.007 040 627 0.003 761 444 0. 000 440 049 2.59x107* 0 0. 000 783 186
16
D 0.001 484 986 0.026 662 73 0. 008 984 395 0 0 0 0. 009 685 289
f(x) 1 189. 319 474 1.24x10'8 2908.014 367 1 360.868 903 4 821.318 807 67 145.512 12 6.00x10'8
P 0.001 751 294 0.035 535 817 0.000 853 908 0.001 915049 0.000 816 269 0.005 846 703  0.002 186 807
1 0.000 53343 0.001 163 586  0.000 567 044  0.000 529 122 0.000 416 348 0 0. 002 324 799
25
D 0.000 432 163 0.011 718 973 0. 000 678 939 0 0 0 0.007 8125
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