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Adaptive switching strategy for a wind turbine crowbar based on the guarantee of
low voltage ride-through capability
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Abstract: To improve the low-voltage ride-through capability of wind farms, this paper takes grid-connected medium and
large-scale wind farms as the research object. Starting from the entire wind farm level, it analyzes the transient
characteristics and LVRT capabilities of doubly-fed wind turbines under fault disturbance scenarios. The RBF neural
network is used to fit the transient process of the DFIG rotor current after removal, and a crowbar protection adaptive
switching strategy is proposed. The simulation results of the calculation example show that the RBF neural network is
more accurate in predicting the maximum current on the rotor side after a fault, and can effectively avoid repeated
switching of the crowbar. This strategy further improves the reactive power support and LVRT capabilities of wind farms
under fault scenarios, and significantly improves the safety and stability of wind farm operation.
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Fig. 8 Operational characteristics during No. 37 DFIG fault
under traditional and adaptive strategies
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Mizk A1 IREYIRREE FRRVIGH R GRIETIBRAT ir,=0)
Attached Table Al Training sample of rotor current after crowbar removal (Crowbar removal: ir,=0)
Vp/P.U.
hwlpt. 0 0.1 0.2 03 p/ZA 05 06 0.7 08

038 3.818 2672 2.398 2327 2314 2015 1.791 1.593 1.502

082 3.740 2698 2.385 2.302 2.296 2.036 1.795 1.576 1.503

0.84 3.629 2.650 2.345 2.359 2222 1973 1.744 1.532 1.479

0.86 3.652 2545 2342 2332 2217 1.945 1.684 1.504 1.399

088 3530 2561 2273 2.258 2.201 1.908 1.664 1.469 1.380

09 3471 2534 2.201 2274 2.089 1.887 1.657 1.455 1.371

0.92 3.441 2493 2.247 2197 2.089 1.826 1.614 1.412 1.330

0.94 3.420 2.464 2.202 2144 2.042 1815 1.623 1421 1.319

0.96 3.457 2.447 2141 2190 2.032 1.800 1.559 1.396 1.265

0.98 3.387 2.440 2125 2167 2.043 1.794 1.546 1.367 1.255

1 3.308 2.330 2142 2149 2.003 1.703 1.532 1.334 1.212

1.02 3.295 2.370 2128 2,052 1.926 1.705 1.472 1.282 1.225

1.04 3.310 2.286 2.084 2.085 1.973 1.651 1.451 1.268 1.194

oo 1.06 3.242 2318 2.089 2,075 1.882 1.655 1.442 1.276 1.146

1.08 3.229 2273 2071 1.994 1.852 1628 1.434 1.226 1.146

11 3172 2238 1.989 2033 1.827 1.606 1.403 1.209 1.096

112 3139 2177 1.972 1.978 1.803 1570 1.355 1.173 1.108

114 3.098 2203 2017 1.950 1.782 1547 1.363 1171 1.068

1.16 3.050 2184 1.939 1.936 1.803 1548 1.349 1.151 1.028

1.18 3.066 2117 1.917 1.960 1.795 1541 1.308 1.138 1.018

1.2 2.976 2119 1.887 1.886 1.755 1.511 1.294 1.106 0.964

1.22 2.967 2103 1.912 1914 1.743 1.496 1.283 1111 0.958

1.24 2.887 2.106 1.876 1.854 1.681 1.460 1.261 1.092 0.934

1.26 2.858 2.030 1.872 1.876 1.693 1.411 1.210 1.075 0915

1.28 2.845 2017 1.873 1.838 1.683 1423 1.208 1.047 0.922

13 2.804 2.007 1.801 1.830 1.647 1.401 1172 1.029 0.878
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Attached Table A2 Training sample of rotor current after crowbar removal (Fixed crowbar removal time: tcact=7.2 ms)
/ot vp/p.u.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0.8 4341 3.137 2.862 2.806 2.660 2.428 2.096 1.916 1.770

0.82 4.326 3.131 2.745 2.761 2.609 2.339 2.057 1.889 1.725

0.84 4.209 3.049 2.734 2.743 2.559 2.335 2.071 1.850 1.705

0.86 4.288 3.060 2.750 2.718 2.555 2.294 2.017 1.803 1.637

0.88 4.204 2.963 2.674 2.647 2.537 2.270 1.996 1.761 1.617

0.9 4.160 2.978 2.617 2,573 2.503 2.204 1.945 1.696 1.612

0.92 4.114 2.931 2.589 2.599 2.454 2.168 1.914 1.699 1.547

0.94 4.032 2.863 2.573 2.582 2.390 2.105 1.869 1.621 1.543

0.96 3.958 2.818 2.583 2.567 2.367 2.074 1.809 1.601 1.502

0.98 3.984 2.800 2.542 2.501 2.399 2.055 1.823 1.569 1.449

1 3.836 2.807 2.496 2.487 2.309 1.995 1.758 1.567 1.446

1.02 3.781 2.760 2.444 2.422 2.298 2.024 1.723 1.542 1.425

1.04 3.838 2.702 2.447 2.461 2.286 1.997 1.717 1.517 1.384

orlp.u 1.06 3.763 2.681 2.444 2.379 2.259 1.907 1.664 1.486 1.362
1.08 3.710 2.658 2.365 2.388 2.216 1.926 1.638 1.448 1.351

1.1 3.727 2.642 2.388 2.320 2.150 1.909 1.612 1.436 1.310

1.12 3.640 2.621 2.321 2.313 2.165 1.859 1.616 1.387 1.267

1.14 3.564 2.609 2.344 2.310 2111 1.803 1.551 1.364 1.272

1.16 3.603 2.529 2.312 2.244 2.089 1.810 1.532 1.356 1.192

1.18 3.516 2.507 2.279 2.250 2.081 1.773 1.546 1.352 1.156

1.2 3.480 2.482 2.276 2.252 2.057 1.774 1.524 1.288 1.160

1.22 3.409 2.446 2.210 2.218 1.990 1.747 1.491 1.267 1.132

1.24 3.421 2.474 2.229 2.219 1.971 1.709 1.440 1.269 1.104

1.26 3.386 2.405 2.145 2.191 1.940 1.668 1.419 1.268 1.092

1.28 3.376 2.354 2.169 2117 1.945 1.646 1.405 1.224 1.069

1.3 3.292 2.380 2.126 2.142 1.925 1.644 1.395 1.208 1.059

iz A3 R F BIE R IR P3RS B KRB IR BT ZIISR
Attached Table A3 Wind turbine crowbar timetable without adaptive switching strategy

DFIG razs LVRT DFIG ISR LVRT DFIG (SRS LVRT DFIG s LVRT
i’ [ /p.u. i A5 i’ L /p.u. EIS i 5 HH R /p.u. RGN s R /p.u. 5} [8)/s
0 0.797 1.798 17 0.810 1.823 34 0.803 1.808 51 0.818 1.839
1 0.797 1.797 18 0.810 1.823 35 0.802 1.807 52 0.818 1.839
2 0.797 1.797 19 0.810 1.823 36 0.802 1.807 53 0.819 1.840
3 0.796 1.796 20 0.810 1.823 37 0.815 1.833 54 0.820 1.842
4 0.796 1.796 21 0.810 1.823 38 0.815 1.833 55 0.820 1.842
5 0.796 1.796 22 0.810 1.823 39 0.814 1.831 56 0.820 1.842
6 0.796 1.796 23 0.810 1.823 40 0.814 1.831 57 0.794 1.791
7 0.796 1.796 24 0.801 1.805 41 0.814 1.831 58 0.793 1.790
8 0.796 1.796 25 0.800 1.804 42 0.814 1.831 59 0.793 1.790
9 0.796 1.796 26 0.800 1.804 43 0.814 1.831 60 0.793 1.790
10 0.796 1.796 27 0.800 1.804 44 0.815 1.832 61 0.793 1.790
1 0.796 1.796 28 0.799 1.802 45 0.815 1.832 62 0.793 1.790
12 0.808 1.819 29 0.799 1.802 46 0.815 1.832 63 0.793 1.790
13 0.808 1.819 30 0.801 1.804 47 0.819 1.841 64 0.794 1.791
14 0.810 1.823 31 0.802 1.807 48 0.819 1.841 65 0.795 1.793
15 0.811 1.824 32 0.803 1.809 49 0.818 1.839 66 0.795 1.793

16 0.811 1.824 33 0.802 1.807 50 0.818 1.839 — — —
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Attached Table A4 Wind turbine stability voltage and corresponding LVRT time

DFIG P LVRT DFIG o LVRT DFIG s LVRT DFIG P LVRT

T £ /p.u. It 8]/ Hi's F IR /p.u. I E)/s P Hi £ /p.u. I [8]/s PS5 HiE/pu.  BFElS
0 0.797 1.798 17 0.810 1.823 34 0.803 1.808 51 0.818 1.839
1 0.797 1.797 18 0.810 1.823 35 0.802 1.807 52 0.818 1.839
2 0.797 1.797 19 0.810 1.823 36 0.802 1.807 53 0.819 1.840
3 0.796 1.796 20 0.810 1.823 37 0.815 1.833 54 0.820 1.842
4 0.796 1.796 21 0.810 1.823 38 0.815 1.833 55 0.820 1.842
5 0.796 1.796 22 0.810 1.823 39 0.814 1.831 56 0.820 1.842
6 0.796 1.796 23 0.810 1.823 40 0.814 1.831 57 0.794 1.791
7 0.796 1.796 24 0.801 1.805 41 0.814 1.831 58 0.793 1.790
8 0.796 1.796 25 0.800 1.804 42 0.814 1.831 59 0.793 1.790
9 0.796 1.796 26 0.800 1.804 43 0.814 1.831 60 0.793 1.790
10 0.796 1.796 27 0.800 1.804 44 0.815 1.832 61 0.793 1.790
11 0.796 1.796 28 0.799 1.802 45 0.815 1.832 62 0.793 1.790
12 0.808 1.819 29 0.799 1.802 46 0.815 1.832 63 0.793 1.790
13 0.808 1.819 30 0.801 1.804 47 0.819 1.841 64 0.794 1.791
14 0.810 1.823 31 0.802 1.807 48 0.819 1.841 65 0.795 1.793
15 0.811 1.824 32 0.803 1.809 49 0.818 1.839 66 0.795 1.793
16 0.811 1.824 33 0.802 1.807 50 0.818 1.839 — —

Mizk A5 KA BERIR VISR T R MR IRBRIPR VI ZI ( “—” RRTUIER)

Attached Table A5 Wind turbine crowbar timetable with adaptive switching strategy (“—” means no cutting)

DFIG  #&BHAN DI | DRIG BN BBV | DRIG  @EBHRA VIR | DFIG BN BEHUIkK
i 5 i Zllims I Zlims T i Zl/ms NZlims | %% B Zlms B Zllims 'S i Zl/ms i Zl/ms
0 5.7 13.3 17 5.7 — 34 12.4 — 51 13.3 —
1 5.7 133 18 5.7 — 35 12.4 19.7 52 133 —
2 5.7 133 19 5.7 13.4 36 12.4 19.9 53 133 —
3 5.7 13.3 20 5.7 — 37 12.4 19.9 54 13.3 —
4 5.7 135 21 5.7 — 38 12.4 — 55 13.3 —
5 5.7 135 22 5.7 — 39 12.4 — 56 133 —
6 5.7 136 23 5.7 — 40 12.4 — 57 133 22.0
7 5.7 13.6 24 5.7 13.6 41 12.4 — 58 13.3 215
8 5.7 13.6 25 5.7 13.4 42 12.4 — 59 13.3 22.3
9 5.7 136 26 5.7 13.3 43 12.4 — 60 133 22.2
10 5.7 132 27 5.7 13.3 44 12.4 — 61 21.3 26.1
11 5.7 135 28 5.7 135 45 12.4 — 62 20.7 26.5
12 5.7 — 29 5.7 135 46 12.4 — 63 221 26.7
13 5.7 — 30 115 18.7 47 12.4 — 64 20.4 —
14 5.7 — 31 115 18.7 48 133 — 65 21.8 25.9
15 5.7 — 32 11.5 18.8 49 13.3 — 66 21.9 26.6
16 5.7 — 33 12.4 19.9 50 13.3 — — — —
B3R [2) Wk, MR, BELL, S R ELA L FLALE
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2017, 8(1): 395-403. Power Engineering Technology, 2021, 40(2): 75-85.
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