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Study on fault characteristics and protection cooperation of the offshore wind farm

LU Zhixue, LIU Tianqi, DING Yuanyuan
(School of Electrical Information, Sichuan University, Chengdu 610065, China)

Abstract: In general, the equipment and lines used in offshore wind farms are different from those of onshore wind farms.
Therefore, it is necessary to study the configuration of relay protection for offshore wind farms. This paper analyzes the
short circuit current and terminal voltage drop with the fault of the components in the wind power field and the outgoing
line by the simulation software of ETAP, and studies the characteristics and fault characteristics of the offshore wind farm.
When multiple wind farms are connected to the grid, the wind turbines will provide short-circuit current that cannot be
ignored and it will be a bilateral power supply for the short-circuit point. Therefore, considering the characteristics and the
low-voltage ride-through capability of the wind turbine, it proposes the protection scheme and the setting principle of the
components and lines of the offshore wind farm. The cooperation of the protection program and action sequence of the
offshore wind farm model built on the software ETAP is simulated, and the correctness and rationality of the proposed
protection scheme and action sequence are verified.
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Fig. 1 Wiring diagram of an offshore wind farm
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Table 1 Short circuit current of the outgoing line
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Fig. 2 Requirements of wind farm low-voltage ride-through
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Fig. 3 Cooperation diagram of wind turbines’

low-voltage protection
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Fig. 4 Transient simulation waveform of the fault wind turbine

i Sequence-of-Operation Events - Output Report: Untitled =
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Data Rev.: Bae Config: Mormal Date: 03-28-2017
Time (mg] 1D IF [l&) T1 [ms] T2 [ms) Condition |
100 WR1 100 Undervoltage - 27 |
200 Rdn.ce1 100 Tripped by ¥R Undervoltage - 27
100 Fusel 127 <100 |
200 FRielay2 1.247 200 Phase - OC1 - 51 - Reverse |
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Fig. 5 Action sequence diagram of the fault wind turbine
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Fig. 6 Transient simulation waveform of the fault collector line
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‘ e [Spmieticall faull on connector betssn CT2 & J5KY Sable] Adacent bus 35 Bus 1
DataFiev. Base Config. ormal Dale; 03232017
Time ) 1D Fk#)  Tifmel  T2(msl  Condtion -
150 Ficly2 1543 180 Phase - OC1 - 60 - Reverse
160 TR 100 Tipped by Relsy2 Phisss - (071 - 50 - Rowerse
57 Fussl o\ 287
384 YR1 384 Undervoltage - 27
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1500 Ficly® 223 1800 Phase - OC1 - 51
1810 FEEce 100 Tripped by Rielayd Phase - 0C1 - 51
1800 Fislays ez 1am Phass - OC1 - 51
1810 ETHCE 100 Tripped by Rielayd Phase - 0C1 - 61
1810 ETE 100 Tiipped by Rielayd Phase - 0C1 - 51 -
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Fig. 7 Action sequence diagram of the fault collector line
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i Sequence-of-Operation Events - Output Repart: Untitled =
‘ FPhcs [Symmetioal] fall on Soneetor bebmeen LT3 & rain fransformer 1 Adscent bus Z20RY bis
Dot Fiow: Base Conlig: Womsl Date: 03232017
Time [ms] 1D k4] Tifmel  T2fmsl  Condtion
100 Fielayd 100 Phase - 87
20n FIECO 100 Triped by Relsyd Phass - B7
200 FEECE 100 Tripped by Rielapd Phase - 87
288 Fuss1 nis 288
500 Fielay15 854 500 Phase - OC1 - 50 - Reverse
510 iEihagres 100 Tripped by Relsy15 Phass - D1 - 50 - Rsvsrss
50 YR 50 Undervoltage - 27
930 RALCET 100 Triped by YR Undsratags - 27
1200 Felay 5177 1200 Phage - OC1 - 60
1210 RALCET 100 Triped by Relsyl Phass - 01 - 50
1500 Felay 2878 1800 Phase - OC1 - 51
1610 FHSCe 100 Tipped by Relsyl Phass - D1 - 51
1800 Frelay3 8878 1800 Phase - OC1 - 51
1810 T 100 Tipped by Relsyd Phass - OC1 - 51
1810 FTECE 100 Tripped by Rielayd Phase - D1 - 51
2000 Relay14 BE4 20 Phase - OC1 - 51 - Raverse
2010 FEMIEE B2 10.0 Tripped by Relayl4 Phase - OC1 - 61 - Reverse
o177 me o177 Urdersoitage - 27
2187 FALCE225 100 Tripped by YR23 Undervohage - 27
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Fig. 9 Action sequence diagram of the fault main transformer
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i Sequence-of-Operation Events - Output Report: Untitled =
‘ T Phase [Symmetical] fault on connector between CT19 & 220kY bus 3(1x600)1-1-2. Adacent bus: BusT
DataRev. Base Config: Nomal Dater 03-28-2017
Timems] 1D k&) T1[msl T2 ) Condition
100 Relay11 0.0 Phase - 87
200 EdiEkCE 100 Tripped by Relay11 Phase - 87
200 EdighCR 100 Tripped by Relay11 Phase - 87
200 Relay14 16.805 200 Phase - OC1 - 50 - Reverse
300 EEdEEce? 0o Tripped by Relay14 Phase - OC1 - 50 - Reverse
308 Fusel o1 308
500 Relay12 1193 500 Phase - OC1 - B0 - Forward
500 Relay1s 16.805 500 Phage - OC1 - 60 - Reverse
510 EEdEECR 0o Tripped by Relay13 Phase - OC1 - 50 - Forward
510 BELECR2 100 Tripped by Relay15 Phase - OC1 - 50 - Fleverse
1200 Relay1 5027 1200 Phase - 0OC1 - &0
1210 FANCET 100 Tripped by Relayl Phase - OC1 - 50
121 WR1 1221 Undervoltage - 27
121 WR29 1221 Undervoltage - 27
123 FALCET 100 Tripped by VA1 Undervoltage - 27
123 FNCEB225 100 Tripped by VR23 Undervoltage - 27
1500 Relay12 1.193 1500 Phase - OC1 - 51 - Forward
1510 BEdEECR 0o Tripped by Relay12 Phase - OC1 - 51 - Forward
2000 Relay14 16805 2000 Phase - OC1 - 51 - Reverse
2010 EdigkCR2 100 Tripped by Relay14 Phase - OC1 - 51 - Reverse
] m »
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Fig. 11 Action sequence diagram of the fault outgoing line
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