
Appendix A

Test Systems

DFIG-based WIPS

Parameters adopted

1. Active power

2. Reactive power

3. DC link voltage

4. DFIG rotor speed

Case system

DFIG-based WIPS consists of a wound rotor type induction generator, and an AC-DC-AC

IGBT-based converter is considered.

Technical details

A 120 kV, 60 Hz grid supply is connected to the stator while the rotor is fed through a voltage

source converter with a dc-link voltage of 1150V. Six wind turbines of 1.5 MW each created a

wind farm of 9 MW, which is desirable real power output. It is also desirable to regulate the

reactive power produced by the wind turbine generators to 0 MVar.

A 25 kV distribution system, which exports power to the grid through a 30 km feeder. The wind

speed = 15 m/s (fixed), induction generator number of poles = 6, rated speed = 1200 rpm, which

is maintained at 1440 rpm (1.2 p.u.) for generating mode.
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33 bus

Figure A.1: IEEE 33 bus distribution system.
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118-bus

Figure A.2: IEEE 118 bus distribution system.
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Appendix B

Reliability Data

Data adapted from [6, 7, 240].

Table B.1: Reliability data adapted for 33 bus

Component
Reliability data for all loads, feeders, etc.

λP (failure per year) RT(hr)

Load@4 0.321 11.04

Load@(5, 7-12, 29, 0.301 11.44

30, 14, 16, 18-22, 25-28)

13, 15 0.314 11.17

17, 23, 24 0.208 1.75

31-33 0.327 10.96

substation 0.1 5

feeder (2, 3, 6) 0.2 3

DG 0.2 12
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Table B.2: Load distribution for 33 bus

Type of load

Bus number (or Load point) Number of customers Mixed Same type of loads

2-5 148 Industrial (I) C I R

6-9 10 Commercial (C) ” ” ”

11, 12 132 ” ” ” ”

13-15 110 Residential (R) ” ” ”

16 2 ” ” ” ”

17-20 118 ” ” ” ”

21-26 126 ” ” ” ”

27-31 108 ” ” ” ”

32, 33 58 ” ” ” ”

Table B.3: Reliability data adapted for 118 bus

Component
Reliability data for all loads, feeders, etc.

λP (failure per year) RT(hr)

Load 0.208 1.75

substation 0.1 5

feeder 0.2 3

DG 0.2 12

Table B.4: Load distribution for 118 bus

Load Group Bus Number Number of customers

3-5, 8, 9, 12, 13, 15-18, 22, 23, 26, 27, 41, 45-50, 54, 55, 58-60, 62-65,
Residential

70-72, 76, 78, 80, 87, 88, 90, 91, 93-95, 97-99, 102, 103, 118, 39, 92, 104

20, 29, 32, 33, 37, 38, 42-44, 52, 56, 61, 66, 69, 73, 74, 77,
Industrial

81-85, 89, 100, 101, 106-108, 112-114, 116, 117

2, 6, 7, 10, 11, 14, 19, 21, 24, 25, 30, 31, 34-36, 40, 51, 53, 67, 68,
Commercial

75, 79, 86, 96, 105, 109-111, 115, 28, 57

100
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Table B.5: Cost per kilo-watt for reliability worth

Type of load Interruption duration (minutes) Cost ($/kW)

Commercial

1 0.38

20 2.97

60 8.55

240 31.32

480 83.01

1 1.63

20 3.87

Industrial 60 9.09

240 25.16

480 55.81

Residential

1 0

20 0.09

60 0.48

240 4.91

480 15.69
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Appendix C

DC-link Voltage and Indexes obtained

Table C.1: index1 values obtained

index1 Bus No. index1 Bus No.

ref bus 1

0.129×10−3 2 0.104×10−3 18

0.676×10−3 3 0.013×10−3 19

0.696×10−3 4 0.018×10−3 20

0.866×10−3 5 0.013×10−3 21

1.349×10−3 6 0.008×10−3 22

0.678×10−3 7 0.218×10−3 23

0.701×10−3 8 0.261×10−3 24

0.595×10−3 9 0.144×10−3 25

0.592×10−3 10 0.732×10−3 26

0.542×10−3 11 0.737×10−3 27

0.506×10−3 12 0.856×10−3 28

0.481×10−3 13 0.928×10−3 29

0.425×10−3 14 0.867×10−3 30

0.291×10−3 15 0.420×10−3 31

0.233×10−3 16 0.276×10−3 32

0.170×10−3 17 0.066×10−3 33
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Table C.2: index2 values obtained

index2 Bus No. index2 Bus No.

ref bus 1 0.00519×10−3 18

0.00456×10−3 2 0.0028×10−3 19

0.00536×10−3 3 0.00649×10−3 20

0.00349×10−3 4 0.00591×10−3 21

0.00646×10−3 5 0.00118×10−3 22

0.00151×10−3 6 0.00171×10−3 23

0.00287×10−3 7 0.01643×10−3 24

0.00613×10−3 8 0.00394×10−3 25

0.00624×10−3 9 0.00288×10−3 26

0.00543×10−3 10 0.00564×10−3 27

0.00503×10−3 11 0.00376×10−3 28

0.0053×10−3 12 0.00357×10−3 29

0.01644×10−3 13 0.04152×10−3 30

0.00564×10−3 14 0.00736×10−3 31

0.00513×10−3 15 0.00291×10−3 32

0.00259×10−3 16 0.00554×10−3 33

0.00169×10−3 17
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Table C.3: index3 values obtained

index3 Bus No. index3 Bus No.

ref bus 1 0.4462 61

0.3824 2 0.4462 62

0.1434 3 0.1912 63

0.8286 4 0.2390 64

0.2470 5 0.1513 65

0.3187 6 0.5976 66

0.2709 7 0.9721 67

0.2151 8 0.7091 68

0.1115 9 0.5577 69

0.4701 10 0.4701 70

0.3824 11 0.1434 71

0.2151 12 0.5816 72

0.2151 13 1.1235 73

0.2071 14 1.3944 74

0.1912 15 0.7729 75

0.0796 16 1.0517 76

0.0637 17 0.94820 77

0.3187 18 1.0916 78

0.7171 19 0.2788 79

0.8764 20 0.2549 80

0.8127 21 0.6533 81

0.3505 22 1.2509 82

0.3426 23 1.0199 83

0.3745 24 0.9641 84

0.2948 25 0.6215 85

0.1593 26 0.3984 86

0.0318 27 0.1992 87

0.3745 28 0.0637 88

0.7410 29 0.7250 89

0.9880 30 0.4462 90

index3 Bus No. index3 Bus No.

1.1394 31 0.0637 91

1.0836 32 0.2390 92

1.1314 33 0.2310 93

0.8286 34 0.1513 94

0.4860 35 0.7330 95

0.3984 36 0.2549 96

0.9880 37 0.2231 97

0.8844 38 0.1434 98

0.4302 39 0.0557 99

0.2788 40 1.0996 100

0.5498 41 1.0597 101

0.7729 42 0.5737 102

1.2350 43 0.0637 103

0.9322 44 0.0796 104

0.6613 45 0.5498 105

0.1673 46 1.0756 106

0.1274 47 1.1872 107

0.0717 48 1.0677 108

0.2629 49 0.6454 109

0.2470 50 0.3346 110

1.09960 51 0.6932 111

1.3864 52 0.8127 112

1.1872 53 1.2191 113

0.3107 54 0.9163 114

0.5338 55 1.9203 115

0.4701 56 1.0996 116

0.2709 57 0.5418 117

0.2709 58 0.3505 118

0.2310 59

0.5179 60
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Table C.4: DC-link voltage obtained for corresponding gain values

kp ki Vdc

25 21 1203.6

18 370 1214.2

47 58 1299.1

49 49 1311.9

13 149 1226.7

39 176 1280.8

11 11 1237.9

6 425 1268.1

44 359 1310.6

36 456 1274.6

37 261 1264.8

41 229 1268.7

50 179 1284.6

16 314 1218.2

16 113 1220.9

38 14 1272.5

47 468 1311.1

22 147 1208

22 297 1210.7

12 263 1229.6

30 313 1210.1

33 129 1201.4

18 164 1214.7

33 104 1203.5

16 447 1216.9

kp ki Vdc

22 206 1210.8

36 319 1279.6

5 263 1293.2

40 334 1282.9

49 86 1321.8

28 10 1203.5

24 210 1210.2

40 341 1289.9

46 184 1282.8

23 355 1210.8

49 358 1320.9

41 468 1324.1

20 489 1214.9

3 322 1334.7

14 113 1224.2

21 393 1213.7

36 312 1205.7

16 418 1219.2

8 266 1253.5

17 15 1216.7

24 378 1213.2

32 251 1204.6

42 483 1314.4

28 253 1210.3

40 55 1295.3

kp ki Vdc

27 222 1210.1

3 16 1374.7

7 400 1258.2

30 257 1208.6

5 498 1277.9

13 321 1225.3

38 126 1202.9

48 146 1326.6

28 166 1209.8

8 118 1259

11 346 1232

4 243 1314.8

5 338 1288.7

37 124 1201.1

15 403 1219.9

48 184 1285.8

22 387 1214.3

17 259 1219.5

28 78 1208.8

9 14 1254

33 27 1204.5

22 171 1207.4

11 81 1236.9

14 352 1221.5

12 179 1229.9

kp ki Vdc

10 117 1242.1

39 344 1274.8

34 435 1210.4

2 493 1349.4

4 32 1333.3

31 364 1213

40 105 1283.4

36 377 1283.3

33 278 1209.1

11 182 1234.3

16 225 1219.7

31 458 1210.9

31 446 1210.9

49 308 1291.7

16 307 1218.7

13 404 1225.1

6 366 1271.2

15 230 1220.4

11 112 1236.1

1 121 1486.8

41 309 1276.4

21 361 1213.8

44 342 1300.3

19 11 1211.9

40 358 1299.1
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