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Test Systems Data

Appendix I

Table A.I.1 Bus Data of IEEE 14-bus test system
Voltage Generation Load
Bus | Mag (pu) | Ang (deg) | P. (MW) | Q: (MVAr) | P. (MW) | Q: (MVAr)

1 1.06 0.000* 1440.41 272.85 - -

2 1.045 -35.519 185.92 1129.2 88.31 51.68
3 1.01 -86.972 0 547.57 383.34 77.32
4 0.706 -71.598 - - 194.52 -15.87
S 0.684 -60.864 - - 30.93 6.51
6 1.07 -107.154 0 443.28 45.58 30.52
7 0.803 -94.863 - - - -

8 1.09 -94.863 0 177.73 - -

9 0.713 -107.008 - - 120.05 67.55
10 0.733 -109.058 - - 36.62 23.6
11 0.881 -108.504 - - 14.24 7.32
12 0.976 -111.201 - - 24.82 6.51
13 0.926 -111.255 - - 54.94 23.6
14 0.688 -117.101 - - 60.63 20.35
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Table A.I.2 Branch Data of IEEE 14-bus test system

Lines From bus To bus Resistance | Reactance | Susceptance
1 1 2 0.01938 0.05917 0.0528
2 1 5 0.05403 0.22304 0.0492
3 2 3 0.04699 0.19797 0.0438
4 2 4 0.05811 0.17632 0.034
5 2 5 0.05695 0.17388 0.0346
6 3 4 0.06701 0.17103 0.0128
7 4 5 0.01335 0.04211 0
8 4 7 0 0.20912 0
9 4 9 0 0.55618 0
10 5 6 0 0.25202 0
11 6 11 0.09498 0.1989 0
12 6 12 0.12291 0.25581 0
13 6 13 0.06615 0.13027 0
14 7 8 0 0.17615 0
15 7 9 0 0.11001 0
16 9 10 0.03181 0.0845 0
17 9 14 0.12711 0.27038 0
18 10 11 0.08205 0.19207 0
19 12 13 0.22092 0.19988 0
20 13 14 0.17093 0.34802 0
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Table A.I.3 Bus Data of IEEE 30-bus test system

Voltage Generation Load
Bus | Mag (pu) Ang (deg) | P. (MW) | Q: (MVAr) P. (MW) | Q: (MVAr)
1 1 0.000* 25.97 -1 - -
2 1 -0.415 60.97 32 21.7 12.7
3 0.983 -1.522 - - 2.4 1.2
4 0.98 -1.795 - - 7.6 1.6
S 0.982 -1.864 - - - -
6 0.973 -2.267 - - - -
7 0.967 -2.652 - - 22.8 10.9
8 0.961 -2.726 - - 30 30
9 0.981 -2.997 - - - -
10 0.984 -3.375 - - 5.8 2
11 0.981 -2.997 - - - -
12 0.985 -1.537 - - 11.2 7.5
13 1 1.476 37 11.35 - -
14 0.977 -2.308 - - 6.2 1.6
15 0.98 -2.312 - - 8.2 2.5
16 0.977 -2.644 - - 3.5 1.8
17 0.977 -3.392 - - 9 5.8
18 0.968 -3.478 - - 3.2 0.9
19 0.965 -3.958 - - 9.5 3.4
20 0.969 -3.871 - - 2.2 0.7
21 0.993 -3.488 - - 17.5 11.2
22 1 -3.393 21.59 39.57 - -
23 1 -1.589 19.2 7.95 3.2 1.6
24 0.989 -2.631 - - 8.7 6.7
25 0.99 -1.69 - - - -
26 0.972 -2.139 - - 3.5 2.3
27 1 -0.828 26.91 10.54 - -
28 0.975 -2.266 - - - -
29 0.98 -2.128 - - 2.4 0.9
30 0.968 -3.042 - - 10.6 1.9
Table A.1.4 Branch Data of IEEE 30-bus test system
Lines From bus To bus | Resistance | Reactance | Susceptance
1 1 2 0.02 0.06 0.03
2 1 3 0.05 0.19 0.02
3 2 4 0.06 0.17 0.02
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4 3 4 0.01 0.04 0
5 2 5 0.05 0.2 0.02
6 2 6 0.06 0.18 0.02
7 4 6 0.01 0.04 0
8 5 7 0.05 0.12 0.01
9 6 7 0.03 0.08 0.01
10 6 8 0.01 0.04 0
11 6 9 0 0.21 0
12 6 10 0 0.56 0
13 9 11 0 0.21 0
14 9 10 0 0.11 0
15 4 12 0 0.26 0
16 12 13 0 0.14 0
17 12 14 0.12 0.26 0
18 12 15 0.07 0.13 0
19 12 16 0.09 0.2 0]
20 14 15 0.22 0.2 0]
21 16 17 0.08 0.19 0
22 15 18 0.11 0.22 0
23 18 19 0.06 0.13 0
24 19 20 0.03 0.07 0
25 10 20 0.09 0.21 0
26 10 17 0.03 0.08 0
27 10 21 0.03 0.07 0
28 10 22 0.07 0.15 0
29 21 22 0.01 0.02 0
30 15 23 0.1 0.2 0
31 22 24 0.12 0.18 0
32 23 24 0.13 0.27 0
33 24 25 0.19 0.33 0
34 25 26 0.25 0.38 0
35 25 27 0.11 0.21 0
36 28 27 0 0.4 0
37 27 29 0.22 0.42 0
38 27 30 0.32 0.6 0
39 29 30 0.24 0.45 0
40 8 28 0.06 0.2 0.02
41 6 28 0.02 0.06 0.01
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Table A.I.5 Bus Data of IEEE 118-bus test system

Voltage Generation Load
Bus Mag(pu) | Ang(deg) | P. (MW) | Q/(MVAr) | P.(MW) | Q: (MVAr)
1 0.955 10.973 0 -3.1 51 27
2 0.971 11.513 - - 20 9
3 0.968 11.856 - - 39 10
4 0.998 15.574 0 -15.01 39 12
5 1.002 16.019 - - - -
6 0.99 13.292 0 15.93 52 22
7 0.989 12.847 - - 19 2
8 1.015 21.041 0 63.14 28 0
9 1.043 28.295 - - - -
10 1.05 35.876 450 -51.04 - -
11 0.985 13.006 - - 70 23
12 0.99 12.489 85 91.29 47 10
13 0.968 11.63 - - 34 16
14 0.984 11.771 - - 14 1
15 0.97 11.474 0 7.16 90 30
16 0.984 12.187 - - 25 10
17 0.995 13.995 - - 11 3
18 0.973 11.781 0 28.43 60 34
19 0.962 11.315 0 -14.27 45 25
20 0.957 12.191 - - 18 3
21 0.958 13.778 - - 14 8
22 0.969 16.332 - - 10 5
23 0.999 21.249 - - 7 3
24 0.992 21.114 0 -14.91 13 0
25 1.05 28.18 220 50.04 - -
26 1.015 29.96 314 10.12 - -
27 0.968 15.604 0 3.98 71 13
28 0.962 13.879 - - 17 7
29 0.963 12.885 - - 24 4
30 0.985 19.034 - - - -
31 0.967 13.002 7 32.59 43 27
32 0.963 15.061 0 -16.28 59 23
33 0.971 10.854 - - 23 9
34 0.984 11.511 0 -20.83 59 26
35 0.98 11.055 - - 33 9
36 0.98 11.056 0 7.73 31 17
37 0.991 11.967 - - - -
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38 0.961 17.108 - - - -
39 0.97 8.577 - - 27 11
40 0.97 7.496 0 28.45 66 23
41 0.967 7.052 - - 37 10
42 0.985 8.653 0 41.03 96 23
43 0.977 11.46 - - 18 7
44 0.984 13.943 - - 16 8
45 0.986 15.773 ] - 53 22
46 1.005 18.576 19 -5.03 28 10
47 1.017 20.799 - - 34 0
48 1.021 20.019 - - 20 11
49 1.025 21.022 204 115.85 87 30
50 1.001 18.983 - - 17 4
51 0.967 16.364 - - 17 8
52 0.957 15.411 - - 18 5
53 0.946 14.436 - - 23 11
54 0.955 15.348 48 3.9 113 32
55 0.952 15.058 0 4.66 63 22
56 0.954 15.245 0 -2.29 84 18
57 0.971 16.449 - - 12 3
58 0.959 15.592 - - 12 3
59 0.985 19.448 155 76.83 277 113
60 0.993 23.23 - - 78 3
61 0.995 24.121 160 -40.39 - -
62 0.998 23.505 0 1.26 77 14
63 0.969 22.827 - - - -
64 0.984 24.593 - - - -
65 1.005 27.719 391 81.51 - -
66 1.05 27.559 392 -1.96 39 18
67 1.02 24.919 - - 28 7
68 1.003 27.598 - - - -
69 1.035 | 30.000* | 513.86 -82.42 - -
70 0.984 22.618 0 9.67 66 20
71 0.987 22.207 - - - -
72 0.98 21.109 0 -11.13 12 0
73 0.991 21.995 0 9.65 6 0
74 0.958 21.669 0 -5.63 68 27
75 0.967 22.93 - - 47 11
76 0.943 21.799 5.27 68 36
77 1.006 26.751 12.17 61 28
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78 1.003 26.447 - - 71 26
79 1.009 26.745 - - 39 32
80 1.04 28.99 477 105.47 130 26
81 0.997 28.145 - - - -
82 0.989 27.272 - - 54 27
83 0.984 28.464 - - 20 10
84 0.98 31 - - 11 7
85 0.985 32.556 0 -5.61 24 15
86 0.987 31.186 - - 21 10
87 1.015 31.445 4 11.02 - -
88 0.987 35.69 - - 48 10
89 1.005 39.748 607 -5.9 - -
90 0.985 33.338 0 59.31 163 42
91 0.98 33.351 0 -13.09 10 0
92 0.99 33.881 0 -13.96 65 10
93 0.985 30.849 - - 12 7
94 0.99 28.682 - - 30 16
95 0.98 27.71 - - 42 31
96 0.992 27.543 - - 38 15
97 1.011 27.916 - - 15 9
98 1.024 27.433 - - 34 8
99 1.01 27.067 0 -17.54 42 0
100 1.017 28.059 252 95.55 37 18
101 0.991 29.647 - - 22 15
102 0.989 32.365 - - 5 3
103 1.01 24.318 40 75.42 23 16
104 0.971 21.748 0 2.39 38 25
105 0.965 20.644 0 -18.33 31 26
106 0.961 20.383 - - 43 16
107 0.952 17.583 0 6.56 50 12
108 0.966 19.443 - - 2 1
109 0.967 18.991 - - 8 3
110 0.973 18.144 0 0.28 39 30
111 0.98 19.789 36 -1.84 - -
112 0.975 15.045 0 41.51 68 13
113 0.993 13.993 0 6.75 6 0
114 0.96 14.726 - - 8 3
115 0.96 14.718 - - 22 7
116 1.005 27.163 0 51.32 184 0
117 0.974 10.948 - - 20 8
118 0.949 21.942 - - 33 15
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Table A.I.6  Branch Data of IEEE 118-bus test system

Lines From bus To bus | Resistance | Reactance | Susceptance
1 1 2 0.0303 0.0999 0.0254
2 1 3 0.0129 0.0424 0.01082
3 4 5 0.00176 0.00798 0.0021
4 3 5 0.0241 0.108 0.0284
S 5 6 0.0119 0.054 0.01426
6 6 7 0.00459 0.0208 0.0055
7 8 9 0.00244 0.0305 1.162
8 8 5 0 0.0267 0
9 9 10 0.00258 0.0322 1.23
10 4 11 0.0209 0.0688 0.01748
11 5 11 0.0203 0.0682 0.01738
12 11 12 0.00595 0.0196 0.00502
13 2 12 0.0187 0.0616 0.01572
14 3 12 0.0484 0.16 0.0406
15 7 12 0.00862 0.034 0.00874
16 11 13 0.02225 0.0731 0.01876
17 12 14 0.0215 0.0707 0.01816
18 13 15 0.0744 0.2444 0.06268
19 14 15 0.0595 0.195 0.0502
20 12 16 0.0212 0.0834 0.0214
21 15 17 0.0132 0.0437 0.0444
22 16 17 0.0454 0.1801 0.0466
23 17 18 0.0123 0.0505 0.01298
24 18 19 0.01119 0.0493 0.01142
25 19 20 0.0252 0.117 0.0298
26 15 19 0.012 0.0394 0.0101
27 20 21 0.0183 0.0849 0.0216
28 21 22 0.0209 0.097 0.0246
29 22 23 0.0342 0.159 0.0404
30 23 24 0.0135 0.0492 0.0498
31 23 25 0.0156 0.08 0.0864
32 26 25 0 0.0382 0
33 25 27 0.0318 0.163 0.1764
34 27 28 0.01913 0.0855 0.0216
35 28 29 0.0237 0.0943 0.0238
36 30 17 0 0.0388 0
37 8 30 0.00431 0.0504 0.514
38 26 30 0.00799 0.086 0.908
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39 17 31 0.0474 0.1563 0.0399
40 29 31 0.0108 0.0331 0.0083
41 23 32 0.0317 0.1153 0.1173
42 31 32 0.0298 0.0985 0.0251
43 27 32 0.0229 0.0755 0.01926
44 15 33 0.038 0.1244 0.03194
45 19 34 0.0752 0.247 0.0632
46 35 36 0.00224 0.0102 0.00268
47 35 37 0.011 0.0497 0.01318
48 33 37 0.0415 0.142 0.0366
49 34 36 0.00871 0.0268 0.00568
50 34 37 0.00256 0.0094 0.00984
51 38 37 0 0.0375 0

52 37 39 0.0321 0.106 0.027
53 37 40 0.0593 0.168 0.042
54 30 38 0.00464 0.054 0.422
55 39 40 0.0184 0.0605 0.01552
56 40 41 0.0145 0.0487 0.01222
57 40 42 0.0555 0.183 0.0466
58 41 42 0.041 0.135 0.0344
59 43 44 0.0608 0.2454 0.06068
60 34 43 0.0413 0.1681 0.04226
61 44 45 0.0224 0.0901 0.0224
62 45 46 0.04 0.1356 0.0332
63 46 47 0.038 0.127 0.0316
64 46 48 0.0601 0.189 0.0472
65 47 49 0.0191 0.0625 0.01604
66 42 49 0.0715 0.323 0.086
67 42 49 0.0715 0.323 0.086
68 45 49 0.0684 0.186 0.0444
69 48 49 0.0179 0.0505 0.01258
70 49 50 0.0267 0.0752 0.01874
71 49 51 0.0486 0.137 0.0342
72 51 52 0.0203 0.0588 0.01396
73 52 53 0.0405 0.1635 0.04058
74 53 54 0.0263 0.122 0.031
75 49 54 0.073 0.289 0.0738
76 49 54 0.0869 0.291 0.073
77 54 55 0.0169 0.0707 0.0202
78 54 56 0.00275 0.00955 0.00732
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79 55 56 0.00488 0.0151 0.00374
80 56 57 0.0343 0.0966 0.0242
81 50 57 0.0474 0.134 0.0332
82 56 58 0.0343 0.0966 0.0242
83 51 58 0.0255 0.0719 0.01788
84 54 59 0.0503 0.2293 0.0598
85 56 59 0.0825 0.251 0.0569
86 56 59 0.0803 0.239 0.0536
87 55 59 0.04739 0.2158 0.05646
88 59 60 0.0317 0.145 0.0376
89 59 61 0.0328 0.15 0.0388
90 60 61 0.00264 0.0135 0.01456
91 60 62 0.0123 0.0561 0.01468
92 61 62 0.00824 0.0376 0.0098
93 63 59 0 0.0386 0

94 63 64 0.00172 0.02 0.216
95 64 61 0 0.0268 0

96 38 65 0.00901 0.0986 1.046
97 64 65 0.00269 0.0302 0.38
98 49 66 0.018 0.0919 0.0248
99 49 66 0.018 0.0919 0.0248
100 62 66 0.0482 0.218 0.0578
101 62 67 0.0258 0.117 0.031
102 65 66 0 0.037 0
103 66 67 0.0224 0.1015 0.02682
104 65 68 0.00138 0.016 0.638
105 47 69 0.0844 0.2778 0.07092
106 49 69 0.0985 0.324 0.0828
107 68 69 0 0.037 0
108 69 70 0.03 0.127 0.122
109 24 70 0.00221 0.4115 0.10198
110 70 71 0.00882 0.0355 0.00878
111 24 72 0.0488 0.196 0.0488
112 71 72 0.0446 0.18 0.04444
113 71 73 0.00866 0.0454 0.01178
114 70 74 0.0401 0.1323 0.03368
115 70 75 0.0428 0.141 0.036
116 69 75 0.0405 0.122 0.124
117 74 75 0.0123 0.0406 0.01034
118 76 77 0.0444 0.148 0.0368
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119 69 77 0.0309 0.101 0.1038
120 75 77 0.0601 0.1999 0.04978
121 77 78 0.00376 0.0124 0.01264
122 78 79 0.00546 0.0244 0.00648
123 77 80 0.017 0.0485 0.0472
124 77 80 0.0294 0.105 0.0228
125 79 80 0.0156 0.0704 0.0187
126 68 81 0.00175 0.0202 0.808
127 81 80 0 0.037 0
128 77 82 0.0298 0.0853 0.08174
129 82 83 0.0112 0.03665 0.03796
130 83 84 0.0625 0.132 0.0258
131 83 85 0.043 0.148 0.0348
132 84 85 0.0302 0.0641 0.01234
133 85 86 0.035 0.123 0.0276
134 86 87 0.02828 0.2074 0.0445
135 85 88 0.02 0.102 0.0276
136 85 89 0.0239 0.173 0.047
137 88 89 0.0139 0.0712 0.01934
138 89 90 0.0518 0.188 0.0528
139 89 90 0.0238 0.0997 0.106
140 90 91 0.0254 0.0836 0.0214
141 89 92 0.0099 0.0505 0.0548
142 89 92 0.0393 0.1581 0.0414
143 91 92 0.0387 0.1272 0.03268
144 92 93 0.0258 0.0848 0.0218
145 92 94 0.0481 0.158 0.0406
146 93 94 0.0223 0.0732 0.01876
147 94 95 0.0132 0.0434 0.0111
148 80 96 0.0356 0.182 0.0494
149 82 96 0.0162 0.053 0.0544
150 94 96 0.0269 0.0869 0.023
151 80 97 0.0183 0.0934 0.0254
152 80 98 0.0238 0.108 0.0286
153 80 99 0.0454 0.206 0.0546
154 92 100 0.0648 0.295 0.0472
155 94 100 0.0178 0.058 0.0604
156 95 96 0.0171 0.0547 0.01474
157 96 97 0.0173 0.0885 0.024
158 98 100 0.0397 0.179 0.0476
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159 99 100 0.018 0.0813 0.0216
160 100 101 0.0277 0.1262 0.0328
161 92 102 0.0123 0.0559 0.01464
162 101 102 0.0246 0.112 0.0294
163 100 103 0.016 0.0525 0.0536
164 100 104 0.0451 0.204 0.0541
165 103 104 0.0466 0.1584 0.0407
166 103 105 0.0535 0.1625 0.0408
167 100 106 0.0605 0.229 0.062

168 104 105 0.00994 0.0378 0.00986
169 105 106 0.014 0.0547 0.01434
170 105 107 0.053 0.183 0.0472
171 105 108 0.0261 0.0703 0.01844
172 106 107 0.053 0.183 0.0472
173 108 109 0.0105 0.0288 0.0076
174 103 110 0.03906 0.1813 0.0461
175 109 110 0.0278 0.0762 0.0202
176 110 111 0.022 0.0755 0.02

177 110 112 0.0247 0.064 0.062

178 17 113 0.00913 0.0301 0.00768
179 32 113 0.0615 0.203 0.0518
180 32 114 0.0135 0.0612 0.01628
181 27 115 0.0164 0.0741 0.01972
182 114 115 0.0023 0.0104 0.00276
183 68 116 0.00034 0.00405 0.164

184 12 117 0.0329 0.14 0.0358
185 75 118 0.0145 0.0481 0.01198
186 76 118 0.0164 0.0544 0.01356
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Appendix II

Transmission Line Length of the Test Systems

Table A.Il.1 Line Length of IEEE 14-bus test system

From To Length (km) From To Length (km)
1 2 29.8 6 12 16.1
1 5 94.4 6 13 8.4
2 3 82.8 9 10 46.5
2 4 89.2 9 14 16.8
2 5 87.6 10 11 11.4
3 4 96.6 12 13 20.5
4 5 20.8 13 14 22.1
6 11 12.4

Table A.Il.2 Line Length of IEEE 30-bus test system

From To Length (km) From To Length (km)
1 2 29.3 19 20 4.4
1 3 78.7 10 20 12.7
2 4 87.6 10 17 47
3 4 19.8 10 21 4.6
2 5 83.1 10 22 9.4
2 6 89.2 21 22 1.5
4 6 19.3 15 23 12.9
5 7 66 22 24 13.1
6 7 41.2 23 24 17.1
6 8 19.5 24 25 22.6
12 14 16.1 25 26 28.4
12 15 8.4 25 27 13.7
12 16 12.4 27 29 27.4
14 15 20.5 27 30 39.8
16 17 11.5 29 30 29.9
15 18 13.8 28 99
18 19 8.2 28 27.6
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Table A.II.3 Line Length of IEEE 118-bus test system

From To Length (km) From To Length (km)
1 2 48 38 65 311.8
1 3 20.4 64 65 94.3
4 5 3.2 49 66 34.8
3 5 43.7 49 66 34.8
5 6 21.7 62 66 87.9
6 7 8.4 62 67 47.1
8 9 90.5 65 66 0.1
9 10 95.6 66 67 40.9
4 11 33.1 65 68 49.2
5 11 32.4 47 69 133.7
11 12 9.4 49 69 156
2 12 29.6 69 70 53
3 12 76.8 24 70 176.5
7 12 14.7 70 71 15.2
11 13 35.2 24 72 84.2
12 14 34 71 72 77.1
13 15 117.8 71 73 17
14 15 94.1 70 74 63.6
12 16 36.2 70 75 67.8
15 17 21 69 75 62
16 17 77.9 74 75 19.5
17 18 21.4 76 77 70.7
18 19 20.8 69 77 48.8
19 20 46.5 75 77 95.6
15 19 19 77 78 6
20 21 33.8 78 79 9.9
21 22 38.6 77 80 25.5
22 23 63.2 77 80 48.2
23 24 22.3 79 80 28.4
23 25 30.3 68 81 62.2
25 27 61.7 77 82 44.7
27 28 34.7 82 83 17.7
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28 29 40.7 83 84 8.2
8 30 154.3 83 85 69.4
26 30 274.2 84 85 4
17 31 75.2 85 86 57
29 31 16.6 86 87 201.5
23 32 52.3 85 88 38.7
31 32 47.3 85 89 169.1
27 32 36.3 88 89 27
15 33 60.1 89 90 85.5
19 34 119 89 90 41.8
35 36 4.1 20 91 40.2
35 37 20 89 92 19.2
33 37 66.8 89 92 67.8
34 36 13.4 91 92 61.3
34 37 4.2 92 93 40.9
37 39 50.9 92 94 76.1
37 40 88.7 93 94 35.3
30 38 165.7 94 95 20.9
39 40 29.1 80 96 69
40 41 23 82 96 25.6
40 42 88 94 96 42.3
41 42 65 80 97 35.4
43 44 105.1 80 98 43.5
34 43 71.7 80 99 82.9
44 45 38.7 92 100 118.5
45 46 64.1 94 100 28.1
46 47 60.6 95 96 26.8
46 48 93.5 96 97 33.5
47 49 30.2 98 100 72.3
42 49 130.3 99 100 32.8
42 49 130.3 100 101 50.7
45 49 100.8 92 102 22.5
48 49 26.7 101 102 45
49 50 39.8 100 103 25.3




49 51 72.5 100 104 82.2
51 52 30.6 103 104 74.8
52 53 70 103 105 82.1
53 54 48.5 100 106 101.6
49 54 125.1 104 105 16.7
49 54 138.6 105 106 23.9
54 55 29.7 105 107 85.6
54 56 4.5 105 108 38.3
55 56 7.5 106 107 85.6
56 57 51.2 108 109 15.5
50 57 70.8 103 110 72.1
56 58 51.2 109 110 41.1
51 58 38.1 110 111 35.5
54 59 92 110 112 35.8
56 59 126.7 17 113 14.5
56 59 122.3 32 113 97.5
55 59 86.7 32 114 24.6
59 60 58.1 27 115 29.9
59 61 60.1 114 115 4.2
60 61 5.1 68 116 12.3
60 62 22.5 12 117 58.3
61 62 15.1 75 118 23
63 64 61.4 76 118 26.1
64 61 0.1
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