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PRAMUAL SANGSARAWUT : POWER FLOW MODELING AND

OPTIMIZATION OF INDUCTION GENERATORS. THESIS ADVISOR :

ASSOC. PROF. THANATCHAI KULWORAWANICHPONG, Ph.D., 174 PP.

SELF-EXCITED INDUCTION GENERATOR/DOUBLY-FED INDUCTION

GENERATOR/POWER MODEL/ADMITTANCE MODEL

This thesis presents study and development of power flow modeling and
optimization of induction generators. These models are used for steady-state power
flow calculation in power distribution systems in which the induction generators are
connected to serve load. In general, induction generators can be categorized into two
types: (i) Self-Excited Induction Generator (SEIG) and (ii) Doubly-Fed Induction
Generator (DFIG). Each type is also represented mathematically by two proposed
models of power (PQ) and admittance (). The simulation frame work was developed
under MATLAB programming environment. The developed models were used in
association with steady-state power flow calculation based on the well-known
Newton-Raphson iterative method to characterize effects of induction generators on
electrical power network. To evaluate the effectiveness of the proposed models, 15-
bus, 34-bus, 69-bus, 85-bus test feeders and the 10" feeder of Nakhon Ratchasima 2
substation were used as the test systems. Problems of optimal location of induction
generators were considered in this thesis. Voltage stability index was applied to
identify the weakest bus of the systems. The weakest bus was one of optimal locations
to install the induction generator. Also, after locating the site of the induction
generator to be installed, the next step is to find the optimal rating of the generator.

This problem can be formulated as a constrained optimization problem and be solved



by genetic algorithms. Simulation results showed that installing the induction
generators in the electric power distribution system can improve voltage profile,

transmission efficiency, voltage stability and power loss reduction.
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0 3 |

a .

Do fsno, 6 a) ek

WASNFERY J2: MNANNTN (2.24)
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Oh _
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WASNFEY J3: MINANNIITN (2.25)

O~ S|y, vvfcos(,, 0, +5) 237
S |

0

Ly yfeos(0,-5,+5) ik 239)

1
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max(
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4, solution convergences of the test system 69 bus
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solution convergences of the test system 131 bus
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solution convergences of the test system 34 bus
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solution convergences of the test system 131 bus
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convergence of the test system 15 bus

100}

90t

80

70

60

Fitness value (kW)

0 20 40 60 80 100
Generation

517 5.3 magmidineuveIMsAUMULIAYBY SEIG A183uuansanes i

YOITTUUNATOY 15 Va

2) sTUUNATOU 34 U
4 [ H
MIfUmIeAARINMIZaNNgAvYeY SEIG dmiuszuunaaoy 34 Ud w1ld
a 09.: Ao A £ g o A A | o A A 1 2
Tagmsaaaa SEIG miaf 27 Fuilutansounengauaziuialidssdomsviamdesnm
g A :/l A A v a 1A =
usaRuNga MMiumvamuz auigaves SEIG Tagldmatianmsmaimanzay ¥
awv dyd Y a o aR o Jou I o w = :JI
nusetidenlduuandaneTiy Tastmuailanduinglszasailumdnugydonaiug
yoeszuuTeia i souduReulvveuavesninaveunsestuia Il umiieni lana
o w :JI 1 v A :JI 9Y o d' " 9
masms Inaias Iiihvesszuuineutazndadnas SEIG naasldasgii 5.4 uazmsgin
YOIMIAUMIAIGIUIUANDANDT NN uaadIdasgili 5.5 wennsanszauussau lwihlugdi
< ' @ [ [ a 2/' 1 1 Y [
5.4 dmunszaunsay Iihvesssuundimsaeas SEIG Imgeniszauuseau liihveq
F4 k4
szuunouMsAans tagszauussau Ilfhvesszuunadimsanas eglugig + 5% vesmnna
a2 19 ° vy Yy 2 a o aR o ay
nnsanmsgdimaevesmsfumssIuuAnsanes iy uaaslugl 5.5 wunmanuila
v F4 v
WiomasnugudedosNgaueIszUUNAINITAAAT Ao 174.9056 kW gaihulmanz auueq
SEIG A ldszuuiimasnugydetiosigano vuasiasiihegs 2.1605 p.u. sraelih

= = 1 A £ g ) A o Yo o =
suenil 4.4181 p.-u. azmaall 1.80% CBQLTJU’I!@T]'N"IUQJ@Q SEIG ﬂﬂ]iwﬂ']a\i\i']UﬁiUlﬁﬂiu

U g
] ]

FTUUNOUMIAARINN 221.7235 kW anauilu 174.9056 kW 1HaIN15Aaae SEIG Nijan 27

sy

a g &£ g o A o Y v Ao w A
Antlu 21.1154% C]NLﬂuﬂﬂﬂ?ﬂ?u%m?jﬂﬁzﬂﬂﬂﬂﬁﬂﬂ 34 Ud UNMANNUFYLTIUDINGA

L)



107

voltage magnitude of the test system 34 bus
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M3197 .1 Joyatiduesszuunadon 15 1d

Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 441 44.991 PQ bus
3 1.00 0.0 0.0 0.0 70 71.414 PQ bus
4 1.00 0.0 0.0 0.0 140 142.829 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
5 1.00 0.0 0.0 0.0 441 44.991 PQ bus
6 1.00 0.0 0.0 0.0 140 142.829 PQ bus
7 1.00 0.0 0.0 0.0 140 142.829 PQ bus
8 1.00 0.0 0.0 0.0 70 71.414 PQ bus
9 1.00 0.0 0.0 0.0 70 71.414 PQ bus
10 1.00 0.0 0.0 0.0 441 44.991 PQ bus
11 1.00 0.0 0.0 0.0 140 142.829 PQ bus
12 1.00 0.0 0.0 0.0 70 71.414 PQ bus
13 1.00 0.0 0.0 0.0 441 44.991 PQ bus
14 1.00 0.0 0.0 0.0 70 71.414 PQ bus
15 1.00 0.0 0.0 0.0 140 142.829 PQ bus
M3 N2 Joyamedvoszuunagoy 15 id
Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 1.35309 1.32349 0.0 1
2 2 3 1.17024 1.14464 0.0 1
3 3 4 0.84111 0.82271 0.0 1
4 4 5 1.52348 1.02760 0.0 1
5 2 9 2.01317 1.35790 0.0 1
6 9 10 1.68671 1.13770 0.0 1
7 2 6 2.55727 1.72490 0.0 1
8 6 7 1.08820 0.73400 0.0 1
9 6 8 1.25143 0.84410 0.0 1
10 3 11 1.79553 1.21110 0.0 1
11 11 12 2.44845 1.65150 0.0 1
12 12 13 2.01317 1.35790 0.0 1
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M3190 0.2 JoyamedevesszuUNAdoU 15 1d (A0)

Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
13 4 14 2.23081 1.50470 0.0 1
14 4 15 1.19702 0.80740 0.0 1
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M13197 n.3 Foyaidvesszuunaaoy 34 1a

Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 230 142.5 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 230 142.5 PQ bus
5 1.00 0.0 0.0 0.0 230 142.5 PQ bus
6 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
7 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
8 1.00 0.0 0.0 0.0 230 142.5 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar

9 1.00 0.0 0.0 0.0 230 142.5 PQ bus
10 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
11 1.00 0.0 0.0 0.0 230 142.5 PQ bus
12 1.00 0.0 0.0 0.0 137 84 PQ bus
13 1.00 0.0 0.0 0.0 72 45 PQ bus
14 1.00 0.0 0.0 0.0 72 45 PQ bus
15 1.00 0.0 0.0 0.0 72 45 PQ bus
16 1.00 0.0 0.0 0.0 13.5 7.5 PQ bus
17 1.00 0.0 0.0 0.0 230 142.5 PQ bus
18 1.00 0.0 0.0 0.0 230 142.5 PQ bus
19 1.00 0.0 0.0 0.0 230 142.5 PQ bus
20 1.00 0.0 0.0 0.0 230 142.5 PQ bus
21 1.00 0.0 0.0 0.0 230 142.5 PQ bus
22 1.00 0.0 0.0 0.0 230 142.5 PQ bus
23 1.00 0.0 0.0 0.0 230 142.5 PQ bus
24 1.00 0.0 0.0 0.0 230 142.5 PQ bus
25 1.00 0.0 0.0 0.0 230 142.5 PQ bus
26 1.00 0.0 0.0 0.0 230 142.5 PQ bus
27 1.00 0.0 0.0 0.0 137 85 PQ bus
28 1.00 0.0 0.0 0.0 75 48 PQ bus
29 1.00 0.0 0.0 0.0 75 48 PQ bus
30 1.00 0.0 0.0 0.0 75 48 PQ bus
31 1.00 0.0 0.0 0.0 57 34.5 PQ bus
32 1.00 0.0 0.0 0.0 57 34.5 PQ bus
33 1.00 0.0 0.0 0.0 57 34.5 PQ bus
34 1.00 0.0 0.0 0.0 57 34.5 PQ bus
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.11700 0.04800 0.0 1
2 2 3 0.10725 0.04400 0.0 1
3 3 4 0.16445 0.04565 0.0 1
4 4 5 0.14950 0.04150 0.0 1
5 5 6 0.14950 0.04150 0.0 1
6 6 7 0.31440 0.05400 0.0 1
7 7 8 0.20960 0.03600 0.0 1
8 8 9 0.31440 0.05400 0.0 1
9 9 10 0.20960 0.03600 0.0 1
10 10 11 0.13100 0.02250 0.0 1
11 11 12 0.10480 0.01800 0.0 1
12 3 13 0.15720 0.02700 0.0 1
13 13 14 0.20960 0.03600 0.0 1
14 14 15 0.10480 0.01800 0.0 1
15 15 16 0.05240 0.00900 0.0 1
16 6 17 0.17940 0.04980 0.0 1
17 17 18 0.16445 0.04565 0.0 1
18 18 19 0.20790 0.04730 0.0 1
19 19 20 0.18900 0.04300 0.0 1
20 20 21 0.18900 0.04300 0.0 1
21 21 22 0.26200 0.04500 0.0 1
22 22 23 0.26200 0.04500 0.0 1
23 23 24 0.31440 0.05400 0.0 1
24 24 25 0.20960 0.03600 0.0 1
25 25 26 0.13100 0.02250 0.0 1
26 26 27 0.10480 0.01800 0.0 1
27 7 28 0.15720 0.02700 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
28 28 29 0.15720 0.02700 0.0 1
29 29 30 0.15720 0.02700 0.0 1
30 10 31 0.15720 0.02700 0.0 1
31 31 32 0.20960 0.03600 0.0 1
32 32 33 0.15720 0.02700 0.0 1
33 33 34 0.10480 0.01800 0.0 1

1.3 STUUNAE 69 Ve

36 37 38 39 40 41 42 43 44 45 46

47 48 49 50

28 29 30 31 32 33

6 7 8| 9

10 11112 13 1

68 69

53 54 55 56 57 58 59 60 61 62 63 64 65

3

4

35

i

=
N

n.3 STUUNATOY 69 Va

4 15 16 17 18 19 20 21 22 23 24 25 26 27




M3190 0.5 JoyaliduesszuunAdoU 69 1d

135

Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
5 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
6 1.00 0.0 0.0 0.0 2.6 22 PQ bus
7 1.00 0.0 0.0 0.0 40.4 30 PQ bus
8 1.00 0.0 0.0 0.0 75 54 PQ bus
9 1.00 0.0 0.0 0.0 30 22 PQ bus
10 1.00 0.0 0.0 0.0 28 19 PQ bus
11 1.00 0.0 0.0 0.0 145 104 PQ bus
12 1.00 0.0 0.0 0.0 145 104 PQ bus
13 1.00 0.0 0.0 0.0 8 5.5 PQ bus
14 1.00 0.0 0.0 0.0 8 5.5 PQ bus
15 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
16 1.00 0.0 0.0 0.0 45.5 30 PQ bus
17 1.00 0.0 0.0 0.0 60 35 PQ bus
18 1.00 0.0 0.0 0.0 60 35 PQ bus
19 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
20 1.00 0.0 0.0 0.0 1 0.6 PQ bus
21 1.00 0.0 0.0 0.0 114 81 PQ bus
22 1.00 0.0 0.0 0.0 5.3 3.5 PQ bus
23 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
24 1.00 0.0 0.0 0.0 28 20 PQ bus
25 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
26 1.00 0.0 0.0 0.0 14 10 PQ bus
27 1.00 0.0 0.0 0.0 14 10 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

28 1.00 0.0 0.0 0.0 26 18.6 PQ bus
29 1.00 0.0 0.0 0.0 26 18.6 PQ bus
30 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
31 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
32 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
33 1.00 0.0 0.0 0.0 14 10 PQ bus
34 1.00 0.0 0.0 0.0 19.5 14 PQ bus
35 1.00 0.0 0.0 0.0 6 4 PQ bus
36 1.00 0.0 0.0 0.0 26 18.55 PQ bus
37 1.00 0.0 0.0 0.0 26 18.55 PQ bus
38 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
39 1.00 0.0 0.0 0.0 24 17 PQ bus
40 1.00 0.0 0.0 0.0 24 17 PQ bus
41 1.00 0.0 0.0 0.0 1.2 1 PQ bus
42 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
43 1.00 0.0 0.0 0.0 6 4.3 PQ bus
44 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
45 1.00 0.0 0.0 0.0 39.22 26.3 PQ bus
46 1.00 0.0 0.0 0.0 39.22 26.3 PQ bus
47 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
48 1.00 0.0 0.0 0.0 79 56.4 PQ bus
49 1.00 0.0 0.0 0.0 384.7 274.5 PQ bus
50 1.00 0.0 0.0 0.0 384.7 274.5 PQ bus
51 1.00 0.0 0.0 0.0 40.5 28.3 PQ bus
52 1.00 0.0 0.0 0.0 3.6 2.7 PQ bus
53 1.00 0.0 0.0 0.0 4.35 3.5 PQ bus
54 1.00 0.0 0.0 0.0 26.4 19 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
55 1.00 0.0 0.0 0.0 24 17.2 PQ bus
56 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
57 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
58 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
59 1.00 0.0 0.0 0.0 100 72 PQ bus
60 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
61 1.00 0.0 0.0 0.0 1,244 888 PQ bus
62 1.00 0.0 0.0 0.0 32 23 PQ bus
63 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
64 1.00 0.0 0.0 0.0 227 162 PQ bus
65 1.00 0.0 0.0 0.0 59 42 PQ bus
66 1.00 0.0 0.0 0.0 18 13 PQ bus
67 1.00 0.0 0.0 0.0 18 13 PQ bus
68 1.00 0.0 0.0 0.0 28 20 PQ bus
69 1.00 0.0 0.0 0.0 28 20 PQ bus
M3 0.6 PoyamIeTIVeTZTUUNATOY 69 el
Line Half-line | Tab setting
Frombus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.0005 0.0012 0.0 1
2 2 3 0.0005 0.0012 0.0 1
3 3 4 0.0015 0.0036 0.0 1
4 4 5 0.0251 0.0294 0.0 1
5 5 6 0.3660 0.1864 0.0 1
6 6 7 0.3811 0.1941 0.0 1
7 7 8 0.0922 0.0470 0.0 1
8 8 9 0.0493 0.0251 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
9 9 10 0.8190 0.2707 0.0 1
10 10 11 0.1872 0.0619 0.0 1
11 11 12 0.7114 0.2351 0.0 1
12 12 13 1.0300 0.3400 0.0 1
13 13 14 1.0440 0.3450 0.0 1
14 14 15 1.0580 0.3496 0.0 1
15 15 16 0.1966 0.0650 0.0 1
16 16 17 0.3744 0.1238 0.0 1
17 17 18 0.0047 0.0016 0.0 1
18 18 19 0.3276 0.1083 0.0 1
19 19 20 0.2106 0.0696 0.0 1
20 20 21 0.3416 0.1129 0.0 1
21 21 22 0.0140 0.0046 0.0 1
22 22 23 0.1591 0.0526 0.0 1
23 23 24 0.3463 0.1145 0.0 1
24 24 25 0.7488 0.2475 0.0 1
25 25 26 0.3089 0.1021 0.0 1
26 26 27 0.1732 0.0572 0.0 1
27 3 28 0.0044 0.0108 0.0 1
28 28 29 0.0640 0.1565 0.0 1
29 29 30 0.3978 0.1315 0.0 1
30 30 31 0.0702 0.0232 0.0 1
31 31 32 0.3510 0.1160 0.0 1
32 32 33 0.8390 0.2816 0.0 1
33 33 34 1.7080 0.5646 0.0 1
34 34 35 1.4740 0.4873 0.0 1
35 3 36 0.0044 0.0108 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
36 36 37 0.0640 0.1565 0.0 1
37 37 38 0.1053 0.1230 0.0 1
38 38 39 0.0304 0.0355 0.0 1
39 39 40 0.0018 0.0021 0.0 1
40 40 41 0.7283 0.8509 0.0 1
41 41 42 0.3100 0.3623 0.0 1
42 42 43 0.0410 0.0478 0.0 1
43 43 44 0.0092 0.0116 0.0 1
44 44 45 0.1089 0.1373 0.0 1
45 45 46 0.0009 0.0012 0.0 1
46 4 47 0.0034 0.0084 0.0 1
47 47 48 0.0851 0.2083 0.0 1
48 48 49 0.2898 0.7091 0.0 1
49 49 50 0.0822 0.2011 0.0 1
50 8 51 0.0928 0.0473 0.0 1
51 51 52 0.3319 0.1114 0.0 1
52 9 53 0.1740 0.0886 0.0 1
53 53 54 0.2030 0.1034 0.0 1
54 54 55 0.2842 0.1447 0.0 1
55 55 56 0.2813 0.1433 0.0 1
56 56 57 1.5900 0.5337 0.0 1
57 57 58 0.7837 0.2630 0.0 1
58 58 59 0.3042 0.1006 0.0 1
59 59 60 0.3861 0.1172 0.0 1
60 60 61 0.5075 0.2585 0.0 1
61 61 62 0.0974 0.0496 0.0 1
62 62 63 0.1450 0.0738 0.0 1
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M3197 1.6 ToyaaedIUITTUUNATOU 69 11d (AD)

Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
63 63 64 0.7105 0.3619 0.0 1
64 64 65 1.0410 0.5302 0.0 1
65 11 66 0.2012 0.0611 0.0 1
66 66 67 0.0047 0.0014 0.0 1
67 12 68 0.7394 0.2444 0.0 1
68 68 69 0.0047 0.0016 0.0 1
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 56 57.13 PQ bus
5 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
6 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
7 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
8 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
9 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
10 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
11 1.00 0.0 0.0 0.0 56 57.13 PQ bus
12 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
13 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
14 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
15 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
16 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
17 1.00 0.0 0.0 0.0 112 114.26 PQ bus
18 1.00 0.0 0.0 0.0 56 57.13 PQ bus
19 1.00 0.0 0.0 0.0 56 57.13 PQ bus
20 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
21 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
22 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
23 1.00 0.0 0.0 0.0 56 57.17 PQ bus
24 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
25 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
26 1.00 0.0 0.0 0.0 56 57.13 PQ bus
27 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

28 1.00 0.0 0.0 0.0 56 57.13 PQ bus
29 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
30 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
31 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
32 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
33 1.00 0.0 0.0 0.0 14 14.28 PQ bus
34 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
35 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
36 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
37 1.00 0.0 0.0 0.0 56 57.13 PQ bus
38 1.00 0.0 0.0 0.0 56 57.13 PQ bus
39 1.00 0.0 0.0 0.0 56 57.13 PQ bus
40 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
41 1.00 0.0 0.0 0.0 0 0.0 PQ bus
42 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
43 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
44 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
45 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
46 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
47 1.00 0.0 0.0 0.0 14 14.28 PQ bus
48 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
49 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
50 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
51 1.00 0.0 0.0 0.0 56 57.13 PQ bus
52 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
53 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
54 1.00 0.0 0.0 0.0 56 57.13 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

55 1.00 0.0 0.0 0.0 56 57.13 PQ bus
56 1.00 0.0 0.0 0.0 14 14.28 PQ bus
57 1.00 0.0 0.0 0.0 56 57.13 PQ bus
58 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
59 1.00 0.0 0.0 0.0 56 57.13 PQ bus
60 1.00 0.0 0.0 0.0 56 57.13 PQ bus
61 1.00 0.0 0.0 0.0 56 57.13 PQ bus
62 1.00 0.0 0.0 0.0 56 57.13 PQ bus
63 1.00 0.0 0.0 0.0 14 14.28 PQ bus
64 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
65 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
66 1.00 0.0 0.0 0.0 56 57.13 PQ bus
67 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
68 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
69 1.00 0.0 0.0 0.0 56 57.13 PQ bus
70 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
71 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
72 1.00 0.0 0.0 0.0 56 57.13 PQ bus
73 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
74 1.00 0.0 0.0 0.0 56 57.13 PQ bus
75 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
76 1.00 0.0 0.0 0.0 56 57.13 PQ bus
77 1.00 0.0 0.0 0.0 14 14.28 PQ bus
78 1.00 0.0 0.0 0.0 56 57.13 PQ bus
79 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
80 1.00 0.0 0.0 0.0 56 57.13 PQ bus
81 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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M3190 0.7 YoyaliduesszuUNAToU 85 1id (710)

Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
82 1.00 0.0 0.0 0.0 56 57.13 PQ bus
83 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
84 1.00 0.0 0.0 0.0 14 14.28 PQ bus
85 1.00 0.0 0.0 0.0 35.28 35.99 PQ bus
M3 0.8 JoyamedwoszuunagoD 85 iid
Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.108 0.075 0.0 1
2 2 3 0.163 0.112 0.0 1
3 3 4 0.217 0.149 0.0 1
4 4 5 0.108 0.074 0.0 1
5 5 6 0.435 0.298 0.0 1
6 6 7 0.272 0.186 0.0 1
7 7 8 1.197 0.820 0.0 1
8 8 9 0.108 0.074 0.0 1
9 9 10 0.598 0.410 0.0 1
10 10 11 0.544 0.373 0.0 1
11 11 12 0.544 0.373 0.0 1
12 12 13 0.598 0.410 0.0 1
13 13 14 0.272 0.186 0.0 1
14 14 15 0.326 0.223 0.0 1
15 2 16 0.728 0.302 0.0 1
16 3 17 0.455 0.189 0.0 1
17 5 18 0.82 0.340 0.0 1
18 18 19 0.637 0.264 0.0 1
19 19 20 0.455 0.189 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
20 20 21 0.819 0.340 0.0 1
21 21 22 1.548 0.642 0.0 1
22 19 23 0.182 0.075 0.0 1
23 7 24 0.910 0.378 0.0 1
24 8 25 0.455 0.189 0.0 1
25 25 26 0.364 0.151 0.0 1
26 26 27 0.546 0.226 0.0 1
27 27 28 0.273 0.113 0.0 1
28 28 29 0.546 0.226 0.0 1
29 29 30 0.546 0.226 0.0 1
30 30 31 0.273 0.113 0.0 1
31 31 32 0.182 0.075 0.0 1
32 32 33 0.182 0.075 0.0 1
33 33 34 0.819 0.340 0.0 1
34 34 35 0.637 0.264 0.0 1
35 35 36 0.182 0.075 0.0 1
36 26 37 0.364 0.151 0.0 1
37 27 38 1.002 0.416 0.0 1
38 29 39 0.546 0.226 0.0 1
39 32 40 0.455 0.189 0.0 1
40 40 41 1.002 0.416 0.0 1
41 41 42 0.273 0.113 0.0 1
42 41 43 0.455 0.189 0.0 1
43 34 44 1.002 0.416 0.0 1
44 44 45 0.911 0.378 0.0 1
45 45 46 0.911 0.378 0.0 1
46 46 47 0.546 0.226 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
47 35 48 0.637 0.264 0.0 1
48 48 49 0.182 0.075 0.0 1
49 49 50 0.364 0.151 0.0 1
50 50 51 0.455 0.189 0.0 1
51 48 52 1.366 0.567 0.0 1
52 52 53 0.455 0.189 0.0 1
53 53 54 0.546 0.226 0.0 1
54 52 55 0.546 0.226 0.0 1
55 49 56 0.546 0.226 0.0 1
56 9 57 0.273 0.113 0.0 1
57 57 58 0.819 0.340 0.0 1
58 58 59 0.182 0.075 0.0 1
59 58 60 0.546 0.226 0.0 1
60 60 61 0.728 0.302 0.0 1
61 61 62 1.002 0.415 0.0 1
62 60 63 0.182 0.075 0.0 1
63 63 64 0.728 0.302 0.0 1
64 64 65 0.182 0.075 0.0 1
65 65 66 0.182 0.075 0.0 1
66 64 67 0.455 0.189 0.0 1
67 67 68 0.910 0.378 0.0 1
68 68 69 1.092 0.453 0.0 1
69 69 70 0.455 0.189 0.0 1
70 70 71 0.546 0.226 0.0 1
71 67 72 0.182 0.075 0.0 1
72 68 73 1.184 0.491 0.0 1
73 73 74 0.273 0.113 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
74 73 75 1.002 0.416 0.0 1
75 70 76 0.546 0.226 0.0 1
76 65 77 0.091 0.037 0.0 1
77 10 78 0.637 0.264 0.0 1
78 67 79 0.546 0.226 0.0 1
79 12 80 0.728 0.302 0.0 1
80 80 81 0.364 0.151 0.0 1
81 81 82 0.091 0.037 0.0 1
82 81 83 1.092 0.453 0.0 1
83 83 84 1.002 0.416 0.0 1
84 13 85 0.819 0.340 0.0 1
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
1 1.00 0.0 0.0 0.0 0.0 0.0 Slack bus
2 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
3 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
4 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
5 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
6 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
7 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
8 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
9 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
10 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
11 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
12 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
13 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
14 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
15 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
16 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
17 1.00 0.0 0.0 0.0 14.583 8.070 PQ bus
18 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
19 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
20 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
21 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
22 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
23 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
24 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
25 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
26 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
27 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

28 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
29 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
30 1.00 0.0 0.0 0.0 26.250 14.523 PQ bus
31 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
32 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
33 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
34 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
35 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
36 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
37 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
38 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
39 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
40 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
41 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
42 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
43 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
44 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
45 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
46 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
47 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
48 1.00 0.0 0.0 0.0 14.583 8.070 PQ bus
49 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
50 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
51 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
52 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
53 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
54 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus Magnitude Angle Generation Load

Bus type

code | voltage (p.u.) | (degree) kW kVar kW kVar

55 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
56 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
57 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
58 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
59 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
60 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
61 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
62 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
63 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
64 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
65 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
66 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
67 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
68 1.00 0.0 0.0 0.0 192.501 106.506 PQ bus
69 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
70 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
71 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
72 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
73 1.00 0.0 0.0 0.0 14.583 8.070 PQ bus
74 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
75 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
76 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
77 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
78 1.00 0.0 0.0 0.0 145.833 80.688 PQ bus
79 1.00 0.0 0.0 0.0 145.833 80.688 PQ bus
80 1.00 0.0 0.0 0.0 26.250 14.523 PQ bus
81 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus Magnitude Angle Generation Load
Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
82 1.00 0.0 0.0 0.0 14.583 8.070 PQ bus
83 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
84 1.00 0.0 0.0 0.0 43.749 24.207 PQ bus
85 1.00 0.0 0.0 0.0 26.250 14.523 PQ bus
86 1.00 0.0 0.0 0.0 8.751 4.842 PQ bus
87 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
88 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
89 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
90 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
91 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
92 1.00 0.0 0.0 0.0 43.749 24.207 PQ bus
93 1.00 0.0 0.0 0.0 43.749 24.207 PQ bus
94 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
95 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
96 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
97 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
98 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
99 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
100 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
101 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
102 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
103 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
104 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
105 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
106 1.00 0.0 0.0 0.0 14.583 8.070 PQ bus
107 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
108 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Bus Magnitude Angle Generation Load

Bus type
code | voltage (p.u.) | (degree) kW kVar kW kVar
109 1.00 0.0 0.0 0.0 46.668 25.821 PQ bus
110 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
111 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
112 1.00 0.0 0.0 0.0 145.833 80.688 PQ bus
113 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
114 1.00 0.0 0.0 0.0 72.918 40.344 PQ bus
115 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
116 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
117 1.00 0.0 0.0 0.0 145.833 80.688 PQ bus
118 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
119 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
120 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
121 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
122 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
123 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
124 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
125 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
126 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
127 1.00 0.0 0.0 0.0 583.332 | 322.749 PQ bus
128 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
129 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
130 1.00 0.0 0.0 0.0 29.166 16.137 PQ bus
131 1.00 0.0 0.0 0.0 0.0 0.0 PQ bus
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
1 1 2 0.03097 0.05894 0.0 1
2 2 3 0.60684 1.15503 0.0 1
3 3 4 0.04146 0.07890 0.0 1
4 3 5 0.58915 0.61654 0.0 1
5 5 6 0.08040 0.15303 0.0 1
6 6 7 0.01753 0.01029 0.0 1
7 6 8 0.01022 0.01945 0.0 1
8 8 9 0.01703 0.01000 0.0 1
9 8 10 0.02032 0.03868 0.0 1
10 10 11 0.08639 0.05071 0.0 1
11 11 12 0.00639 0.00375 0.0 1
12 11 13 0.11930 0.07003 0.0 1
13 13 14 0.07210 0.04232 0.0 1
14 14 15 0.01603 0.00941 0.0 1
15 10 16 0.01246 0.02371 0.0 1
16 16 17 0.02748 0.01613 0.0 1
17 16 18 0.08174 0.15558 0.0 1
18 18 19 0.00954 0.01816 0.0 1
19 19 20 0.02083 0.03964 0.0 1
20 20 21 0.01025 0.01951 0.0 1
21 21 22 0.01003 0.00589 0.0 1
22 21 23 0.02113 0.04021 0.0 1
23 23 24 0.11369 0.11897 0.0 1
24 24 25 0.01362 0.01848 0.0 1
25 24 26 0.01503 0.01573 0.0 1
26 23 27 0.00477 0.00908 0.0 1
27 27 28 0.02882 0.05486 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
28 28 29 0.02539 0.01491 0.0 1
29 28 30 0.03433 0.06534 0.0 1
30 30 31 0.01315 0.02503 0.0 1
31 31 32 0.02485 0.04731 0.0 1
32 32 33 0.01693 0.03222 0.0 1
33 33 34 0.01639 0.00962 0.0 1
34 33 35 0.06123 0.11655 0.0 1
35 31 36 0.21557 0.12791 0.0 1
36 36 37 0.11330 0.06723 0.0 1
37 37 38 0.04437 0.06019 0.0 1
38 38 39 0.00536 0.00728 0.0 1
39 37 40 0.09429 0.05595 0.0 1
40 40 41 0.09594 0.05693 0.0 1
41 41 42 0.12282 0.07288 0.0 1
42 41 43 0.00895 0.00525 0.0 1
43 5 44 0.00396 0.00753 0.0 1
44 44 45 0.00378 0.00719 0.0 1
45 45 46 0.03436 0.06540 0.0 1
46 46 47 0.04019 0.07650 0.0 1
47 47 48 0.03305 0.01940 0.0 1
48 47 49 0.05057 0.09626 0.0 1
49 49 50 0.01075 0.00631 0.0 1
50 49 51 0.02810 0.05348 0.0 1
51 51 52 0.04261 0.08111 0.0 1
52 52 53 0.03867 0.02270 0.0 1
53 52 54 0.01630 0.03103 0.0 1
54 54 55 0.01754 0.01030 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
55 55 56 0.02692 0.01580 0.0 1
56 55 57 0.02558 0.01502 0.0 1
57 57 58 0.00109 0.00064 0.0 1
58 54 59 0.01235 0.02350 0.0 1
59 59 60 0.31401 0.18433 0.0 1
60 60 61 0.00609 0.00357 0.0 1
61 59 62 0.26815 0.15740 0.0 1
62 62 63 0.01559 0.00915 0.0 1
63 59 64 0.03605 0.06861 0.0 1
64 64 65 0.08319 0.15834 0.0 1
65 65 66 0.06636 0.12630 0.0 1
66 66 67 0.01656 0.03152 0.0 1
67 67 68 0.20486 0.12025 0.0 1
68 68 69 0.01613 0.00947 0.0 1
69 67 70 0.00068 0.00130 0.0 1
70 70 71 0.00632 0.01203 0.0 1
71 70 72 0.02498 0.04754 0.0 1
72 72 73 0.01372 0.02612 0.0 1
73 73 74 0.00499 0.00949 0.0 1
74 74 75 0.01940 0.03692 0.0 1
75 75 76 0.01982 0.03772 0.0 1
76 76 77 0.01737 0.03306 0.0 1
77 77 78 0.03463 0.01400 0.0 1
78 78 79 0.00921 0.00372 0.0 1
79 77 80 0.02621 0.04989 0.0 1
80 80 81 0.01464 0.02787 0.0 1
81 51 82 0.02868 0.01684 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
82 51 83 0.01556 0.02961 0.0 1
83 83 84 0.08083 0.04745 0.0 1
84 83 85 0.03324 0.06326 0.0 1
85 85 86 0.00875 0.01665 0.0 1
86 86 87 0.00605 0.01151 0.0 1
87 87 88 0.01497 0.00879 0.0 1
88 87 89 0.00404 0.00769 0.0 1
89 89 90 0.07925 0.04652 0.0 1
90 90 91 0.26576 0.15600 0.0 1
91 90 92 0.06945 0.04077 0.0 1
92 92 93 0.01014 0.00595 0.0 1
93 93 94 0.00603 0.00354 0.0 1
94 89 95 0.08265 0.04852 0.0 1
95 95 96 0.07668 0.03099 0.0 1
96 96 97 0.06829 0.04009 0.0 1
97 95 98 0.12256 0.07194 0.0 1
98 98 99 0.08744 0.05133 0.0 1
99 99 100 0.01179 0.00692 0.0 1
100 98 101 0.11100 0.06515 0.0 1
101 101 102 0.10943 0.06423 0.0 1
102 101 103 0.01587 0.00931 0.0 1
103 103 104 0.04512 0.02649 0.0 1
104 104 105 0.11649 0.06838 0.0 1
105 105 106 0.10344 0.06072 0.0 1
106 103 107 0.05929 0.03481 0.0 1
107 107 108 0.01954 0.01147 0.0 1
108 108 109 0.13609 0.07988 0.0 1
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Line Half-line | Tab setting
From bus | To bus R (ohms) jX (ohms)
number charging value
109 44 110 0.06509 0.12389 0.0 1
110 110 111 0.07247 0.04254 0.0 1
111 111 112 0.02381 0.03230 0.0 1
112 112 113 0.00541 0.00734 0.0 1
113 111 114 0.07774 0.04563 0.0 1
114 114 115 0.01887 0.01107 0.0 1
115 110 116 0.01363 0.02594 0.0 1
116 116 117 0.08037 0.04718 0.0 1
117 117 118 0.00980 0.00575 0.0 1
118 116 119 0.06563 0.12491 0.0 1
119 119 120 0.00539 0.00316 0.0 1
120 119 121 0.17210 0.32757 0.0 1
121 121 122 0.00796 0.00467 0.0 1
122 121 123 0.06027 0.11471 0.0 1
123 123 124 0.22834 0.28640 0.0 1
124 124 125 0.04319 0.08221 0.0 1
125 125 126 0.01448 0.01467 0.0 1
126 126 127 0.96090 0.97327 0.0 1
127 127 128 0.01589 0.01610 0.0 1
128 125 129 0.03664 0.06973 0.0 1
129 129 130 0.00755 0.00443 0.0 1
130 129 131 0.02565 0.04883 0.0 1
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Abstract

This paper presents power flow models of a self-excited
induction generator. These models is used for sleady slale power
flow calculation in electric power systems which a generating
plant driven by renewable energy sources, such as wind energy,
is connected to serve loads. This research demonstrates the
induclion generalor by two forms: i) power model i) voltage bus

control model and iii) admittance model. Sclution convergence

and model accuracy are carefully observed in order to predict
power flow distribution through feeder lines resulting from the gric
connection of a renewable power plant From the proposed
models, vollage profiles and power losses ol the system can be
calculated. To verify the models, stancarg |[EEE 37-node, 118
node and a PEA 's 22-kV dislribulion power syslem in Nakhon
Ratchasima are evaluated. In addition, satisfactory results can be
employed lo develop system slabilily analysis and operation
planning in order to prevent supply service interruption ano

conserve electrical energy.
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Power Flow Modelling of a Self-excited
Induction Generator

T. Kulworawanichpong and P. Sangsarawut

Abstract—This paper presents power flow models of a
self-excited induction generator. These models are used for
steady-state power flow calculation in electric power systems in
which a generating plant driven by renewable energy sources,
such as wind energy, is connected to partially serve loads. This
research demonstrates the induction generator by two forms: i)
power (PQ) model and ii) admittance (Y) model. Solution
convergence and model accuracy are observed in order to predict
power flow distribution through feeder lines resulling from the
grid tionof ar power plant. From the proposed
models, voltage profiles of the system can be calculated. To verify
the effectiveness of the proposed models, standard IEEE 37-node,
118-node test feeders and a 22-kV power distribution systems in
Nakhon Ratchasima, Thailand, were examined. In addition,
satisfactory results can be employed to develop system stability
amalysis and operation planning in order to prevent supply service
interruption and conserve the overall electrical energy.

Index Terms—Power flow calculation, PQ model, admittance
model, seli-excited induction generator.

1. INTRODUCTION

Renewable energy 1s energy denved from regenerative
energy sources. It involves natural phenomena and comes from
various resources, e.g. solar, wind, water, biomass, geothermal,
etc [1]. The use of renewable energy increases gradually in the
last decade to share approximately 30% energy use worldwide.
Due to the energy crisis, the eleciric power industry could have
a major impact on renewable energy consumption. With their
limitations, a renewable-energy power plant is installed locally
and equipped with a small-size generator, up to only a few MW
rating [2]. Therefore, they can be located close to their local
customers. Large power flowing from the power substation
through distribution feeders is reduced. This concept 15 called
distributed power generation. It permits local consumers to
generate electricity for their own. A distributed generation
plant normally uses a conventional synchronous generator.
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However, in particular, some distributed generating plant
employs induction generators equipped with power electronic
controllers. Induction generators are found in all fixed speed,
network connected wind turbines and also in a small-scale
hydro plant. The use of induction generators in the future
requires distribution system engineers to take into account its
impact in the system planning. To install a new induction
generator at a particular location, investment and operating
costs are very important. Therefore, one of the planner’s goals
15 to minimize overall cost [3-5]. When the distribution power
network structure 1s assumed to be invariable during the
planning period, changes m load energy demand or the
appearance of new loads over short period could require some
action from existing reactive power equipment or investments
for network upgrade might be necessary. Analysis of
distribution power flow resulting from operation of an
induction generator at a given location is a basic tool. [t 1s able
to further analyze some key system performances in several
aspects, e.g. stability, security, economic, reliability, etc. In this
paper, a self-excited induction generator running at a particular
steady-state operating point is investigated to determine its
significant effects on voltage profiles in power distribution
systems. Its power flow models are proposed in order to obtain
a single operating-point voltage solution of the entire system.

In this paper, modelling of a self-excited induction generator
1s proposed in Section 2. Section 3 gives solution methodology
described step-by-step. Simulation results and conclusion are in
Section 4 and 5, respectively.

1I. MODELLING OF A SELF-EXCITED INDUCTION (GENERATOR

A. PQ Model
The steady-state equivalent circuit of a self-excited induction
generator (SEIG) is shown in Fig. 1 [6-8].

PHQ L T .
B — AN\ LT
I ||5 n n
Vi it _«1 Fm Pl :‘\

Fig. 1 Steady-state equivalent circuit of a SEIG
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Where x; is the stator reactance
X, 1s the rotor reactance referred to the stator side
;15 the stator resistance
7> 15 the rotor resistance referred to the stator side
X, 15 the excitation reactance
x. 1s the power-factor-correction capacitor
5 1s the ship of the induction generator
I 1s the voltage magnitude of the generator terminal
&1is the phase angle of the generator terminal voltage

Due to the relationship between real power exported and
reactive power drawn, independent control of the power factor
of the self-excited induction generator by itself is not available
[2]. To achieve the power factor control, an appropriate
capacitor 15 placed across its terminal. From the equivalent
circuit, [; [ and [; can be expressed as follows.

(srV coss + 5°xV sin 5)

L

r).'! + s?xﬂ (])
(5°xF coss - srV sing)
o
r+ £x°
-Fsins + jl coss
= —2 22 @
x.“
Vsing - j¥coss
I = == ®

The current injected by the induction generator is the

summation of (1) - (3), thus

f srlcoss + s'xVsing Vsing
=—| =2 +

Bty x
P
)]
s'xVcoss srV sing Veosd
7 ] - ..
ntsx JLP
xfxlu -
where x = x,+ x,, x, = and assume that r; << r,
X
e ™ %

The complex power, § = JI° = P + jO, injected to the
point of connection can be decomposed into real and imaginary
parts as given in (5).

sey?
P=- 5
}':2 4 i.Zxﬁ ( )
sxapt ye
Q __[ 2 Tz T _J (6)
r o+ 5'x X,
or
P p?
G = 20 T )]
r‘ x’
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From (5) when F and 7 are defined, the corresponding
machine slip and reactive power imported can be obtained by

V2r:! + h,réxz - _41,1.\:2’;‘!

s =
2Px?

®

The slip must be a negative real number. To avoid obtaining
a complex slip, the condition described in (9) must be held.

Vi, —4P% = 0

SR ZIT IR 6

Py
X IP

©

2= (10)

With (5) and (10) the SEIG can be represented by the real
power injection P to and the reactive power drawn O from the
connection point. This PO model is repeatedly updated during
the iterative power flow process. As can be seen, when P is
specified, Q is a function of P and V. At each iteration, starting
from a previously updated voltage solution, O is then computed,
It is also subjected to a negative real slip.

B. Admittance Model

For simplification, the equivalent circuit shown in Fig. 1 is
reduced to the circuit shown Fig, 2.

= l = e - rols e

T

Fig. 2 Admittance model of the SEIG

The equivalent impedance Z, of the induction generator can
be simply calculated as shown in (11). Also, its equivalent
admittance can be written in (12) and (13).

Z, = - Ml (s + <) an
1 1 1
Y, = — + — 4 . - (12)
Jx. . Lis + X
or
2 2.2 2
sr o+ Sx sy
Yg - 2 s,:2 ] f i 2 2: (13)
K+ s x,(r +5x7)

When P and J"are both assigned, the slip 5 can be computed.
Thus, it is simple to obtain the equivalent admittance of the
induction generator according to (13). The admittance model
uses (13) to modify the bus admittance matrix [V..]. Assume
that the SEIG is connected to bus k. The KM-row, kM-column
element of [¥},.] requires an update as follows.

14

(re) (eld) | o
[Yéw i _[Ym lm +}x
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This type of modelling may cause slow convergence due to
successively updating [1;,.].

C. PV model

In practice, at a given real power exported, the reactive
power control of the induction generator 15 not possible. The
relationship of the injected real power and the absorbed
reactive power can be characterised as a circle diagram. This
means that the voltage magmiude of the generator terminal
cannot be regulated. Therefore, the PV model is not appropriate
in this circumstance. However, some may experience that when
the voltage magnitude is fixed, the iterative power flow process
tends to converge rapidly. In this paper, the solution using the
PV model is not established. In the later section, the PV model
15 employed to recalculate the power flow solutions previously
obtained by using the PQ and admittance models. In this case,
the voltage magmiude across the generator terminal 15 already
known. Therefore, the PV model is apphicable.

111, POWER FLOW CALCULATION

Power flow caleulation is to determine a set of voltage
solutions that satisfy the power mismatch equation at every
node [9, 10]. The main information obtained from this
caleulation are phasor voltages of load buses, reactive power
mjection by generator buses, complex power flow through
transmission lines, total power losses, etc. Connected
generators at generator buses can be modelled as either PV bus
or PQ bus. If the voltage magnitude at the point of connection is
regulated, the PV bus model can be used. Power network
solutions must satisfy a set of nodal power mismatch equations.
Given that there 1s a total of # buses in the system and one of
them is assigned as the slack bus. Decomposed power flow
equations of bus & (real and reactive powers) can be simply
expressed [9] as follows.

"

Peati = 3 \ViVi¥i|cos(0 + 8 - 8 ) (15)
i=1
n
Qoal k= ZEV}:I’;‘];&IH"{UH + & Sk} (16)
i=1
Where
P.apand Q.4 , are calculated real and reactive powers of
bus &
|| 15 the voltage magnitude of bus &
8 1s the phase angle of bus k

|¥ul is the magnitude of the row, i"-column
admittance matrix element

Oy 1s the phase angle of the K row, i"-column
admittance matrix element

The solution of the power network can be obtained by
employing some efficient iterative methods, e.g. Gauss-Seide]
or Mewton-Raphson methods, in order to solve the power
mismatch equations, APy = P p— P = 0 and AQ: = Quai—

ISBN:978-088-98671-5-7

(.t = 0 for all nodes, where P, and (.., . are scheduled real
and reactive powers of bus k.

To characterise voltage profiles of the electrical power
system caused by the operation of induction generators, it
assumes that the real power imported from the generator 1s
fixed. Therefore, power flow solution can be achieved under
the constant real power injection of the induction generator
plant.

The iterative power flow calculation based on the PQ
madelling of the induction generator can be summarised
step-by-step as follows.

. Assign an initial guess voltage solution at all buses

2. With given PP and /" of the induction generator bus, the
ship and © can be computed to formulate the PO load
model

.Apply the Newton-Raphson method for obtaining
voltage solutions

4. check for solution convergence

e

When the admittance model i1s applied, the step-by-step
algorithm 1s modified slightly. During the iterative process, the
bus admittance matrix is required to be updated iteratively due
to the change of the machine slip at each iteration. In the same
manner, the iterative power flow calculation based on the
admittance model can be summarised step-by-step as follows.

1. Assign an imitial guess voltage solution at all buses
2. With given P and I of the induction generator bus, the
ship and therefore 1, can be computed to formulate the
admittance load model
3. Update the system bus admittance matrix
Apply the Newton-Raphson method for obtaining
voltage solutions
. check for solution convergence

-

h

IV. SIMULATION RESULTS

To evaluate the proposed power flow modelling, the 37-node
and 118-node TEEE standard test feeders [11, 12], as shown in
Figs 3 and 4, and the 159-node SUT power distribution system,
as shown in Fig. 5. were used for test. All test uses the
maximum allowable power mismatch of 10% pu. as the
termination criterion. Parameters of the installed induction
generator [13] are given in Table 1.

Table 1. Parameter of the installed induction generator

() | () | 50u) | 0 | %pe)
0.00373 0.09985 0.10906 3.54708 10.6

A. The 37-node IEEE test feeder
As shown n Fig. 3, the first test feeder consists of 37 nodes
with 4.3-kV and 100 kVA base. It assumes that the induction
generator 1s installed at node 17 to serve the 30 kW load.
The obtained voltage solutions and their convergences for
PQ. admittance () and PV models are shown in Figs 6 - 7.
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Fig. 3 37-node IEEE standard test feeder
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Fig. 7 Solution convergences of the 37-node test system

B. The 118-node IEEE test feeder
As shown in Fig. 4, the second test feeder consists of 118
nodes with 4.16-kV and 100 KVA base. It assumes that the
induction generator is installed at node 70 to serve the 30 kW
load.
The obtained voltage solutions and their convergences for
PQ, admittance (I') and PI"models are shown in Figs 8 - 9.

g magriu 1D 8 |
=

Fig. 5 159-node SUT power distnbution system

o « w (] m =
[

Fig. 8 Voltage solutions of the 118-node test system
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Fig. 9 Solution convergences of the 118-node test system

C. The 159-node SUT power distribution feeder

As shown in Fig. 5, the last test feeder consists of 159 nodes
with 22-k'V rating. It describes the power distribution network
of Suranaree University of Technology (SUT), Nakhon
Ratchasima, THATLAND. The university farm, located at node
22, has installed a small-rating generator of a biomass power
generating plant up to 100 k'VA capacity. Also, there exists the
university energy park equipped with wind-turbine-driven
induction generator of a solar tower generating plant located at
bus 1350. It assumes that each induction generator is operated to
serve a 30 kW load equally. However, to experience significant
effects of induction generator operation on a practical power
distribution system, three sub-cases are situated as follows.

First, the induction generator is installed at bus 22 only. The
obtained voltage solutions and their convergences for PO,
admittance (¥) and P¥ models are shown in Figs 10— 11.

Voitage magnituds (p.u )

LE

] 0 0 E 100 120 w0 180

&0
Bus umber

Fig. 10 Voltage solutions of the SUT system for the first case
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Maximum pow s mismatch (p.u )

Humber of derations

Fig. 11 Solution convergences of the SUT system for the first
case

Second, the induction generator is installed at bus 150 only.
The obtained voltage solutions and their convergences for P,
admittance (¥) and PV models are shown in Figs 12— 13,

105} — Withou 1G |
== WihIG

§ oss
§
g
g o8t
088
°% 20 [ & [ 100 120 140 160
Bus number
Fig. 12 Voltage solutions of the SUT system for the second

H \
gw' e
£ ! w S
H \ e ™
v \ Y N
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L/ T TR L 4 s 8w W

Humber of Rerations

Fig. 13 Solution convergences of the SUT system for the
second case
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Last, two induction generators are installed at bus 22 and 150
to serve a 30 kW load equally. The obtained voltage solutions
and their convergences for PO, admittance (¥) and P¥ models
are shown in Figs 14— 15.

— Wathout I |
- Wh G

Vaitage magnitude (pu)

LECE

o 0 a0 &0 100 120 10 160

80
Bus number

Fig. 14 Voltage solutions of the SUT system for the third case

o~ PO Viodel ||

Maximum pow s misTtcn (p.u.)

2 3 « 5 5 7
Humber of ferations

7 8 g 10 "

Fig 15 Solution convergences of the SUT system for the third
case

As a result, the solution obtained by using the admittance
model converged faster than that of the PQ model for all test
cases. In addition, from the SUT test cases, installing the
induction generator can improve voltage profiles along the
distribution feeder. However, its effect may be less significant
if the induction generator is installed close to the farthest node.

V. CoONCLUSION

The models proposed in this paper work well with the test
case scenarios. The iterative updating process is the most
advantage of the proposed models. It is simple to calculate and
easy to understand.

To extend the work proposed here voltage instability
problems of electric power distribution systems with operation
of induction generators can be analysed. Moreover, in this

ISBN:978-988-98671 -5-7

paper, only self-excited induction generators are employed.
The similar concept can contribute a simple technique to
characterise doubly-fed induction generators.
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