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Line Length (km) Line Length (km)
1-2 410.33 7-12 300.05
1-4 426.78 8-11 349.10 
1-7 370.92 9-10 447.28
2-3 436.90 9-15 398.20
2-5 294.56 10-14 392.74
3-6 349.56 11-13 261.30
4-8 416.14 12-14 348.37 
5-6 415.00 12-16 406.46 
5-7 435.50 13-16 417.27 
5-10 376.35 14-15 458.18
6-9 316.35 14-17 403.64 
7-11 387.10 15-17

Bus |�| 
(p.u)

Type Pg 
(MW)

PL 
(MW)

QL 
(MW)

Shunt Capacitor

1 1.05 Slack
2 - PQ - 1900.00 920.21 100 Mvar
3 1.03 PV 3600 1750.00 847.56 -
4 - PQ - 1850.00 896.00 100 Mvar
5 - PQ - 1600.00 774.92 150 Mvar
6 1.03 PV 3600 1700.00 823.34 -
7 - PQ - 1900.00 920.21 -
8 1.04 PV 3600 1600.00 774.92 -
9 - PQ - 2000.00 968.64 400 Mvar

10 1.03 PV 3600 1700.00 823.34 -
11 - PQ - 1800.00 871.77 200 Mvar
12 1.05 PV 3600 1600.00 774.92 -
13 1.05 PV 3600 1800.00 871.77 -
14 - PQ - 2300.00 1113.94 -
15 1.00 PV 3500 1700.00 823.35 -
16 - PQ - 1750.00 847.56 50 Mvar
17 - PQ - 1150.00 556.97 150 Mvar

Ā1

of electrical attributes delineating the line’s performance in Ā
ā�� = āĀ    Ω km⁄                                 (1)

ý = 2�� × 2 × 1027 ln (���ÿ′ )  Ω km         (2)⁄
þ = 2�� 2�ā0ln (���ÿ0 )       Ă āă⁄                          (3)

� ā0���ÿ′ ÿ0
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�

�

þ′ = ÿĂ ĀÿĄ/(ÿĂ)ÿĂ                                       (4)
ý′ = þĂ āÿĄ/(ÿĂ/2)(ÿĂ/2)                                 (5)ÿ ÿ =√ÿþ Ă ÿþ

���ÿÿ� = √3 × �line × �ÿÿ� × Ā             (6)
 Ă�Āÿÿ�

kV ACSR 
Conductor

Line Constraints MVA 
limit(Ω/km)

500 Macaw,  3 bundle 2411

existing system’s operation for optimal 

� = ýĀ���                                            (7)ÿ� + ĀĀ� = ����∗                                     (8)
ÿ� = |��| ∑|�Ā||ý�Ā|cos(��Ā 2 Ā� + ĀĀ)�

Ā=1          (9)
Ā� = 2|��| ∑|�Ā||ý�Ā|sin(��Ā 2 Ā� + ĀĀ)Ā

Ā=1     (10)|ý�Ā| ��Ā |�| Ā�ÿ Ā
Authorized licensed use limited to: Univ of Texas at Dallas. Downloaded on July 19,2024 at 06:18:33 UTC from IEEE Xplore.  Restrictions apply. 



0.95 ≤ |��| ≤ 1.05 �. Ă.          (11)0.95 ≤ |��| ≤ 1.05 �. Ă.      (12)20.3ÿ�� ≤ Ā�� ≤ 0.6ÿ��                             (13)Ă�Ā ≤ Ă�Āÿÿ�                                          (14)

’s

–
–

– –
–

– –

–

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.050 0.00 3321.2 -1382.6
2 1.045 -11.04 0.0 0.0
3 1.030 11.35 3600.0 177.8
4 1.050 -14.69 0.0 0.0
5 1.049 -18.32 0.0 0.0
6 1.030 3.52 3400.0 130.8
7 1.042 -18.29 0.0 0.0
8 1.040 -3.05 3600.0 -166.7
9 1.028 -13.62 0.0 0.0

10 1.030 -5.07 3600.0 -244.6
11 1.032 -16.97 0.0 0.0
12 1.050 -9.63 3600.0 -370.9
13 1.050 -4.08 3600.0 292.2
14 1.045 -1985 0.0 0.0
15 1.000 -6.06 3500.0 -436.8
16 1.046 -19.00 0.0 0.0
17 1.049 -21.71 0.0 0.0

Line outage Lowest Voltage The Highest Line 
Loading|�| �. �. Bus # % loading Line

1–2 (1 line) 0.972 2 33.63% 1–7
1–4 (1 line) 0.932 4 36.33% 1–4
1–7 (1 line) 0.969 7 45.56% 1–7
2–3 (1 line) 0.949 2 49.76% 2–3

2–5 0.969 5 36.00% 1–7
3–6 1.000 15 38.59% 2–3

4–8 (1 line) 0.947 4 32.56% 6–9
5–6 0.935 5 39.85% 6–9
5–7 0.972 5 31.64% 6–9
5–10 0.938 5 39.05% 5–6

6–9 (1 line) 0.918 9 53.40% 6–9
7–11 0.984 11 32.50% 2–3
7–12 0.978 7 38.05% 11–13

8–11 (1 line) 0.956 11 39.50% 8–11
9–10 0.946 9 34.16% 6–9
9–15 0.978 9 34.04% 6–9

10–14 (1 line) 0.996 14 35.75% 10–14
11–13 0.953 11 37.62% 7–12

12–14 (1 line) 0.994 14 32.68% 6–9
12–16 (1 line) 0.954 16 32.67% 5–6
13–16 (1 line) 0.940 16 37.89% 11–13

14–15 1.000 15 34.27% 5–6
14–17 0.930 17 32.65% 2–3

15–17 (1 line) 0.907 17 36.54% 15–17
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Bus 2 4 5 7 8 10
Mvar 200 100 200 150 200 200

Bus 12 14 15 16 17
Mvar 550 200 250 100 200

Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.000 0.00 1945.3 -2030.25
2 1.048 -6.85 0.0 0.0
3 1.000 7.07 2160.0 -383.29
4 1.044 -9.27 0.0 0.0
5 1.050 -11.19 0.0 0.0
6 1.000 1.95 2160.0 -520.87
7 1.049 -11.32 0.0 0.0
8 1.000 -1.75 2160.0 -594.42
9 1.024 -8.29 0.0 0.0

10 1.000 -2.87 2160.0 -641.17
11 1.032 -10.45 0.0 0.0
12 1.000 -5.55 2160.0 -642.18
13 1.000 -2.13 2160.0 -410.40
14 1.048 -12.06 0.0 0.0
15 1.000 -3.71 2100.0 -587.97
16 1.045 -11.63 0.0 0.0
17 1.044 -13.12 0.0 0.0

–

Line outage Lowest Voltage The Highest Line 
Loading|�| �. �. Bus # % loading Line

1–2 (1 line) 1.000 PV Bus 23.20% 1–7
1–4 (1 line) 0.989 4 22.72% 1–4
1–7 (1 line) 1.000 PV Bus 28.26% 1–7
2–3 (1 line) 0.949 PV Bus 31.42% 2–3

2–5 0.999 5 23.42% 5–6
3–6 1.000 PV Bus 26.20% 2–3

4–8 (1 line) 0.989 4 23.44% 1–7
5–6 0.935 5 25.66% 2–3
5–7 0.989 5 22.62% 2–3
5–10 0.938 PV Bus 25.33% 5–6

6–9 (1 line) 0.982 9 31.22% 6–9
7–11 0.986 11 23.30% 2–3
7–12 1.000 PV Bus 24.70% 11–13

8–11 (1 line) 0.998 11 25.22% 8–11
9–10 0.975 9 21.42% 6–9
9–15 0.981 9 23.06% 2–3

10–14 (1 line) 1.000 PV Bus 23.98% 10–14
11–13 1.000 PV Bus 25.13% 7–12

12–14 (1 line) 0.994 PV Bus 23.13% 2–3
12–16 (1 line) 0.999 16 23.53% 2–3
13–16 (1 line) 0.995 16 24.42% 11–13

14–15 1.000 PV Bus 24.08% 5–6
14–17 0.955 17 23.42% 2–3

15–17 (1 line) 0.969 17 22.86% 15–17

–

Bus 2 3 4 5 6 7 8 9
Mvar 450 200 300 400 450 400 650 100

Bus 10 11 12 13 14 15 16 17
Mvar 700 100 1000 250 450 700 300 350
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Bus #
Voltage Generation|�| �. �. � (deg.) Pg (MW) Qg (Mvar)

1 1.000 0.00 1287.3 -2117.8
2 1.050 -4.56 0.0 0.0
3 1.000 4.74 1440.0 -403.6
4 1.049 -6.20 0.0 0.0
5 1.050 -7.42 0.0 0.0
6 1.000 1.35 1440.0 -400.2
7 1.050 -7.52 0.0 0.0
8 1.000 -1.14 1440.0 -414.4
9 1.046 -5.43 0.0 0.0

10 1.000 -1.81 1440.0 -383.1
11 1.049 -6.94 0.0 0.0
12 1.000 -3.60 1440.0 -387.9
13 1.000 -1.35 1440.0 -417.1
14 1.050 -7.98 0.0 0.0
15 1.000 -2.34 1400.0 -372.8
16 1.047 -7.71 0.0 0.0
17 1.044 -8.66 0.0 0.0
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