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PICK-UP CURRENT/TIME DUAL SETTING/COORDINATION/MULTI-

AGENT SYSTEM

This research presents a study and development of adaptive power system
relaying model using multi-agent technology. The JADE software provides data
transferring via computer network. It is used to determine a relay setting. There
consist of pick-up current and time dial setting. When the topology of power system
was changed, the protective relay was correctly operation to protected damage in
abnormal system. The case studies of this research compared the relay setting, normal
load, line outage and add distributed generator. Multi-agent system transfers data
from current flow and status of circuit breaker to judgment and evaluated, their are
using to adaptive relay setting. The relay setting process obtained from MATLAB
Toolbox. The system was tested on 5 bus, 6 bus, WSCC 9 bus, |IEEE 14 bus and |IEEE
30 bus. The multi-agent technology has ability to adopt the parameter setting when
topology of power system changed. The system will improve autonomous system for

planning and controlling with out human.
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2o CT Primary | Secondary AnlSuadSiadiau Operating
Ratio current current Ip TDS Time (s)

R1 200/5 153.48 3.837 4.2666 0.2492 Nop

R2 100/5 98.94 4.947 4.9169 0.8978 1.0296

R3 100/5 140.05 7.002 4.2638 0.9693 23.711

R4 50/5 10.24 1.024 2.3450 0.8801 Nop

RS 200/5 169.19 4.229 4.5609 0.7533 Nop

R6 200/5 169.19 4.229 4.5609 0.4497 Nop

R7 100/5 94.94 4.747 3.7644 0.0501 1.5086

R8 100/5 - 3 - - -

R9 200/5 153.48 3.837 4.2666 0.2007 Nop
R10 100/5 98.94 4.947 4.9169 0.5065 1.0296
R11 100/5 140.05 7.002 4.2638 0.8986 23.7110
R12 50/5 10.24 1.024 2.3450 0.7567 Nop
R13 100/5 94.94 4.747 3.7644 0.6482 1.5086
R14 100/5 - - ; - -
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R1 200/5 153.48 3.837 4.7962 0.4737 Nop
R2 100/5 98.94 4.947 6.1837 0.2068 Nop
R3 150/5 80.04 4.002 4.3766 0.4856 Nop
R4 50/5 10.24 1.024 1.2800 0.2830 Nop
RS 200/5 169.19 4.229 4.2872 0.9802 Nop
R6 200/5 169.19 4.229 4.2872 0.2206 Nop
R7 100/5 94.94 4.747 4.9337 0.6952 Nop
R8 100/5 - - - - -
R9 200/5 153.48 3.837 4.7962 0.7026 Nop
R10 150/5 98.94 4.947 6.1837 0.2644 Nop
R11 100/5 80.04 4.002 4.3766 0.0582 Nop
R12 50/5 10.24 1.024 1.2800 0.2288 Nop
R13 100/5 94.94 4.747 4.9337 0.8167 Nop
R14 100/5 - - - - -
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= g'j' CT Primary | Secondary mﬂ%ﬂﬁﬁmélau Operating
Ratio current current Ip TDS Time (s)
R1 200/5 152.00 3.800 4.2666 0.2492 Nop
R2 100/5 69.30 3.465 4.9169 0.8978 Nop
R3 100/5 99.34 4.967 4.2638 0.9693 Nop
R4 50/5 23.02 2.302 2.3450 0.8801 Nop
RS 200/5 139.61 3.490 4.5609 0.7533 Nop
R6 200/5 139.61 3.490 4.5609 0.4497 Nop
R7 100/5 44.29 2.264 3.7644 0.0501 Nop
R8 100/5 56.59 2.829 4.0881 0.4390 Nop
R9 200/5 152.00 3.800 4.2666 0.2007 Nop
R10 100/5 69.30 3.465 4.9169 0.5065 Nop
R11 100/5 99.34 4.967 4.2638 0.8986 Nop
R12 50/5 23.02 2.302 2.3450 0.7567 Nop
R13 100/5 44.29 2.264 3.7644 0.6482 Nop
R14 100/5 56.59 2.829 4.0881 0.7295 Nop
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mSuAsSiadifa Case 1 lSussadia Case II
¢
%!ﬂfj Operating Operating
Isc Ip TDS Isc Ip TDS
[ L Time (s) LTime (s)
R1 9.127 | 4.2666 | 0.2492 3.1551 9.341 | 4.2666 | 0.2492 3.0268
R2 [ 0.772 | 4.9169 | 0.8978 Nop 4.724 | 4.9169 | 0.8978 41.2861
R3 0.476 | 4.2638 | 0.9693 Nop 0.429 | 4.2638 | 0.9693 Nop
R4 | 0.294 | 2.3450 | 0.8801 Nop 0.367 | 2.3450 [ 0.8801 Nop
R5 0.143 | 4.5609 | 0.7533 Nop 0.164 | 4.5609 | 0.7533 Nop
R6 | 0.143 | 4.5609 | 0.4497 Nop 0.164 | 4.5609 | 0.4497 Nop
R7 | 0.278 | 3.7644 | 0.0501 Nop 0.349 | 3.7644 | 0.0501 Nop
R8 | 0.186 | 4.0881 | 0.4390 Nop 3 3 3 )

R9 | 8.780 | 4.2666 | 0.2007 2.7348 9.172 | 4.2666 | 0.2007 2.5184

R10 | 0.772 | 49169 | 0.5065 Nop 4.724 | 4.9169 | 0.5065 41.2861
R11 | 0.476 | 4.2638 | 0.8986 Nop 0.429 | 4.2638 [ 0.8986 Nop
R12 | 0.294 | 2.3450 | 0.7567 Nop 0.367 | 2.3450 | 0.7567 Nop
R13 | 0.278 | 3.7644 | 0.6482 Nop 0.349 | 3.7644 | 0.6482 Nop
R14 | 0.186 | 4.0881 [ 0.7295 Nop - = = -
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Case Il muSudsSiadlai Case Il
S1adl Operating Time Operating Time
Isc Ip TDS ©) Isc Ip TDS ©)
R1 | 9.341 4.2666 I 0.2492 | 3.0268 9.341 4.7962 0.4737 | 4.9413
R2 4.724 4.9169 0.8978 41.2861 4.724 6.1837 0.2068 Nop
R3 0.429 4.2638 0.9693 Nop 0.429 4.3766 0.4856 Nop
R4 0.367 2.3450 0.8801 Nop 0.367 1.2800 0.2830 Nop
RS 0.164 4.5609 0.7533 Nop 0.164 4.2872 0.9802 Nop
R6 0.164 4.5609 0.4497 Nop 0.164 4.2872 0.2206 Nop
R7 0.349 3.7644 0.0501 Nop 0.349 4.9337 0.6952 Nop
R8 - = = - - = = -
R9 9.172 4.2666 0.2007 2.5184 9.172 4.7962 0.7026 7.5369
R10 4.724 4.9169 0.5065 41.2861 0.724 6.1837 0.2644 Nop
R11 0.429 4.2638 0.8986 Nop 0.429 4.3766 0.0582 Nop
R12 0.367 2.3450 0.7567 Nop 0.367 1.2800 0.2288 Nop
R13 0.349 3.7644 0.6482 Nop 0.349 4.9337 0.8167 Nop
R14 - = = = - - - Nop
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A A A Jd A =} 1 [ Qaj ~ d a A a Qs’l A o A
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anlsude3adiau Casel Sl A Case I1I
Stod Operating Time Operating Time
Isc Ip TDS ) Isc Ip TDS )
———————————— hn hn e —
R1 9.127 4.2666 0.2492 3.1551 12.49 4.2666 0.2492 2.0027
R2 0.772 4.9169 0.8978 Nop 4.175 4.9169 0.8978 Nop
R3 0.476 4.2638 0.9693 Nop 4.455 4.2638 0.9693 190.100
R4 0.294 2.3450 0.8801 Nop 4.432 2.3450 0.8801 9.6166
RS 0.143 4.5609 0.7533 Nop 0.712 4.5609 0.7533 Nop
R6 0.143 4.5609 0.4497 Nop 0.712 4.5609 0.4497 Nop
R7 0.278 3.7644 0.0501 Nop 4.119 3.7644 0.0501 50.3579
R8 0.186 4.0881 0.4390 Nop 3.305 4.0881 0.4390 Nop
R9 8.780 4.2666 0.2007 2.7348 9.792 4.2666 0.2007 2.2513
R10 0.772 4.9169 0.5065 Nop 4.175 4.9169 0.5065 Nop
R11 0.476 4.2638 0.8986 Nop 4.455 4.2638 0.8986 190.100
R12 0.294 2.3450 0.7567 Nop 41432 2.3450 0.7567 9.6166
R13 0.278 3.7644 0.6482 Nop 4.119 3.7644 0.6482 50.3579
R14 0.186 4.0881 0.7295 Nop 3.305 4.0881 0.7295 Nop
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S Sadifa ——Tas;I— ek Case ITT
St Operating Time Operating Time
Isc Ip TDS ) Isc Ip TDS )
I ——— b L e — e E—
R1 12.49 4.2666 0.2492 2.0027 12.49 4.7500 0.0506 0.3628
R2 4.175 4.9169 0.8978 Nop 4.175 43312 0.3274 Nop
R3 4.455 4.2638 0.9693 190.10 4.455 6.2088 0.8137 Nop
R4 4.432 2.3450 0.8801 9.616 2.432 2.8775 0.0938 Nop
RS 0.712 4.5609 0.7533 Nop 0.712 4.8171 0.7022 Nop
R6 0.712 4.5609 0.4497 Nop 0.712 4.8171 0.4491 Nop
R7 4.119 3.7644 0.0501 50.3579 4.119 4.6612 0.4764 Nop
R8 3.305 4.0881 0.4390 Nop 3.305 7.0738 0.4123 Nop
R9 9.792 4.2666 0.2007 2.2513 9.792 4.7500 0.7359 7.0694
R10 4.175 4.9169 0.5065 Nop 4.175 43312 0.3675 Nop
R11 4.455 4.2638 0.8986 190.10 4.455 6.2088 0.3503 Nop
R12 4.432 2.3450 0.7567 9.6166 2.432 2.8775 0.0697 Nop
R13 4.119 3.7644 0.6482 50.3579 4.119 4.6612 0.6087 Nop
R14 3.305 4.0881 0.7295 Nop 3.305 7.0738 0.3050 Nop
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1 1 2 13.61 50/5 R1, RS

2 1 3 107.43 100/4 R2, R9

3 1 6 24.83 50/5 R14,R7

4 2 6 13.61 50/5 R13,R6

5 3 4 47.57 50/5 R3, R10

6 4 5 49.46 50/5 R4, R11

7 5 6 92.39 100/5 RS, R12
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Fault Main Backup Primary Secondary
Line

BUS Relay Relay SC current SC current
8 9 4961.85 410.84 1-3
8 7 4961.85 1520.96 1-6
1 2 7 5362.40 1528.13 1-6
(Genl) 2 1 5362.40 804.91 1-2
14 1 4232.78 811.00 1-2
14 9 4232.78 414.90 1-3
1 6 2702.58 2702.58 2-6
. 13 8 2508.30 2508.30 2-1
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
3 9 10 1453.21 1453.21 3-4
3 2 3347.84 3347.84 3-1
4 3 2243.81 2243.81 4-3
4
10 11 224437 224437 4-5
5 4 1361.52 1361.52 5-4
5
11 12 3494.81 3494.81 5-6
6 5 4964.19 411.37 6-5
6 14 4964.19 1522.91 6-1
6
12 14 5364.20 1529.36 6-1
(Gen2)
12 13 5364.20 804.56 6-2
7 5 4232.78 407.25 6-5
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1 1 2 30.72 R1, R8

2 1 3 114.12 R2, R9

3 - - - R14, R7

4 2 6 30.72 R13,R6

5 3 4 54.55 R3, R10

6 4 5 43.15 R4, R11

7 5 6 84.40 RS, R12
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(Gen) 2 1 4722.72 1652.66 1-2
1 8 2577.77 2577.77 2-1
’ 13 6 2687.64 2687.64 26
3 9 2 3180.82 3180.82 3-1
A 10 3 2280.10 2280.10 4-3
4 11 2362.62 2362.62 4-5
5 11 4 1559.37 1559.37 5-4
5 12 3297.65 3297.65 5-6
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! 1 2 7.60 RI, RS

2 1 3 74.51 R2, R9

3 1 6 14.43 R14,R7

4 2 6 7.60 R13,R6

5 3 4 23.12 R3,R10

6 4 5 27.74 R4, R11

7 5 6 60.72 RS, R12
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8 9 5324.76 654.29 1-3

| 8 7 5324.76 1634.25 1-6

(Gen) 2 1 5541.25 864.58 1-2

2 7 5541.25 1643.30 1-6

14 1 4540.95 853.87 1-2
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(Ip) (TDS) (Ip) (TDS) (Ip) (TDS)

|

1 1.7012 0.1165 3.8400 0.1233 0.9500 0.4371
2 9.4763 0.8231 6.7967 0.4866 4.6569 0.7400
3 9.5463 0.2206 6.8188 0.5480 2.8900 0.4695
4 6.1825 0.7360 4.3938 0.7826 3.4675 0.6727
5 4.7744 0.0526 4.3375 0.6495 3.7950 0.7314
6 7.7012 0.3022 3.8400 0.4312 0.9500 0.9295
7 7.3228 0.4999 - - 1.8038 0.6183
8 1.7012 0.3973 3.8400 0.2233 0.9500 0.3772
9 9.4763 0.4602 6.7967 0.8880 4.6569 0.0657
10 9.5463 0.6235 6.8188 0.5800 2.8900 0.0850
11 6.1825 0.2766 4.3938 0.8206 3.4675 0.3562
12 4.7744 0.6847 4.3375 0.0511 3.7950 0.5963
13 1.7012 0.2454 3.8400 0.7533 0.9500 0.0652
14 7.3228 0.2390 - - 1.8038 0.2860
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2o CT Primary | Secondary mﬂ%ﬂﬁﬁmélau Operating
Ratio current current Ip TDS Time (s)
R1 50/5 30.72 3.072 1.7012 0.1165 7.9443
R2 100/5 114.12 4.756 9.4763 0.8231 58.7048
R3 50/5 54.55 4.455 9.5463 0.2206 Nop
R4 50/5 43.15 4.315 6.1825 0.7360 Nop
RS 100/5 84.40 4.270 4.7744 0.0526 Nop
R6 50/5 30.72 3.072 7.7012 0.3022 Nop
R7 50/5 - - 7.3228 0.4999 -
R8 50/5 30.72 3.072 1.7012 0.3973 7.9443
R9 100/5 114.12 4.756 9.4763 0.4602 58.7048
R10 50/5 54.55 4.455 9.5463 0.6235 Nop
R11 50/5 43.15 4.315 6.1825 0.2766 Nop
R12 100/5 84.40 4.27 4.7744 0.6847 Nop
R13 50/5 30.72 3.072 1.7012 0.2454 Nop
R14 50/5 - = 7.3228 0.2390 -
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A3

M3 423 nsd lgmUsuaGdlnidomeds 1-6 wga
a E'i CT Primary _ Secondary ﬁ1ﬂ%ﬂ%ﬁ!ﬁfﬂﬂﬂ Operating
Ratio |_current | current | In |_ TDS L Time (s)
R1 50/5 30.72 3.072 3.8400 0.1233 Nop
R2 100/5 114.12 4.756 6.7967 0.4866 Nop
R3 50/5 54.55 4.455 6.8188 0.5480 Nop
R4 50/5 43.15 4315 4.3938 0.7826 Nop
RS 100/5 84.40 4.270 4.3375 0.6495 Nop
R6 50/5 30.72 3.072 3.8400 0.4312 Nop
R7 50/5 - - - - -
RS 50/5 30.72 3.072 3.8400 0.2233 Nop
R9 100/5 114.12 4.756 6.7967 0.8880 Nop
R10 50/5 54.55 4.455 6.8188 0.5800 Nop
R11 50/5 43.15 4315 4.3938 0.8206 Nop
R12 100/5 84.40 4.27 4.3375 0.0511 Nop
R13 50/5 30.72 3.072 3.8400 0.7533 Nop
R14 50/5 - - - - -
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Ratio current current Ip TDS Time (s)
R1 50/5 7.60 0.76 1.7012 0.1165 Nop
R2 100/5 74.51 3.7255 9.4763 0.8231 Nop
R3 50/5 23.12 2.312 9.5463 0.2206 Nop
R4 50/5 27.74 2.774 6.1825 0.7360 Nop
R5 100/5 60.72 3.036 4.7744 0.0526 Nop
R6 50/5 7.60 0.76 7.7012 0.3022 Nop
R7 50/5 14.43 1.443 7.3228 0.4999 Nop
RS 50/5 7.60 0.76 1.7012 0.3973 Nop
R9 100/5 74.51 3.7255 9.4763 0.4602 Nop
R10 50/5 23.12 2.312 9.5463 0.6235 Nop
R11 50/5 27.74 2.774 6.1825 0.2766 Nop
R12 100/5 60.72 3.036 4.7744 0.6847 Nop
R13 50/5 7.60 0.76 1.7012 0.2454 Nop
R14 50/5 14.43 1.443 7.3228 0.2390 Nop
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YY) J YY)
mlSudsstadau Casel S adiau Case I
= d
alag Operating Operating
Isc Ip TDS Isc Ip TDS
e Time (8 | Time (s

R1 | 17.7423 | 1.7012 | 0.1165 0.3397 21.548 | 1.7012 [ 0.1165 0.3131

R2 | 8.8525 | 9.4763 | 0.8231 Nop 8.9785 | 8.4763 | 0.8231 100.0435
R3 [ 9.1793 | 9.5463 | 0.2206 Nop 6.7188 | 9.5463 | 0.2206 Nop
R4 | 4.8718 | 6.1825 | 0.7360 Nop 4.2938 | 6.1825 | 0.7360 Nop
R5 | 45145 | 4.7744 | 0.0526 Nop 4.2375 | 4.7744 | 0.0526 Nop
R6 | 6.7742 | 7.7012 | 0.3022 Nop 3.794 | 7.7012 | 0.3022 Nop

R7 | 6.7828 | 7.3228 | 0.4999 Nop - = = -

R8 | 36.1627 | 1.7012 | 0.3973 0.8823 31.78 | 1.7012 | 0.3973 0.9225

R9 | 8.8525 | 9.4763 | 0.4602 Nop 8.9785 | 8.4763 | 0.4602 54.9349
R10 | 9.1793 | 9.5463 | 0.6235 Nop 6.7188 | 9.5463 | 0.6235 Nop
R11 | 4.8718 | 6.1825 [ 0.2766 Nop 4.2938 | 6.1825 | 0.2766 Nop
R12 | 4.5145 | 4.7744 | 0.6847 Nop 4.2375 | 4.7744 | 0.6847 Nop
R13 | 6.7742 | 7.7012 | 0.2454 Nop 3.794 [ 1.7012 | 0.2454 Nop

R14 | 6.7828 | 7.3228 | 0.2390 Nop - = = -
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dssadIndvazaneds 1-6 vigaeenINTT UL
anlSudsiading Case I R [ et ey Case I
S1ad Operating Operating
Isc Ip TDS Isc Ip TDS
L L Time(s) | Time (s)
R1 | 21.548 | 1.7012 | 0.1165 0.3131 21.548 | 3.8400 | 0.1233 4.9413
R2 | 8.9785 | 8.4763 | 0.8231 100.0435 8.9785 [ 9.7967 | 0.4866 Nop
R3 | 6.7188 | 9.5463 | 0.2206 Nop 6.7188 | 6.8188 | 0.5480 Nop
R4 | 4.2938 | 6.1825 [ 0.7360 Nop 4.2938 | 4.3938 | 0.7826 Nop
RS | 4.2375 | 4.7744 | 0.0526 Nop 4.2375 | 4.3375 | 0.6495 Nop
R6 | 3.794 |7.7012 | 0.3022 Nop 3.794 | 3.8400 | 0.4312 Nop
R7 - - - - - - - -
R8 | 31.78 |1.7012 [ 0.3973 |  0.9225 31.78 | 3.8400 | 0.2233 |  0.7241
R9 | 8.9785 | 8.4763 | 0.4602 54.9349 8.9785 [ 9.7967 | 0.8880 Nop
R10 | 6.7188 | 9.5463 | 0.6235 Nop 6.7188 | 6.8188 | 0.5800 Nop
RI11 | 42938 |6.1825 | 0.2766 Nop 42938 | 4.3938 | 0.8206 Nop
R12 | 4.2375 | 4.7744 | 0.6847 Nop 4.2375 | 4.3375 | 0.0511 Nop
RI13 | 3.794 |7.7012 | 0.2454 Nop 3.794 | 3.8400 | 0.7533 Nop
R14 - - - - - - - -
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d a i a QsJ‘ 4 o A
adiauilonadunsoenwiia v

Anl¥udaadin Casel el B e ey Case Il
ﬁmé Operating Operating
Isc Ip TDS Isc Ip TDS
L Time(s) [ Time (s
R1 | 17.7423 | 1.7012 | 0.1165 0.3397 18.743 [ 1.7012 | 0.1165 0.3318
R2 | 8.8525 [ 9.4763 | 0.8231 Nop 4.5252 | 9.4763 | 0.8231 Nop
R3 9.1793 [ 9.5463 | 0.2206 Nop 3.7279 | 9.5463 | 0.2206 Nop
R4 | 4.8718 | 6.1825 | 0.7360 Nop 1.95 6.1825 | 0.7360 Nop
R5 | 4.5145 | 4.7744 | 0.0526 Nop 0.673 | 4.7744 | 0.0526 Nop
R6 | 6.7742 | 7.7012 | 0.3022 Nop 8.3874 | 7.7012 | 0.3022 24.7626
R7 | 6.7828 | 7.3228 | 0.4999 Nop 7.7183 | 7.3228 | 0.4999 66.4899
R8 | 36.1627 | 1.7012 | 0.3973 0.8823 38.157 | 1.7012 | 0.3973 0.8666
R9 [ 8.8525 [ 9.4763 | 0.4602 Nop 4.5252 [ 9.4763 | 0.4602 Nop
R10 | 9.1793 | 9.5463 | 0.6235 Nop 3.7279 | 9.5463 | 0.6235 Nop
R11 | 4.8718 | 6.1825 | 0.2766 Nop 1.95 6.1825 | 0.2766 Nop
R12 | 4.5145 | 4.7744 | 0.6847 Nop 0.673 | 4.7744 | 0.6847 Nop
R13 | 6.7742 | 7.7012 | 0.2454 Nop 8.3874 | 7.7012 | 0.2454 20.1083
R14 | 6.7828 | 7.3228 | 0.2390 Nop 7.7183 | 7.3228 | 0.2390 31.7885
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Anl¥udaadinu Case 111 o el Case 111
%!mﬁ Operating Operating
Isc Ip TDS Isc Ip TDS
e e Time® L Time(®)
R1 18.743 | 1.7012 | 0.1165 0.3318 18.743 | 1.9500 | 0.4371 0.3628
R2 | 4.5252 | 9.4763 | 0.8231 Nop 4.5252 | 4.6569 | 0.7400 Nop
R3 3.7279 | 9.5463 | 0.2206 Nop 3.7279 | 3.8900 [ 0.4695 Nop
R4 1.95 6.1825 | 0.7360 Nop 1.95 3.4675 | 0.6727 Nop
RS 0.673 | 4.7744 | 0.0526 Nop 0.673 | 3.7950 [ 0.7314 Nop
R6 | 83874 | 7.7012 | 0.3022 24.7626 8.3874 | 8.9500 [ 0.9295 Nop
R7 | 7.7183 | 7.3228 | 0.4999 66.4899 7.7183 | 7.8038 | 0.6183 Nop
R8 | 38.157 | 1.7012 | 0.3973 0.8666 38.157 | 1.9500 | 0.3772 0.8617
R9 | 4.5252 | 9.4763 | 0.4602 Nop 4.5252 | 4.6569 | 0.0657 Nop
R10 | 3.7279 | 9.5463 | 0.6235 Nop 3.7279 | 3.8900 | 0.0850 Nop
R11 1.95 6.1825 | 0.2766 Nop 1.95 3.4675 | 0.3562 Nop
R12 | 0.673 | 4.7744 | 0.6847 Nop 0.673 [ 3.7950 | 0.5963 Nop
R13 | 8.3874 | 7.7012 | 0.2454 20.1083 8.3874 | 8.9500 | 0.0652 Nop
R14 | 7.7183 | 7.3228 | 0.2390 31.7885 7.7183 | 7.8038 | 0.2860 Nop
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30 MVR 35 MVR

BUS4

BUS1

163 MW
15 MVR

510 4.29 nszuan lvalumedavesszuunaaouvuia 9 1a

U

NaINMITIaTzuunaaey 9 e mldnsuanavesimas lnidnmseaduiia

T luuaaznireiilasasosduiia lnfian 3 9redaelddvina 85 MW 3 Mvar 10504

o a

fudialndaian 1 fehaddihvuia 163 MW 15 Mvar taziasesnuiia IWiian 2 91w

fdalwihana 70 Mw 8 Mvar fvuanszua i lvaluaedegegaaintan 4 Tddaie

2

S 1 1

N9 fiaumnu 211.07 A uazamnszua Wihdrgaanidan 5 Tdaian 6 Tauniny 83.61 A

Y o A Y 1 Y o ~
u,aauﬂﬂmaﬂmmmm@mm’mwuauﬂm UHANPNAIT 19N 4.29



lﬂ' 1 a v
f1TN 4.29 ﬂ‘imlﬁuh/‘m1mm$%181ﬁaﬂiuﬁﬂ13$ﬂﬂﬂ"’lJE)x’ii%‘U‘U“V]ﬂﬁfJ“]J 9 ud

117

4 Triva nIzIE oAU ,
eaai 18l
e va Tvian CT Ratio
1 4 5 204.61 200/5 R10, R4
2 5 6 83.56 100/5 R, R3
3 6 7 174.08 150/5 RS, R2
4 7 8 160.92 150/5 R7,RI
5 8 9 31.05 50/5 R12, R6
6 9 4 211.07 200/5 R11,R5
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Fault Backup Primary Secondary SC
Main Relay Line
BUS Relay SC current current

4 5 4 618.90 262.48 4-5
(Gen 1) 10 11 642.09 284.57 4-9
9 3 372.90 372.90 5-6
. 4 10 477.18 477.18 5-4
6 3 2 667.76 329.27 6-7
(Gen 3) 8 9 578.17 243.31 6-5
2 8 419.01 419.01 7-6
’ 7 1 493.05 493.05 7-8
8 1 6 621.29 248.26 8-9
(Gen 2) 12 7 680.74 307.44 8-7
6 12 390.96 390.96 9-8
’ 11 5 471.19 471.19 9-4
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. Tnua nIzIE ,
meaai Stad
Ve Ve Tviaq

1 4 5 284.51 R10, R4

2 - - - R9, R3

3 6 7 22321 RS, R2

4 7 8 113.42 R7,R1

5 8 9 77.54 R12, R6

6 9 4 158.18 R11, RS
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
4 10 11 874.73 452.31 4-9
(Gen'1) 5 4 454.47 0.43 4-5
5 4 10 711.95 711.95 5-4
6 (Gen3) 8 - 454.26 0 -
2 8 311.14 311.14 7-6
! 7 1 573.08 573.08 7-8
8 1 6 663.01 294.83 8-9
(Gen 2) 12 7 703.65 300.07 8-7
11 5 378.84 378.84 9-4
’ 6 12 514.81 514.81 9-8
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. Tnun ,
meaai = = nszualvian S1ad
e e
1 4 5 184.45 R10, R4
2 5 6 61.76 R9, R3
3 6 7 184.60 RS, R2
4 7 8 144.98 R7, R1
5 8 9 29.05 R12,R6
6 9 4 222.49 R11, RS
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
4 10 11 760.85 444.20 4-9
(Gen 1) 5 4 600.66 264.25 4-5
4 10 548.35 548.35 5-4
; 9 3 380.09 380.09 5-6
6 3 2 684.01 361.47 6-7
(Gen 3) 8 9 604.29 284.24 6-5
2 8 438.00 438.00 7-6
! 7 1 540.28 540.28 7-8




122

d‘ [ = o’d’ a QBJ} d’ o a o 1
137190 4.34 Lﬂlﬁﬂﬁﬂﬂx‘lﬂui!ﬁﬁJLlI’E]@]ﬂG]\‘iLﬂﬁ’éNﬂuuﬂll“l/‘lﬂﬁ%ﬂﬂﬂﬂﬁmﬂlu']ﬂ 9 Ud (919)

Fault Main Backup Primary Secondary
Line

BUS Relay Relay SC current SC current
8 1 6 691.94 367.50 8-9
(Gen 2) 12 7 664.40 323.23 8-7
11 5 448.27 448.27 9-4
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6 12 368.84 368.84 9-8
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e Yo912a1 3 Yo912a1 e Yo9IA
(Ip) (TDS) (Ip) (TDS) (Ip) (TDS)
e
1 4.0287 0.5323 4.7258 0.2674 4.5931 0.3606
2 4.4400 0.2260 4.6502 0.7571 4.8313 0.3421
3 4.2225 0.6287 - - 3.8600 0.3088
4 42627 0.6836 7.4767 0.6696 4.8266 0.7345
5 4.3973 0.4167 4.9431 0.6913 4.6352 0.1361
6 3.8813 0.2481 7.8463 0.3030 3.6313 0.2331
7 4.0287 0.3989 4.7258 0.4770 4.5931 0.2980
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8 4.4400 0.6008 4.6502 0.8743 4.9313 0.0515
9 4.2225 0.6567 - - 3.8600 0.4339
10 42627 0.1567 7.4767 0.4829 4.8266 0.5207
11 4.3973 0.0506 4.9431 0.2852 4.6344 0.6275
12 3.8813 0.5409 7.8463 0.0502 3.6313 0.3260
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= s'i CT Primary | Secondary mﬂ%ﬂﬁﬁmélau Operating
Ratio current current Ip TDS Time (s)
R1 200/5 113.42 2.8355 4.0287 0.5323 Nop
R2 200/5 223.21 4.5802 4.4400 0.2260 62.1342
R3 100/5 - - - - -
R4 200/5 286.51 7.1627 4.2627 0.6836 9.1724
R5 200/5 158.18 3.9545 4.3973 0.4167 Nop
R6 50/5 77.54 1.754 3.8813 0.2481 2.4922
R7 200/5 113.42 2.8355 4.0287 0.3989 Nop
R8 200/5 223.21 4.5802 4.4400 0.6008 164.1781
R9 100/5 - - - - -
R10 200/5 286.51 7.1627 4.2627 0.1567 2.1026
R11 200/5 158.18 3.9545 4.3973 0.0506 Nop
R12 50/5 77.54 7.754 3.8813 0.5409 4.4335
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125 MW e
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13.8 kV
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‘ CT Primary | Secondary Anlsunviadlmi Operating
e Ratio current current Ip TDS Time (s)
e e e e

R1 200/5 113.42 2.8355 4.7258 0.2674 Nop

R2 200/5 223.21 4.58025 4.6502 0.7571 Nop

R3 100/5 - - - - -

R4 200/5 286.51 7.16275 7.4767 0.6696 Nop

RS 200/5 158.18 3.9545 4.9431 0.6913 Nop
R6 50/5 77.54 7.754 7.8463 0.3030 Nop
R7 200/5 113.42 2.8355 4.7258 0.4770 Nop
RS 200/5 223.21 4.58025 4.6502 0.8743 Nop
R9 100/5 - - - - -
R10 200/5 286.51 7.16275 7.4767 0.4829 Nop
RI11 200/5 158.18 3.9545 4.9431 0.2852 Nop
R12 50/5 77.54 7.754 7.8463 0.0502 Nop
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PNTL
= g'i CT Primary | Secondary AnlSuasSiadiaa Operating
Ratio current current Ip TDS Time (s)
R1 200/5 146.98 3.6745 4.0287 0.5323 Nop
R2 200/5 186.60 4.665 4.4400 0.2260 Nop
R3 100/5 61.76 3.088 4.2225 0.6287 Nop
R4 200/5 186.45 4.6612 4.2627 0.6836 53.4893
RS 200/5 222.49 4.5622 4.3973 0.4167 12.3826
R6 50/5 29.05 2.905 3.8813 0.2481 Nop
R7 200/5 146.98 3.6745 4.0287 0.3989 Nop
RS 200/5 186.60 4.665 4.4400 0.6008 Nop
R9 100/5 61.76 3.088 4.2225 0.6567 Nop
R10 200/5 186.45 4.6612 4.2627 0.1567 12.2612
RI11 200/5 222.49 4.5622 43973 0.0506 1.5036
R12 50/5 29.05 2.905 3.8813 0.5409 Nop
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M13199 4.39 nsdl lFalsudssadluiiieaadunsoainiia vl
‘ CT Primary | Secondary mlSuasiadlni Operating
las
Ratio current J_ current Ip TDS Time (s)

R1 200/5 146.98 3.6745 4.5931 0.3606 Nop
R2 200/5 186.60 4.665 4.8313 0.3421 Nop
R3 100/5 61.76 3.088 3.8600 0.3088 Nop
R4 200/5 186.45 4.6612 4.8266 0.7345 Nop
R5 200/5 222.49 4.5622 4.6352 0.1361 Nop
R6 50/5 29.05 2.905 3.6313 0.2331 Nop
R7 200/5 146.98 3.6745 4.5931 0.2980 Nop
R7 200/5 146.98 3.6745 4.5931 0.2980 Nop
R8 200/5 186.60 4.665 49313 0.0515 Nop
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M1319% 4.39 nadllFalsuassadlniefadunseaiuiialdi @)
o Do .| '
‘ CT Primary | Secondary mﬂiumsmsﬂﬁu Operating
Stagl
Ratio current current Ip TDS Time (s)
[ L L L L L .
R9 100/5 61.76 3.088 3.8600 0.4339 Nop
R10 200/5 186.45 4.66125 4.8266 0.5207 Nop
R11 200/5 222.49 4.56225 4.6344 0.6275 Nop
R12 50/5 29.05 2.905 3.6313 0.3260 Nop
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50 Mvar 13.8 kV
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o laseadnvesszuy Idufanisndeunas inasi i nszuawoadan lnaluae

daaazimnanmsnlasunasaudis 93U 435 wzdunalainiieaiods 5-6 vgaven

mﬂizmj%zﬁmmﬁﬂaaﬁ"lmvim?mé R6 U119 408.57 A 1A R12 Y11A 504.42 A Q91U
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M99 4.40 n3dinaveadnlSeuieunsainlfudsadiauvazaieds 5-6 Hga
miSudssadiau Case I miSuassasan Case 11
= d
alay Operating Operating
Isc Ip TDS Isc Ip TDS
L__Time(s) | Time (s
R1 4.9377 | 4.0287 | 0.5323 Nop 4.6462 | 4.0287 | 0.5323 32.1314
R2 0.5965 | 4.4400 | 0.2260 Nop 4.6762 | 4.4400 | 0.2260 Nop

R3 1.533 | 4.2225 | 0.6287 Nop - = = -

R4 2.343 | 4.2627 | 0.6836 Nop 2.0157 | 4.2627 | 0.6836 Nop

RS 1.0438 | 4.3973 | 0.4167 Nop 4.534 | 4.3973 | 0.4167 12.6574

R6 | 40.538 | 3.8813 | 0.2481 0.7230 40.857 | 3.8813 | 0.2481 0.7206

R7 | 49377 | 4.0287 | 0.3989 Nop 4.6462 | 4.0287 | 0.3989 24.0789

R8 [ 0.5965 | 4.4400 | 0.6008 Nop 4.6762 | 4.4400 [ 0.6008 Nop

R9 1.533 | 4.2225 | 0.6567 Nop - = = -

R10 | 2.343 | 4.2627 | 0.1567 Nop 2.0157 | 4.2627 | 0.1567 Nop

RI11 | 1.0438 [ 4.3973 | 0.0506 Nop 4.5337 | 4.3973 | 0.0506 1.5373

R12 | 46.641 | 3.8813 | 0.5409 1.4853 50.442 | 3.8813 [ 0.5409 1.4388
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Al¥udaadia Case Il o T L Case Il
ilﬁt‘i Operating Operating
Isc Ip TDS Isc Ip TDS
L L [__Time (s) [__Time (s
R1 4.6462 | 4.0287 | 0.5323 32.1314 4.6462 | 4.7258 | 0.2674 Nop
R2 4.6762 | 4.4400 | 0.2260 Nop 4.6762 | 4.6502 | 0.7571 Nop
R3 - 3 3 - - 3 = -
R4 2.0157 | 4.2627 | 0.6836 Nop 2.0157 | 7.4767 | 0.6696 Nop
RS 4.534 | 4.3973 | 04167 12.6574 4.534 4.9431 | 0.6913 Nop
R6 40.857 | 3.8813 | 0.2481 0.7206 40.857 | 7.8463 | 0.3030 1.2643
R7 4.6462 | 4.0287 | 0.3989 24.0789 4.6462 | 4.7258 | 0.4770 Nop
R8 4.6762 | 4.4400 | 0.6008 Nop 4.6762 | 4.6502 | 0.8743 Nop
R9 - 3 3 - - = = -
R10 | 2.0157 | 4.2627 | 0.1567 Nop 2.0157 | 7.4767 | 0.4829 Nop
R11 4.5337 | 4.3973 | 0.0506 1.5373 4.5337 | 4.9431 | 0.2852 Nop
R12 | 50.442 | 3.8813 | 0.5409 1.4388 50.442 | 7.8463 | 0.0502 0.1854
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11 4.37 Tassasranamsnlasunilas 3
Mnszuaroadn lvalumedaaaziiainamsndounilasnindie szdunalaiuie

alWf luszuvesiinszuanoad lnariuSiad R6 w110 446.90 A tag R12

o o & o = = o ~ 4 A
VYU 479.72 A Aa1AY GIN%$‘1/11ﬂﬁ!,‘]JiEJ“]JmEJ‘UL’Jﬁ1ﬂ1TVIN1uﬂlﬂﬂﬁlﬁ&liu%ﬂi%‘m 4.42

d' =N d A =\ v [
15199 4.42 nsalinaneanlseumeun1lsy

k4
%

I a A a 3 A o Aa
Laﬂlﬂlllllﬁl@ﬂ@%ﬂiﬂﬂﬂ”lluﬂMﬂ"I

N,
msudsTadian Case I eludadadiag Case ITT
3108 Operating Operating
I Isc I Ip TDS Time () Isc Ip I TDS Time (s
R1 | 4.9377 | 4.0287 | 0.5323 Nop 4.4562 | 4.0287 | 0.5323 Nop
R2 0.5965 | 4.4400 | 0.2260 Nop 4.7585 | 4.4400 | 0.2260 27.7883
R3 1.533 | 4.2225 | 0.6287 Nop 2.719 | 4.2225 | 0.6287 Nop
R4 2.343 | 4.2627 | 0.6836 Nop 4.4022 | 4.2627 | 0.6836 20.1503
RS 1.0438 | 4.3973 | 0.4167 Nop 45117 | 4.3973 | 0.4167 12.8837
R6 | 40.538 | 3.8813 | 0.2481 0.7230 44.69 | 3.8813 | 0.2481 0.6935
R7 | 4.9377 | 4.0287 | 0.3989 Nop 4.4562 | 4.0287 | 0.3989 Nop
RS 0.5965 | 4.4400 | 0.6008 Nop 4.7585 | 4.4400 | 0.6008 73.8727
R9 1.533 | 4.2225 | 0.6567 Nop 2.719 | 4.2225 | 0.6567 Nop
RI10 | 2.343 [ 4.2627 | 0.1567 Nop 4.4022 | 4.2627 | 0.1567 4.6190
RI1 | 1.0438 [ 4.3973 | 0.0506 Nop 4.5117 | 4.3973 | 0.0506 1.5645
R12 | 46.641 | 3.8813 | 0.5409 1.4853 47.972 | 3.8813 | 0.5409 1.4683
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aenanazildine Ilihduusnuniedegln 438 duiudsdesiinsifuaalnia
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A =Y 4 =1 % 09;’ S L VA A ng A o a
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Anl¥udaadiau Casennt | o el Case Il
i!aﬁi Operating Operating
Isc Ip TDS Isc Ip TDS
R1 4.4562 | 4.0287 | 0.5323 Nop 4.4562 | 4.5931 | 0.3606 Nop
R2 | 4.7585 | 4.4400 | 0.2260 27.7883 4.7585 | 4.8313 | 0.3421 Nop
R3 2.719 | 4.2225 | 0.6287 Nop 2.719 | 3.8600 [ 0.3088 Nop
R4 | 4.4022 | 4.2627 | 0.6836 20.1503 4.4022 | 4.8266 | 0.7345 Nop
R5 | 4.5117 | 4.3973 | 0.4167 12.8837 4.5117 | 4.6352 | 0.1361 Nop
R6 44.69 | 3.8813 [ 0.2481 0.6935 44.69 | 3.6313 | 0.2331 0.6339
R7 | 4.4562 | 4.0287 | 0.3989 Nop 4.4562 | 4.5931 | 0.2980 Nop
R8 | 4.7585 | 4.4400 | 0.6008 73.8727 4.7585 | 4.9312 | 0.2980 Nop
R9 2.719 | 4.2225 | 0.6567 Nop 2.719 | 3.8600 | 0.4339 Nop
R10 | 4.4022 | 4.2627 | 0.1567 4.6190 4.4022 | 4.8266 | 0.5207 Nop
R11 | 4.5117 | 4.3973 | 0.0506 1.5645 4.5117 | 4.6344 | 0.6275 Nop
R12 | 47.972 | 3.8813 [ 0.5409 1.4683 47.972 | 3.6313 | 0.3260 0.8615
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v v Tnan CT Ratio
1 1 2 1249.80 1200/5 R1,R3
2 1 5 598.14 800/5 R2,R12
3 2 5 334.12 400/5 R4, RI3
4 2 4 447.80 600/5 R5,R10
5 2 3 587.45 800/5 R6, R7
6 3 4 201.60 300/5 RS, R11
7 4 5 500.77 600/5 R9, R14
8 6 12 344.52 400/5 R21, R30
9 6 13 832.07 1000/5 R22, R33
10 6 11 513.32 600/5 R23, R28
11 10 11 317.07 400/5 R29, R26
12 10 9 184.02 200/5 R27, R24
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15 13 12 99.49 100/5 R32, R31
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
1 1 12 14684.36 2184.83 1-5
(Gen 1) 2 3 19408.98 7371.11 1-2
3 7 19604.36 2828.36 2-3
. 3 10 19604.36 2073.25 2-4
(Gen 2)
3 13 19604.36 2010.42 2-5
3 7 11 14597.32 2893.42 3-4
(Gen 3) 8 6 14977.23 3224.57 3-2
10 5 3270.27 3270.27 4-2
4 11 8 3351.39 3351.39 4-3
9 14 5602.25 5602.25 4-5
12 2 2829.96 2829.96 5-1
5 13 4 3290.90 3290.90 5-2
14 9 5824.99 5824.99 5-4
23 30 77537.35 557.15 6-12
23 33 77537.35 2184.38 6-13
6 21 28 80097.35 4373.03 6-11
(Gen 3) 21 33 80097.35 1909.64 6-13
22 28 80482.82 4480.52 6-11
22 30 80482.82 437.93 6-12
9 24 27 7114.17 7114.17 9-10
25 36 4501.07 4501.07 9-14
10 27 24 17348.66 17348.66 10-9
26 29 8820.59 8820.59 10-11
1 28 23 16068.66 16068.66 11-6
29 26 9024.25 9024.25 11-10
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Fault Main Backup Primary Secondary
Line

BUS Relay Relay SC current SC current
12 30 21 12437.57 12437.57 12-6
31 32 8644.18 8644.18 12-13
33 22 21154.37 21154.37 13-6
13 32 31 5438.15 5438.15 13-12
34 35 4519.37 4519.37 13-14
14 36 25 9608.48 9608.48 14-9
35 34 7742.53 7742.53 14-13
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4 Tviua R EAT ,
CRLGALL S1ad
Ve va Tvian
1 1 2 1137.20 R1, R3
2 1 5 728.70 R2, R12
3 2 5 538.37 R4, R13
4 - - - RS, R10
5 2 3 724.39 R6, R7
6 3 4 104.18 RS, R11
7 4 5 810.07 R9, R14
8 6 12 354.66 R21, R30
9 6 13 868.49 R22, R33
10 6 11 554.05 R23, R28
11 10 11 402.95 R29, R26
12 10 9 133.47 R27, R24
13 9 14 313.53 R25, R36
14 14 13 382.09 R35, R34
15 13 12 104.48 R32, R31
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
1 1 12 14774.62 2224.45 1-5
(Gen 1) 2 3 19338.68 7224.48 1-2
3 7 18104.89 2983.85 2-3
3 13 18104.89 2454.96 2-5
2 6 13 20917.39 2362.50 2-5
(Gen 2) 6 1 20917.39 6543.73 2-1
4 1 21463.46 6554.33 2-1
4 7 21463.46 2874.30 2-3
3 7 11 14504.02 2672.35 3-4
(Gen 3) 8 6 15074.60 3293.28 3-2
11 8 3467.76 3467.76 4-3
* 9 14 6034.96 6034.96 4-5
12 2 2948.76 2948.76 5-1
5 13 4 3588.14 3588.14 5-2
14 9 4484.77 4484.77 5-4
23 30 75994.83 528.14 6-12
23 33 75994.83 2074.10 6-13
6 21 28 78411.30 4157.21 6-11
(Gen 3) 21 33 78411.30 1804.36 6-13
22 28 78821.96 4258.71 6-11
22 30 78821.96 411.42 6-12
9 24 27 6977.30 6977.30 9-10
25 36 4410.52 4410.52 9-14
10 27 24 16740.31 16740.31 10-9
26 29 8660.19 8660.19 10-11
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Fault Main Backup Primary Secondary
Line

BUS Relay Relay SC current SC current
1 28 23 15791.89 15791.89 11-6
29 26 8749.26 8749.26 11-10
12 30 22 12234.83 12234.83 12-6
31 32 8488.53 8488.53 12-13
33 22 20792.84 20792.84 13-6
13 34 35 4484.79 4484.79 13-14
32 31 5343.88 5343.88 13-12
14 36 25 9350.26 9350.26 14-9
35 34 7609.42 7609.42 14-13
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meda = Inun » nyzualvian Siad
e e
1 1 2 1197.93 R1,R3
2 1 5 564.05 R2, R12
3 2 5 317.89 R4, R13
4 2 4 429.96 RS, R10
5 2 3 581.79 R6, R7
6 3 4 221.12 RS, R11
7 4 5 510.63 R9, R14
8 6 12 384.18 R21, R30
9 6 13 994.80 R22, R33
10 6 11 464.71 R23, R28
11 10 11 304.55 R29, R26
12 10 9 148.75 R27, R24
13 9 14 330.33 R25,R36
14 14 13 357.56 R35, R34
15 13 12 194.85 R32, R31
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Fault Main Backup Primary Secondary
Line
BUS Relay Relay SC current SC current
1 1 12 14710.65 2154.62 1-5
(Gen 1) 2 3 19438.58 7352.76 1-2
3 7 19572.51 2830.54 2-3
. 3 10 19572.51 2047.74 2-4
(Gen 2)
3 13 19572.51 1982.92 2-5
3 7 11 14604.43 2864.92 3-4
(Gen 3) 8 6 15014.72 3223.02 3-2
10 5 3278.06 3278.06 4-2
4 11 8 3362.21 3362.21 4-3
9 14 5579.08 5579.08 4-5
12 2 2838.34 2838.34 5-1
5 13 4 3299.42 3299.42 5-2
14 9 5809.69 5809.69 5-4
23 30 77884.80 1032.21 6-12
23 33 77884.80 4037.98 6-13
6 21 33 80062.76 3753.00 6-13
(Gen 3) 21 28 80062.76 4422.05 6-11
22 28 79119.86 4534.96 6-11
22 30 79119.86 924.17 6-12
9 24 27 6949.24 6949.24 9-10
25 36 4457.11 4457.11 9-14
10 27 24 17171.77 17171.77 10-9
26 29 8599.16 8599.16 10-11
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Fault Main Backup Primary Secondary
Line

BUS Relay Relay SC current SC current
11 28 23 15683.36 15683.36 11-6
29 26 8931.75 8931.75 11-10
12 30 21 12230.67 12230.67 12-6
31 32 8842.75 8842.75 12-13
33 22 20637.20 20637.20 13-6
13 32 31 5302.02 5302.02 13-12
34 35 4558.85 4558.85 13-14
14 36 25 9494.16 9494.16 14-9
35 34 7711.45 7711.45 14-13
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Stadl nIzud UM pszug | M | psua | iwwm
S Yo912a1 S Yo912a1 S Yo9IA
(Ip) (TDS) (Ip) (TDS) (Ip) (TDS)
N S SO S N R S N
1 6.5094 0.5700 4.9229 0.6141 4.9914 0.4814
2 4.6730 0.7050 4.0604 0.1561 47171 0.6960
3 6.5094 0.5075 4.9229 0.5968 4.9914 0.6182
4 4.2363 0.5766 4.6080 0.0501 4.2982 0.6260
5 4.6646 0.2780 - - 4.3745 0.1268
6 4.6895 0.4668 4.0444 0.0974 4.8482 0.6668
7 4.6895 0.2953 4.0444 0.7059 4.8482 0.0722
8 4.2000 0.7144 4.3825 0.9177 4.5280 0.5860
9 42164 0.7879 4.0629 0.7892 4.1063 0.2247
10 4.6646 0.1579 4 - 4.3745 0.5408
11 4.2000 0.6931 4.3825 0.8632 4.5280 0.7011
12 4.6730 0.0610 4.0604 0.2391 47171 0.8258
13 4.2363 0.3860 4.6080 0.1682 4.2982 0.3787
14 4.2164 0.2087 4.0629 0.6857 4.1063 0.7071
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ALTIAU 13.8kV

Aaganzearuiialiih
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Stad nIsud UM pszug | M | psua | wwm

S Yo912a1 S Yo912a1 S YoIIA

(Ip) (TDS) (Ip) (TDS) (Ip) (TDS)

I S S N R S N

21 43831 0.7182 4.4458 0.7362 4.8148 0.3611
22 4.2004 0.1599 4.3425 0.1696 4.1917 0.5909
23 4.3471 0.0865 4.6171 0.2289 4.8407 0.5100
24 4.7819 0.9696 4.4490 0.1950 4.6484 0.6977
25 4.3725 0.5418 3.9191 0.7712 4.1614 0.7198
26 4.9542 0.2745 4.0295 0.6279 4.7586 0.7490
27 4.7819 0.5096 4.4490 0.0579 4.6484 0.9165
28 4.3471 0.0562 4.6171 0.1577 4.8407 0.9312
29 4.9542 0.1096 4.0295 0.3619 4.7586 0.2936
30 43831 0.5673 4.4458 0.8186 4.8148 0.8630
31 6.2181 0.8272 3.5160 0.3128 7.1203 0.8468
32 6.2181 0.2616 3.5160 0.1587 7.1203 0.3555
33 4.2004 0.2894 4.3425 0.0735 4.1917 0.0632
34 4.5052 0.0515 3.8209 0.7670 4.5869 0.5496
35 4.5052 0.6600 3.8209 0.6901 4.5869 0.6661
36 4.3725 0.4741 3.9191 0.4418 4.1614 0.8279




155

Ly g.’l d ‘Atu
4.6.4 l¥mlSuasSadvazaaliaaning

4
% 1

ddyta o ~ S (= @ ~ -{ [] 9)
°luﬂimuwmsm1mnmmﬂmmmmsmﬂﬂmmsﬂimqmssaa“lmi%“lﬁv

1 d‘ d' o = = 1 A % 1
m"lummm 4.50 — 199N 4.51 1/]1ﬂ1’il,‘]J§fJiJL‘VIEJ‘]Jﬂi$Llﬁ1uf’f”lﬂﬁﬂlmazﬂﬁmﬂﬂﬁinEJI‘Viaﬂ

Tuganzais 9 e lassaswvesszuy Ifhmansulasunilas dagili 4.46

14.9 MW
6.1 MW 5.0 Mvar

1.6 Mvar

3.5 MW
1.8 Mvar

29.5 MW
16.6 Mvar
—>

o R24 R25
/\T/Rj )
: e o
7.6 MW a
. R17 °
“ R1Y

500.77 A

185.02 A

L
47.8 MW
-3.9 Mvar

2L7MW
12.7 Mvar
-+

587.45A

94.2 MW
19 Mvar

a o

519 4.46 Va8 1HAANNAAVDITLUUNAFDLIUA 14 1 d

din Tasadeveszun MAudamsnlasunilas dnai Iinszualuameoduaazaie

a d' Y d! o d'i a 1 a d‘
nansidasunasmniuate FemmsiwenseuanuuInnMINsZIalng iﬂﬂgﬂ‘ﬂ 447 a) ¥

Funaldntnszuamvauluaieds 2-3 Juuia 72639 A uag d1odd 4-5 HUUIA 810.07A

9y Y
[

o w =2 9 o v oA o q 9 o A A
AU AU ITIMTUSUAT a0 v Iz au waasdea i 4.52 — 131N 4.53



156

2w |
1.4 Mvar
-—

4. MW
19 Mvar

135 MW |

6.1 MW
1.6 Mvar

29.5 MW
16.6 Mvar
—>

1 Y 1
b) toaaduasodnuila lnfhvesssuunaaeuuina 14 e

317 4.47 nszualumneduwaziavesssuunaaeuva 14 1

1 a 09/’ 4 o A 7 { @ { @ s A 1 A
daulunsdifaaunsosduilaldihdai 13 degii 447 b) Tlagdszasdivosaomiy

[ 1 1 [ 1 S 1 Q' 42‘ (% Qs: =2 9
anwansalumsagliihonnuvasniendn nszualuaeds 12-13 Taunuaiu aaniudedoq

o @ o’/’ ~ o q Y (% A A
MMsUsuasTiad ni Iz gy taasaen1sen 4.52 — a15199 4.53



A 2q Y 12
AT NN 4.52 ﬂ‘iﬂliﬂfﬂ?ﬂi‘ﬂﬁﬁl

9
v A

adiuiioeeds 2-4 viga

157

2o CT Primary | Secondary AnlSuadSiadiau Operating
Ratio current current Ip TDS Time (s)
R1 1200/5 1137.20 4.7383 6.5094 0.5700 Nop
R2 800/5 728.70 4.5543 4.6730 0.7050 Nop
R3 1200/5 1137.20 4.7383 6.5094 0.5075 Nop
R4 400/5 538.37 6.7296 4.2363 0.5766 16.0463
RS 600/5 - - - - -
R6 800/5 726.39 4.5399 4.6895 0.4668 Nop
R7 800/5 726.39 4.5399 4.6895 0.2953 Nop
R8 300/5 104.18 1.753 4.2000 0.7144 Nop
R9 600/5 810.07 6.7505 42164 0.7879 21.3368
R10 600/5 - - . - -
R11 300/5 104.18 1.753 4.2000 0.6931 Nop
R12 800/5 728.70 4.5543 4.6730 0.0610 Nop
R13 400/5 538.37 6.7296 4.2363 0.3860 10.7420
R14 600/5 810.07 6.7505 4.2164 0.2087 4.6517
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‘ CT Primary | Secondary mlSuasiiadlnai Operating
e Ratio current current Ip TDS Time (s)
-t - .. - ____J____I |

R1 1200/5 1137.20 4.7383 4.9229 0.6141 Nop

R2 800/5 728.70 4.5543 4.0604 0.1561 Nop

R3 1200/5 1137.20 4.7383 4.9229 0.5968 Nop
R4 400/5 538.37 6.7296 7.6080 0.0501 Nop
RS 600/5 - - - - -

R6 800/5 726.39 4.5399 4.0444 0.0974 Nop
R7 800/5 726.39 4.5399 4.0444 0.7059 Nop
R8 300/5 104.18 1.753 4.3825 0.9177 Nop
R9 600/5 810.07 6.7505 7.0629 0.7892 Nop
R10 600/5 - - - - -

R11 300/5 104.18 1.753 4.3825 0.8632 Nop
R12 800/5 728.70 4.5543 4.0604 0.2391 Nop
R13 400/5 538.37 6.7296 7.6080 0.1682 Nop
R14 600/5 810.07 6.7505 7.0629 0.6857 Nop
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R21 400/5 384.18 | 4.8147 43831 0.7182 Nop
R22 1000/5 996.80 4,984 4.2004 0.1599 Nop
R23 600/5 464.71 3.8725 4.3471 0.0865 Nop
R24 200/5 148.75 3.7187 4.7819 0.9696 Nop
R25 400/5 330.33 4.1291 4.3725 0.5418 Nop
R26 400/5 304.55 3.8068 4.9542 0.2745 Nop
R27 200/5 148.75 3.7187 4.7819 0.5096 Nop
R28 600/5 464.71 3.8725 4.3471 0.0562 Nop
R29 400/5 304.55 3.8068 49542 0.1096 Nop
R30 400/5 384.18 4.8147 4.3831 0.5673 Nop
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R36 400/5 330.33 4.1291 4.3725 0.4741 Nop
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‘ CT Primary | Secondary ﬁ]ﬂ%’ﬂé]’ﬁm[iﬂﬂﬂ Operating
e Ratio current current Ip TDS Times (s)
R21 400/5 384.18 4.8147 4.8148 0.3611 Nop
R22 1000/5 996.80 4.984 4.1917 0.5909 Nop
R23 600/5 464.71 3.8725 4.8407 0.5100 Nop
R24 200/5 148.75 3.7187 4.6484 0.6977 Nop
R25 400/5 330.33 4.1291 4.1614 0.7198 Nop
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‘ CT Primary | Secondary AnlSuavsiadlmi Operating
e Ratio current current Ip TDS Time (s)
R26 400/5 304.55 3.8068 4.7586 0.7490 Nop
R27 200/5 148.75 3.7187 4.6484 0.9165 Nop
R28 600/5 464.71 3.8725 4.8407 0.9312 Nop
R29 400/5 304.55 3.8068 4.7586 0.2936 Nop
R30 400/5 384.18 4.8147 4.8148 0.8630 Nop
R31 100/5 194.85 6.7925 7.1203 0.8468 Nop
R32 100/5 194.85 6.7925 7.1203 0.3555 Nop
R33 1000/5 996.80 4.984 4.1917 0.0632 Nop
R34 400/5 357.56 4.4695 4.5869 0.5496 Nop
R35 400/5 357.56 4.4695 4.5869 0.6661 Nop
R36 400/5 330.33 4.1291 4.1614 0.8279 Nop
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ﬂmj’ Operating Operating
I Isc Ip TDS Time () Isc I Ip I TDS Time (s
R1 4.7383 | 6.5094 | 0.5700 Nop 4.7383 | 4.9229 | 0.6141 Nop
R2 4.5543 | 4.6730 | 0.7050 Nop 4.5543 | 4.0604 | 0.1561 Nop
R3 4.7383 | 6.5094 | 0.5075 Nop 4.7383 | 4.9229 | 0.5968 Nop
R4 6.7296 | 4.2363 | 0.5766 | 16.0463 6.7296 | 7.6080 | 0.0501 Nop
RS - = = = - = = -
R6 4.5399 | 4.6895 | 0.4668 Nop 4.5399 | 4.0444 | 0.0974 Nop
R7 4.5399 | 4.6895 | 0.2953 Nop 4.5399 | 4.0444 | 0.7059 Nop
R8 17.53 4.2000 | 0.7144 | 3.4502 17.53 4.3825 | 0.9177 4.5699
R9 6.7505 | 4.2164 | 0.7879 | 21.3368 6.7505 | 7.0629 [ 0.7892 Nop
R10 - = i - - = = -
R11 17.53 4.2000 | 0.6931 | 3.3473 17.53 4.3825 | 0.8632 4.2985
R12 | 4.5543 | 4.6730 | 0.0610 Nop 4.5543 | 4.0604 | 0.2391 Nop
R13 | 6.7296 | 4.2363 | 0.3860 | 10.7420 6.7296 | 7.6080 | 0.1682 Nop
R14 | 6.7505 | 4.2164 | 0.2087 | 4.6517 6.7505 [ 7.0629 [ 0.6857 Nop
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muSudsSadifa Case II dlSusssaclvid Case II
= d
alag Operating Operating
Isc Ip TDS Isc Ip TDS
L Time (s) L L_Time (s
R21 4.8147 4.3831 | 0.7182 Nop 4.8147 4.8148 | 0.3611 Nop

R22 | 6.4984 | 4.2004 | 0.1599 | 4.0121 6.4984 | 4.1917 | 0.5909 18.3836

R23 | 3.8725 | 4.3471 | 0.0865 Nop 3.8725 | 4.8407 | 0.5100 Nop
R24 | 3.7187 | 4.7819 | 0.9696 Nop 3.7187 | 4.6484 | 0.6977 Nop
R25 | 4.1291 | 4.3725 | 0.5418 Nop 4.1291 | 4.1614 | 0.7198 Nop
R26 | 3.8068 | 4.9542 [ 0.2745 Nop 3.8068 | 4.7586 | 0.7490 Nop
R27 | 3.7187 | 4.7819 [ 0.5096 Nop 3.7187 | 4.6484 | 0.9165 Nop
R28 | 3.8725 | 4.3471 | 0.0562 Nop 3.8725 | 4.8407 | 0.9312 Nop
R29 | 3.8068 | 4.9542 | 0.1096 Nop 3.8068 | 4.7586 | 0.2936 Nop
R30 | 4.8147 | 4.3831 [ 0.5673 Nop 4.8147 | 4.8148 | 0.8630 Nop

R31 6.7925 | 6.2181 | 0.8272 64.4780 | 6.7925 | 7.1203 | 0.8468 Nop

R32 | 6.7925 | 6.2181 | 0.2616 20.7073 | 6.7925 | 7.1203 [ 0.3555 Nop

R33 | 6.4984 | 4.2004 | 0.2894 | 9.0714 6.4984 | 4.1917 | 0.0632 1.9662

R34 | 4.4695 | 4.5052 [ 0.0515 Nop 4.4695 | 4.5869 [ 0.5496 Nop
R35 | 4.4695 | 4.5052 | 0.6600 Nop 4.4695 | 4.5869 | 0.6661 Nop
R36 | 4.1291 | 4.3725 | 0.4741 Nop 4.1291 | 4.1614 | 0.8279 Nop
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455 Sniffer Agent GUI misu$usan 3iadvesszuunasen 14

4.7 30 avesmsiSuassiadileafunszuanu

30 17 A1 umssaematiszsunsaty 123KV 33KV e

as Irlihgiu 100 MVA dseneudremTesiuiia Indhduau 2 aedanavua 32 1du

) o 9

E4 E4
dmfudeyariiosduvesszuunadentiusmualiia 1 iflufadreda (Slack Bus) 2
WlufmnToasuiia (PV Bus) 4,56
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471  astasnzidndlumsnalvan
Tuanzilnagieimsne lidudsussuuaziimanisiasizyinis lva
woaiaa In# Iaeld Tsunsy Power World &svzvinldnsiuanavesnszuainlvaluais

a1 1nmsoaniia i Ui lvaa methamldlivinmsdendasidiunioudasnszie 69

4.57

2Mw
1Mvi
BUS29
) - 119.47 AMP
BUS27
BUS30 BUS28
2717 AMP
11 MW - 135.80 AMP. 5
2MVR
BUS25
5 BUS26
9355 Al W
2MVR
79.75 AMP
3mw
omw
2NVR 7MVR
5219 AMP
US| BUS24
5541 AMP
120.60 AMP.
- 5541 AMP
89 MVR
3MVR 3mw 10 MW 2Mw
1MVR BMVR LMVR BUS22
Us18 18 MW
BUS15 BUS19  BUS20! 11MVR
92 69amp
sMw
2MVR 139.77 AMP 89.99 AMP
am BUS21
BUSL
144.09 AMP
371.93 AMP)
b AmP
19155 AMP
omw
7MVR BUS10
susts 317.81 AMP
BUS12 T
BUS11
11 MW
262 MW 8MVR
2mMw omw
\-58 MVR IMVR 65 MVR
8 MW omMw
2MVR 27MVR
17867 AMP
BL
BUSS
BUS6
385.77 AMP 381.19 AMP
373.89 AMP
30 MW
188.92 AMP
791.06 AMP 20MVR
170.78 AMP
BUS7
22 MW
13MVR
364.49 AMP
20MW 9655 AMP 23 MW
48 MVR
BUSS

457 asznaialumedeuos 30
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30 17a i ldnswvuavesdidelwihimnsesduiia
Tihluneazminei Taaasoatuia Iihaian 1 sredaalddvuna 262 MW -58 MVar

sinseasuiia lihivai 2 sefideIvihuuna 40 MW 48 MVar Sivunanszua i lna

Tueedavoauaazaia 458  wamsilesfuvessaduanagansnen 4.59

458 nszualihvazaeTnaaluanizindszuunaaeou 30

e ?;?;;Eiz Siad
1 1 2 791.06 1000/5 R1,R3
2 1 3 384,77 500/5 R2,R7
3 3 4 373.89 500/5 R8,R9
4 2 4 188.81 200/5 R4,R10
5 4 6 381.19 500/5 R11,R14
6 2 6 264.99 300/5 R15,R5
7 2 5 364.49 500/5 R6,R12
8 5 [ 94.55 100/5 R13,R20
9 7 6 170.78 200/5 R19,R16
10 6 8 188.92 200/5 R17R22
11 6 9 178.67 200/5 R25,R26
12 6 28 89.99 100/5 R18,R24
13 8 28 2117 50/5 R21,R23
14 10 22 144,09 150/5 R35,R36
15 10 21 156.55 200/5 R33,R34
16 21 22 92.63 100/5 R37,R38
17 10 21 156.55 150/5 R31,R32
18 10 20 156.55 200/5 R29,R30
19 10 17 124.41 150/5 R27R28
20 17 16 12441 150/5 R39,R40
21 16 12 191.55 200/5 R41,R42
22 12 15 371.93 400/5 R43,R48
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4,58 nszualvihvazsieInanluannzindszuunaaen 30 (de)

meda ZT&Z;E Siadl
23 12 14 154.82 150/4 Ré4,R45
24 14 15 41.02 50/5 R46,R47
25 15 18 139.17 150/5 R49,R50
26 18 19 81.80 100/5 R51,R52
21 20 19 114.55 150/5 R53,R54
28 15 23 120.60 150/5 R55,R56
29 23 24 54.41 100/5 R57,R58
30 22 24 54.41 100/5 R59,R60
3l 24 25 52.19 100/5 R61,R62
32 25 26 19.75 100/5 R63,R64
33 25 21 93.55 100/5 R65,R66
34 21 30 134.80 150/5 R67,R72
35 21 29 11947 150/5 R68,R69
36 29 30 7138 100/5 R70,R71

459 wamsilesiusiad 30
Fault Main Backup Primary ~ Secondary e
BUS Relay Relay ~ SCcurrent  SCcurrent
1 1 7 4993.47 820.74 1-3
(Gen1) 2 3 1034.25 2961.37 1-2
3 10 6270.77 562.93 2-4
‘ 3 12 6270.77 548.93 2-5
(Gen2)

3 15 6270.77 609.77 2-6
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459 wamsilestusndluannzindvesszuunaaeuvina 30 (do)

Fault Main Backup Primary ~ Secondary e
BUS Relay Relay SCcurrent  SC current
. 1 2 1621.33 1621.33 31
8 9 2112.21 2712.2 3-4
10 4 1348.54 1348.54 4-2
4 9 8 1280.73 1280.73 4-3
11 14 2141.22 2141.22 4-6
5 12 20 1858.81 1187.80 BT
(Gen2) 13 6 2170.00 1498.45 5-2
15 5 1319.67 1319.67 6-2
14 11 1889.85 1889.85 6-4
5 16 19 801.46 801.46 6-7
17 22 614.86 614.86 6-8
25 24 324.32 324.32 6-9
18 24 193.55 193.55 6-28
7 20 13 122760 1221.60 1-5
19 16 2213.16 2213.16 1-6
] 21 23 2571.13 34353 8-28
22 17 3583.14 633.72 8-6
9 26 25 130113 130113 9-6
21 28 142197 142197 10-17
29 30 811,91 811,91 10-20
10 31 32 694.34 694.34 10-21
35 36 462.12 462.12 10-22
33 34 694.34 694.34 10-21




459 wamsilestusndluannzindvesszuunaaeuvina 30 (do)
Fault Main Backup Primary Secondary e
BUS Relay Relay ~ SCcurrent  SCcurrent

44 45 324.88 324.88 12-14
12 43 48 1282.02 1282.02 12-15
42 41 1453.10 1453.10 12-16
14 45 44 2968.84 2968.84 14-12
46 47 2330.79 2330.79 14-15
48 43 3822.11 3822.11 15-12
15 47 46 971.55 971.55 15-14
49 50 122483 122483 15-18
55 56 1244.03 1244.03 15-23
16 41 42 3511.72 3511.72 16-12
40 39 2904.31 2904.31 16-17
17 28 7 5% BLM L0
39 40 2934.52 2934.52 17-16
18 50 49 2942.48 2942.48 18-15
bl 52 2231.65 2231.65 18-19
19 52 5l 215207 215207 19-18
53 54 3078.12 3078.12 19-20
20 54 53 1821.47 1821.47 20-19
30 29 3718.69 3718.69 20-10
31 38 3223.34 3223.34 21-22
2l 3 3 457007 457007 21-10
32 3l 4570.07 4570.07 21-10
59 60 1584.03 1584.03 22-24
2 3 3 646060 646060 22-10
38 37 3694.28 3694.28 22-21
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459 wamsilesfuSadluanizindvesszuunaaey 0 (o)
Fault Main Backup Primary Secondary e
BUS Relay Relay =~ SCcurrent  SCcurrent

2 50 55 3088.47 3088.47 23-15
51 58 2133.15 2133.15 23-24
58 57 1631.11 1631.11 24-23
24 B0 59 32480 312480 24-22
61 62 1254.20 1254.20 24-25
25 62 61 2184.83 2184.83 25-24
65 66 2169.51 216951 25-21
26 64 63 2004.77 2004.77 26-25
66 65 1570.04 1570.04 21-25
21 67 12 1778.87 1778.87 21-30
68 69 1778.87 1778.87 21-29
28 24 18 227145 227145 28-6
23 21 564.63 564.63 28-8
2 69 68 1778.87 1778.87 29-27
10 11 683.10 683.10 29-30
20 12 67 1337.66 1337.66 30-27
1 10 923.89 923.89 30-29

412  nsdlaamzaedarigneondInszu
A ! o Yq Y oA A v v W
Wemedingaoennnszuuinld Iimedeidon Toellduiasunise Tvaa
~ A dgl 1 o YA s o QBJ} 1 Y a c?/' o a o 4
sazlinszud liamunau dawai Idsadninslsuaan kuihauranaiaduyos
a J v @ 09;’ o [ osjl 1 1 o
AALTNIND3AAI99T aatiuazAoaiinsdsuasa lnilduzay vnmssiaesszuy

nadoutmualdaedingaoeninszuuszninatain 10 22 uadanesne Tnands
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2Mw
IMVR
BUS29
7147 AMP 11962 AMP
BUS27
BUS30 BUS28
27.47 AMP
1MW 135.97 AMP S
2MVR
BUS25
BUS26
100.47 AP o
2MVR
79.93 AMP
3mMw
oMW
N 7MVR
5320 AMP
o BUS24
67.46 AMP
13299 AMP
67.46 AMP
88MVR
P 3mw 10 MW 2w
1MVR 3MVR b -
BUS18 18MwW
BUS15 BUS1O  BUS20! 11MVR
8163amP
4256 AMP
eMw
G 135.03 AMP e
us21
BUS1
000 AMP
378.15 AMP|
AMP
156.43 AMP
omw
" BUS10
31552 AMP
BUS12
92MVR
BUS11
11 MW §+_@
262 MW P
2MwW .
58 MVR 2w, e
sMW BUS9 omw
2MVR 27MVR
176.94 AMP
BUSL o
B8US8
BUS6
385.77 AMP
30 MW
18973 AMP
791.02 AMP ¥,
17083 AMP
us7
36447 AMP
96.65 AMP 23w
48 MVR 2w
BUSS

4,58 aedangavoninszuunadeuyuia 30

szduna lanszuan malumedunanisasuulasniuns mavesias T

Tagmedanlndifesszvinatian 21 22 ienszueaminiy 81.63 A nazeneaan'lua
v v [l

sennaian 22 24 Bienszuamiy 67.46 A 460 daiuie195ad

o v v v o 1A dg
ﬂW\T’]NQﬂ@]@Q%3@]@\11J5Uﬁ\1ﬂ15laﬂﬁlﬁu



4,60 nszua'lWiluilomedsgaseniinszuunadon 30

178

aedai Stad
1 1 2 791.02 R1,R3
2 1 3 384.77 R2,R7
3 3 4 313.89 R8,R9
4 2 4 188.86 R4,R10
5 4 6 380.79 R11,R14
6 2 6 264.90 R15,R5
7 2 5 364.47 R6,R12
8 5 ! 94.65 R13,R20
9 7 6 170.83 R19,R16
10 6 8 189.73 R17,R22
11 6 9 174.94 R25,R26
12 6 28 90.83 R18,R24
13 8 28 2147 R21,R23
14 10 22 R35,R36
15 10 21 161.36 R33,R34
16 21 22 81.63 R37,R38
17 10 21 161.36 R31,R32
18 10 20 161.36 R29,R30
19 10 17 120.38 R27,R28
20 17 16 120.38 R39,R40
21 16 12 187.10 R41,R42
22 12 15 318.15 R43,R48




4.60 nszualvihiifoaodangaeonninszuunageu 30 (do)

179

medai Siad
23 12 14 156.43 R44 R45
24 14 15 42.56 R46,R47
25 15 18 134.03 R49,R50
26 18 19 .31 R51,R52
21 20 19 119.33 R53,R54
28 15 23 132.99 R55,R56
29 23 24 67.46 R57,R58
30 22 24 67.46 R59,R60
3l 24 25 53.20 R61,R62
32 25 26 79.93 R63,R64
33 25 21 100.47 R65,R66
3 21 30 134.97 R67,R72
35 21 29 119.62 R68,R69
36 29 30 1147 R70R71

o ' o 34 o l:/} Y 1 Aw o 1 @ =&
Tumsanammylsuassad lvuivesaeansuamnnanseuaoan luuaazd %9

1< J a Jo o qg./’ Y A a o [ '
L'].]u1ﬂ1W”l§”liJL@]@ifﬁﬂﬂJ u@ﬂﬂTﬂuu!Laflﬂi%LLﬁﬂqﬂaGLuﬁTﬂﬂlﬂ!%!ﬂﬂW@a@]llﬂﬂﬂﬂﬁﬁTQ q ¥

1Flumssmuaveuvamsilesiuvesuamstlosiusiad 4,36
4,61 wamstlosiSadiiloaedaiga 30
Fault Main Backup Primary Secondary Line
BUS Relay Relay ~ SCcurrent  SCcurrent
1 1 ! 4993.66 820.85 1-3
(Gen1) 2 3 7103455 2961.63 1-2




461 wamsilosmiSiadilemedangavesszuunagenuina 30 (de)
Fault Main Backup Primary ~ Secondary Line
BUS Relay Relay SCcurrent  SC current

3 10 2544.85 563.07 2-4

3 12 2544.85 549.02 2-5

3 15 2544.85 609.98 2-6

4 1 7827.44 2442.99 2-1

4 12 1827.44 532.54 2-5

2 4 15 1827.44 580.84 2-6
(Gen2) 6 1 185441 2438.28 2-1
6 10 785441 543.18 2-4

6 15 71854.41 584.18 2-6

5 1 7784.80 244458 2-1

5 10 1784.80 534.49 2-4

5 12 1784.80 529.62 2-5

] ! 2 1621.40 1621.40 31
8 9 2112.55 2112.55 34

10 4 1348.61 1348.61 4-2

4 9 8 1280.78 1280.78 4-3
11 14 2141.88 2141.88 4-6

5 12 20 1858.93 1187.89 b7
(Gen2) 13 6 2170.05 1498.50 5-2
15 5 1319.71 1319.71 6-2

14 11 1889.95 1889.95 6-4

‘ 16 19 810.48 810.48 6-7
17 22 614.49 614.49 6-8

25 24 324.23 324.23 6-9

18 24 193.60 193.60 6-28
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461 wamsilosmiSiadilemedangavesszuunagenuina 30 (de)
Fault Main Backup Primary ~ Secondary e
BUS Relay Relay SCcurrent  SC current

7 20 13 1227.64 1227.64 -5
19 16 2213.38 2213.38 1-6
g 22 17 2564.30 2564.30 8-6
21 23 348.42 348.42 8-28
9 26 25 1302.35 1302.35 9-6
21 28 1438.67 1438.67 10-17
10 29 30 823.87 823.87 10-20
33 34 1082.98 1082.98 10-21
31 32 1082.98 1082.98 10-21
44 45 323.13 323.73 12-14
e I 8 121359 127359 12-15
42 41 1458.83 1458.83 12-16
14 45 44 2969.23 2969.23 14-12
46 47 2324.66 2324.66 14-15
48 43 3830.64 3830.64 1512
15 41 46 973.71 973.71 15-14
49 50 1234.60 1234.60 15-18
55 56 1214.37 1214.37 15-23
16 41 42 3513.13 3513.13 16-12
40 39 2904.41 2904.41 16-17
17 28 21 5374.12 5374.12 17-10
39 40 2042.06 2042.06 17-16
18 50 49 2939.07 2939.07 18-15
51 52 2234.82 2234.82 18-19
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461 wamsilosmiSiadilemedangavesszuunagenuina 30 (de)
Fault Main Backup Primary ~ Secondary e
BUS Relay Relay ~ SCcurrent  SCcurrent

19 5) 51 25189 215189 1918
53 54 3078.11 3078.11 19-20
0 b4 53 1822.86 1822.36 20-19
30 29 3714.76 3714.76 20-10
31 38 1579.21 1579.21 21-22
21 34 33 5798.26 5798.26 21-10
32 3l 5798.26 5798.26 21-10
7 59 0 UM % 2
38 37 5244.29 5244.29 22-21
2 56 55 311121 3111.21 23-15
57 58 2058.92 2058.92 23-24
58 57 1673.44 1673.44 24-23
24 60 59 284363 284383 2122
61 62 127221 1212.21 24-25
25 62 61 2124.35 2124.35 25-24
65 66 2174.49 2174.49 25-21
26 o4 63 1990.97 1990.97 26-25
21 66 65 1534.81 1534.81 21-25
2 24 18 2218.92 2218.92 28-6
23 21 567.04 567.04 28-8
29 69 68 12 177217 29-21
10 11 680.70 680.70 29-30
20 12 67 1333.33 1333.33 30-27
11 10 920.88 920.88 30-29
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473  nsdiiimsAadunsestutialiihvinaidn(VSPP)
) Y
a llihauadniiverinmssews I lunsan
fdamsnanveszuy Indfhvanluafan 23 459 i ldinszuanlvalumeds

d Aa { 1 ) 4 { [} qgj 1 a 09.1’ ) ]
wazanansziavoadinamalasuulasaenai s mdninsdsuda 1aauiuiiauli

k4 9 1
9 v o 9 o °]J v w0 z,l ' cl 9 1o ' I AAao
o @
YNADY AIUUITADINMINTUITUAINT WY IVIUISANUAGIAINY LHAANNNA
2 MW
IMVR
BUS29
P oVio aMP 118.00 AMP
BUS27
BUS30 BUS28
22.72 AMP
1MW 134.11 AMP. p:
2MVR
BUS25
77.41 AMP BUSZE W
2MVR
7825 AMP
3IMW
9Mw
10 MW 3 MVR EIA
15 MVR
81.94 AMP
BUSg? BUS24
178.86 AMP
10753 AMP
178.86 AMP
9.4 MVR
Mk smMw 10 MW 2mMw
1MVR 3MVR 1MVR BUS22
BUS18 18 Mw
BUS15 BUS19  BUS20! 11 MVR
144.0p AMP
1477 AMP
6 MW
2Mm 162.90 AMP 86.63 AMP
BUS21
BUSL!
11347 AMP
27124 AP|
b AMP
124.68 AMP 2Ly
f oo 12137 AMP.
omw
OMVR BUS10
s13 313.77 AMP
g St BUS12 T
9.4MVR
BUS11
11 MW
249 MW 8MVR
\-58 MVR 20V SDSMN\II://R
8MwW BUS9 omw
2MVR 22MVR
16355 AMP
BU sa
BUS8
BUS6
367.40 AMP 364.01 AMP
355.38 AMP.
177.40 AME 30 MW
17338 AMP
756.00 AMP 30 MVR
176.47 AMP
BUS7
22 MW
13MVR
357.71 AMP
40 MW 99.67 AMP 230w
43MVR h
BUSS

¥ Y )
459 iieaadunsostuiia lihwuainves 30
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462 nszualslih  Aadaniessuiialilihunadn 30

medai Stad
1 1 2 756.00 R1R3
2 1 3 376.46 R2,R7
3 3 4 354,35 R8,R9
4 2 4 17740 R4,R10
5 4 0 364.01 R11R14
6 2 6 252.76 R15R5
I 2 5 35111 R6,R12
8 5 ! 99.67 R13,R20
9 I 6 176.47 R19,R16
10 6 8 173.38 R17,R22
11 6 9 163.55 R25,R26
12 6 28 86.63 R18,R24
13 8 28 22.12 R21,R23
14 10 22 11347 R35,R36
15 10 21 133.19 R33,R34
16 21 22 144.02 R37,R38
17 10 21 133.19 R31,R32
18 10 20 133.19 R29,R30
19 10 17 121.37 R27,R28
20 17 16 121.31 R39,R40
21 16 12 189.59 R41,R42
22 12 15 211.24 R43,R48
23 12 14 124.68 R44,R45
24 14 15 4.1 R46,R47
25 15 18 162.90 R49,R50
26 18 19 106.74 R51,R52
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1 k4 1
4,62 nszualviihiledaduniossuia lWihvinadnszuunaaeu 30 (do)

medai Siad
21 20 19 93.45 R53,R54
28 15 23 107.53 R55,R56
29 23 24 178.86 R57,R58
30 22 24 178.86 R59,R60
3l 24 25 81.94 R61,R62
32 25 26 18.25 R63,R64
33 25 21 1141 R65,R66
34 21 Rl 134.11 R67,R72
35 21 29 118.00 R68,R69
36 29 30 70.49 R70,R71

o 1 (% ng =\ o A o a q’/’ A o a <3 3
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{ a o @ 1 | o v
aszuai Inalumevazinaread ldaiads o wwdlumsimuaveumanisilestuves

mMstlearsad 4,63
4,63 wanstleamiiadinseasuiialwivunadn 30

Fault Main Backup Primary Secondary Line

BUS Relay Relay SCcurrent  SC current
1 1 7 5029.57 858.09 1-3
(Gen1) 2 3 7071.06 2994.79 1-2
) 3 10 6368.83 612.87 2-4
Gen?) 3 12 6368.83 564.84 2-5
3 15 6368.83 658.77 2-6
1 1 2 1524.34 1524.34 3-1
8 9 2818.06 2818.06 3-4




186

463 wamsilosmisiadinTeasuialufhvnadnszuunagenving 30 (de)
Fault Main Backup Primary Secondary Line
BUS Relay Relay SCcurrent  SC current

10 4 1350.88 1350.88 4-2
4 9 8 1280.68 1280.68 4-3
11 14 2221.89 2221.89 4-6
5 12 20 1881.63 1214.06 51
(Gen2) 13 6 2171.02 1507.99 5-2
15 5 1321.94 1321.94 6-2
14 11 1961.13 1961.13 6-4
16 19 801.31 801.31 6-7
: 17 22 608.06 608.06 6-8
25 26 39173 39173 6-9
18 24 218.58 21858 6-28
7 19 16 227340 227340 16
20 13 1231.73 1231.73 15
] 21 23 2672.19 362.03 8-28
22 17 3670.80 2594.07 8-6
9 26 25 1321.63 132163 9-6
21 28 1564.57 1564.57 10-17
10 29 30 988.68 988.68 10-20
31 32 941.64 941.64 10-21
35 36 624.22 624.22 10-22
44 45 482.85 482.85 12-14
12 43 48 1899.25 1899.25 12-15
42 41 1567.03 1567.03 12-16
14 45 44 311759 311759 14-12
46 47 2614.15 2614.15 14-15




463 wamstlestuSadasoatuiia liivuiad 30

Fault Main Backup Primary Secondary Line
BUS Relay Relay SCcurrent  SC current

48 44 3837.68 3837.68 1512

15 47 46 974.66 974.66 15-14
49 50 1278.63 1278.63 15-18

o) 56 2269.71 2269.71 15-23

16 41 42 374353 374353 16-12
40 39 3070.89 3070.89 16-17

17 28 21 5712957 5712957 17-10
39 40 2188.13 2188.13 17-16

18 50 49 3274.25 3274.25 18-15
51 52 233047 233047 18-19

19 52 51 2384.92 2384.92 19-18
53 54 3212.49 3212.49 19-20

0 b4 53 2024.20 2024.20 20-19
30 29 3884.33 3884.33 20-10

31 38 3669.78 3669.78 21-22

2l 34 3 4763.45 4763.45 21-10
32 31 4763.45 4763.45 21-10

59 60 2029.67 2029.67 22-24

22 36 35 2550.35 2550.35 2-10
38 37 3832.20 3832.20 22-21

27 b6 o) 3053.79 3053.79 23-15
57 58 2117.08 2117.08 23-24

58 b7 2354.24 2354.24 24-23

24 60 59 3218.04 3218.04 24-22
61 62 1264.63 1264.63 24-25




4.63 wamstlestuSadmsostuiia liihvuadnizuunagevauia 30

188

(de)

Fault Main Backup Primary Secondary Line
BUS Relay Relay SCcurrent  SC current

25 62 61 2402.43 2402.43 25-24

65 66 2194.04 2194.04 25-21

26 64 63 2064.86 2064.86 26-25

21 66 65 1711.89 1711.89 27-25

2 24 18 2334.14 2334.14 28-6

23 21 574.97 574.97 28-8

2 69 68 1817.01 1817.01 29-21

10 1 697.99 697.99 29-30

20 2 67 1364.45 1364.45 30-27

1 10 942.47 942.47 30-29
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Y
4,64 msnlSeunsuanlsudasaduesszuunaseuyuia 30

v
o

189

annznelvanln NeAtiga findunoiniialahih
Stad I UMM UMM

W | m9 | 9 | 9 | 9 | (o9
1 3.9553 04237 3.9551 0.3609 4.2000 0.2839
2 3.8577 0.6908 3.8577 0.8366 3.7640 0.9377
3 3.9553 0.7613 3.9551 0.8132 4.2000 0.7838
4 47203 0.6360 47215 0.1214 44350 0.1335
5 44332 0.6876 44317 0.1497 4.2121 04372
6 3.6449 0.7118 3.6447 0.4768 44714 0.9275
! 3.8577 0.9264 3.8577 0.9990 3.7640 05333
8 3.7389 0.9334 3.7389 0.3939 44423 0.8078
9 3.71389 05153 3.71389 0.8987 44423 0.6153
10 47203 0.4408 47215 0.9062 44350 0.6236
11 3.8119 0.1152 3.8079 0.8441 3.6401 0.0611
12 3.6449 0.7887 3.6447 0.1337 44714 0.9050
13 47775 0.1758 4.7825 0.7952 49835 0.2894
14 3.8119 0.6866 3.8079 0.4644 3.6401 0.8034
15 44332 0.2701 44317 0.7240 4.2121 0.9476
16 4,2695 0.1588 4.2108 05031 44118 0.5958
17 4.7230 0.3369 47432 0.3083 4,3345 0.4802
18 44995 0.3886 45415 0.5688 4,3315 0.7893
19 4,2695 0.8487 4.2108 0.5983 44118 0.1654
20 47775 0.0548 4,7825 0.7385 49835 0.1560
21 2.1110 0.2970 2.1410 0.4584 2.2120 0.1928
22 4.7230 0.3044 47432 0.7995 4,3345 0.4149
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4.64 msufSeuitsuslSudsaduesszuunaaouvia 30 (do)

a g’J Aﬁ’ o a
. - ' Anaunseanuiialvli
annzaalvianlnd qEadtiga

"' o o o
Siadl UMM UM UM

(Ip) (TDS) (Ip) (TDS) (Ip) (TDS)

[ o —

23 2.7110 0.6947 2.7410 0.5463 2.2120 0.5976
24 4.4995 0.2698 4.5415 0.5799 43315 0.0972

25 4.4668 0.5217 4.3985 0.9127 4.0888 0.4828
26 4.4668 0.4941 4.3985 0.0678 4.0888 0.3187
21 41837 0.5234 40158 0.2919 40571 0.8945
28 418371 0.2204 40158 0.6699 40571 0.7536
29 48922 0.9297 4.0425 0.8188 4.5496 0.0501
30 48922 0.6434 4.0425 0.3339 4.5496 0.3367
31 4.8922 0.6269 4.0425 0.8327 4.5496 0.4304
32 48922 0.5962 4.0425 0.7368 4.5496 0.2820
33 48922 0.6678 4.0425 0.3891 4.5496 0.1171
34 48922 0.4684 4.0425 0.1272 4.5496 0.4786
35 4.5028 0.7952 - - 41219 0.8541
36 4.5028 0.8842 - - 41219 0.1530
37 4.7894 0.0500 1.1019 0.4898 1.5006 0.6705
38 4.7894 0.3530 1.1019 0.2337 1.5006 0.2274
39 41837 0.0813 40158 0.1696 40571 0.2011
40 418371 0.0833 40158 0.9458 40571 0.8660
41 4.9859 0.2288 4.8469 0.6869 4.9241 0.5796
42 4.9859 0.2545 4.8469 0.0832 4.9241 0.2664
43 4.6491 0.8620 4.8269 0.6880 4.6508 0.8067




191

464 nsnfFouifeuanliumtiadvesszuunaaeunna 30 (de)

annznelvaniln NeANtiga findunoniialahih
Stad M UM UM

w | 9 | o | g | @ | oy
44 48381 0.7940 4,8884 0.5998 4.1950 05709
45 48381 0.2371 4,8884 0.8215 4.1950 0.3196
46 41275 0.5340 4,3200 04172 1.8462 0.6445
iy 4.1215 0.6836 43200 0.5843 1.8462 0.5862
48 46491 0.39% 4.8269 0.8194 46508 0.5421
49 48238 0.5386 4,6262 0.2415 40906 0.5293
50 4.8238 0.7526 4,6262 0.1433 40906 0.3305
bl 4.1125 0.3904 4.8356 0.9322 44475 0.1342
52 4.1125 0.8154 4.8356 0.5355 44475 0.7720
53 47729 0.2774 49721 0.5452 4.8406 0.0587
54 47729 0.6538 49721 0.5479 4.8406 05973
55 40250 0.5519 45413 0.1617 4.4804 0.1767
50 40250 0.1413 45413 0.2499 4.4804 0.5648
5/ 6.4262 04757 1.2162 0.1456 6.8589 0.1040
58 6.4262 0.9158 12162 0.4618 6.8589 0.3365
59 6.4262 02719 1.2162 0.2907 9.5894 03171
60 6.4262 0.6028 1.2162 0.0784 9.5894 0.5295
61 6.5237 0.9791 6.6500 0.8669 41212 0.2161
62 6.5237 0.0952 6.6500 0.7068 41212 0.3386
63 49844 0.5045 49956 0.6750 4.8906 0.0500
o4 49844 0.7072 49956 0.1452 4.8906 0.6874
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Andansaanudialulvh

NeAtiga

Stad M UM UM

W | m9 | o | 9 | o9 | (o9
65 4.8469 0.8835 4.1863 0.3962 48381 0.9254
66 4.8469 0.7765 4,1863 0.4076 48381 0.2957
6/ 4,6583 0.8121 4,6654 0.7378 45879 0.3046
68 49779 0.9367 49842 0.3433 49167 0.3890
69 49719 0.1250 49842 0.5918 49167 0.8395
10 4.4612 0.2158 4.4669 0.8223 4.4056 0.6462
11 4.4612 0.4430 4.4669 05710 4.4056 0.7574
12 46583 0.5673 4.6654 0.4405 45879 0.2947
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23 67.46 A iy dausaimanFoudousuds dansie 4.65
465 nsd anlsudssiad@uiionods 10-22

| cT | primary | Secondary | AmUSuecRiadin Operating
"1 Ratio | current | current Ip TDS Time ()
R | 1505 | 12038 | 4012667 | 41857 | 053¢ |  Nop
R28 150/5 12038 | 4.012667 41837 0.2204 Nop
R29 200/5 161.35 | 4.03375 4.8922 0.9297 Nop
R30 200/5 161.35 | 4.03375 4.8922 0.6434 Nop
R3l 200/5 161.35 | 4.03375 48922 0.6269 Nop
R32 200/5 161.35 | 4.03375 48922 0.5962 Nop
R33 200/5 161.35 | 4.03375 48922 0.6678 Nop
R34 200/5 161.35 | 4.03375 4.8922 0.4684 Nop
R35 200/5
R36 200/5
R37 100/5 81.63 40815 47894 0.0500 Nop
R38 100/5 81.63 4,0815 47894 0.3530 Nop
R39 150/5 120.38 | 4.012667 41837 0.0813 Nop
R40 150/5 12038 | 4.012667 41837 0.0833 Nop
R4l 200/5 187.10 | 46775 49859 0.2288 Nop
R42 200/5 187.10 | 46775 49859 0.2545 Nop
R43 400/5 318.15 | 4.7268 4.,6491 0.8620 363.985
R44 200/5 156.43 | 3.91075 48381 0.7940 Nop
R45 200/5 156.43 | 3.91075 48381 0.2371 Nop
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| et | primary | Secondary | AmUSuecRiadian Operating
"1 Ratio | current | current Ip TDS Time ()
RIG | 505 | 4256 | 425 | 4125 | 050 | Nop
R47 50/5 42.56 4.256 41275 0.6836 Nop
R43 400/5 3718.15 47268 4.6491 0.3996 168.7344
R49 150/5 134.03 4501 48238 0.5386 Nop
R50 150/5 134.03 4501 48238 0.7526 Nop
R51 100/5 1737 3.8685 41125 0.3904 Nop
R52 100/5 17137 3.8685 41125 0.8154 Nop
R53 150/5 119.33 | 3977667 4.7729 0.2774 Nop
R54 150/5 119.33 | 3977667 4,7729 0.6538 Nop
R55 150/5 132.99 4433 40250 0.5519 Nop
R56 150/5 132.99 4433 4,0250 0.1413 Nop
R57 50/5 67.46 6.746 6.4262 04757 68.5306
R58 50/5 67.46 6.746 6.4262 0.9158 131.932
R59 50/5 67.46 6.746 6.4262 0.2719 39.1707
R60 50/5 67.46 6.746 6.4262 0.6028 86.8410
R61 50/5 53.20 4,32 6.5237 0.9791 Nop
R62 50/5 53.20 4,32 6.5237 0.0952 Nop
R63 100/5 79.93 3.9965 4,9844 0.5045 Nop
R64 100/5 79.93 3.9965 4,9844 0.7072 Nop
R65 100/5 100.47 4,0235 43469 0.8835 Nop
R66 100/5 100.47 4,0235 48469 0.7765 Nop
R67 150/5 134.97 45323 4,6533 0.8121 Nop
R68 150/5 119.62 3.9873 49779 0.9367 Nop
R69 150/5 119.62 3.9873 49779 0.1250 Nop
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| cT | Primary | Secondary | Anw/Sudishiadian Operating
" Ratio | current | current Ip TDS Time (3)
R70 100/5 1147 35735 44612 0.2158 Nop
R71 100/5 1147 35735 44612 0.4430 Nop
R72 150/5 13497 | 45323 4,6583 05673 Nop
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| cT | Primary | Secondary | AnSusdndlmi | Operating

"1 Ratio | current | current Ip TDS Time ()
R | 1505 | 12038 | 4012667 | 40158 | 02919 |  Nop
R28 150/5 120.38 | 4.012667 4,018 0.6699 Nop
R29 200/5 161.35 | 4.03375 4,0425 0.8188 Nop
R30 200/5 161.35 | 4.03375 4,0425 0.3339 Nop
R31 200/5 161.35 | 4.03375 4,0425 0.8327 Nop
R32 200/5 161.35 | 4.03375 4,0425 0.7368 Nop
R33 200/5 161.35 | 4.03375 4,0425 0.3891 Nop
R34 200/5 161.35 | 4.03375 4,0425 0.1272 Nop
R35 200/5

R36 200/

R37 100/ 81.63 4,0815 41019 0.4398 Nop
R38 100/ 81.63 4,0815 41019 0.2337 Nop
R39 150/ 120.38 | 4.012667 40158 0.1696 Nop
R40 150/ 12038 | 4.012667 40158 0.9458 Nop
R41 200/ 187.10 46775 4.8469 0.6869 Nop
R42 200/ 187.10 46775 48469 0.0832 Nop
R43 400/ 3718.15 4,7268 4.8269 0.6880 Nop
R44 200/ 15643 | 3.91075 4,8884 0.5998 Nop
R45 200/ 15643 | 3.91075 48884 0.8215 Nop
R46 50/5 42.56 4.256 4,3200 04172 Nop
R47 50/5 4256 4.256 4,3200 0.5843 Nop
R43 400/ 3718.15 4,7268 4.8269 0.8194 Nop
R49 150/ 134.03 4501 46262 0.2415 Nop
R50 150/ 134.03 4501 46262 0.1433 Nop
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4,66 nsdildamlsudesiadlmidiomeda 10-22 (de)
| et | Primary | Secondary | AwSusdiadlmi | Operating
"1 Ratio | current | current Ip TDS Time (3)
RSL | 1005 | 7197 | 38685 | 4836 | 0932 |  Nop
R52 100/ 1737 3.8685 48356 0.5355 Nop
R53 150/ 119.33 | 3977667 49721 0.5452 Nop
R54 150/ 119.33 | 3977667 49721 0.5479 Nop
R55 150/ 132.99 4433 45413 0.1617 Nop
R56 150/ 132.99 4433 45413 0.2499 Nop
R57 50/5 67.46 6.746 1.2162 0.1456 Nop
R58 50/5 67.46 6.746 1.2162 0.4618 Nop
R59 50/5 67.46 6.746 1.2162 0.2907 Nop
R60 50/5 67.46 6.746 1.2162 0.0784 Nop
R61 50/5 53.20 4,32 6.6500 0.8669 Nop
R62 50/5 53.20 4,32 6.6500 0.7068 Nop
R63 100/ 79.93 3.9965 4,9956 0.6750 Nop
R64 100/ 79.93 3.9965 4,9956 0.1452 Nop
R65 100/ 100.47 4,0235 41863 0.3962 Nop
R66 100/ 100.47 4,0235 41863 0.4076 Nop
R67 150/ 13497 | 4532333 46654 0.7378 Nop
R68 150/ 119.62 | 3.987333 4,9842 0.3433 Nop
R69 150/ 119.62 | 3.987333 4,9842 0.5918 Nop
R70 100/ 1147 35735 4.4669 0.8223 Nop
R71 100/ 1147 35735 4.4669 05710 Nop
R72 150/ 134.97 45323 46654 0.4405 Nop
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467 nsallFanlSuassadiauiioaaaunsoatuiia v

| et | Primary | Secondary | AmSuadiadian Operating
"1 Ratio | current | current Ip TDS Time ()
R | 1505 | 12037 | 40456 | 41857 | 053¢ |  Nop
R28 150/5 121.37 40456 41837 0.2204 Nop
R29 200/5 133.19 3.3297 48922 0.9297 Nop
R30 200/5 133.19 3.3297 48922 0.6434 Nop
R31 200/5 133.19 3.3297 48922 0.6269 Nop
R32 200/5 133.19 3.3297 4.8922 0.5962 Nop
R33 200/5 133.19 3.3297 48922 0.6678 Nop
R34 200/5 133.19 3.3297 4.8922 0.4684 Nop
R35 200/5 11347 2.8367 45028 0.7952 Nop
R36 200/5 11347 2.8367 45028 0.8842 Nop
R37 100/5 144,02 7.201 4.78%4 0.0500 1.6006
R38 100/5 144,02 1.201 47894 0.3530 11.3002
R39 150/5 121.37 4,0456 41837 0.0813 Nop
R40 150/5 121.37 4,0456 41837 0.0833 Nop
R41 200/5 189.59 41397 4,9359 0.2288 Nop
R42 200/5 189.59 41397 4,9359 0.2545 Nop
R43 400/5 211.24 3.3905 46491 0.8620 Nop
R44 200/5 124.68 3.117 43381 0.7940 Nop
R45 200/5 124.68 3.117 43381 0.2371 Nop
R46 50/5 14,77 1477 41275 0.5340 Nop
R47 50/5 14.77 1477 41275 0.6836 Nop
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| CT | Primary | Secondary | Awiudsiiadiau Operating

"1 Ratio | current | current Ip TDS Time ()
R48 400/ - 211.24 3.3905 4,6491 0.3996 Nop
R49 150/ 162.90 44321 48238 0.5386 Nop
R50 150/ 162.90 44321 48238 0.7526 Nop
R51 100/ 106.74 43371 41125 0.3904 Nop
R52 100/ 106.74 43371 41125 0.8154 Nop
R53 150/ 93.45 3.115 4.7729 0.2774 Nop
R54 150/ 93.45 3.115 4.7729 0.6538 Nop
R55 150/ 107.53 3.5843 4,0250 0.5519 Nop
R56 150/ 107.53 3.5843 40250 0.1413 Nop
R57 50/5 178.86 | 17.8860 6.9262 04757 34803
R58 50/5 17886 | 17.8860 6.9262 0.9158 6.7002
R59 50/5 17886 | 17.8860 6.9262 0.2719 1.9893
R60 50/5 17886 | 17.8860 6.9262 0.6028 4.4102
R61 50/5 81.94 8.1942 6.5237 09791 1.1634
R62 50/5 81.94 8.1942 6.5237 0.0952 0.6965
R63 100/ 18.25 3.9125 4,9844 0.5045 Nop
R64 100/ 18.25 3.9125 49844 0.7072 Nop
R65 100/ 1741 3.8705 4.8469 0.8835 Nop
R66 100/ 1741 3.8705 4.8469 0.7765 Nop
R67 150/ 134.11 4.4703 4,6533 0.8121 Nop
R68 150/ 118.00 3.9333 49779 0.9367 Nop
R69 150/ 118.00 3.9333 49779 0.1250 Nop
R70 100/ 70.49 3.5245 4.4612 0.2158 Nop
R71 100/ 70.49 3.5245 44612 0.4430 Nop
R72 150/ 134.11 4.4703 46583 0.5673 Nop
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| cT | primary | Secondary | AwSusdndlmi | Operating
"1 Ratio | current | current Ip TDS Times (5)
R | 1505 | 12037 | 40456 | 40571 | 08%5 |  Nop
R28 150/ 121.37 4,0456 40571 0.7536 Nop
R29 200/ 133.19 3.3297 4,549 0.0501 Nop
R30 200/ 133.19 3.3297 4,549 0.3367 Nop
R31 200/ 133.19 3.3297 4,549 0.4304 Nop
R32 200/ 133.19 3.3297 45496 0.2820 Nop
R33 200/ 133.19 3.3297 45496 01171 Nop
R34 200/ 133.19 3.3297 4,549 0.4786 Nop
R35 200/ 11347 2.8367 4.1279 0.8541 Nop
R36 200/ 11347 2.8367 4.1219 0.1530 Nop
R37 100/ 144,02 1.2013 71,5006 0.6705 Nop
R38 100/ 144,02 1.2013 1.5006 0.2274 Nop
R39 150/ 121.37 4,0456 4.0571 0.2011 Nop
R40 150/ 121.37 40456 40571 0.8660 Nop
R41 200/ 189.59 4,1397 4.9247 0,579 Nop
R42 200/ 189.59 4,1397 4,9247 0.26064 Nop
R43 400/ 211.24 3.3905 4.6508 0.8067 Nop
R44 200/ 124.68 3.1172 41950 0.5709 Nop
R45 200/ 124.68 3.1172 41950 0.3196 Nop
R46 505 14.77 14773 1.8462 0.6445 Nop
R47 50/5 14.77 14773 1.8462 0.5862 Nop
R43 400/ 211.24 3.3905 4.6508 05421 Nop
R49 150/ 162.90 44301 4,0906 05293 Nop
R50 150/ 162.90 44301 4,0906 0.3305 Nop
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468 nsdildamlsudesiadlmidiefnduniessn  (de)
| cT | Primary | Secondary | AwSuedndlmi | Operating
" Ratio | current | current Ip TDS Time (3)
R5L | 1005 | 10674 | 43371 | 44475 | 0132 |  Nop
R52 100/5 106.74 43371 4.4475 0.7720 Nop
R53 150/5 93.45 3.1152 4,8406 0.0587 Nop
R54 150/5 93.45 3.1152 4.8406 05973 Nop
R55 150/5 107.53 3.5841 4.4804 0.1767 Nop
R56 150/5 107.53 3.5841 4.4804 0.5648 Nop
R57 50/5 178.86 17.886 18.589 0.1040 Nop
R58 50/5 178.86 17.886 18.589 0.3365 Nop
R59 50/5 178.86 17.886 18.589 03771 Nop
R60 50/5 178.86 17.886 18.589 0,529 Nop
R61 50/5 81.94 8.1940 9.1212 0.2161 Nop
R62 50/5 81.94 8.1940 9.1212 0.3386 Nop
R63 100/5 18.25 3.9125 4.8906 0.0500 Nop
R64 100/5 18.25 3.9125 48906 0.6874 Nop
R65 100/5 1741 3.8705 48381 0.9254 Nop
R66 100/5 4 3.8705 43381 0.2957 Nop
R67 150/5 134.11 4.4703 45879 0.3046 Nop
R68 150/5 118.00 3.9333 49167 0.3890 Nop
R69 150/5 118.00 3.9333 49167 0.83% Nop
R70 100/5 70.49 3.5245 4.4056 0.6462 Nop
R71 100/5 70.49 3.5245 4.4056 0.7574 Nop
R72 150/5 134.11 4.4703 45879 0.2947 Nop
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d Al¥udaadia Case | emlBudSadin Case Il
e IERERLE _OTpifT::t:'::g IR Oﬁen::t':g
R27 | 2811 | 4183705234 | Nop 41357 | 4.1837 | 0.5234 Nop
R26 | 2811 | 4183702204 | Nop 41357 | 41837 | 0.2204 Nop
R29 | 35022 | 48922 {09297 | Nop 1.6915 | 4.8922 | 0.9297 Nop
R30 | 35022 | 48922 | 0.6434 | Nop 1.6915 | 4.8922 | 0.6434 Nop
R31 | 4652 | 48922 (06269 | Nop 49620 | 4.8922 | 0.6269 | 309.7159
R32 | 4652 | 4892205962 | Nop 49620 | 4.8922 | 0.5962 | 294.5487
R33 | 4652 | 48922 (06678 | Nop 49620 | 4.8922 | 0.6678 | 329.9223
R34 | 4652 | 48922 (04684 | Nop 49620 | 4.8922 | 0.4684 | 231.4100
R35 | 4.2806 | 45028 | 0.7952 | Nop
R36 | 4.2806 | 45028 | 0.8842 | Nop -
R37 | 43965 | 4.7894 | 0.0500 | Nop 6.4495 | 4.7894 | 0.0500 | 3.2380
R38 | 43965 | 4.78%4 | 0.3530 | Nop 6.4495 | 4.7894 | 0.3530 | 22.8604
R39 | 4207 | 41837 (00813 | Nop 40831 | 4.1837 | 0.0813 Nop
R40 | 4207 | 41837 {00833 | Nop 40831 | 4.1837 | 0.0833 Nop
R4l | 46372 | 49859 | 0.2288 | Nop 4.2859 | 4.9859 | 0.2288 Nop
R42 | 46372 | 49859 | 0.2545 | Nop 4.2859 | 4.9859 | 0.2545 Nop
R43 | 4531 | 46491 | 08620 | Nop 35784 | 4.6491 | 0.8620 Nop
Ra4 | 46177 | 48381 | 0.7940 | Nop 43675 | 4.8381 | 0.7940 Nop
R45 | 46177 | 48381 | 02371 | Nop 43675 | 4.8381 | 0.2371 Nop
R46 | 49156 | 4.1275 | 0.5340 | Nop 48794 | 4.1275 | 0.5340 Nop
R47T | 49156 | 4.1275 | 06836 | Nop 48794 | 4.1275 | 0.6836 Nop
R48 | 453108 | 4.6491 | 0.3996 | Nop 35784 | 4.6491 | 0.3996 Nop
R49 | 4.8628 | 4.8238 | 0.5386 | Nop 46083 | 4.8238 | 0.5386 Nop
R50 | 4.8628 | 4.8238 | 0.7526 | Nop 46083 | 4.8238 | 0.7526 Nop
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_d Al¥udaadin Case | emlBudSadin Case Il
e IERERLE _OTpien::t:'::g IERERE Oﬁen::t':g
RS1 | 46245 |4.1125]03904 | Nop | 40123 |4.1125]03904 | Nop
RS2 | 46245 | 4112508154 | Nop | 40123 |4.1125| 08154 |  Nop
R53 | 45191 | 47729102774 | Nop | 27993 | 47729 | 0.2774 |  Nop
R54 | 45191 | 47729 106538 | Nop | 27993 | 47729 | 0.6538 |  Nop
RS5 | 4.0430 |4.0250 | 05519 | Nop | 42503 |4.0250 | 0.5519 |  Nop
R56 | 4.0430 | 4.0250 | 0.1413 | Nop | 42503 |4.0250  0.1413 | Nop
RS7 | 4.9450 | 6.4262 | 04757 | Nop | 25556 | 6.4262 | 0.4757 |  Nop
R58 | 4.9450 | 64262 | 09158 | Nop | 2.5556 | 6.4262 | 0.9158 |  Nop
RS9 | 14201 | 64262 | 0.2719 | 23814 | 17.4965 | 6.4262 | 0.2719 | 18813
R60 | 11304 | 6.4262 | 0.6028 | 74292 | 12.2652 | 6.4262 | 0.6028 | 6.1867
R61 | 49984 | 65237 | 09791 | Nop 6.194 | 65237 1 09791 |  Nop
R62 | 4.9984 | 65237 | 0.0952 | Nop 6.194 | 65237 | 0.0952 |  Nop
R63 | 14490 | 49844 | 05045 | Nop | 4.1935 | 49844 05045 | Nop
R64 | 14490 | 49844107072 Nop | 41935 | 49844 | 0.7072 |  Nop
R65 | 4.1243 | 4.8469 | 0.8835 | Nop | 42206 | 48469  0.8835 | Nop
R66 | 4.1243 | 48469 | 0.7765 | Nop | 42206 | 4.8469 | 0.7765 | Nop
R67 | 23070 |4.6583 | 0.8121 | Nop 2.369 | 46583 | 0.8121 |  Nop
R68 | 23000 | 49779 1 09367 | Nop | 20843 | 49779 09367 | Nop
R69 | 23000 | 49779101250 | Nop | 20843 | 49779 | 0.1250 |  Nop
R70 | 18430 | 44612 | 02158 | Nop 1868 | 44612 | 02158 |  Nop
R71| 18430 | 44612 | 04430 | Nop 1868 | 44612 | 04430 |  Nop
R72 | 23070 |4.6583 | 0.5673 | Nop 2.369 | 46583 | 05673 |  Nop
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d Anl¥udaadin Case Il smlugdadal Case Il
e IERERLE _OTpifT::t:'::g IR Oﬁen::t':g
R27 | 41357 |4.1837|05234| Nop | 41357 |4.0158 | 02919 | Nop
R28 | 4.1357 |4.1837 (02204 | Nop | 41357 |4.0158 | 06699 |  Nop
R29 | 16915 |4.8922 109297 | Nop 16915 |4.0425 | 08188 |  Nop
R30 | 16915 |4.8922 | 0.6434 | Nop 16915 | 4.0425 | 0.3339 |  Nop
R31 | 49620 |4.8922 | 0.6269 | 309.7159 | 4.9620 | 4.0425 | 0.8327 |  Nop
R32 | 49620 |4.8922 | 0.5962 | 294.5487 | 4.9620 | 4.0425 | 0.7368 |  Nop
R33 | 49620 |4.8922 | 0.6678 | 329.9223 | 4.9620 | 4.0425 | 0.389L |  Nop
R34 | 49620 |4.8922 | 0.4684 | 2314100 | 4.9620 | 4.0425 | 0.1272 |  Nop
R35
R36
R37 | 6.4495 |4.7894 | 0.0500 | 3.2380 | 6.4495 |7.1019 | 04898 |  Nop
R38 | 6.4495 |4.7894 | 0.3530 | 22.8604 | 6.4495 | 7.1019 | 0.2337 |  Nop
R39 | 40831 | 4183700813 Nop | 4.0831 | 40158 | 0.1696 |  Nop
R40 | 4.0831 |4.1837]00833| Nop | 4.0831 |4.0158 | 0.9458 |  Nop
R4l | 42859 | 49859 |0.2288 | Nop | 42859 |4.8469 | 0.6869 |  Nop
RA2 | 42859 |49859 | 02545 | Nop | 4.2859 |4.8469 | 0.0832 | Nop
R43 | 35784 | 46491108620 | Nop | 35784 |4.8269 | 0.6880 |  Nop
R4d | 43675 | 48381107940 | Nop | 43675 |4.8884 | 05998 |  Nop
R45 | 43675 | 4838102371 Nop | 43675 |4.8884 | 08215 Nop
RA6 | 48794 | 41275105340 | Nop | 48794 | 43200 | 0.4172 |  Nop
R4T | 48794 | 4127506836 | Nop | 48794 | 43200 | 05843 |  Nop
R48 | 35784 | 46491103996 | Nop | 35784 |4.8269 | 0.8194 |  Nop
R49 | 4.6083 |4.8238|05386 | Nop | 4.6083 |4.6262 | 02415 Nop
R50 | 4.6083 |4.8238|0.7526 | Nop | 4.6083 |4.6262 | 0.1433 | Nop
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_d alSudsiiadiau Case Il Sl Bas s Casell
e IERERRC) _OTpien::t:'::g IERERE OT'[}::"S”Q
R51 | 40123 |41125]03904 | Nop | 40123 | 4835 | 09322 | Nop
R52 | 40123 | 4112508154 | Nop | 40123 | 4835 | 0.5355 |  Nop
RS3 | 27993 | 47729 | 02174 | Nop | 27993 | 49721 | 05452 |  Nop
RS4 | 27993 | 47729106538 | Nop | 27993 | 49721 | 05479 |  Nop
RS5 | 42503 |4.0250 | 05519 | Nop | 42503 | 45413 | 0.1617 |  Nop
R56 | 42503 | 4.0250 | 0.1413 | Nop | 42503 | 45413 | 0.2499 |  Nop
R57 | 25556 | 6.4262 | 0.4757 | Nop | 25556 | 7.2162 | 0.1456 |  Nop
R58 | 2.5556 | 6.4262 | 09158 | Nop | 2.5556 | 7.2162 | 0.4618 |  Nop
RS9 | 17496 | 64262 | 02719 | 18813 | 17.49% | 7.2162 | 0.2907 | 22774
R60 | 12.652 | 6.4262 | 0.6028 | 61867 | 12265 | 7.2162 | 0.0784 | 1.0292
R61 | 6.194 | 65237 | 09791 | Nop 6.194 | 6.6500 | 0.8669 |  Nop
R62 | 6.194 | 6523700952 | Nop 6.194 | 6.6500 | 0.7068 |  Nop
R63 | 41935 | 49844105045 | Nop | 41935 | 49956 | 0.6750 |  Nop
R64 | 41935 | 49844107072 | Nop | 41935 | 49956 | 0.1452 |  Nop
R65 | 4.2206 | 4.8469 | 08835 | Nop | 42206 | 4.1863 | 0.3962 |  Nop
R66 | 4.2206 | 4.8469 | 0.7765 | Nop | 4.2206 | 4.1863 | 0.4076 |  Nop
R67 | 23690 |4.6583 | 08121 | Nop | 23690 | 4.6654 | 0.7378 |  Nop
R68 | 2.0843 | 49779109367 | Nop | 20843 | 49842 | 03433 |  Nop
R69 | 20843 | 49779101250 | Nop | 20843 | 49842 | 0.5918 |  Nop
R70 | 18680 | 44612 | 02158 | Nop 1.8680 | 4.4669 | 0.8223 |  Nop
R71| 18680 |4.4612 | 04430 | Nop 1.8680 | 4.4669 | 0.5710 |  Nop
R72 | 23690 | 4658305673 | Nop | 23690 | 4.6654 | 0.4405 |  Nop
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L al3udssiadinn Case | il B Case Il
e IERERE Oﬁer;:t;':;g sc | Ip | TDS Oﬁer;:t;':;g
R2T| 2811 | 4137|0523 | Nop | 49153 | 41837 | 05234] Nop
R28 | 2811 | 41837 |02204| Nop | 49153 | 41837 | 02204] Nop
R29 | 35022 | 48922 [09297 | Nop | 46122 | 48922 | 09297| Nop
R30 | 35022 | 48922 | 06434 | Nop | 46122 | 48922 | 0:6434] Nop
R3L| 4650 | 48922 | 06260 | Nop | 4735 | 48922 | 06269 Nop
R32 | 4652 | 48922 | 05062 | Nop | 4735 | 48922 | 05962 Nop
R33 | 4650 | 48922 | 06678 | Nop | 4735 | 48922 | 0.6678| Nop
R34 | 4652 | 48922 | 04684 | Nop | 4735 | 48922 | 0.4684] Nop
R3S | 42866 | 45028 | 07952 | Nop | 44252 | 45028 | 07952| Nop
R36 | 42866 | 45028 | 08842 | Nop | 44252 | 45028 | 0.8842| Nop
RS | 43965 | 47894 | 00500 | Nop | 49523 | 47894 | 0.0500] Nop
R3B | 43965 | 4789 | 03530 | Nop | 49523 | 4789403530 Nop
R3O | 4207 | 41837 | 00813 | Nop | 3638 | 41837 | 0.0813| Nop
RID | 4207 | 41837 (00833 | Nop | 3638 | 41837 | 0.0833| Nop
RUL | 46372 | 49850 02268 | Nop | 485 | 49859 | 02288 Nop
ROD | 46372 | 49850 | 0255 | Nop | 4855 | 49859 | 0.2545| Nop
RU3| 4531 | 46491[08620| Nop | 3722 | 4649108620 Nop
RO4 | 46177 | 48381 [ 07940 | Nop | 46799 | 48381 | 07940] Nop
RIS | 46177 | 48381 | 02371 Nop | 46799 | 48381 | 0.237L] Nop
RIG | 49156 | 41275 | 05340 | Nop | 42115 | 41275 | 05340 Nop
RAT | 49156 | 41275 | 06836 | Nop | 42115 | 41275 | 06836 Nop
RG | 453108 | 46491 | 03996 | Nop | 3722 | 464910399 | Nop
RI9 | 48628 | 48238 | 05386 | MNop | 46799 | 48238 | 05385 Nop
R50 | 48628 | 48238 | 07526 | Nop | 46799 | 48238 | 07526 Nop
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L al3udssiadinn Case | emlBudSadin Case Il
e IR Oﬁ::t;':;g s | Ip | TDS Oﬁ::t;':;g
REL| 46245 | 41125) 03004 Nop | 47741 | 41125| 03904 Nop
RE) | 46245 | 4112508154 | Nop | 47741 | 41125 08154 | Nop
R53 | 45191 | 47729 (02774 Nop | 4319 | 47729 | 02774] Nap
R4 | 45101 | 47729 06538 | Nop | 4319 | 47729 ] 06538 | Nop
RS | 4043 | 40050 05519 | Nop | 8229 | 40050 05510 | 7.7934
R56 | 4043 | 40250 | 01413 Nop | 8229 | 40250 01413 | 19953
RET | 4945 | 64260 | 04757 | Nop | 8085 | 64260 | 04757 | 14466l
REG | 4945 | 64262 | 09158 | Nop | 8085 | 64262 | 09158 | 278534
R0 | 14201 | 64262 | 02710 | 2366 | 143603 | 64262 | 02719 | 23481
R60 | 11304 | 64262 | 0.6028 | 74292 | 121270 | 64262 | 0.6028 | 61328
R6L| 499847 | 65237 [ 09791 Nop | 49550 | 65237 | 0979L| Nap
R62 | 499847 | 65237 | 00052 | Nop | 49551 | 65237 00952 | Nop
R63 | 1449 | 49844 0505 Nop | L5095 | 49844 | 05045 Nop
R6 | 1449 | 49842 [07072| Nop | L5095 | 49844 | 07072 Nap
RG5 | 41243 | 48469 | 08835 | Nop | 40146 | 48469 | 08835 | Nop
R66 | 41243 | 4846907765 Nop | 49146 | 48469 0.7765 |  Nop
R6T| 2307 | 46583 | 08121 Nop | 2355 | 46583 | 0812L| Nop
RES | 23 | 4971909367 Nop | 2072 | 497791 09367| Nop
R6Y| 23 4977901250 | Nop | 2072 | 4977901250 | Nop
RT0| 1843 | 4461202158 | Nop | 1657 | 44612 0258| Nop
RTL| 1643 | 4461204430 Nop | 1657 | 44612 04430 Nop
R72| 2307 | 4658305673 | Nop | 2355 | 46563 | 05673| Nop
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L Anl¥udaadin Case Il emlugdadal Case I
e s lp | TS Oﬁen::t;':;g sc | Ip | TDS Oﬁen::t;':;g
RO | 49153 | 41837 ] 0523 | Nop | 49153 | 40571 08945 | Nop
RO8 | 49153 | 4183702204 | Nop | 49153 | 4057107538 | Nop
RO | 46122 | 48922 | 09297 | Nop | 46122 | 4549 | 00500 | Nop
R30 | 46122 | 48922 | 0643 | Nop | 46122 | 4549 | 03367 Nop
R3L | 4735 | 48922 | 06269 | Nop | 47356 | 45496 | 04304 | Nop
R32 | 4735 | 48922 | 05962 | Nop | 47356 | 4549 | 02820 Nop
R33 | 4735 | 48922 | 06678 | Nop | 47356 | 4549 | 04171| Nop
R34 | 4735 | 48922 | 04684 | Nop | 47356 | 4549 | 04786 | Nop
R35 | 44250 | 45008 | 07952 | Nop | 44252 | 47279 | 08541 Nop
R | 44250 | 45008 | 08842 | Nop | 44252 | 47279 | 04530 | Nop
R3T | 49523 | 47894 | 00500 | Nop | 49523 | 75006 | 06705 Nop
R38 | 49523 | 47894 | 03530 | Nop | 49523 | 75006 | 02274 | Nop
R39 | 3638 | 4837 | 00813 Nop | 3638 | 40570] 02011 Nop
RID | 2638 | 41837] 00833 | Nop | 3638 |40571 08660 Nop
ROT| 4855 | 49850 | 02288 Nop | 485 | 49247|057% | Nop
RO2 | 4855 | 49859 | 02545 | Nop | 485 |4.947| 02664 Nop
REZ| 3722 | 464910860 Nop | 3722 | 46508 | 0.8067 | Nop
RUG | 46799 | 4838107940 | Nop | 46799 | 41950 | 05709 | Nop
RS | 46799 | 4838102371 | Nop | 46799 | 41950 | 031% | Nop
RIG | 42115 | 41275 | 0530 Nop | 42115 | 18462 | 06445 | Nop
RAT | 42115 | 41275 | 06836 | Nop | 42115 | 18462 | 05862 | Nop
RIG | 3722 | 464910399 | Nop | 3722 | 46508 | 05427 | Nop
RI9 | 46799 | 48238 | 05386 | Nop | 46799 | 40906 | 05293 | Nop
R50 | 46799 | 48238 | 07526 | Nop | 46799 | 40906 | 03305 | Nop
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4 alSudsiadiau Case 1 il k] Case 11
e IERERE _OTpi;r:t:'S”:g c | | s | Oﬁzz“:g
REL| 47741 | 4.1125|03904| Nop | 47741 | 40906 | 03305 Nop
R5) | 47741 | 41125 | 08154 | Nop | 47741 | 44475 | 01342 | Nop
RE3 | 4319 | 47729 |02774| Nop | 4319 | 44475 | 07720 | Nop
R54 | 4319 | 47729 | 06538 | Nop | 4319 | 48406 | 00587 | Nop
RS | 8220 | 40250 | 05510 | 77934 | 8229 | 88406 | 05973 | Nop
RS | 8229 | 40250 | 0.1413 | 10953 | 8229 | 84804 | 04767 | Nop
R57 | 8085 | 6.4262 | 04757 | 144681 | 8085 | 6.8804 | 05648 | Nop
R5 | 8085 | 6.4262 | 09158 | 218534 | 8085 | 88569 | 01040 | Nop
R0 | 143603 | 64262 | 0.2719 | 23481 | 143603 | 185694 | 0.3365 | 45597
RED | 127270 | 64262 | 0.6028 | 61328 | 127270 | 95894 | 0.3771 | 92988
R6L | 49551 | 65237 | 09791| Nop | 49551 | 95694 | 05295 | Nop
R62 | 49551 | 65237 | 00952 | Nop | 49551 | 41212 | 02161 | Nop
R63 | 15095 | 49844 | 05045 | Nop | 15005 | 41212 | 03386 | Nop
R64 | 15095 | 49844 |07072| Nop | 15095 | 48906 | 00500 | Nop
RS | 49146 | 48460 | 08835 | Nop | 49146 | 48381 | 0925 | Nop
R66 | 49146 | 48469 | 07765 | Nop | 49146 | 48381 | 02957 | Nop
R6T| 2355 | 46563 |08121| Nop | 2355 | 45679 | 03046 | Nop
REB | 2072 | 49779 | 09367 | Nop | 2072 | 49167 | 03890 | Nop
R69 | 2072 | 49779 |0.4250| Nop | 2072 | 49167 | 083%5 | Nop
RI0 | 1857 | 42612 |02158| Nop | 1857 | 44056 | 06462 | Nop
RTL| 1857 | 42612 |04430| Nop | 1857 | 4405 | 07574 Nop
R72 | 2355 | 46563 |05673| Nop | 2355 | 45679 | 02947 | Nop
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4-5 0.0170 0.0920 0.158 1
5-6 0.0390 0.1700 0.358 1
3-6 0.0000 0.0586 0 1
6-7 0.0119 0.1008 0.209 1
7-8 0.0085 0.0720 0.149 1
8-2 0.0000 0.0625 0 1
8-9 0.0320 0.1610 0.306 1
9-4 0.0100 0.0850 0.176 1
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. - UIINY WU in3eafiuila Ttiaq
va | ¥ia
(kV) (Deg) MW Mvar MW Mvar

1 1 16.5 0 1 27.95 0 0
2 3 18.0 168.31 163 4.903 0 0
3 3 13.8 70.95 85 11.449 0 0
4 3 230 -150.00 0 0 0 0
5 3 230 -126.44 0 0 125 50
6 3 230 -100.31 0 0 90 30
7 3 230 153.10 0 0 0 0
8 3 230 307.57 0 0 100 35
9 3 230 202.30 0 0 0 0
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0.4 STUUNATRUYINA 14 TaveamsUSuassadilesfunssuadu




M390 0.8 VoyaaedTzULINAdOUVIIA 14 T

A R (pu) X(pu) Y (pu) Tab
1-2 0.01938 0.05917 0.0528 1
1-5 0.05403 0.22304 0.0492 1
2-3 0.04699 0.19797 0.0438 1
2-4 0.05811 0.17632 0.0340 1
2-5 0.05695 0.17388 0.0346 1
3-4 0.06701 0.17103 0.0128 1
4-5 0.01355 0.04211 0.0 1
4-7 0.0 0.20912 0.0 0.978
4-9 0.0 0.55618 0.0 0.969
5-6 0.0 0.25202 0.0 0.932

6-11 0.09498 0.19890 0.0 1
6-12 0.12291 0.25581 0.0 1
6-13 0.06615 0.13027 0.0 1
7-8 0.0 0.17615 0.0 1
7-9 0.0 0.11001 0.0 1
9-10 0.03181 0.08450 0.0 1
9-14 0.12711 0.27038 0.0 1

10-11 0.08205 0.19207 0.0 1

12-13 0.22092 0.19988 0.0 1

13-14 0.17093 0.34802 0.0 1
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. - UIINY WU in3eafiuila
va | ¥ia

(kV) (Deg) MW Mvar MW Mvar
1 1 132 0 2324 -16.9 0 0
2 2 132 -4.98 40 424 21.7 12.7
3 2 132 -12.72 0 234 94.2 19
4 3 132 -10.33 0 0 47.8 -3.9
5 3 132 -8.78 0 0 7.6 1.6
6 2 33 -14.22 0 12.2 11.2 7.5
7 3 1 -13.37 0 0 0 0
8 2 10 -13.36 0 17.4 0 0
9 3 33 -14.94 0 0 29.5 16.6
10 3 33 -15.1 0 0 9 5.8
11 3 33 -14.79 0 0 3.5 1.8
12 3 33 -15.07 0 0 6.1 1.6
13 3 33 -15.16 0 0 13.5 5.8
14 3 33 -16.04 0 0 14.9 5
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A13°99 n.10 ToyamediszuunadeUYIA 30 T

aea R (p.u) X (p.u) Ys Tap
1-2 0.0192 0.0575 0.0264 1
1-27 0.0452 0.1852 0.0204 1
2-5 0.0472 0.1983 0.0209 1
2-11 0.057 0.1737 0.0184 1
2-13 0.0581 0.1763 0.0187 1
3-13 0.012 0.042 0.0045 |
3-28 0.0636 0.2 0.0214 |
4-7 0 0.208 0 1
5-12 0.046 0.116 0.0102 1
6-9 0 0.14 0 |
7-8 0 0.11 0 |
8-17 0.0324 0.0845 0 1
8-20 0.0936 0.209 0 1
8-21 0.0348 0.0749 0 1
8-22 0.0727 0.1499 0 1
9-14 0.1231 0.2559 0 1
9-15 0.0662 0.1304 0 1
9-16 0.0945 0.1987 0 1
10-25 0.1093 0.2087 0 1
10-29 0.2198 0.4153 0 1
10-30 0.3202 0.6027 0 1
11-13 0.0119 0.0414 0.0045 1
11-27 0.0132 0.0379 0.0042 1
12-13 0.0267 0.082 0.0085 1
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aea R (p.u) X (p.u) Ys Tap
13-28 0.0169 0.0599 0.0065 1
14-15 0.221 0.1997 0 1
15-18 0.107 0.2185 0 1
15-23 0.1 0.202 0 1
16-17 0.0824 0.1932 0 1
18-19 0.0639 0.1292 0 |
19-20 0.034 0.068 0 1
21-22 0.0116 0.0236 0 1
22-24 0.115 0.179 0 1
23-24 0.132 0.27 0 1
24-25 0.1885 0.3292 0 1
25-26 0.2544 0.38 0 1
29-30 0.2399 0.4533 0 1

13-7 0 0.208 0 0.978

13-8 0 0.556 0 0.969

11-9 0 0.256 0 0.962
28-10 0 0.396 0 0.968

SHUNT DATA

1787. ADMITTANCE

10
24

0.19

0.043
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M15199 .11 Joyatiaszuunageuaua 30 a

R A30afIiin Tvian . Q Q vV | Vv

Uﬁﬁ e MW Mvar MW Myvar e min. | max. | min. | max.
1 3 0 0 0 0 1.06 0 0 0.9 1.1
2 1 0.4 0 0.217 0.127 1.045 -0.4 0.5 0.9 1.1
3 1 0.2 0 0 0.3 1.01 -0.1 0.4 0.9 1.1
4 1 0 0 0.3 0 1.082 -0.06 | 0.24 0.9 1.1
5 1 0 0 0.942 0.19 1.01 -0.4 0.4 0.9 1.1
6 1 0 0 0 0 1.071 -0.06 | 0.24 0.9 1.1
7 2 0 0 0 0 1 0 0 0.9 1.1
8 2 0 0 0.058 0.02 1 0 0 0.9 1.1
9 2 0 0 0.112 0.075 1 0 0 0.9 1.1
10 2 0 0 0 0 1 0 0 0.9 1.1
11 2 0 0 0.076 0.016 1 0 0 0.9 1.1
12 2 0 0 0.228 0.109 1 0 0 0.9 1.1
13 2 0 0 0 0 1 0 0 0.9 1.1
14 2 0 0 0.062 0.016 1 0 0 0.9 1.1
15 2 0 0 0.082 0.025 1 0 0 0.9 1.1
16 2 0 0 0.035 0.018 1 0 0 0.9 1.1
17 2 0 0 0.09 0.058 1 0 0 0.9 1.1
18 2 0 0 0.032 0.009 1 0 0 0.9 1.1
19 2 0 0 0.095 0.034 1 0 0 0.9 1.1
20 2 0 0 0.022 0.007 1 0 0 0.9 1.1
21 2 0 0 0.175 0.112 1 0 0 0.9 1.1
22 2 0 0 0 0 1 0 0 0.9 1.1
23 2 0 0 0.032 0.016 1 0 0 0.9 1.1
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R in30ef i Tvian . Q Q vV | vV
uﬁﬁ e MW Mvar MW Mvar i min. | max. | min. | max.
24 2 0 0 0.087 0.067 1 0 0 0.9 1.1
25 2 0 0 0 0 1 0 0 0.9 1.1
26 2 0 0 0.035 0.023 1 0 0 0.9 1.1
27 2 0 0 0.024 0 1 0 0 0.9 1.1
28 2 0 0 0 0 1 0 0 0.9 1.1
29 2 0 0 0.024 0.009 1 0 0 0.9 1.1
30 2 0 0 0.106 0.019 1 0 0 0.9 1.1
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v.1 TsunsudwmSumsmimanzanlumsdsu

Runoptimal 6BUS_normal.m- Tisunsuviandmsuwiial

clear all
gl obal

CT_i nput
I (1)=CT_i
I (2)=CT_i

—_—_—— e e —_— e e e — ————— — — —
—h —h —h —h —h —h —h —h —h —h —h Q) — NS

ult _current
(1)=fault_current(1);
(2)=fault_current(2);
(3)=fault_current(3);
(4)=fault_current(4);
(5)=fault_current(5);
(6)=fault_current(6);
(7)=fault_current(7);
(8)=fault_current(8);
(9)=fault_current(9);
(10)=fault_current (10);
(11)=fault_current(11);
f(12)=fault_current(12);

;clc;

rho Am n Anax | base |

= | oad("
nput (1) ;
nput (2) ;
nput ( 3) ;

_input (4);
_i nput (5);
_input (6);
i nput (7);

nput ( 8) ;
nput (9);

Ip Ifp
CT_Normal .txt")

i nput (10);

CT_input (11);
) =CT_i nput (12);
3)=CT_i nput (13);
14) =CT _i nput ( 14) ;
L, I p,CT,CT_select]=CT _ratio(l)
= load(' fault _normal .txt")

If(13)=fault_current(13);
If(14)=fault_current(14);

Ifp = If.

*CT;

[ TDS, xopt] =cal _timerel ay_normal ;
[f]=checkfil epenal ty(xopt);
fid = fopen(' Optimal _TDS. txt',"w);

for

fprintf(fid,"'

end
fclose(fi

d);

i =1: 1: 1 engt h( TDS)

% 2f ', TDS(i));

fid = fopen(' Optinal Ip.txt', " w);

for

fprintf(fid,"'

end
fclose(fi
quit;

d);

i =1:1:1ength(lp)

%2t ", 1p(i));
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CT_ratio.m — 15unsugosdmsunia CT Ratio

function [IL,Ip, CT,CT _select]=CT_ratio(l)
%************Pri nary ShOI’t C| I’CUI t**************
gl obal | data MVAbase busdata | base |line_current protelemrel aydata
CT _sel ect
CT_primary=[50 100 150 200 300 400 500 600 800 900 1000 1200];
W ========= END ORDERI NG ========= 0@
| p=0; CT_sel ect=[]; CT=[];
for mel:length(l)
IL(m = I1(m*1.25;
Idiff =11];
for n=1:1ength(CT _primary)
Idiff(n)=abs(IL(n) - CT_prinmary(n));
end
[Y,id]=min(Idiff);
CT_select(m)=CT_primary(id);
end
CT=5./CT_sel ect;
| p= IL.*CT;
return

cal _tinerelay_normal .m— lUsunsugeed1vsurinmnmuiceay

function [TDS, xopt]=cal _timerelay_nornal
global rho Amin Amax Ibase | Ip Ifp busf
TGWEO. 3;
Amax=[ 1. 0*ones(1, 14)];
Am n=[ 0. 05*ones( 1, 14)];
rho=107(12);
TDS i nt =i nf;
max_iter=1;
for k=1l:max_iter

iiter(k)=k;

rand(' state', sunm(100*cl ock))
for n=1:1engt h( Amax)
x0('n) =Am n(n) +( Amax(n) - Am n(n)) *r and;

end

tic
options = optimset (' MaxFunEval s', 100, "' Maxlter', 1000,"' Tol X', 1. 000e- 6) ;
[ xopt, fopt,exitflag, output] = fmnunc('f_penal tynornal', x0, options)

T(k) =t oc;

TDS1(k) = xopt(1);
TDS2(k) = xopt(2);
TDS3(k) = xopt(3);
TDS4(k) = xopt(4);
TDS5(k) = xopt(5);
TDS6( k) = xopt(6);
TDS7(k) = xopt(7);
TDS8( k) = xopt(8);
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cal _timerel ay_normal .m— lsunsugesdmsummnmunzday (ae)

TDS9(k) = xopt(9);
TDS10( k) = xopt (10);
TDS11(k) = xopt(11);
TDS12(k) = xopt(12);
TDS13(k) = xopt (13);
TDS14(k) = xopt(14);
TDS=xopt ;
end
return

9
v v A

l o [ 1 4
f _penal tynor mal .m — 11sunsugesdmsummysuadsad

function [f]=f_penal t ynornal (x)

gl obal rho Amin Amax | base CT_sel ect |
TGVEO. 3;

Amax=[ 1. 0*ones(1, 14) inf*ones(1,19)];
Am n=[ 0. 05*ones(1, 14) 0. 3*ones(1,19)];
%************Pri nary ShOI’t CI rcuit**************
obj ective function

Ip Ifp busf

tm(1)=(0. 14*x( 1))/ (1fp(1)/1p(1) 0.
tm(2)=(0.14*x(2) )/ (1fp(2)/1p(2)"o0.
tm(3)=(0.14*x(3))/ (1fp(3)/1p(3)"0.
tm(4)=(0.14*x(4))/ (1fp(4)/1p(4)"0.

02-1);
02-1);
02-1);
02-1);

tm(5)=(0.214*x(5))/ (1 fp(5)/1p(5)~"0.
tm(6)=(0.14*x(6))/ (I fp(6)/!1p(6)~"0.
tm(7)=(0.24*x(7))/ (1 fp(7)/1p(7)"0.
tm(8)=(0.14*x(8))/ (I fp(8)/1p(8)~0.02-1);
tm(9)=(0.214*x(9))/ (1 fp(9)/1p(9)"0.02-1);

t m(10) =(0. 14*x(10))/ (1 fp(10)/1p(10)~"0.02-1);
tm(11)=(0. 14*x(11))/ (I fp(11)/1p(11)70.02-1);
tm(12) =(0.14*x(12))/ (1 fp(12)/1p(12)"0.02-1);
tm(13)=(0.14*x(13))/ (1 fp(13)/1p(13)"0.02-1);
tm(14) =(0.14*x(14))/ (1 fp(14)/1p(14)"0.02-1);
fobj old sum(tm;

02-1);
02-1);
02-1);

OU======c=j nequa| i ty constrai N==============
%ase apply fault at bus 1
tcase(l)=rho*(tm9)-tm(8)-0.3)"2
tcase(2)=rho*(tm7)-tm(8)-0.3)"2
tcase(3)=rho*(tm7)-tm(2)-0.3)"2
tcase(4)=rho*(tm(1)-tm(2)-0.3)"2
tcase(5)=rho*(tm(1)-tm(14)-0.3)"2
tcase(6)=rho*(tm9)-tm(14)-0.3)"2
%ase apply fault at bus 2
tcase(7)=rho*(tm6)-tm(1)-0.3)"2
tcase(8)=rho*(tm8)-tm13)-0.3)"2
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%ase apply fault at bus 3
tcase(9)=rho*(tm10)-tnm(9)-0.3)"2
tcase(10)=rho*(tm(2)-tn(3)-0.3)"2
%ase apply fault at bus 4
tcase(1l1l)=rho*(tm(3)-tnm(4)-0.3)"2
tcase(12)=rho*(tm(11) -t m(10)-0. 3)"2;
%ase apply fault at bus 5
tcase(13)=rho*(tm(4)-tm(5)-0.3)"2
tcase(14)=rho*(tnm(12)-tm(11)-0.3)"2
%ase apply fault at bus 6
tcase(15)=rho*(tm5)-tnm(6)-0.3)"2
tcase(16)=rho*(tnm(14)-tm(6)-0.3)"2;
tcase(17)=rho*(tn(14)-tm(12)-0.3)"2
tcase(18)=rho*(tn(13)-tnm(12)-0.3)"2
tcase(19)=rho*(tm(5)-tm(7)-0.3)"2
Var =[x tcase];
PT=0;
Ue=======make Penal ty Functi on====================
for k=1:1ength( Amax)

up(k) =0;

down( k) =0;

i f Var (k) >Amax(k)

up(k) =rho*(Var (k) - Amax(k))"2;
end
i f Am n(k)>Var (k)
down( k) =r ho* ( Am n(k) -Var (k))"2;
end
PT=PT+up( k) +down( k) ;

f =f obj _ol d+PT;
f3

PT;

return
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1.2 Tilsunsuszuviiafoun

SendAgent MA1001 java - torausid v udtoyanszua Inih

import jade.core.Agent;
import jade.core.AlID;
import jade.lang.acl. ACLMessage;
import jade.core.behaviours.*;
import java.io.*;
import java.util.*;
public class SendAgent MA1001 extends Agent {
private String CURRENT_CT]I;
private String receiver;
private Scanner in;
protected void setup() {
System.out.println("Hello World! My name is "+this.getLocalName());
addBehaviour(new TickerBehaviour(this,63100){
protected void onTick(){
//**********************************************************************************
try // Enable to Open File for Value Sender
{ in = new Scanner(new File("CT1.txt")); }
catch (FileNotFoundException fileNotFoundException) {
System.err.printIn("Error opening file");
System.exit(1); }
try // Read file
{ while (in.hasNext())
{ CURRENT CTI = in.nextLine(); }
}
catch (NoSuchElementException elementException)
{ System.err.printIn("File improperly formed");
in.close();
System.exit(1);
}
in.close();
R R R R R R R
System.out.println("Sender name is "+getLocalName());

System.out.printIn("Current CT1 is "+CURRENT_CT1);
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//System.out.println("My receiver is "+receiver);
sendMessage();
s
¥
private void sendMessage() {
AID r=new AID ("MEA"+"@"+getHap(),AID.ISGUID);
ACLMessage aclMessage = new ACLMessage(ACLMessage. REQUEST);
aclMessage.addReceiver(r);
aclMessage.setContent(CURRENT CT1);
aclMessage.setLanguage("1001");
this.send(aclMessage);
System.out.printIn("My message has been sent out: "+aclMessage.getContent());

System.out.println("\n");

) v [
Recieve MEA .java — mmuﬁmmumu%’ayjammﬂ

import jade.core.Agent;

import jade.core.behaviours.CyclicBehaviour;
import jade.lang.acl. ACLMessage;

import jade.core.AlID;

import jade.core.behaviours.*;

import jade.lang.acl. MessageTemplate;
import jade.lang.acl.*;

public class Recieve MEA extends Agent {
String Current_CT;

String CT1,CT2,CT3,CT4,CT5,CT6,CT7,CT8,CT9,CT10,CT11,CT12,CT13,CT14;
String sender_name,current;

String msgContent;

int input_CTindex;

int

indexCT1=1001,indexCT2=1002,indexCT3=1003,indexCT4=1004,indexCT5=1005,indexCT6=1006,indexCT7=1007,indexCT8=

1008,indexCT9=1009,indexCT10=1010,indexCT11=1011,indexCT12=1012,indexCT13=1013,indexCT14=1014;
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int flag01=0,flag02=0,flag03=0,{lag04=0,flag05=0,flag06=0,flag07=0,flag08=0,
int flag09=0,flag10=0,flag11=0,flag12=0,flag13=0,flag14=0;
public void setup() {
System.out.printIn("Hello. My name is "+getLocalName());
addBehaviour(new CyclicBehaviour() {
public void action() {
MessageTemplate mt = MessageTemplate. MatchPerformative(ACLMessage. REQUEST); /REQUEST
ACLMessage aclMessage = receive(mt);
if (aclMessage != null) {
Current_CT = aclMessage.getContent();
/Isender_name = aclMessage.getSender().getLocalName();
input_CTindex = Integer.parselnt(aclMessage.getLanguage());
System.out.println("Indexinput on MEA Agent:" +input CTindex);
if (input_CTindex == indexCT1){
System.out.printIn("Current_CT1 "+ input CTindex +" is "+Current CT +" A");
CT1 = Current_CT;
//System.out.println("current CT1 is "+load1);
flag01=1;
telse
if (input_CTindex == indexCT2){
System.out.println("Current CT2 "+ input CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT2 = Current_CT;
//System.out.println("load1 is "+load1);
flag02=1;}else
if (input_CTindex == indexCT3){
System.out.println("Current_CT3 "+ input_ CTindex +" is "+Current CT + " A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT3 = Current_CT;
//System.out.println("load1 is "+load1);
flag03=1;}else
if (input_CTindex == indexCT4){
System.out.printIn("Current_CT4 "+ input_CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);

CT4 = Current_CT;
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//System.out.println("load1 is "+load1);

flag04=1;}else

if (input_CTindex == indexCT5){

System.out.printIn("Current_CT5 "+ input_CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);

CTS5 = Current_CT;

//System.out.println("load1 is "+load1);

flag05=1;}else

if (input_CTindex == indexCT6){

System.out.println("Current_ CT6 "+ input CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);

CT6 = Current_CT;

//System.out.println("load1 is "+load1);

flag06=1;}else

if (input_CTindex == indexCT7){

System.out.println("Current CT7 "+ input CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);

CT7 = Current_CT;

//System.out.println("load1 is "+load1);

flag07=1;}else

if (input_CTindex == indexCT8)

{

System.out.println("Current_ CT8 "+ input CTindex +" is "+Current. CT + " A");
/Nload[1] = Double.parseDouble(LoadDemand);

CT8 = Current_CT;

//System.out.println("load1 is "+load1);

flag08=1;}else

if (input_CTindex == indexCT9)

{

System.out.println("Current_CT9 "+ input_ CTindex +" is "+Current CT + " A");
/Nload[1] = Double.parseDouble(LoadDemand);

CT9 = Current_CT;

//System.out.println("load1 is "+load1);

flag09=1;

telse
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if (input_CTindex == indexCT10)
{
System.out.println("Current_CT10 "+ input_CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT10 = Current_CT;
//System.out.println("load1 is "+load1);
flag10=1;}else
if (input_CTindex == indexCT11)
{
System.out.println("Current CT11 "+ input_ CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT11 = Current_CT;
//System.out.println("load1 is "+load1);
flagl1=1;
telse
if (input_CTindex == indexCT12)
{
System.out.printIn("Current_ CT12 "+ input_CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT12 = Current_CT;
//System.out.println("load1 is "+load1);
flag12=1;
telse
if (input_CTindex == indexCT13)
{
System.out.printIn("Current_CT13 "+ input_CTindex +" is "+Current CT +" A");
/Nload[1] = Double.parseDouble(LoadDemand);
CT13 = Current_CT;
//System.out.println("load1 is "+load1);

flag13=1;

telse

if (input_CTindex == indexCT14)
{
System.out.println("Current_CT14 "+ input_CTindex +" is "+Current CT +" A");

/Nload[1] = Double.parseDouble(LoadDemand);
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}

CT14 = Current_CT;
//System.out.println("load1 is "+load1);
flagl4=1;}
if ((flag01 == 1) && (flag02 == 1) && (flag03 == 1)&&(flag04 == 1) && (flag05 == 1) && (flag06 == 1)&&
(flag07 = 1) && (flagd8 = 1) && (flag09 — 1)&&(flagl0 == 1) && (flagll == 1) && (flagl2 — 1)&&
(flag13 == 1)&& (flagl4 == 1)){
("PA"+"@"+getHap(),AID.ISGUID);
/laclMessage.addReceiver(r);
msgContent =CT1+""+CT2+""+CT3+" "+ CT4+""+CT5+" "+ CT6 +" "+ CT7+" "+ CT8 +" "+ CT9+" "
+CTI0+" "+ CT11+" "+ CTI12+" "+ CT13+" "+ CT14;
send(aclMessage);
System.out.println("My message has been sent out: all 14 CT"+msgContent);
//System.out.println("\n");
sendMessage();
flag01=0;flag02=0;flag03=0;flag04=0;flag05=0;flag06=0;flag07=0;flag08=0;flag09=0;flag10=0;flag12=0;flag 1 3=0;
flag14=0;
} //else {System.out.println(" Requating Load is not match set is 1, 2 or 3\n");}
}
else{
this.block();
}
}// end action
}); //end addBehaviour of CyclicBehaviour()
} // end setup()
private void sendMessage() {
AID r = new AID ("PA"+"@"+getHap(),AID.ISGUID);
ACLMessage aclMessage = new ACLMessage(ACLMessage.REQUEST);
aclMessage.addReceiver(r);
aclMessage.setContent(msgContent);
aclMessage.setLanguage("4001");

this.send(aclMessage);

}// end class HelloWorldAgent
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Application of Artificial Bees Colony
Algorithm for Optimal Overcurrent Relay
Coordination Problems

Dusit Uthitsunthorn',
Padej Pao-la-or”, and Thanatchai Kulworawanichpong®, Non-members

ABSTRACT

This paper presents optimal coordination of over-
current relays by using artificial bees colony algo-
rithm. The objective function of the relay coordi-
nation problem is to minimize the operation time of
associated relays in the systems. The control vari-
ables used in this paper are the pickup current and
time dial setting of relays. The proposed method was
tested with four systems study consists 5-bus, 6-bus,
9-bus and 14-bus. Quasi-Newton (BFGS), particle
swarm optimization (PSO) and artificial bees colony
(ABC) are employed to evaluate the search perfor-
mance. For test, there are study test power system
was used. The simulation results showed that the ar-
tificial bees colony algorithm is capable to minimize
the operation time of relays in the entire system. As
a result, all search algorithms can solve optimal eoor-
dination relay which the artificial bees colony (ABC)
gives the best solutions for coordination relay setting.

Keywords: Optimal Coordination, Time Dial Set-
ting, Time Grand Margin

1. INTRODUCTION

Short-circuit conditions can oceur unexpectedly in
any part of a power system at any time due to vari-
ous physical problems. Such situations cause a large
amount of fault current flowing through some power
system apparatus. The occurrence of the fault is
harmful and must be isolated promptly by a set of
protective devices. Over several decades. protective
relaying has become the brain of power system pro-
tection [1]. Its basic function is to monitor abnormal
operations as a “fault sensor” and the relay will open
a contractor to separate a faulty part from the other
parts of the network if there exists a fault event. To
date, power transmission and distribution systems are
bulky and complicated. These lead to the need for a
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large number of protective relays cooperating with
one another to assure the secure and reliable opera-
tion of a whole. There-fore, each protective device is
designed to perform its action dependent upon a so-
called “zone of protection” [2]. From this principle,
no protective relay is operated by any fault outside
the zone if the system is well designed. As widely
known that old fashion analog relays are inaccurate
and difficult to establish the coordination among pro-
tective relays, the relay setting is typically conducted
based on the experience of an expert or only a simple
heuristic algorithm. However, with the advancement
of digital technologies, a modern digital protective
relay is more eflicient and Hexible to enable the fine
adjustment of the time-dial setting (TDS) different
to that of the old fashion electromagnetic one.

This paper proposes an intelligent relay coordina-
tion method based on one of the most widely used
intelligent search algorithms, called artificial bees
colony (ABC) [3.4], for digital relaying, in which the
time-dial setting is appropriately adjusted in order to
minimize operating time while coordinated relays are
also reliable. In this paper, the coordination of digi-
tal relaying systems is explained in Section II in such
a way that the artificial bees colony (ABC) method
in Section III is employed to achieve the system ob-
jective. A case study are include 5-bus, 6-bus, 9-bus
and 14-bus power system protection, where setting of
twelve digital over-current relays was challenged, was
diseussed in Section IV, The last section provides the
conclusions of artificial bees colony algorithm.

2. OPTIMAL RELAY COORDINATION PROB-

LEMS

Overcurrent relays are devices which have ability
to interrupt electricity supply service due to some
severe fault. In a modern electrical power system,
network interconnection is very complicated. This
affects the difficulty of key parameter setting of pro-
tective relaying devices [5]. When a total number of
overcurrent relays to be coordinated is increased or
even feeding in closed-loop configuration is required
according to a complex transmission network, over-
current relay coordination setting is more difficult.

An overcurrent relay is a typical protective relay
that allows a protected load operating within a pre-
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set value of the load current. The overcurrent relay
is placed at the secondary side of the current trans-
former. The operating time of the overcurrent relay
can vary due to relay type, time-dial setting (TDS)
and magnitude of fault currents. For the inverse time
overcurrent relay which corresponds to the ANSI de-
vice number of 51, the operating time of the overcur-
rent relay can be expressed as shown in (1) according
to the IEC standard 255-4 [6].

B8 xTDS
= PoME 1 1)
I
PSM=-—2¢ (2)
Iprckve

Where

a and 3 are arbitrary constant

PSM is the plug setting multiplier

Iprekup is the pickup current of the relay

Jaer is the actual current seen by the relay

o and 3 are constant. In this paper, a type of very
inverse time overcurrent relay is used. Therefore, o
is 1.0 and 3 is 13.5 can be specified according to the
IEC standard.
A) Primary and Backup Relay Constroints

A primary or main protective device is a relay that is
in the nearest position to the fault and must respond
to the fault as fast as possible. To achieve a reliable
protection system backup, relays are devices which
will be initiated within a certain amount of time after
the main relay fails to break the fault. An amount
of delay time, called time grading margin, must be
added to the main relay operating time. This can be
explained by Fig. 1 [7]. Relay m and b are the main
and the backup relays, respectively. F; and F, are
two fault cases seen by both relays. The operating
time of the backup relay must be at least the oper-
ating time of the main relay plus the time grading
margin for every fault case.

1 Backup 2 3

in
Relay Relay F, s I
T .

15 o
o Zod

Mear-end-fauk  Far-end-fault

Fig.1: Simple feeder for overcurrent protection

To generalize the backup relaying constraint, (3)
is defined as follows.

Aty = t4(F) —tm(F) = TGM > 0,i € FC  (3)

Where
ty( F;) is the operating time of the backup
relay due to Fault F;

tm(F;) is the operating time of the main relay
due to Fault F;

TG M is the time grading margin, 0.3 - 0.5 s
FC denotes a set of fault cases

B) Objective function To coordinate the protective
relaying devices, the operating time of the main re-
lay is minimized. As mentioned in the previous sub-
section, the operating time of the backup relay is set
as inequality constraints. The objective function [8]
used in this paper is given as follows.

n

f=ﬂ’12f?+w2 Z [ﬂtmb—ws(ﬂtmb—|Afma|}]2 (4)
i=1 jEFC

Where
wy, wa. wy is the weighting factors
n is a total number of relays

C') Bounds on relay and operation times

TDS;jmin < TDS;; < TDS;; max
Ipyy min < Ipgy < Ipyj max

tijn min < Lije < fijp max

3. ARTIFICIAL BEES COLONY ALGO-
RITHM

Artificial Bees Colony algorithm [9,10,11] was pro-
posed by Karaboga for solving numerical optimiza-
tion problems. It simulates the intelligent behavior
of honey bee swarms. In artificial bees algorithm, the
colony of artificial bees contains three groups of bees:
employed bees, and unemployved bees: onlookers and
scouts. First half of the colony consists of employed
artificial bees and the second half constitutes the arti-
ficial onlookers. The employed bee whose food source
has been exhausted becomes a scout bee. The posi-
tion of a food source represents a possible solution to
the optimization problem and the nectar amount of
a food source corresponds to the quality or fitness of
the associated solution. The number of the employed
bees is equal to the number of food sources, each of
which also represents a site, being exploited at the
moment or to the number of solutions in the popu-
lation. In artificial bees algorithm, the steps given
below are repeated until a stopping criteria is satis-
fied. The How chart of artificial bee colony algorithm
as shown in figure 2 [12].

1)Initial phase
Initial population of artificial bee swarms is created
randomly by the following formula.

Xij = Xping + rand(0, 1) x (Xinazj — Xmini)  (3)

2) Employed bees phase
Each employved bee determines a food source repre-
senting a site. Each employed bee shares its food
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source information with onlookers waiting in the hive
and then each onlooker selects a food source site
depending on the information taken from employed
bees. To simulate the information sharing by em-
ployed bees in the dance area, probability values are
calculated for the solutions by means of their fitness
values using the following equation. The fitness val-
ues might be calculated using the above definition as
expressed in (7).

o fu
Pii= it fiti ©
;‘ \f:' 2 0
fu ={ 1+I¢:b';{f;) i< @

3) Onlocker bees phase
Onlookers are placed onto the food source sites by
using a fitness based selection technique, for example
roulette wheel selection method.

4) Scout bees phase
Every bee swarm has scouts that are the swarm’s ex-
plorers. The explorers do not have any guidance while
looking for food. In case of artificial bees, the artifi-
cial scouts might have the fast discovery of the group
of feagible solutions. In the searching algorithm, the
artificial employed bee whose food source nectar has
been exhausted or the profitability of the food source
drops under a certain threshold level is selected and
classified as the artificial scout. The classification is
controlled by “abandonment criteria” or “limit”. If a
solution representing a food source position is not im-
proved until a predetermined number of trials, then
that solution is abandoned by its employed bee and
the employed bee becomes a scout.

4. SIMULATION RESULTS

This section verifies the proposed algorithm for re-
lay coordination. The objective is to minimize the
different operating time between the primary and
backup relays. The time grading margin is assumed
to be 0.3 5. TDS is in the range of 0.05-1.0 for all
backup-primary relay pairs. The test systems used
for this study are the 5-bus, 6-bus, WSCC 9-bus and
IEEE 14-bus test systems. Weighting factors for opti-
mal relay coordination relay to verify the effectiveness
of the proposed artificial bees colony (ABC) are set
as follows: wy = 1, we = 100 and wy = 100. For
comparison, Quasi-Newton with BFGS updating for-
mula, particle swarm optimization (PSO) and artifi-
cial bees colony (ABC) were used. A total of 30 trials
was conducted for each test case. Minimum, average,
maximum and standard deviation of 30 trial solutions
were evaluated. All test cases were simulated by using
the same computer which is an Intel®, Core 2 Duo,
2.4 GHz, 3.0 GB RAM. The followings are summary
of each test case.

[ iniuziise s Popuation of n Scout Bees |

_.-l Evaluate the Fitness of the Population |

Selact m Sites for
Heighbourhood Search

Determing the Melghbourhood
{Patch Size}

Recruit Bees for Selected Stes
(mare Baes fof the Best & stes)

Meighbourhood Search

I Select the Fitest Beas from Each Patch |
I

[ Assing the (n-m) Remaining Bees 1o Random Search [

New Population of Scout Bees

Fig.2: Flowchart of the Artificial Bees Colony Al-
gorithm

Case I. The proposed method was tested with the
5-bus test system as shown in figure 3 [13]. Assume
that loads were connected across bus 2, 3, 4 and 5 as
204310 MVA, 204j15 MVA, 504330 MVA and 60+j40
MVA, respectively. The 14 over-current relays of the
very inverse time type were used in this system. The
zone protection and short circuit current of primary
and back-up relay were shown in Table 2.

Fig.3: The 5 bus test system

The results of time dial settings and pickup cur-
rent setting of over-current relays for the system were
shown in Table 3. The results in Table 1 revealed
the optimal value of objective function. It gave
the best result when compared with those obtained
from Quasi-Newton and particle swarm optimization.
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Table 1: Computational results for the 5-bus test
system.
Objective function (sec) o
Method i
Min.  Average.  Max sb ime(s)
BFGS 3.7801 626515 3292785 72.300 02355
PSO 34379 6.3730 12.5700 36784 10.500
ABC 26748 27430 28336 0.0705 19491
Table 2: Primary and backup information for the
5-bus test system.
Fault Main Backup Primary Secondary Lin
BUS  Reliy  Relav  SComrent  SCcurrent s
1 ] 10 2576.53 13
Genl 2 1 T160.60 1-2
1 13 1060.68 23
1 14 B48.55 24
N 1 5 424.27 2-5
o 7 14 141552 24
L‘;“ 7 5 2.5
8 13 8993.04 23
8 5 8993.04 2-5
6 13 4.76 23
] 14 1433.23 2-4
10 7 1021.89 32
3 10 11 1226.26 34
13 2 31
ol n i 34
3 2 8152.82 3-1
3 T 8152.82 3-2
11 8 6961.53 4-2
1 4 3 1170.96 4-3
14 5 2341.92 4-3
. 12 [ 354091 354091 34
” 5 4 GE14.41 681441 5-2

Table 3: Optimal time dial setting and pick-up eur-
rent for the 5-bus system

Relay _Time Dial Setting (TDS) Pick-up Cument (1
BFGS PSO ABC BFGS P50 ABC
El 0.2468 05149 03017 7.9050 6.9470 6.1861
R2 05273 02909 05544 5.0955 8.4028 3.9600
R3 04971 04260 05284 4.4100 5.1351 3.6480
R4 02073 (L1368 02893 6.0972 6.1382 74495
RS 05958 0.3034 1.0000 6.3976 3.6279 3.5440
6 05856 07910 06896 B33 4.7262 3.6931
R7 02661 (L1952 04383 7.4225 6.0573 6.8597
RE 0.2251 06618 0.637% 9.9419 104542 12,0000
ia 04364 03052 04520 B.8191 5.0916 5.0820
R10 0.0843 01464 01200 10.5426 B8.8706 7.5763
Ri1 09224 L2028 1.0000 53136 3.8624 3.6480
Ri2 01777 02449 04111 7.8515 6.7461 5.4659
RrI13 0.1298 0.2581 0.1743 9.9183 4.5315 4.7384
R4 0.2691 04790 0.3083 11.4706 6.6380 4.5550

The minimum operation time acquired were 3.7801
8, 3.4379 s and 2.6T48 s for quasi-Newton, particle
swarm and artificial bees colony, respectively. When
considering the average operation time, the artificial
bees colony gave the least average operation time of
2.7430 s. The standard deviations of artificial bees
colony (ABC) was as small as 0.0705 s.

i

0

Fitness Valug

— ]
300 400 500 E©O0 700 8OO 90O 1000

lteration

Fig.4: Evolution of fitness value for 5 bus test sys-
tem.

Figure 4 showed the convergence properties among
the proposed method and the others. It illustrated
the comparative convergence performance of the ob-
jective functions. Remarkably, although artificial
bees colony method convergences rapidly towards the
solution, it exhibits relatively smallest standard devi-
ation.

@ 15 MW 20 MY
5 Mvar 15 Mvar
ity n
L Rt
10 MW
5 Mvar

Fig.5: The 6 bus test system

Casell. The proposed method was tested with
the 6-bus system as shown in figure 5 [14-15]. As-
sume that loads were connected across bus 3, 4 and
5 as 15+j5 MVA, 20+j15 MVA and 10+j5 MVA re-
spectively. The over-current relays of the very inverse
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time type were used. Information of this test case was

10 e e
shown in Table 4.
Table 4: Primary and backup information for the
fi-bus test system i i
)
Fault Nain Backup Primary Seconmdary Li §
BLS Relay Relay SC curvent SC current :
8 9 4961.85 410.84 1-3 g
8 7 4961.85 1520.96 1-6 2
1 2 7 536240 152813 16 T 4
(Genl) 2 1 5362.40 £04.91 1-2
14 1 4232.78 £11.00 1-2
14 9 423178 415.90 1-3
= 1 6 2702.58 2702.58 2% i
- 13 8 2508.30 2508.30 2-1 o .|_I_ =]
" 9 10 1453.21 145321 34 0 100 200 300 400 500 €00 700 800 900 1000
3 2 3347.84 3347.84 3-1 lteration
i 4 3 2243.81 2243.81 i3
10 11 2244.37 2244.37 4-5 4 ;
3 3 3 56152 136152 pn Fig.6: Convergence for the 6-bus test system.
: 11 12 3494.81 3494.81 56
3 5 4965.19 41137 6-5
6 6 14 4965.19 1522.91 6-1 in Tables 5 - 6. The optimal values of the objective
Gen2) | 12 o i e | B function, the minimum operation time, were 1.0827
—~ 3 TR T = s, 1.08BD5 s and 1.0724 s for guasi-Newton, particle

Table 5: Optimal time dial setting and pick-up eur-
rent for the 6-bus system

S Time Dial Setting (TDS) Pick-up Cument (ip)
N BFGS PS50 ABC BEGS PSO ABC

Rl 0.9974  0.5969  0.6629 6.2635 12.1536 10,9087
R2 02222 03447 0.4522 10.3231 7.2907 5.5882
R3 08009 03133 04340 33738 77525 57331
R4 0.4626 05105 0.6019 7.9332 7.1947 6.1680
RS 0.4699  (0.4848  0.3577 8.3015 B.1199%  10.548%
R6 01738 02066 0.5124 97362 83626 35918
R7 0.1034 00642 0.0739 3.0211 4.2341 3.6764
RE 0.1441 02845  0.1513 11.4539 62068 10.931%
R9 07177 0.6654 0.5707 6.9412 74374 8.5034
R10 0.3568 07662  0.4784 108834 5.3846 3.3360
Ril 0.6338 05096  0.2689 5.4808 6:5989 117740
R12 0.5737 06136 0.4103 4.0510 3.8102 S.6344
RI3 0.8315 06560  0.7858 82878 103181 8.7349
R14 0.5433  0.2967 0.259% 41946 7.1038 B.0640

swarm and artificial bees colony, respectively. From
this test, the artificial bee colony exhibited the least
average operation time and also standard deviation
at 1.0725 s and 0.000142 s, respectively. This re-
vealed that the ABC method is the most efficient
method among these three methods for solving the
optimal relay coordination problem. Figure 6 showed
the convergences among the proposed method and
the other two methods. Remarkably, although artifi-
cial bees colony method convergences rapidly towards
the solution, it exhibits relatively smallest standard
deviation,

Caselll. This paper employed the WSCC 9-bus
test system as shown in figure 7. It consisted of 3 gen-
erators, 6 lines, 3 transformers and 12 over-current
relays. The load are connected across bus 5, 7 and
9 as 204j15 MVA, 50+j30 MVA and 20+j10 MVA,
respectively. The optimal solutions obtained for this
test case were given in Table 7 [16-18]. Information of
the zone protection and short-cirenit current of pri-
mary and back-up relays were shown in Table 8.

Table 7: Computational results for WSCC' 9 bus
test system.
Table 6: Computational results for the fi-bus test e Objective function (sec) CPU
system. Min. Average. Max SD time(s)
ey E BFGS 0.3589 15.6982 358.0720 64.8504 14877
Method e Objective function(sec) ______~ CPU PSO 07959 52780 116640 26800 70128
Min.  Average.  Max SD time(s) ABC 0.4359 04515 04650  0.0089 12654
BFGS 10827 540455 2557974 626153 03222
PSO 1.0805 1.2174 2.0781 0.2068 69.9275 9 o
ABC L6724 L8718 14717 0000142 19089 The results showed the optimal setting value of the

The results of the optimal setting value for 14 over-
current relays of the 6-bus test system were presented

relay coordination time for the WSCC 9-bus test sys-
tem. The ABC method gave the best results when
compared with those obtained from quasi-Newton
and particle swarm optimization. The average op-
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Fig.7: WSCC 9 bus test system

Table 8: Primary and backup information for the
WSCC 9-bus test system
Fault Main  Backup Primary Secondary g0
BUS Relay Relay SCeuwrvent  SC eurrent

4 5 4 8204.39 3076.08 4-5
(Gen 1) 10 11 8206.05 3182.82 49
4 1 3 7028 55 702855 56

9 10 8274.09 8274.09 544

3 8 ] 807533 217860 | 63
(Gen 3) 3 z 8234.69 1978.90 67
- T 12 8098 53 %098 33 78
2 3 7296.58 7206.58 76
[ 1 6 9749.44 4513.97 3.9
(Gen 2) 12 7 10875.63 5633.89 8-7
o 11 12 T136.62 T136.62 9-8

6 5 8183.53 §183.53 9-4

1w’ " - -

-=w=- BFGS

a2 PSO

—— ABC

Fitness Value
=

10’

200 300 400 500 BOG 700 8O0 8OO 1000
Tteratinn

1] 100

Fig.8: Evelution of fitness value for WSCC 9 bus
test system.

Relay Coordi

Table 9: Optimal time dial setting and pick-up cur-
rent for the WSCC 9-bus test system

Tune Dial Setting (TDS)

Pick-up Current (Ip)

Ret BFGS PSO ABC BEGS PEO ABC
Rl 0.0510  0.052%  0.0500 40252 67526 40252
R2 0.0500 0.0633 00500 50029 3.9334 57186
R3 04228 01276 04653 37342 83976 49544
R4 00537 00815 00500 45062 23994 5.0639
RS 0.1449 04968 0.2664 L4225 67444 81072
Ré6 0.0506 0.0591 0.0500 32858 34401  3.2835
R7 00564  0.0978 00500 493014 42067 57677
RE 00500 01093 00500 45983 55715 24960
R9 00500 01103 00500 78188 55220 6.5437
R10 0.0874  0.0616 02038  7.5040 60308 3.B362
R11 0.0616  0.1064  0.0887 6.7397  4.6002  S5.6487
R12 0.0531 0.2446 0.1704 77758 3.6853 3.3254

eration times were 15.6982 s, 5.2780 s and 0.4515 s
for quasi-Newton, particle swarm and artificial bees
colony, respectively. The artificial bees colony gave
the least CPU time consumed when compared with
those of other methods.

Figure 8 illustrated the convergence performance
of objective function. Remarkably, although quasi-
Newton method convergences rapidly towards the so-
lution, it exhibits relatively large standard deviation.
In addition, the artificial bees colony (ABC) gave the
accurate and fast convergence.

CaselV. This case considered the IEEE14-
bus test system as shown in figure 9.  This
test system consisted of two subsystems, 69-kV
sub-transmission and 13.8-kV distribution. These
two sub-transmissions were connected through the
69/13.8 kV transformers. The optimal results ob-
tained by all three methods were put in Table 10 -
13. The system consisted of 30 over-current relays.
Information of this test system was shown in Table
14 - 15 [19)].

For the sub-transmission, the minimum operation
times of this test case were 2.4741 s, 28.6930 s and
3.9024 s for quasi-Newton, particle swarm and arti-
ficial bees colony, respectively. However, when con-
sidering the average operation time, the artificial bee
colony gave the least operation time at 3.9114 s with
standard deviations as small as (0.0103 s (see also Ta-
ble 10).

For the distribution, the minimum operation times
of this test case were 4.8582 s, 18.7067 s and 9.2999 s
for quasi-Newton, particle swarm and artificial bees
colony, respectively. However, when considering the
average operation time, the artificial bee colony gave
the least operation time at 9.3146 s with standard
deviations as small as 0.0092 s (see also Table 11).
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135 MW

11.2 MW
T.5 Mvar

T.6 MW
1.6 hivar

1T
12.7 Mvar
-

14 & MW

5.8 Mvar

Fig.9: IEEE 14-bus test system

Table 10: Optimal results for the IEEE 14-bus test
system (sub-transmission side)

Objective function (sec
Nioiin] | m—— o N BT
Min. Average. Max 5D time(s)
BFGS 24741 279928 118.5417 50.8337 6.0696
PSO 28,6930 43.1894 60.8138 16.1312 121442
ABC 39024 39114 392153 00103 20630
Table 11: Optimal results for the IEEE 14-bus test

system (distribution side)

Method Ob'[ecti\'e function (sec) CcPU
Min. Average. Max SD timme(s)

BFGS 4.8582 52247 62516 0.5821 2.7330
PSO 18.7067 27.3693 36.8830 8.7906 12.7350

ABC 9.299% 0.31486 93232 00692 21445

Table 12: Optimal settings for the IEEE 14-bus test

20.5 MW
18,6 Mvar

system (sub-transmission side)

Time Dial Setting (TDS)

Pick-up Current (Ip)

Relay
BFGS P50 ABC BFGS PSO ARC
Rl 00505 03863 003500 4.7370 91755 3.9060
R2 0.0545 06382 0.0500 37478 6.9652 3.7440
R3 0.0500  0.2132 0.056% 7.2877 B.1256 5.0022
R4 0.1894  0.7797 02709 6.4680 7.9899 4. 1850
RS 01035 03047 0.1370 9.5232 11.6311 57589
R6 0.0500 0.0500 0.0500 11.9997 B.3813 12.0000
R7 00760 08429 00500  6.6899 73617 4.5890
RE 00770  0.2782  0.0500 10,1156 96583 4.1430
R9 0.0500 0.5130  0.0565 79448 3.9933 4.3084
R10 0.0567 0.3289  0.0500 4.6650 5.6900 5.0836
R11 00500 02824 0.0500  4.5347 4.5150 4.1430
RI2 0.0500 00616 0.0500 3.7814 4.6007 3.7440
R13 0.0499  0.29%4  0.0500 7.3780 4.7717 6.920%
R4 0.0500 0.0839 0.0771 6.6495 11.5116 3.9120
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Table 13: Optimal settings for the IEEE 14-bus test
system (distribution side)

Table 14: Primary and backup information for the
IEEE 14-bus test system (sub-transmission side)

i Tk Dil Seting (1DS) Pick-up Cumrent (1) Fauk  Man  Backwp et Seghy
] — 0 2
¥ TBFGs __PSO___ABC___BEGS PS5O ABC BUS  Relay  Relay  yen current
RIS 00500 01395 00822 83157 92617 54393 1 1 12 14.689.85 2.186.84 12
RI6 00500 00501 00500 11997 10678  12.0000 (Genl) 2 3 19,415.45 7,376.35 1-5
RI7 01219 05955 00500 54330 59484 120000 3 5 14,689.85 1,162.20 21
RIS 04121 07376 03316 66078 T1155 85621 3 10 14,689.85 488.30
)
R19 01196 06273 01749 10085 69045  7.5920 3 13 14,689.85 £2.41
R20 00888 01755 00611 46467 59589 55453 2 1’0 g‘fgj':: f‘;;g'g’g e
R21 0.0699 03275 01745 10150 69914  5.0515 6 13 32:364.66 1.935.10
R22 0.0500 04898  0.0500 53064  7.2980 4.0101 B 5 1 23,003.82 6.362.65 2.4
R23 00890 02918 00903 57198 65130 62055 5 7 23,003.82 2,716.67
R24 00643 06326 01126 88098 10391 74784 5 13 23-$3-33 1.908.22 <
2 ! 1 23,069.35 6.357.32 13
R3S 00540 05098 00500 10149 10317 41460 p - i S
R26 01029 06767 0.1125 11402 82657 12,0000 4 10 33.069.35 1.969.74
R27  0.0500 0.0502 0.0500 98218  7.9989  11.0836
7 2,264, ; x
R28 00694 00505 00777 79831 10538 7.7493 3 T 161 fl Ef‘: jf :23 ig :j
R29 01349 08571 02814 98867 52955 63700 - : R TRET TR T
R30 00549 05279 00703 64432 47875 55754 4 m i 167,70 596779 i
13 2 2,831.07 2.831.07 51
5 14 i 320331 329331 52
o . = 13 9 5.852.46 585246 5.4
----- BFGS
e PO
—— ABC i ) )
Table 15: Primary and backup information for the
o IEEE 14-bus test system (distribution side)
1

Fitness Value

10°

200 300 400 500 600 700 8OO 900 100D
Iteration

CET

Fig.10: Convergences for the IEEE 1{-bus test sys-
tem (sub-transmission side)

Fitness Value

1’

&00 700 B00 900 1000

a0 500
Iteration

0 100 200 300

Fig.11: Convergences for the IEEE 1{-bus test sys-
tem (distribution side)

Faull  AMain  Backup Primary Secondary Line
BUS Relay Relay SC cuvent SC current

17 ET1 77.524.56 564.51 612

17 27 77,524.56 2.214.90 613

6 15 n £0,132.39 4,429.87 6-11

(Gen2) 15 27 £0,132.39 1,938.10 613

16 n 80,494.12 4,536.14 611

16 k1) 80,494.12 445.10 6-12

A 18 30 37,338,851 4,471.05 9-14

19 21 29,663.69 6,961.43 9-10

20 18 17,348.97 17,348.97 10-9

L 21 23 §,820.66 8,820.66 10-11

7 2 20 9,004.42 902442 | 1110

3 17 16,068.79 16,068.79 11-6

i 25 15 12,437.68 12,437.68 12-6

i 24 26 £.645.27 £.645.27 1213

26 16 21,155.55 21,155.55 136

13 7 25 5.438.20 5.438.20 1312

27 29 4,619.46 4,619.46 13-14

14 29 19 9,608.65 9,608.65 14-9

30 28 7,742.59 7.742.59 14-13

5. CONCLUSIONS

In this paper, the implementation of Artificial Bees
Algorithm for solving the Optimal coordination over-
current relay problem was established. The effective-
ness of the Bees Algorithm was verified by testing
with system study and compared its simulation re-
sults with those obtained by Quasi-Newton (BFGS)
and particle swarm optimization approaches. The re-
sults are in boundary relay characteristics as the re-
sults from the artificial bees colony are given small-
est standard deviation of the 30 trial solutions for
every test case. The artificial bees colony algorithm
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can converge towards the better solution slightly to
decrease on small system, it can be considered as a
potential alternative that is suitable for solving the
relay coordination problem.
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Loss Minimization Using Optimal Power Flow
Based on Swarm Intelligences

Numphetch Sinsuphun', Uthen Leeton?. Umaporn Kwannetr?,

Dusit Uthitsunthorn®, and Thanatchai Kulworawanichpong®, Non-members

ABSTRACT

This paper describes optimal power flow based on
swarm intelligences in which the power transmission
loss function is used as the problem objective. Al-
though most of optimal power flow problems involve
the total production cost of the entire power system,
in some cases some different objective may be chosen.
In this paper, to minimize the overall power transmis-
sion losses, four decision variables are participated.
They are i) power generated from generating plants,
ii) specified voltage magnitude at control substations,
iii) tap position of tapchanging transformers and iv)
reactive power injection from reactive power compen-
sators. Swarm intelligences are wellknown and widely
accepted as potential intelligent search methods for
solving such a problem. In this paper, Genetic Al-
gorithms (GA), Particle Swarm Optimization (PSO).
Artificial Bee Colony (ABC) and Differential Evolu-
tion (DE) are employed to solve optimal power flow
problems. A 6-bus and 3(0-bus IEEE power systems
are used for test. As a result, all swarm intelligences
search algorithms can solve optimal power flow prob-
lems efficiently. The artificial bee colony and the dif-
ferential evolution provide results better than other
swarm intelligent techniques.

Keywords: Optimal Power Flow, Power Loss Min-
imization, Genetic Algorithm, Particle Swarm Opti-
mization, Artificial Bee Colony, Differential Evolu-
tion

1. INTRODUCTION

Optimal power flow is one of nonlinear constrained
and occasionally combinatorial optimization prob-
lems of power systems. The various algorithms for
solving such problems can be found in the literature.
The optimal power flow problem has been developed
continually since its introduction by Carpentier in
1962 [1]. It is useful to determine the goals of op-
timal power flow problems. The primary goal of a

Manuseript received on July 31, 2010 ; revised on September
1, 2010.

This paper is extended from the paper presented in ECTI-
CON 2010.
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gineering, Suranaree University of Technology, Nakhon
Ratchasima, Thailand 30000, E-mail: phetchty@hotmail.com,
Uthen.leeton@igmail.com and Thanatchai@@gmail.com

generic optimal power flow is to minimize the total
production cost of the entire system to serve the load
demand for a particular power system while main-
taining the security of the system operation. The
production costs of electrical power systems may de-
pend on the situation, but in general they normally
mean to the cost of generating power at each generat-
ing unit of power plants. This operation is subjected
to keep each component in the power system within
its desired operation range at steadystate. This will
include maximum and minimum outputs for gener-
ators, maximum MVA flows of power transmission
lines and transformers, as well as system bus volt-
ages within specified ranges.

It has taken over decades to develop efficient algo-
rithms for its solution because it is a very large, non-
linear mathematical programming problem. Many
different mathematical approaches have been applied
for seeking its solution. The methods discussed in
the literature use one of the following five methods
[2]. They are i) lambda iteration method as found
in economic dispatch problem solving, ii) gradient
method. iii) Newtons method, iv) linear programming
and v) interior point method. Apart from analytical
approaches, there also exist intelligent search meth-
ods.

Intelligent search methods (e.g. simulated anneal-
ing [3], genetic algorithm [4], evolutionary program-
ming [5], particle swarm optimization [6]-]9], etc)
have been recently released for the optimal power flow
problem. The genetic algorithm (GA) based solution
methods are found to be most suitable because of
their ability of simultaneous multidimensional search
for optimal solutions. They are wellknown and widely
used at the beginning period of solving the optimal
power flow problems based on intelligent search meth-
ods. However, in recently year, The ABC [10] is
applied to solve optimal power flow. For economic
dispatch problem, the results show that the ABC ap-
proach is able to obtain higher quality solutions effi-
ciently and faster computational time than the con-
ventional approaches. Also, DE [11] is applied to
IEEE 30-bus test system for solving optimal power
flow. The results reported are proficiency of method-
ology over other techniques and the DE solution give
faster convergence than other existing techniques.

This paper proposes an application of swarm intel-
ligences to solve optimal power flow problems. The
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controllable system quantities are generator MW,
controlled voltage magnitude, reactive power injec-
tion from reactive power sources and transformer tap
setting. The objective used herein is to minimize the
overall power transmission losses by optimizing the
control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of trans-
mission lines, load bus voltage magnitude, generator
MVAR) occurs in normal system operating condi-
tions. A six-bus [12] and IEEE 30-bus test system
are emploved for test. The results obtained from var-
ious swarm intelligent techniques are compared.

This paper organizes a total of five sections. Next
section, Section two, illustrates optimal power flow
problems with corresponding mathematical expres-
sions of its objective and various practical constraints.
Section three gives the brief of four swarm intelli-
gences (GA, PSO, ABC and DE) for comparative
purposes. It also provides the algorithm procedure,
described step-by-step. Section four is the simmla-
tion results and discussion. Conclusion remark is in
Section five.

2. OPTIMAL POWER FLOW PROBLEMS
2.1 Problem Formulation

The optimal power flow problem is a nonlinear op-
timization problem. It consists of a nonlinear ob-
jective function defined with nonlinear constraints.
The optimal power flow problem requires the solution
of nonlinear equations, describing optimal and/or se-
cure operation of power systems. The general optimal
power flow problem can be expressed as a constrained
optimization problem as follows.

Minimize  f(x)
Subject to  g(x) = 0, equality constraints
h(x) < 0,inequality constraints

By converting both equality and inequality con-
straints into penalty terms and therefore added to
form the penalty function as described in (1) and (2).

P(x) = f(z) + Q(x) (1)

Az) = p{g*(z) + [max(0, h(z))]*} (2)

Where P(x) is the penalty function
(x) is the penalty term
@ is the penalty factor
By using a concept of the penalty method [13], the
constrained optimization problem is transformed into
an unconstrained optimization problem in which the
penalty function as described above is minimized.

2.2 Objective Function

Although most of optimal power flow problems in-
volve the total production cost of the entire power

system, in some cases some different objective may
be chosen. In this paper, the power transmission loss
function is set as the objective function. The power
transmission loss can be expressed as given in (3).

Ny,
Floss =Yg (V2 +V} = 2ViVj cos(8; = 5,)} (3)
=1
Where: V; is the voltage magnitude at bus ¢
V; is the voltage magnitude at bus j
i, is the conductance of line i — j
§; is the voltage angle at bus i
4; is the voltage angle at bus j
Np is the total number of transmission lines
Floss is the power loss function

2.3 System Constraints

The controllable system quantities are generator
MW, controlled voltage magnitude, reactive power
injection from reactive power sources and transformer
tapping. The objective use herein is to minimize the
power transmission loss function by optimizing the
control variables within their limits. Therefore, no
violation on other quantities (e.g. MVA flow of trans-
mission lines, load bus voltage magnitude, genera-
tor MVAR) occurs in normal system operating con-
ditions. These are system constraints to be formed as
equality and inequality constraints as shown below.

1) Equality constraint: Power flow equations

Ngp
P=Ppi=Y_ VillVilIV: ;| cos(0: ;=8:+3;) = 0 (4)

j=1

Ng
Qc.—Qp.—y. [VillV; 1Yl sin(Bi ;—6;+8;) = 0 (5)

J=1

Where: Fg;, is the real power generation at bus i

Qi is the reactive power generation at bus i

Pp; is the real power demand at bus i

Qp; is the reactive power demand at bus i

Np is the total number of buses

0; ; is the angle of bus admittance element
7

Y; ; is the magnitude of bus admittance
element i, j

2) Inequality constraint: Variable limitations

v;mm <Vi< V,_rnaz (G)
Tlmi'n < I; < ]—;maz' {7)

::ﬂa:::p_i S Qrmnp.i ﬁ Q::;fp,i (8}
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PE" < Poq < PEST )
Where: V™" Ve are upper and lower limits of
voltage magnitude at bus i
Tmin Tmar gre upper and lower limits of tap
position of transformer i
vomp.is Qeomp,s are upper and lower limits of
reactive power source i
PR, PR are upper and lower limits of
power generated by generator i

The penalty function can be formulated as follows.

P(x) = Fioss + 0p + Qg + Qe + Q7 + Oy + Qg (10)
Where:

Ng Ng 2
Qp=p> Pc.i~Ppi=y_IVilV;|Vylcos(fi ;—d:+6;)

e j=1
(11)
Na Na “
QQ=PZ Qc—Qp; —Z| VilV; 1V, [sin(8; ; =6, +4;)
i1 Hual
(12)

Ne
O = PZ {ﬂ'mx((]1 Qoompi — Qootapi )}2
i=l
Ne y 2
+ PZ: {ma.r.((]. ::»::':p,i o Q""'*'P-i}} (13)
i=1

N,
Qr =p) " {max(0,T; - T/"")}?

i=l
N,
+ pZ{maz(G. Tmn — Ti)}a (14)
i=1
Ng
Qv =pY {maz(0, Vi = V"))
=l . ‘
4 pz {maz(0, V" — V;)}z (15)
=]
Ne 2
O = pz {max(0, Po; — PE)}
im=] - . .
+ pz {max(0, PE" — f:"c.'.i)}'j (16)
=]

Ng is the total number of generators
Ne is the total number of reactive power sources
Ny is the total number of transformers

3. SWARM INTELLIGENT SEARCH METH-
0DS

3.1 Genetic Algorithm (GA)

There exist many different approaches to adjust
the control parameters. The GA is well-known [14]
there exist a hundred of works employing the GA
technique to optimize the system objective in various
forms. The GA is a stochastic search technique that
leads a set of population in solution space evolved
using the principles of genetic evolution and natu-
ral selection, called genetic operators e.g. crossover,
mutation, ete. With successive updating new gener-
ation, a set of updated solutions gradually converges
to the real solution. Because the GA is very popu-
lar and widely used in most research areas where an
intelligent search technique is applied, it can be sum-
marized briefly as shown in the fowchart in figure 1
[15].

In this paper, the GA is selected to build up an
algorithm to solve optimal power flow problems (all
generation from available generating units). To re-
duce programming complication, the Genetic Algo-
rithm (GADS TOOLBOX in MATLAB [16]) is em-
ployed to generate a set of initial random parame-
ters. With the searching process, the parameters are
adjusted to give the best result.

[ Specify the parameters for GA ]

[ Gienerate initial population ]

i
=_="| Power flow simulation ]
1

[ Find the fitness of each mdividual ]

In the current population

Gien > Max Gen?
Stall Gen_ =Max?.

_[

Fig.1: Flowchart of the GA procedure

No

Apply GA operators:
Selection, crossover and mutation

3.2 Particle Swarm Optimization (PSO)

Kennedy and Eberhart developed a particle swarm
optimization algorithm based on the behavior of in-
dividuals (i.e., particles or agents) of a swarm [17].
Its roots are in zoologists modeling of the movement
of individuals (i.e., fish, birds, and insects) within a
group. It has been noticed that members of the group
seem to share information among them to lead to in-
creased efficiency of the group. The particle swarm
optimization algorithm searches in parallel using a
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group of individuals similar to other Al-based heuris-
tic optimization technigues. Each individual corre-
sponds to a candidate solution to the problem. Indi-
viduals in a swarm approach to the optimum through
its present velocity, previous experience, and the ex-
perience of its neighbors. In a physical n-dimensional
search space, the position and velocity of individual
i are represented as the velocity vectors. Using these
information individual i and its updated velocity can
be modified under the following equations in the par-
ticle swarm optimization algorithm. The procedure of
the particle swarm optimization can be summarized
in the flow diagram of figure 2.

ot = g8 (kD) (17)

A = oF 4y (xf"e‘" - xfk}) R

(18)
Bi (Ifbest _ IEH)

Where

IEHiﬁ the individual 7 at iteration k

iJEk} is the updated velocity of individual i at

iteration k

«; g,are uniformly random numbers between [0,1]

255 the individual best of individual i

298 s the global best of the swarm

Evaluate the fiiness for each particle

l k=k+1
Check and update

personal best and global best

Updage each individual velocity

Unsaisfied

Check stopping criteria

Sulisfied

Fig.2: Flowchart of the PSO procedure

3.3 Artificial Bee Colony (ABC)

Artificial bees colony [18-20] was proposed by
Karaboga for solving numerical optimization prob-
lems. It simulates the intelligent behavior of honey
bee swarms. In artificial bees algorithm, the colony of
artificial bees contains three groups of bees: employed
bees, and unemployed bees: onlookers and scouts.
First half of the colony consists of employed artifi-
cial bees and the second half constitutes the artificial
onlookers. The employed bee whose food source has
been exhausted becomes a scout bee. The position of
a food source represents a possible solution to the op-
timization problem and the nectar amount of a food
source corresponds to the quality or fitness of the as-
sociated solution. The number of the employed bees
is equal to the number of food sources, each of which
also represents a site, being exploited at the moment
or to the number of solutions in the population. In
artificial bees algorithm, the steps given below are
repeated until a stopping criteria is satisfied.

1) Initial phase

Initial population of artificial bee swarms is cre-

ated randomly by the following formula.

Tij = Tmin,j + rand((]. l) X (;cmu:.j - Imiﬂ.j) (19)

2) Employed bees phase

Each employed bee determines a food source rep-
resenting a site. Each employed bee shares its food
source information with onlookers waiting in the hive
and then each onlooker selects a food source site
depending on the information taken from employed
bees. To simulate the information sharing by em-
ploved bees in the dance area, probability values are
calculated for the solutions by means of their fitness
values using the following equation.

Py=ght (20)
Z!ﬂi
j=1
r tfiz{’
f"“z{ 1916 fi<0 @

The fitness values might be calculated using the
above definition as expressed in (21).
3) Onlooker bees phase

Onlookers are placed onto the food source sites by
using a fitness based selection technique, for example
roulette wheel selection method.
4) Scout bees phase

Every bee swarm has scouts that are the swarms
explorers. The explorers do not have any gunidance
while looking for food. In case of artificial bees, the
artificial scouts might have the fast discovery of the
group of feasible solutions. In the searching algo-
rithm, the artificial employed bee whose food source
nectar has been exhausted or the profitability of the
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food source drops under a certain threshold level is
selected and classified as the artificial scout. The clas-
sification is controlled by “abandonment criteria” or
“limit". If a solution representing a food source po-
sition is not improved until a predetermined number
of trials, then that solution is abandoned by its em-
ployed bee and the employed bee becomes a scout.
The procedure of the artificial bees algorithm can be
summarized in the flow diagram of figure 3.

| Tnitaiise & population of © Seout Bees |

T

I Evaluate the Fitness of the Population I

| Select 1+ sites for Neighboarhood search ]

i

I Determine the Size of Neighbourhood |
(Patch Size i)
Updlane
iy dual Bees.
Recruit Bees for Selecied Siles population
{maore Bees for the Best e Sites)

i
fi )
!

Fig.3: Flowchart of the artificial beecolony

3.4 Differential Evolution (DE)

Differential Evolution (DE) [21-22] is a recently de-
veloped evolutionary computation techmique. DE is
an extremely powerful yet simple evolutionary algo-
rithm that improves a population of individuals over
several generations through the operators of muta-
tion, crossover and selection for global optimization
introduced by Price and Storn. Differential evolu-
tion presents great convergence characteristics and
requires few control parameters which remain fixed
throughout the optimization process and need mini-
mum tuning. DE differs from other EA in the mu-
tation and recombination phase. Unlike stochastic
techniques such as genetic algorithm and evolution-
ary strategy where perturbation oceurs in accordance
with a random quantity, DE uses weighted differences
between solution vectors to perturb the population.
It has a minimum number of EA control parameters,
which can be efficiently tuned.

DE uses a population P of size Np, composed of
floating point encoded individuals that evolve over

G generations to reach an optimal solution. Each
individual X; is a vector that contains as many pa-
rameters as the problem decision variables D. The
population size Np is an algorithm control parameter
selected by the user which remains constant through-
out the optimization process.

PE = [XC,...

X§,] (22)

XF=[XC; X" =1. 55N, (23)

The optimization process in Differential Evolution
is carried out by three basic genetic operations: Mu-
tation, Crossover and Selection. The algorithm starts
by creating an initial population of Np vectors. Ran-
dom values are assigned to each decision parameter
in every vector according to:

‘\.}}I‘ e X;"i" s n(x}nd: 2 X;m'n) (24}

Where:

Xj-"“‘ and X7"** are the lower and upper bounds
of the j*" decision parameter.

n is a uniformly distributed random number
within [0,1] generated a new for each value of j

XJ?_,- is the j*! parameter of the it individual of the
initial population

The mutation operator creates mutant vectors X;
by perturbing a randomly selected vector (X,) with
difference of two other randomly selected vectors (X,
and X.)

XE=XC 4+ F(XE-X5),i=1,...,N, (25)
Where:
X, Xy, X, are randomly chosen vectors €

B Nyjanda#b#c#i

Na. Xy X, are selected anew for each parent vec-
tor. The scaling constant (F) is an algorithm con-
trol parameter used to adjust the perturbation size in
the mutation operator and improve algorithm conver-
gence. The crossover operation generates trial vectors
(X:') by mixing the parameters of the mutant vectors
(X:} with the target vectors (Xi) according to a se-
lected probability distribution.

The crossover constant CR is an algorithm param-
eter that controls the diversity of the population and
aids the algorithm to escape from local optima. The
new generation population is obtained by selection
operator that chooses between the trial vectors and
their predecessors (target vectors) those individuals
that present a better fitness or are more optimal ac-
cording to

XS.if n; < Cr

26
XJ-_(E . otherwise ()
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X6+ - { X;‘“'_.f(X.-'"") < f(X8)i=1,...,N,

N X}, otherwise

(27)

This optimization process is repeated for several

generations, allowing individuals to improve their fit-

ness as they explore the solution space in search for
optimal values.

Muation
l Swap population
Crossover

Fig.4: Flowchart of the differential evolution algo-
rithm

DE has three essential control parameters: the
scaling factor (F), the crossover constant (CR) and
the population size (NP). The scaling factor is a value
in the range (0, 2] that controls the amount of pertur-
bation in the mutation process. The crossover con-
stant is a value in the range [0, 1] that controls the
diversity of the population. The population size de-
termines the number of individuals in the population
and provides the algorithm enough diversity to search
the solution space. The procedure of the differential
evolution algorithm can be summarized in the flow
diagram as shown in figure 4.
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4. SIMULATION RESULTS

To verify the effectiveness and performance of the
swarm intelligent optimization, 6-bus and IEEE 30-
bus test power systems were used for test. Informa-
tion of the 6-bus test system was given in [12]. The
simulations were performed using MATLAB software
[16]. The test was carried out by solving the opti-
mal power flow problem of the power loss objective.
Variable limits given in Table 1 were used as sys-
tem constraints. For comparison purposes, genetic
algorithm, particle swarm optimization, artificial bees
algorithm and differential evolution were applied to
solve the test system with various cases. Each method
was challenged by solving given optimal power flow
problems of 30 trials randomly. Minimum, average,
maximum and standard deviation of the 30 trial so-
lutions for the 6-bus test system obtained by each
method were evaluated and shown in Table 2. Table
3 showed the comparison of CPU time spent by each
approach. The optimal control variables obtained by
each method were shown in Tables 4 7. All test cases
were simulated by using the same computer which
was an Intel®, Core 2 Duo, 2.4 GHz, 3.0 GB RAM.

Table 1: Variable limit used for optimal power flow
for the 6-bus test system
; Limit
Variable N T Max
V1-V6 (pu) | 0.90 | 1.1
T1.T2 (p.u.) 0.90 | 1.1
Q1, Q2(Mvar) 0 50
PG1 (MW) 25 80
PG2 (MW) 25 80

Table 2: OPF solutions obtained by using GA, PSO
ABC and DE for the 6-bus test system

Power tr ission loss (MW)
Method Minimum | Average | Maximum | Deviation
GA 6.7747 6.9705 7.5292 0.1521
FSO 6.7486 6.8425 7.1517 0.0759
ABA 6.7361 6.7361 6.7364 0.0001
DE 6.7361 6.7361 6.7368 0.0001

Table 3: Computational time to obtain optimal solu-
tions by GA, PSO, ABC and DE for the G-bus system

Computational Time (s
Mekliod Minimum Av:;agc Max_lmuug ) Deviation
GA 6.91 .05 9.79 0.7
PSO 17.93 136.11 516.49 93.20
ABA 740 7.52 7.74 0.0597
DE 3.07 3.10 3.22 0.0250G

The results showed that the ABC and the DE
optimal methods gave the best power flow solution
when compared with those obtained by the GA and
the PSO. For the 6-bus test system, the average
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power loss solutions were 6.9705 MW, 6.8425MW,
6.7361 and 6.7361MW for the GA, PSO, ABC and
DE methods, respectively. However, when consider-
ing the minimum power loss, the ABC and DE were
the two methods that can find the least loss function
of 6.7361 MW. The standard deviation of the solu-
tions obtained by the GA, PSO, ABC and DE were
0.1521, 0.0759, 0.0001 and 0.0001 respectively. The
CPU times spent by each method to find the optimal
solution showed that the DE consumed the least com-
putational time effort. In addition, the DE method
gave the least power transmission loss and spent the
least computational time to reach the best solution.

ECTI TRANSACTIONS ON ELECTRICAL ENG., ELECTRONICS, AND COMMUNICATIONS VOL.9, NO.1 February 2011

Table 7: Optimal solution by the DE for the 6-bus
system
Control Vi Bus h!e:‘ T M::“ ‘.)l-iu. Optimal
Vi <. -1
Generator (p.u.) [ VE = X
FG2 T 3
Henctive Power | 0} 27. F
{Mvar) [*F a3, ]
Transformer Tap | T a4 0.9 o
o) T 1-2_| 1.09
I Time (a) 3.1

[Fower Transmbssion Loss (MW}

6.7361

Powur Loss Saving(%)

6567

As a result, the power loss of the entire system can 15
be improved with 65% reduction. -
The voltage profile of the base case before improve- "
A 105 1
ment was set to be lower than the specified range. Af-
ter adjust the control variables to their optimal values ']
the system voltage profile can be resumed to the op- 20+
erating value within the specified range as shown in £ ,
figure 5. Table 8 showed the parameter setting of each = i
method used for conducting the test. Also, figure 8
gave the convergence characteristic of the solutions =
obtained by using these methods. o5 4
07+
1 2 3 4 -] B[O V_basecase
- # Busz number omp
Table 4: Optimal solution by the PSO for the (-bus
system 3
s - Conpiatiaa Tide Fig.5: Voltage profiles for the 6-bus test system
Coutrol Variables Bus —y ERN T
Vi 1.1 0 1.1
o (puw) [ VI .00 0.0 i1
(FG2 370 T4 5]
Reactive Power | Q1 20.7 6
(Mvar) [*E] EEET BY | 4
e e : Table 8: Variable limit used for optimal power flow
] Time (s) 136.11 03.2 [516.49[17.93 [131.9952 e
[Fower Tranamission Loss (MW]| 6.84 | 005 | 7.15 | 6.75 | 6.7488 for the 6-bus test system
Power Losa Saving( %) [EE] = 6355 | 65.61 | 65.61 Par it GA PSSO ABC DE
Population size(Np) 30 30 30 30
Maximum iteration 200 200 200 200
Crossover Probahility 0.85 - = 0.895
’ ; . Mutation Probability | 0.0058 - - -
Table 5: Optimal solution by the GA for the 6-bus Madmumeror % 105 % 10=51 % 10=51 3 10=°
system
Contral Variables Bus ".':;_' Tanal I’l‘”‘"ﬂ."n-_ Opthmal]
VI 0 001 Ti0 | Toa | L
Genarator (p.u.) | V2 5 001 1.0 .06 | 1. 1000 |
£ R 5 R O
[Tescve Power [ @1 |1 A S I L
(Mvar) Q2 1 3.5 48T 20.7 41,9286 L U T §—
Tranaformer Tap| T1 | 3-4 007 .04 0.04 | 100 L .
(pu) T2 -z 002 | 108 (R 1.0565 | Pl
Camputational Time (4] [ B.70 6.91 71468 s |
el AN S0 (AW 015 T.53 697 67747
Tower Loss Saving| w) G163 | G548 | 65.48 |
Table 6: Optimal solution by the ABC for the 6-bus 1
system
Control Varisbles Bus ”“f“""’;‘g'_'"""'Lg‘i‘“_""’ —
Vi 3 1.1 [] 1.1 1.1 s r
Generator (pou.) [ V2 5 1 [ 11 1.1 ﬁ
PG2 5 27.5 00481 27.72 27.46
an::l;;r:‘f‘,m! _3% -ll 27:17 0:1356 27:06 26:81 i.u— w & "’ % hi. ‘li .-'w- o I.W -
Tranaformer Tap| T1 34 0.9965 | 0.0002 0. 9058
_u.}) ] 1-2 T | o.0003 | [ T.03ar |
Computationsl Time (8) 7.52 0.0597 7.40 . . ¥
Fasrer Teanamission Loss (W) 67367 ] 191 7351 Fig.6: Convergence characteristics of each method
Gwer Loas Saving| ) 5K - BE.6T | Gh.Gy | on.ar |

for the 6-bus test system
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The second test system to verify the effectiveness
and performance of the swarm intelligences was the
standard IEEE 30-bus test power system. The test
was carried out by solving the optimal power flow
problem of the power loss objective with wvariable
limits used as system constraints given in Table 9.
For comparison purposes, genetic algorithm, particle
swarm optimization, artificial bee colony and differen-
tial evolution were applied to solve the test case of this
test system. Each method was challenged by solving
a given optimal power flow problem of 30 trials. Min-
imum, average, maximum and standard deviation of
the 30 trial solutions for the 30-bus system obtained
by each method were evaluated and shown in Table
10. Table 11 showed the comparison of CPU time
spent by each approach. The optimal control vari-
ables obtained by each method were shown in Tables
12 15. All test cases were simulated by using the
same computer which explained previously.

Table 9: Variable limit used for optimal power flow

Table 12: Optimal solution by the GA for the 30-
bus system
o 1 Statntic
onlfo]

Varinbles B | Man | sD | Ma | M=

V5 35 03| 003 095 o7

Vis 36 07 X 10

v 7 0 | oo | 001 | 16
VaE 13 07 05 | 09 0| 10993
V35 3 03 03 (] ] 0914
G“'{;}“ Vio 3 05 91 X w7
3625 T 50 51 75, 39 5686
BG26 I 71 s i 152307
3627 E 156 7 3, 28 5806
PG g 6 175 E¥ 50, 71741
PG 20 15.4 37, 3489
at 20, 5 1001
g Q2 T3 T 1685
M) Qi i L 6.2 5ik]
: i 7. 00 | 01 | 200381
13| 0% | 008 93 0| 096
&9 | 09 | 065 o1 | 107 | 098
Traak 10 | 0% | 006 50 09| 0843
Tap 4 s11_| 0s7 | o005 0| _osim
) 510 | 08 | 00 50 ; 09067
16 | 1213 | 09 | 00 91 ) 0,908
T2 2827 107 004 | 02 ! 1.0992
Compuinrionl Tie (3) 53163 | 19267 | 10067 | 73233 | 6M91
Power Traamison loss (MW 1503 | 383 | 1090 | 313 | 1080
Reeal Ponwer saing (*9) 6094 = 730 | By | Ha

Table 13: Optimal solution by the PSO for the30-

for the 30-bus test system bus system o
Variable - Limits e . B I hean | sD Min
Min. | Max. I : = % @
V1 to V30 (p.u.) 0.9 1.1 v 7 () 6 Ed
Tl to T7 (pu.) | 0.9 | LI I T
- Cieeiftor [ T T [0 ]
Q1 to Q4 (Mvar) 0 50 iw) —t 5 5
Q1 to Q4 (Mvar) 15 80 et L
PG2E ] [ 136
PG g 5l
Q 160
Reactive 3] 100 3
. y . g N B 03 3
Table 10: OPF solutions obtained by using GA, e L 22 i
PS0. ABC and DE for the 30-bus test system T2 zls; '2 2:6’ ';!;
Power tr ission losses (MW) Tramfo .
Method' o Average | Maximum | Deviation Topp) '_: ;-;i; _":g gg :;?
GA 10.90 15.95 31.32 5.83 S [Fa213 00 083 f:
PSO | 1355 | 1772 | 2266 2.39 T o 5 W I
ABC 11.74 15.74 19.34 2.08 Power 1 Tows (MW 1717 139 135
DE 10.44 10.51 11.16 0.14 Rl Povegt woomg () 8% : &651
Table 14: Optimal solution obtained by the ABC
Table 11: Computational time to obtain optimal Jfor the30- bus system i
solutions by GA, PSO, ABC and DE for the 30-bus Ll e T T TS
system i 3 0391 | 00285 | 08748 | L0781 | L0523 |
Tasi R s 0833 | 002134 | toss | 11 | 1078
Method Power transminsion losssa (MW) V2 0234 | 002899 | 09689 | 10673 | 10537
A TO06T [ SLE | TR | T | | e BB e S
PSO | 69140 | 233584 | 906620 | 91401 oo o o Liow o I 1o il
- w = - PGS & 070 158174 15 1785 1334
ABC 174.70 974.60 2366.30 542.20 PG26 22 49974 13 3368 1752
DE 205.68 206.80 207.30 0.2786 2 8 TS57TE | o8 [ 72315 | 08
PGS 23 34.20 18,601 2644 B0.00 2R
[ PG | 3662 §2234 [H EENE] 1693
1 1274 446 22485 4805 65982
Reactive ﬁ; B
The results showed that the DE-based optimal s = O 0 50 O 30 -
power flow method gave the best result when com- o I 5817
pared with those obtained by the GA, PSO and R s Ry oo I S
ABC. For the IEEE 30-bus test system, the average Tap () }; t;‘, S :];E}z - R
power loss solutions were 15.95 MW, 17.72 MW, 15.74 e 1&1: Lo _5?334,2 iy 1 1 i
and 10.51 MW for the GA, PSO,ABA and DE, re- | Computariom! Time () [ sras [ 5303 | 177 | s | 10w
spectively. However, when considering the minimum B ) | T e ne

power loss, the DE was the method that can find the
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least power loss function of 10.44 MW. The standard
deviation of the solutions obtained by the GA, PSO,
ABC and DE were 5.83, 2.39, 2.08 and (.14 respec-
tively. The CPU times spent by each method to find
the optimal solution showed that the DE consumed
the least computational time effort. In addition, the
DE method gave the least power transmission loss
and spent the least computational time to reach the
best solution. As a result, the power loss of the entire
system can be improved with 60-70% reduction.

The voltage profile of the base case before improve-
ment was set to be lower than the specified range. Af-
ter adjust the control variables to their optimal val-
ues the system voltage profile can be resumed to the
operating value within the specified range as shown
in figure 9. Table 16 showed the parameter setting
of each method used for conducting the test. Also,
figure 10 gave the convergence characteristics of the
solutions obtained by using these methods.

Table 15: Optimal solution by the DE for the30-bus
system

Coutrol & SENTALC
Variables Mean | 5D Min Max | Ooptisnal
3 3 1073803
Vis 1089803
a7 106863
1099881
L0934
"—‘“[‘;’“:'" 099583
61541
00357 _ 2] 15 15|
55335 |3019784| 150045 | 338194 | 311405
30145 _|0021348| 9880 80 | ro9981
00401_|0007643| 1 150352 | 15.0001
= 1 7 862173 (8710024 0 459580 | Sale6
R‘P:’W“ 3 & 31469%3 1183066 0003 | 409990 | 40973
M 3 10 190064 _| 149968 [ 499996 | 269423
1] ] 1882317 |0800338| 173637 | 314009 | 189169
Ti| +17 | 99989 |ocosiss| ossss | 1oon 1
T & T D 165 | 0968
= 3] el 031557 |0084306] 0 i1 10991
T o1 937197 |0.063502] 0 [EE
Top o) gy 917743 001972 | 09 | 0941 | 0.9036 |
[ T6 | 1213 98559 | 006828 | 0 [ roear 09
T7 | 3 093151 |0036485| 0 i [
= 1 Tume () 06,5961 |0.278618| 2056863 | 2073049 | 206.8236)
Power Transnsission boss (MW) | 1051208 [0 147691| (04449 | 101629 | 10,4448
Bueal Power saving (3] R ) I 56|72 3827313274 159017

.6
URINFE-BTR-BCRETE B 5557 3
Bus Number

o8
0-.. i 5 8

Fig.7: Voltage profiles for the 50-bus test system
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Table 16: Parameter setting of each method for the

(-bus
Algorithm GA PSO ABC DE
Population size(Np) 30 30 30 30
Maximum iteration 500 500 500 500
Crossover Probability 0.85 - - 0.895
Mutation Probability | 0.0053 - - -
Maximum error |1 x 107°]1 x 107"l x 10~°]1 x 107"

Fig.8: Convergence characteristics of each method
for the 30-bus test system

5. CONCLUSION

Solution methods for solving optimal power flow
problems with the power transmission loss objective
are described in this paper. Some efficient search
methods in forms of swarm intelligences (e.g. genetic
algorithm, particle swarm optimization, artificial bee
algorithm and differential evolution) were employed.
A 6-bus test system and the standard IEEE 30-bus
power system were used for benchmarking. The re-
sults showed that a set of optimal solutions with re-
spect to the power transmission loss objective can be
efficiently solved by using the swarm intelligences As
a result, the DE and ABC methods showed satisfac-
tory performances of finding the optimal power flow
solutions. In these two test systems, the power loss
can be minimized and the power losses of the entire
network can be improved by 65% power loss reduc-
tion.
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Optimal Over-Current Relay Coordination
Using Improved Harmony Search Method

Dusit Uthitsunthorn'?, Thanatchai I(ulworawanichpong'

Abstract — This paper presents optimal coordination of over-current relays by using improved
harmony search method (IHS). The objective function of the relay coordination problem is to
minimize the operation time of associated relays for given fault conditions in the protection
system. Thescontrol variables used in this paper are the pickup current and the time dial setting of
the relays. The proposed method was tested with 5-bus, WSCC 9-bus and standard IEEE 14-bus
test systems. For benchmarking, sequential quadratic programming (SOP) and genetic algorithm
(GA) were employed 1o solve this optimal relay coordination problem. The results showed that the
IHS is capable to minimize the operation time of relays in the entire system. As a result, all search
algorithms ean solve optimal coordination relay which the improved harmony search method
gives the bgst solutions for optimal coordination relay setting. Copyright © 2012 Praise Worthy

Prize S.r.l. - All rights reserved.

Keywords: Optimal Coordination, Time Dial Setting, Time Gmdi;rg Margin

Nomenclature Ip Pickup current setting of inverse time relay
a Inverse tine coefficient constant SQP Sequential quadratic programming
il Inverse tine coefficient constant G4 ! Genetic algorithms
I Pickup current of the relay IHS Improved harmony search method-
Actual current seen by the relay
PSM Plug setting multiplier I Introduction
TGM Time grading margin ’
Alws Operation time difference for each relays Short-circuit events can occur unpredictably in any
1 Operating time of the main relay part of a power system at any time due to various
I Operating time of the backup relay physical problems. Such situations cause a large amount
min Lower limits of operating time of relay of fault current flowing through some power system
s - o s ) apparatus. The occurrence of the fault is harmful and
[ Upper limits of operating time of relay { must be isolated promptly by a set of protective devices.
i Lower limits of time Uil 3eting of relay i ng_zr several decades, protective relaying has becomcth_e
DSy ™ T ESE A brain of power system protection [1]. Its basic function 1s
T, Em-f Upper limits of time dial setting of relay 7 to monitor abnormal operations as a “fault sensor” and
.E o " ; the relay will open a contractor to separate a faulty part
Ipg Lower limits of pickup current of relay # from the other parts of the network if there exists a fault
o Upper limits of pickup current of relay i event [2], [3]. To date, power transmission and
L o distribution systems are bulky and complicated. These
rand(0,1)  Random function in the range of [0,1] lead to the need for a large number of protective relays
xt Lower bound of the parameter i cooperating with one another to assure the secure and
U Upper bound of the parameter i reliable_ operatiPn o_f a w?!ulc [4], [5]. 'I'here-_fcre. ca_ch
f g protective device is designed to perform its action
HMS Harmony memory size ) ) dependent upon a so-called “zone of protection” [6].
HMCR Harmony memory consideration rate From this principle, no protective relay is operated by
PAR™" Lower limits of pitch adjustment rate any fault outside the zone if the system is well designed.
PAR™ Upper limits of pitch adjustment rate As widely known that old fashion analog relays are
o o - inaccurate and difficult to establish the coordination
! . axiraum geratmn among protective relays, the relay setting is typically
B legation tndex . ) conducted based on the experience of an expert or only 2
DS Time dial setting of inverse time relay simple heuristic algorithm. However, with the
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advancement of digital technologies, a modern digital
tective relay is more efficient and flexible to enable
the fine adjustment of the time-dial setting (7DS)
gifferent to that of the old fashion electromagnetic one.
This paper proposes an intelligent relay coordination
method based on one of the most recently-used
intelligent  search algorithms, called the improved
harmony search method (/71S) [7.8] for digital relaying,
in which the time-dial setting is appropriately adjusted in
order to minimize operating time while coordinated
relays are also reliable. In this paper, the coordination of
digital relaying systems is explained in Section I1 in such
a way that the improved harmony search method" in
Section 111 is employed to achieve the system objective.
Coordination case studies include the 5-bus, WSCC 9-
pus and IEEE 14-bus test systems, where the setting of
digital over-current relays was challenged and discussed
.in Section IV. The last section provides the conclusion.

II. Optimal Relay Coordination Problem

An optimal over-current relay coordination problem is
a type of non-linear optimization problems in which all
control variables are adjusted in such a way that the
operation time of #ll associated relays to some specified
faults of the entire protection system is optimized. This
can be summarized as follows.

IL.1.  Non-linear Optimization Problem

The optimal over-current relay coordination problem
is a non-linear optimization problem. It consists of a
nonlinear objective function defined with non-linear
constraints. Such a problem requires the solution of non-
linear equations, describing optimal and/or secure
operation of the protection systems. The general optimal
over-current coordination problem can be expressed as a
non-linearly constrained optimization problem as
follows:

Minimize f{x)

subject to:
g(x) =0, equality constraints
h(x) <0, ineguality constraints

11.2.  Characteristics of Over-current Relays

Over-current relays are devices which have ability to
interrupt electricity supply service due to some excessive
current of a severe fault. In a modem power system,
network interconnection is very complicated. This affects
the difficulty of key parameter setting of protective
relaying devices [9],[10]. When a total number of over-
current relays to be coordinated is increased or even
feeding in closed-loop configuration is required
according to a complex transmission network, over-
current relay coordination setting is very difficult.

Copyright © 2012 Praise Worthy Prize Sr.1. - All rights reserved
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An over-current relay is a typical protective relay that
allows a protected load operating within a preset value of
the load current. The over-current relay is placed at the
secondary side of the current transformer,

The operating time of the over-current relay can vary
due to relay type, time-dial setting and magnitude of fault
currents. For the inverse time over-current relay, the
operating time of the over-current relay can be expressed
as shown in (1) and (2) according to the IEC standard
60255 [11]:

- AxTDS (1)
PSM® -1
I 1
PSM = -2 @
‘r}’

where:
-= gand § are arbitrary constant

- PSM is the plug setting multiplier .
S is the actual current seen by the relay
- dp is the pickup current of the relay

In this paper, a type of very inverse time over-current
relay is used. Therefore, a is 1.0 and £ is 13.5 can be
specified according to the IEC standard 60255 as shown
in Fig. 1.
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Fig. 1. IEC 60255 charscteristic curves
IL.3.  Primary and Backup Relay Constraints

A primary or main protective device is a relay that is
in the nearest position to the fault and must respond to

International Review of Electrical Engineering, Vol. 7, N. 4
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the fault as fast as possible. To achieve a reliable
protection system, backup relays are devices which will
be initiated within a certain amount of time after the
main relay fails to break the fault. An amount of delay
time, called the time grading margin, must be added to
the main relay operating time. This can be explained by
Fig. 2 [12]. Relay m and b are the main and the backup
relays, respectively. F; and F; are two fault cases seen by
both relays. The operating time of the backup relay must
be at least the operating time of the main relay plus the
time grading margin for every fault case as shown in Fig.
3

Backup
Relay

Zone 1

Fig. 2. Example network for over-current protection

To generalize the backup relaying constraint, (3) is
defined as follows:

Ay =1, (F)~1, (F)-TGM 20, ieFC  (3)

1]
where:
- 1;(F;) is the operating time of the backup relay due to
Fault F;
- t,(F;) is the operating time of the main relay due to
Fault F;
- TGM is the time grading margin, 0.3 - 0.5s
- FC denotes a set of fault cases
In practice, TDS and [p of the over-current relay
parameters can be adjusted in a certain interval. Their

lower and upper limits are additional = inequality

constraints  to this optimal over-current relay
coordination problem as described follows:

TDS) min < TDS,; < TDS,; max @)

Ip; min < Ipy < Ip; max (5)

L min <ty <t max (6)

114, Objective Function

To coordinate the protective relays, the operating time
of the main relay is minimized while satisfying the
backup relaying constraint. As mentioned in the previous
sub-section, the operating time of the backup relay is set

Copyright © 2012 Praise Worthy Prize S.r.l. - All rights reserved
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as inequality constraints. The objective function used i

this paper is given as follows:

pa [mmb —wy (A, — |mmbm— 0

S=w Z.’f +W,
i=1 feFC

where:

- wy, wy, wy is the weighting factors

- nis a total number of relays

Ioo .
1o
@ Main Relay
g =/ Operation Time -
=
3
¥ TGM
1 R el
Backup Relay
Operation Time
0.1
100 oo Togee
Current (A)
Fig. 3. Backup relaying constraint
IIl. Optimization with Harmony Search

The optimization of physical systems is the process of
adjusting control variables to find the values that achieve
the best possible objective. To find optimal solutions for
the optimal relay coordination problem, an appropriate
optimization method has to be chosen to handle its non-
linear and non-convex nature [13). In fact, although there
is no restriction for making selection, searching speed
and accuracy are mainly the matter of concemn. This
paper attempts to demonstrate effectiveness of three
different optimization techniques, namely SQP, GA and
IHS. As widely known, SOP and GA have been
commonly used across the globe in most applications
including optimal relay coordination. There exist many
optimization tools to implement SQP and GA for use e.g.
MATLAB’s Optimization TOOLBOX. In this paper,
only the harmony search method is reviewed as
described follows [14],[15].

The harmony search algorithm was conceptualized
from the musical process of searching for a ‘perfect
state’ of harmony, such as jazz improvisation. Jazz
improvisation seeks a best state (fantastic harmony)

International Review of Electrical Engineering, Vol. 7, N-4
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determined by aesthetic estimation, just as the
optimization algorithm seeks a best state {global
optimum)  [16].[17] determined by evaluating the
objective function. Acsthetic estimation is performed by
the set of pitches played by cach instrument, just as the
abjective function evaluation is performed by the set of
values assigned by each decision variable. The harmony
quality is enhanced practice after practice, just as the
solution quality is enhanced iteration by iteration.
Consider a jazz trio composed of a saxophone, double
bass, and guitar. Assume there exists a certain number of
preferable  pitches  in each musician’s  memory:
saxophonist {Do, Mi, Sol}, double bassist {Ti. Sol, Re},
and guitarist {La, Fa, Da}. If the saxophonist plays note
Sol, the double bassist plays Ti, and the guitarist plays
Do, together their notes make a new harmony (Sol, Ti,
Do) which is musically the chord C7. If the new
parmony is better than the existing worst harmony in
their memorics, the new harmony is included in their
memories and the worst harmony is excluded from their
, memories. This procedure is repeated until a fantastic
harmony is found. This can be described as shown in
Fig. 4.

J\‘ * l Harmony quality
Do Mi

:_E: Sol .

v Re Fa La } k

S | Mi Sol Ti

§

= x X = zf + x: +x3’
g2 [01 03 05 0.14

E [02 04 06 0.50

£ |03 05 07 1.10

Fig. 4. Harmony scarch and real-valued optimization problem

However, its first version was invented as a
combinatorial optimization where decision variables are
discrete. To apply the harmony search method to the real
world engineering in which many search spaces arc
continuous, some procedure of the harmony search
method must be modified to be able to handle continuous
search wvariables. Together, the parameter called
bandwidth is used and adaptively changed by variance of
population. Hence, it is an improved version of the
harmony search method which is called as the improved
harmony search method [18]-[21]. The steps in the
harmony search method can be described as follows.
Further this can be summarized in Fig. 5.

Step I: Assign setting parameters and control variables
1.1 Variable limits x" and x”

xF<x <x¥ wherei=1,2,3..,N

Nis the total number of control variables.

Copyright © 2012 Praise Worthy Prize S.r.1. - All rights reserved

5083

1.2 Assign the harmony memory size (HMS), where:
10 < HMS <100
1.3 Set HMCR (harmony memory consideration rate)

as follows:
0.0<HMCR=<1.0

eld. .. 4" } with probability HMCR
X; .
R xelX, with probability (1- HMCR)

1.4 Set PAR (pitch adjustment rate) as follows:

0.0<PAR=<1.0

e Yes  with probability PAR
: Neo  with probability (l — PAR]

1.5 Compute the step size (b) as described below

b(i)="+— (8)

1.6 Set the maximum number of iteration
Step 2: Intialize HM as expressed below
X =xj-' +mnd(0.l)x(x?—xj7] (9

[

The harmony memory is found as:

| 2 e XNa XN

2 2 2 2

x x) s Xy Xy

HM=| : : : : (10)

HMS-1, " HMS-1 HMS-1_HMS-|
x) x5 wen Xpry XN

; HMS
(A s s e

Step 3: Update each member for all solution vectors in
HM
3.1 Generate a uniform random number, « € [0,1]
If @< HMCR Then:

J = ceil(ax HMS)
x

—
=

END
3.2 Do the pitch adjustment by 5(i)

If f< PAR Then:
xj = xi +(28-1)xb(i) (1

END

International Review of Electrical Engineering, Vol 7, N. 4
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Step 4: Keep the old solution or be replaced by a new
one .

Keep the old solution if the objective value of the
updated one is not better than that of the old one.
Otherwise, the old solution 1s replaced by the updated
solution,

Step 5: After one of termination criteria is met

Csfl'@
et aniiil Ky ey -

Improvisation _
Create a new harmony vectorby |
1. Memory consideration

2 Pitch adjustment .
3 Random selection it :

] ey

Update the harmony memory X

J\ Unsatisfied
@ stopping ci

\
Satisfied

| Success

( st

Fig. 5. Flowchart of the HS procedure

After one of termination criteria is met, the best
solution in the recent harmony memory is the optimal
solution found for this problem.

IV. Improved Harmony Search Method
for Optimal Relay Coordination
Problems

As described in the previous section, the [HS is
inspired by the musical process of searching for a
‘perfect state’ of harmony.

The most interesting feature of the /HS is that it does
not require any prior knowledge or space limitations,
such as smoothness or convexity of the function to be
optimized. It exhibits a very good performance on the
majority of the problems applied. To employ the JHS for
solving optimal power flow problems, a brief description
of the solution framework is given as follows.
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IV.1. Modification of the Pitch Adjustment Rate

In the HS algorithm, the pitch adjustment rate js
arbitrarily fixed. Our [HS modifies this componens,
During any search iteration, PAR is varied and a simple
linear relation is selected to define the modification g5
shown in (12) and also in Fig. 6:

PAR(k)=PAR,,, +%{PAR,W —PAR,,) (12)

where:

- PAR i, is the minimum value of PAR
=" PAR,, is the maximum value of PAR
- M is the maximum iteration

- ks the iteration index

PAR

[ S S

Fig. 6. Variation of pitch adjustment rate

V.2, Control Parameters

Initially, the /HS was designed to work on a real-
valued representation of the problem parameters. During
the searching process, a musical notation as a collection
of musical notes represents a solution vector. Let %; bea
created musical notation. The setting value of over-
current relay in system ( I DS.E) are typical members of
the solution, vector and it can be written as described in
(13):

%, =[7D8 Tp]r (13)

IV.3. Objective Function and its Fitness

The total operating time is computed as the sum of the
individual of over-current relay in system and therefore
used as the system objective function. To account for all
the system constraints (4) — (6), the total operating times
is augmented by non-negative penalty terms to penalize
the constraint violations. Thus, the augmented cost
function, called the penalty function [22], is formed as
(14):

N
P(%)=D /() +Qc + 2, (14)

International Review of Electrical Engineering. Vol. 7, N. 4
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wherc:
Qg is the penalty terms to penalize equality
constraints
Q, is the penalty terms to penalize inequality
constraints

V. Simulation Results and Discussion

This section verifies the proposed algorithm for relay
coordination. The objective is to minimize the different
operating time between the primary and backup relays.

The time grading margin is assigned as 0.3 s. TDS is
in the range of 0.05-1.0 for all backup-primary relay

irs. The test systems used for this study are the 5-bus,
WSCC 9-bus and IEEE 14-bus test systems. The
weighting factors for optimal relay coordination to verify
the effectiveness of the IHS are set as follows: w; = 1, w;
- 100 and w; = 100. For comparison, sequential
quadratic programming, and genetic algorithm were also
employed. A total of 30 trials was conducted for each
test case. Minimum, average, maximum and standard
deviation (SD) of the obtained 30 trials were analyzed.

All test cases were simulated by using the same
computer of an Intel®, Core 2 Duo, 2.4 GHz, 3.0 GB
RAM. The followings are summary of each test case.

Case I. The proposed method was tested with the 5-
bus test system as shown in Fig. 7 [23]. Assume that
loads were connected across bus 2, 3, 4 and 5 as 20+j10
MVA, 20415 MVA, 50+j30 MVA and 60+j40 MVA,
respectively. The 14 over-current relays of the very
inverse time type were used in this system. The zone
protection and short circuit current of primary and back-
up relay were shown in Table 11,

Fig. 7. The § bus test system

The results of time dial settings and pickup current
setting of over-current relays for the system were shown
in Table I1I. The results in Table I revealed the optimal
value of objective function. It gave the best result when
compared with those obtained from sequential quadratic
programming and genetic algorithm. The minimum
operation time acquired was 482.1135 s, 482.1135 s and
482.1135 s for sequential quadratic programming,
genetic algorithm and the improved harmony search,
respectively,

Copyright © 2012 Praise Worthy Prize S.r.1. - All rights reserved

When considering the CPU time, the improved
harmony search gave the time of 0.1173 s. The standard
deviation of the JHS was as small as 0.1201 s.

Fitsams Vton
Iy
— 5P
A
----- H

0
" — -—
a =m0 60 W© 80 90 0
liesatin
° Fig. 8. Evolution of fitness value for 5 bus test system
TABLEI
COMPUTATIONAL RESULT FOR THE 5-BUS TEST SYSTEM
Obijective function ($) CPU
M = b
i Min. . Average. Max SD time(s)

SpP 4%2.1135 482.1160 482.1680 0.010] 0,0532
GA 482.1135 482.1135 482.1135 250le-6 14913
1HS 482.1135 482.1505 482.7637  0.1201 0.1173

TABLE Nl
PRIMARY AND BACKUP INFORMATION FOR THE 5-BUS TEST SYSTEM
Fault  Main Backup Primary Secondary Line
__BUS _ Relay Relay SC current SC current

1 9 10 7248.27 2576.53 1-3
Genl 2 1 7773.89 7160.60 12
i 13 724827 1060.68 2-3

1 14 724827 848.55 24

1 5 724827 42427 2-5

. 7 14 863134 1415.92 24
Gen2 ) 5 863134 707.96 25
8 13 8993.04 1777.33 2-3

] 5 8993.04 703.93 25

6 13 9754.76 1797.38 2-3

[ 14 9754.76 1433.23 24

1o ) T773.89 1021.89 3-2

10 11 7773.82 1226.26 34

3 13 7] 8631.34 942 46 3-1
Gen 3 13 11 863134 212388 34
3 2 8152.82 1273.79 3-1

3 7. 8152.82 1912.94 32

11 g 6962.53 6962.53 4-2

4 4 3 1170.96 1170.96 4-3

5 2341.92 2341.92 4-5

5 6 354091 354091 5-4

5 4 6814.41 6814.41 5-2

Fig. 8 showed the convergence properties among the
proposed method and the others.

It illustrated the comparative
performance of the objective function.

Remarkably, although the improved harmony search
method convergences rapidly towards the solution, it
also exhibits relatively smallest standard deviation.

convergence

International Review of Electrical Engineering, Vol. 7, N. 4
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Case [I. This paper employed the WSCC 9-bus test
system as shown in Fig. 9. It consisted of 3 generators, 6
lines, 3 transformers and 12 over-current relays. The load
are connecled across bus 5, 7 and 9 as 20+j15 MVA,
50+j30 MVA and 20+j10 MVA, respectively [24] - [26].

Information of the zone protection and short-circuit
current of primary and back-up relays were shown in
Table IV. The optimal solutions obtained for this test
case were given in Table V.

o 230wV

18RV

S0MW 230 kv ?
138 kY,
L]

230138

a 230 KV ot

Lg
mswg P

Fig. 9. WSCC 9 bus test system

TABLE 11
OPTIMAL TIME DIAL SETTING AND PICK-UP CURRENT
FOR THE 5-BUs SYSTEM

TABLE IV
COMPUTATIONAL RESULTS FOR WSCC 9 Bus TEST SYSTEM
Ohjective function (s) _C?U--
Method Min. Average. Max 5D time(s)
sor 3.5722 6.4226 86,7212  15.1721 0.0459
GA 357122 35122 3.5722  2821e7  938)4
IHS 3.5722 3.5733 3.5908 0.0036 0.0972
TABLEV
PRIMARY AND BACKUP INFORMATION FOR
THE WSCC 9-Bus TEST SYSTEM ]
Fault Main Backup Primary Secondary L_- 1
BUS Relay Relay SC current  SC curment e
4 5 4 B204.39 3076.08 4.5
{Gen 1) 10 11 8296.05 3182.82 4-9
5 4 3 7028.55 7028.55 [
9 10 8274.09 8274.09 34
6 ] ] 807553 2178.60 65
(Gen 3) 3 2 £234.69 197890 67
7 7 12 B098.53 BO098.53 78
2 3 7209658 7296.58 -6
2 1 6 9749 44 451397 89
(Gen 2) 12 1 10875.63 5633.89 &7
9 11 12 7136.62 T136.62 98
6 5 $183.53 E183.53 9-4
Fitness Value

Rela Time Dial Setuing (TDS) Pick-up Current (ip)
Y TSop Ga IHS ___SpP___ GA IHS
Rl 05776 00500 08379 52713 12000 51352
R2Z 07008 1.0000 03606 10010 58333  9.1809
R3  0.889 00500 09333 11741 47430 10226
R4 04964 10000 01984 42426 35800 62687
RS 01928 10000 05721 58561 45130 11563
R6 04675 00500 04616 73171 93168 55740
R7 07555 00500 08038 ~ 7.0895 25910 28M6
R8 03634 10000 08087 54397 36900 86721
RY 0.1554  0.0500 0.4544 10710 81303 10.307 Fig. 10. Evolution of fitness value for WSCC 9 bus test system
RIO 00523 00500 0.8640 67021  4.0800 - 10.216
RII 01374 02777 0007 11682 47430 64004 TABLE VI
RIZ 05850 00500 04437 85793 12000 41617 OPTIMAL SOLUTION FOR THE WSCC 9-BUS TEST SYSTEM
RI3 07181 10000 05634 41765 25910 8.1426 Time Dial Setting (TDS)_ Pick-up Current (/;
R14 05791 00500 06069 46107 9.8520 41225 Relay S0P GA S SOP G 1S
Rl 00874 00500 02699 56756 4.0252 79117
The results showed the optimal setting value of the R2 00507 10000 00616 3.7401 24960 25857
relay coordination time for the WSCC 9-bus test system. R3 - 0208 00500 0079 52423 11,736 93120
R4 . 0.0517 10000 01951 7.6956 2.1404  3.1467
The [HS method gave the best results when compared RS 02820 10000 06067 82122 12000 34021
with  those obtained from sequential quadratic R6  0.0501 10000 02524 70387 12000 32866
programming and genetic algorithm. R7 03693 00500 01943 4181 4.0252  7.0408
The average operation times were 6.4226'5,3.5722 s~ R8 02282 03472 0524 11418 12000 11127
: : 3 R 00513 10000 01122 11421 12000 89069
and 3.5733 s for sequential quadratic programming, RI0 00505 00700 01048 97542 21404 24415
genetic algorithm and improved harmony search, RIl 00543 10000 03924 $4945 12000 34498
respectively. R12 0.0503 00500 0.1355 48806 12000 3.6668

The improved harmony search gave the least CPU
time consumed when compared with those of other
methods.

Caopyright © 2012 Praise Worthy Prize S.r.l. - All rights reserved
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For the average operation times of this test case were
29.2198 s, 29.2163 s and 29.2215 s for SQP, GA and
IHS, respectively. However, when considering the
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gverage operation time, the IHS gave the least standard
deviation at 0.0099 s with CPU time as 0.3365 s (see also
Table VID. Fig. 11 illustrated the convergence

cformance of objective function. Remarkably, although
sequential quadratic programming convergences rapidly
towards the solution, it exhibits relatively large standard
deviation. In addition, the improved harmony search
gave the most accurate and fastest convergence. As a
result, the JF1S can find the same best solutions as S0P
and GA do as shown in Table 1, IV and VIII. However,
the execution time of the JHS is just 0.1173 s, 0.0972 5
and 0.3365 s for the 5-bus, WSCC 9-bus and IEEE 14-
bus test systems, respectively, while GA is 14.913 s,
9.3825 s and 32.0068 s for the 5-bus, W5CC 9-bus and
[EEE 14-bus test systems, respectively.

These confirmed that the [HS can find the best
solution of the optimal over-current relay coordination
problems with the most accurate and fastest results.

Fitrem Value
iy
] " {
w
"
0 i
s i
4
i
O i 4
L i ot etk
2 4
n 4
o_,_.__.___‘_l__a_l__—.ﬂ—l—--l——
w0 2 a0 4 50 &0 20 u

Fig. 11, Convergence for the [EEE 14-bus lest system

N TABLE VIl
° PRIMARY AND BACKUP INFORMATION FOR THIE IEEE 14-BUS TEST SYSTEM
.
1;'6’;' Main Relay Backup Relay S'::';:‘r"‘;’;l SSE‘::::: Line
1 1 12 14,689.85 2,186.84 -2
{Genl) 2 3 19,415.45 7,376.35 1-5
3 7 " 14,689.85 1,162.20 21
3 10 14,689.85 48830
3 13 14,689.85 232.41
6 1 22,264.66 6,345.65 24
6 10 22,264.66 1,990.35
5 6 13 22,264.66 1,935.10
5 1 23,003.82 6,362.65 24
5 7 23,003.82 2,716.67
5 13 23,003.82 1,908.22
4 1 23,069.35 6,357.32 2.5
4 7 23,069.35 2,722.79
4 10 23,069.35 1,969.74
) 7 11 22,264.66 949.19 32
g 6 11,325.47 580.43 34
4 9 5 3,192.71 3,192.71 42
10 14 5467.79 5,467.79 4-5
13 2 2,831.07 2,831.07 5-1
5 14 4 329331 3,29331 52
13 9 5.852.46 5,852.46 5-4
17 24 77,524.56 564.51 6-12
17 27 77.524.56 2,214.90 6-13
6 15 22 £0,132.39 4,429 87 611
(Gen2) 15 27 80,132.39 1,938.10 613
16 2 80,494.12 4,536.14 611
16 24 £0,494.12 445.10 6-12
9 18 30 27,538.81 4,471.05 9-14
19 21 29,663.69 6,961.43 9-10
10 20 18 17,348.97 17,348.97 10-9
21 23 8.820.66 8,820.66 10-11
n 2 20 9,024 42 9,024.42 11-10
23 17 16,068.79 16,068.79 11-6
12 25 15 12,437.68 12,437.68 12-6
24 26 8.645.27 8,645.27 12-13
26 16 21,155.55 21,155.55 13-6
13 27 25 543820 5,438.20 13-12
27 29 4,619.46 4.619.46 13-14
1 29 19 9,608.65 9,608.65 14-9
30 28 7,742.59 7,742.59 14-13
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TABLE VIl
OPTIMAL RESULTS FOR THE IEEE 14-BUs TEST SYSTEM
s oo Objective function (s) ”
Min. Average. . Max 5D Cfttnels)
SQP 29.2163 29.2198 29.3176 0.0184 0.1345
GA 29.2163 29.2163 20.2164 1.7104e-6 32.0068
1HS 29.2163 29.2215 29,2642 0.0099 0.3365
TABLEIX
OPTIMAL RESULTS For THE IEEE 14-Bus TEST SYSTEM
Time Dial Setting (TDS) Pick-up Current_(Ip) Time Dial Setting (7DS) Pick-up Current (fp)
Relay —sop GA WS SpP GA A A T . IH3
R1 0.0576 1.000 04969 76931 12.000 55037 Rl6 0.4831 1.000 09142 11.696 98976  B.59%)]
R2 0.3514 1.000 0. 7497 11,387 12000 67494 R17 0.6903 1.000 02672 7.3757  12.000 11.487
R3 0.1128 1.00¢ 02088 48128 12.000 99470 RIS 0.2405 1.000 03857 47003 12000 95177
R4 0.6746 1.000 0.3368 92120 12,000 55051 R19 0.2573 1.000 01207 11113 48589 57134
RS 0.6482 1.000 0.9681 10.265 12.000 11.967 R20 0.5429 1000 06812 95199 12.000 11.671
R6 0.1731 0550 02592 11623 12000 10863  R21 06236 1000 00837 81904 12000 1037
RT 0.0518 1000 05489 S8764 12000 11627  R22 05497 1000 06131 93355 12000 9.88%
RE 0.2366 1.000 0.7141 10,306 11566  5.6925 R23 0.0636 1.000 0.068¢ 64855 12000 97267
R 04156 1.000 0.6003 10,735 12,000  7.1704 R24 0.2625 1.000 07606  7.289%  12.000 10.88%
RID 09188 1.000 06141 J1.159 11088  10.866 R25 0.6425 1000 08155 B5058 11552 99184
R11 0.8356 1.000 00614 50813 12.000 4.5571 R26 0.9248 1.000  0.3561 10.752 12.000 11532
R12 0.4822 0.956 0.4836 9.0327 12000 73004 R27 * 0.6621 1.000  0.4975 11.764 12000 49394
R13 0.4974 1.000 0.0651 10,794 12.000 11.407 R28 0.1407 1000 05477 59192 12000 10,537
k14 0.0536 1000 0.2478 51104 11996  7.4970 R29 0.5215 1000 03903 67279 12000 8.9934
R1S 0.8636 1.000 0.9354 83197 11.608 . 7.2132 R30 0.1807 1.000 08069 52338 9RIl6 54632
o 135 MW
5.8 Mvar 149 MW

Copyright © 2012 Praise Worthy Prize S.r.l. - All rights reserved
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V1. Conclusion

In this paper, the implementation of the improved
parmony search method (/HS) for solving the optimal
over-current relay coordination problem was established.
The effectiveness of the JHS method was verified by
festing with the 5-bus, WSCC 9-bus and IEEE 14-bus

fest systems.

The results of the proposed method were compared
with those of the simulation results obtained by
sequential quadratic programming (SOP) and genetic
algorithms (GA). As a resull, the JHS can i nd the same
best solutions as SOP and GA do. Remarkably the
execution time of the /HS is relatively shorter than that
of GA. These confirmed that the JHS can find the best
solution of the optimal over-current relay coordination
problems with the most accurate and fastest results.

-
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