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2 Coordination Time Interval
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()
Extreme nodes  Sn(MVA)  Vp(kV) Vs(kV) X(%)
7 1 150 10 150 4 '
8 6 150 10 150 4

()
Node  Sn(MVA) Vn(kV)  Xsub(%)
7 150 10 15
8 150 10 15

()

Node P(MW) Q(MVar)
2 40 20
3 60 40
4 70 40
5 70 50 '

() : ()

()

()

- ()

Pair  Primary  Backup Pair  Primary  Backup

no. relay relay no. relay relay

1 1 6 |11 14 9 0)

2 7 13 12 8 9

3 12 13 13 5 4 Extreme nodes  R(Q/km)  X(Q/km) L(km)
4 2 7 14 9 10 1 2 0.0040 0.0500 100
5 8 7 15 4 3 1 3 0.0057 0.0714 70
6 6 14 16 3 2 3 4 0.0050 0.0563 80
712 14 | 17 10 11 4 5 00050 0.0450 100
8 13 8 |18 2 1 5 6 00045 0.0409 110
9 6 > |19 14 1 2 6 0.0044 00500 90
10 7 > |20 11 12 1 6 0.0050 0.0500 100
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() []
/ TDS
/
() (TDS, Ip)
MATLAB
: ()
/
() ()
Pick Pick up Pick up
. Rela CT TDS TDS
Relay | CT Pﬁ';r;’p TDS T“;p TDS No. | Ratio (Cz:‘epl) (case 1) (Czj‘epz) (case 2)
No. Ratio (case 1) (case 1) (case (case 2)
2) 1 240 0.5 0.3018 | 1.7026 0.1
1 240 | 1.705 | 0.1000 2 0.1000 2 240 2.0 0.2774 2.5 0.2245
2 [ 240 | 2.393 | 0.2306 | 2.5 [ 0.2500 3 |160| 15 | 02614 | 25 | 0.1852
3 160 | 2.498 | 0.1855 | 2.5 | 0.2071 4 240 1.5 0.1345 | 1.9586 0.1
4 240 | 1.961 | 0.1000 | 1.75 | 0.1214 5 240 1.0 0.1 0.7865 0.1
5 240 | 0.786 | 0.1000 1 0.1000 6 240 2.0 0.2424 | 1.5466 | 0.1913
6 240 | 2.496 | 0.1451 | 2.25 | 0.1643 7 160 15 0.2924 25 0.1964
7 160 25 101978 | 25 | 0.2286 8 240 15 0.2806 | 1.6685 | 0.1807
8 240 | 2.480 | 0.1417 | 2.5 | 0.1429 9 160 15 0.1 1.1792 0.1
9 160 | 1.174 | 0.1000 | 1.25 | 0.1000 10 | 240 15 0.1378 | 2.0525 01
10 | 240 | 2.043 | 0.1000 | 2.25 | 0.1000 11 | 240 10 0.2666 25 0.1465
E ;38 ;-jg(l) 8-;‘2123 ;;g 8-;238 12 | 240 | 2.0 | 0.2839 | 2.3839 | 0.2291
: . : . 13 | 240 0.5 0.3069 | 1.7017 0.1
13 240 | 1.694 | 0.1000 | 1.75 | 0.1000 12 | 160 15 0.2992 G 01962
14 160 | 1.666 | 0.1960 | 2.5 | 0.2071 . . . .

! Non-convex
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i min =
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()

Extreme nodes

R(Q/km)

X(Q/km)  L(km)

Extreme nodes  Sn(MVA)  Vp(kV) Vs(kV) X(%)
7 1 150 10 150 4
8 6 150 10 150 4
()
Node  Sn(MVA) Vn(kV) Xsub(%)
7 150 10 15
8 150 10 15
()
Node P(MW) Q(MVar)
2 40 20
3 60 40
4 70 40
5 70 50
()
Y
I
/
()
- ()
Pair  Primary  Backup Pair ~ Primary  Backup
no. relay relay no. relay relay
1 1 6 11 14 9
2 7 13 12 8 9
3 12 13 13 5 4
4 2 7 14 9 10
5 8 7 15 4 3
6 6 14 16 3 2
7 12 14 17 10 11
8 13 8 18 2 1
9 6 5 19 14 1
10 7 5 20 11 12

PN WER R

DO 01T WN

0.0040
0.0057
0.0050
0.0050
0.0045
0.0044
0.0050

0.0500 100
0.0714 70
0.0563 80
0.0450 100
0.0409 110
0.0500 90
0.0500 100
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. Rela CT TDS TDS
Relay | CT Pﬁ';;p TDS T“;p TDS No. | Ratio (cz:‘epl) (case 1) (clfe% (case 2)
No. Ratio (case 1) (case 1) (case (case 2)
2) 1 240 0.5 0.3018 | 1.7026 0.1
1 240 | 1.705 | 0.1000 2 0.1000 2 240 2.0 0.2774 2.5 0.2245
2 [ 240 | 2.393 | 0.2306 | 2.5 [ 0.2500 3 |160| 15 | 02614 | 25 | 0.1852
3 160 | 2.498 | 0.1855 | 2.5 | 0.2071 4 240 1.5 0.1345 | 1.9586 0.1
4 240 | 1.961 | 0.1000 | 1.75 | 0.1214 5 240 1.0 0.1 0.7865 0.1
5 240 | 0.786 | 0.1000 1 0.1000 6 240 2.0 0.2424 | 1.5466 | 0.1913
6 240 | 2.496 | 0.1451 | 2.25 | 0.1643 7 160 15 0.2924 25 0.1964
7 160 25 101978 | 25 | 0.2286 8 240 15 0.2806 | 1.6685 | 0.1807
8 240 | 2.480 | 0.1417 | 2.5 | 0.1429 9 160 15 0.1 1.1792 0.1
9 160 | 1.174 | 0.1000 | 1.25 | 0.1000 10 | 240 15 0.1378 | 2.0525 01
10 | 240 | 2.043 | 0.1000 | 2.25 | 0.1000 11 | 240 10 0.2666 25 0.1465
E 238 ;-jg(l) 8-;‘2123 ;;g 8-;238 12 | 240 | 2.0 | 0.2839 | 2.3839 | 0.2291
: . . : 13 | 240 0.5 0.3069 | 1.7017 0.1
13 240 | 1.694 | 0.1000 | 1.75 | 0.1000 12 | 160 15 0.2992 G 01962
14 160 | 1.666 | 0.1960 | 2.5 | 0.2071 . . . .

! Non-convex






[4]

[5]

6]

[7]

(8]

Directional ~ Overcurrent  Relays in
Interconnected Power Systems”, IEEE
Trans. on Power Delivery, vol. 3 (1988),
no. 3, pp. 903-911.

N.A. Laway, H.O. Gupta, "A Method for
Coordination of Overcurrent Relays in
Interconnected Power System", IE J, vol.
74 (1993), pp. 59-65.

B. Chattopadhyay, et al "An on-line Relay
Coordination Algorithm for Adaptive
Protection Using Linear Programming
Technique”, IEEE Trans. on Power
Delivery, vol. 11 (1996), no. 1, pp. 165-
173.

A. Urdenata, et al "Optimal Coordination
of  Directional  Overcurrent  Relays
Considering Dynamic Changes in the
Network Topology”, IEEE Trans. on
Power Delivery, vol. 12 (1997), no. 4, pp.
1458-1463.

J. Sadeh "Optimal Coordination of
Overcurrent Relays in An Interconnected
Power System", 15" PSCC, Liege, 22-26
August 2005.

AS. Baraga and J.T. Saraiva,
"Coordination of Overcurrent Directional
Relays in Meshed Networks Using
Simplex Method”, |IEEE MELECON
Conference, vol. 3, (1996), pp. 1535-1538.

(1]

(2]

(3]

M.J. Damborg, et al, "Computer Aided
Transmission Protection System Design,
Part | —Algorithms", IEEE Trans. on Power
Apparatus and Systems, vol. PAS 103
(1984), no. 1, pp.51-59.

L. Jenkines, et al, "An Application of
Functional Dependencies  to the
Topological ~ Analysis of  Protection

Schemes", IEEE Trans. on Power Delivery,
vol. 7 (1992), no. 1, pp. 77-83.
A. Urdenta, et al, "Optimal Coordination of







