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Chaotic Search Algorithm for Network Reconfiguration in Distribution Systems

4 E -8 8 7
(Sang-Bong Rhee - Seok-Ku You)

Abstract - The loss minimization is one of the most important problems to save the operational cost in distribution
systems. This paper presents an efficient method for optimal feeder reconfiguration of distribution systems. Chaos search
algorithm (CSA) is used to reconfigure distribution systems so that active power losses are globally minimized with
turning on/off sectionalizing switches. In optimization problem, the CSA searches the global optimal solution on the basis
of regularity in chaotic motions and easily escapes from local or near optimal solution. The CSA is tested on 15 buses
and 32 buses distribution systems, and the results indicate that it is able to determine appropriate switching options for

global optimum reconfiguration.
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Fig. 1 The Chaos Phase Plot of Non-liner Problem
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Table 1 The Result of Eq. (2) by initial Value

Ty
N
0.1 0.1001 0.100001

1 0.36 0.36032 0.360003
2 0.9216 0.921958 0.921604
3 0.289014 0.287806 0.289002
4 0.821939 0.819895 0.821919
5 0.585421 0.590669 0.585473
6 0.970813 0.967116 0.970777
7 0.113339 0.12721 0.113475
8 0.401974 0.444109 0.402392
9 0.961563 0.987505 0.961891
10 0.147837 0.0493563 0.146627
11 0.503924 0.187681 0.50051
12 0.999938 0.609828 0.999999
13 0.000246305 0.951752 4.16748e-006
14 | 0.000984976 0.183682 1.66698e-005
15 0.00393603 0.599772 6.66783e-005
16 0.0156821 0.960183 0.000266695
17 0.0617448 0.152928 0.0010665
18 023173 0.518164 0.00426144
19 0.712124 0.99868 0.0169731
20 0.820014 0.00527196 0.0667401
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Fig. 3 Single-Line Diagram of Radial Distribution
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Table 2 Network Structure
B[JJ] | IS{JJ] | IR(3]] Nodes Beyond Branch JJ N{JJ]

1 1 2 12,3,4,7,8,5 10,9, 12, 6, 11 11
2 2 3 13, 4, 5,10, 6, 11 6
3 3 4 14, 5, 10, 6, 11 5
4 4 5 |5 6 2
5 5 6 |6 1
6 2 7 17,8, 9, 12 4
7 7 8 18,9, 12 3
8 8 9 19 1
9 4 10 |10, 11 2
10 10 1t q11 1
11 8 12 12 1
B(JJ] : Branch Number

IS[JJ] : Sending-End Node

IR[JJ] : Receiving-End Node

N[JJ} : Tatal Number of Nodes Beyond Branch B[JJ]

Branch 1(B[1]) &, =5 13} 2A}olol A $AY == »
=29 Ag2 &9 4 6)F 2ol & F Yo

viz]=V[1]-1{11z[1] (6)

T3 branch 28] #AGU k= 3o]Ae] HAGS
Zh

4 (D3
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Fig. 5 CSA Algorithm for Reconfiguration
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Casel: 15 &M AHE
AT 19 ASES ¥ 49 o] 1524, 2719
tie-switch® TAHo ov AEALL 1360kvielm A

ek 3636kW], 1560[kVarlelth. A744e Fady &

Ao 15852kWleln A® T4 dHolHE o&d o

(8.

E: 3 31524 M2 ¥ 73| oiolg
Table 3 15 Bus Line and Load Data

Br.| From-To| P (kW]| Q [kW] R[Q] X[©Q]1 | [Vilp-u]
1 0-1 56.3 24.0 0.863 | 1.860 | 0.9641
2 1-2 115.0 49.0 0.116 | 0250 | 0.9603
3 2-3 138.0 58.8 0.075 | 1.161 | 0.9579
4| 34 0.0 0.0 0.022 | 0048 | 09572
5] 45 3904 | 166.3 0340 | 0733 | 0.9476
6| 56 214.4 91.4 0.686 | 0979 | 0.9338
71 67 137.4 58.6 0478 | 0.683 | 0.9252
8! 78 560.7 | 2389 0249 | 0356 | 09223
9 8-9 229.0 97.6 0.476 | 0250 | 0.9200
10] 910 4542 | 193.5 1.401 1.100 | 0.9150
1| 1-11 2745 | 117.0 0.683 | 0975 | 0.9599
12| 11412 4012 | 1710 0.446 | 0.636 | 0.9583
13| 4413 151.5 64.6 1654 | 0.535 | 0.9556
14| 7-14 190.1 81.0 0300 | 0263 | 0.9240
15| 14-15 323.7 137.9 0.327 | 0286 | 0.9231
16: 2-10 - - 2.000 | 1.000 -
177 13-15 - - 1.500 | 1.000

* . Branches to be used for network reconfiguration

Case2: 32 @M AE
AlAl AT 26 M e 22AS ZE AFAS HLIHRT
AT AY ASEHLe 210[kWlolx, AT T} W&

< ¥ 4¢ Zo

E: 3 432 2M9] HEFH

Table 4 32 Bus Test System Details
No. of Tie-Switch (loops) 5
No. of Branches 32
System Voltage 12.66 [kV]
Systemn Load (Active) 3715 [kW]
Systemn Load (Reactive) 2300 [kVAR]
System Loss (Initial) 210.0 [kW]
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Table 5 CSA Resulis of Case 1, 2 Table 7 The Min. Voltage of Each Search Step by CSA
Test Systems Case 1 Case 2 Step Min. Voltage[p.u] and (Bus) : No. of Iteration
Case 1 Case 2
Loss [kW] 158.523 202.667
(Base System) ) 1 09335 (8) : 1 0.9237 (16) : 2
Loss [kW] 118.925 139,548 2 0.9361 (9) : 3 09213 (32) : 6
(optimal) ’ ’ 3 0.9413 (8) : 1 09332 32): 3
Solution 4 0.9441 (8) : 6 0.9340 31) : 3
. 16-9, 33-7, 34-14, 359
(optimal) 17-14 36-32. -37 5 0.9398 (31) : 72
Branch in-out ?
6 0.9378 (31) : 35
Loss [kW] 7 0.9378 (31) : 825
Reduction 39.598 63.119 (31
Min. Voltage
[p.u] 0.9441 0.9378
Loss [kW] 170 .
(Near optimal) 118.988 140.275
160 ,——— B -
Solution 169, 17.15 33-7, 34-14, 35-10 ] onsz 1
(Near optimal) > 36-32, -37 g 1504
% -
~ 140
E ColAs S A9 euol AU T - 5. -
AA z3sl 232 dehllon AT 1ME 49, A
AT 200 A& TR FAGA Wage ¢ 5 M ¥ 118020k}
) 1o T T T T T
I 6 CSAOHA'I—O—I %&1 El'ﬂlté -"-‘-Iﬁﬁﬂ Search Step
Table 6 The Solution of Search Step by CSA
- % 6 Ateflod 1o Mel &4l st
Power Loss Solutions i o
Step Change [kW] [Branch in-out] Fig. 6 Variation of Loss In Case 1
Case 1 | Case 2 Case 1 Case 2
33-20, 34-14, 35-21
1 132.40 | 192.10 | 16- 8, 17-14 36.16, 3727 20 N —
33- 6, 34-13, 35- 9 200 20287 kW]
2 | 12290 | 181.74 | 16-10, 17-15 36, 37-24
190
33- 7, 34-12, 35- 8
3 118.98 164.14 16- 9, 17-15 .36, 37-25 180 -
-33, 34-13, 35- 8 Ry
4 | 11892 | 15421 | 16- 9, 17-14 R o]
33- 7, 34-13, 35- 9 ]
5 146.83 36-32, 37-27 ®
140 4
33- 7, 34-14, 35-10
6 140.27 36-32, -37 120 . r . T T T T T
[} 1 2 3 4 5 6 7 8 9
7 139.54 33-376, 3324-14,_ 3375 9 Search Step )
34 3H 7 A AT 20llAe) &=Alis)

FiQ. 7 Variation of Loss in Case 2
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Table 8 Pre and Post Configuration Voltage

B 15 Bus Voltage Mag.[p.u] | 32 Bus Voltage Mag.[p.u]
us
Pre Config. | Post Config. | Pre Config. | Post Config.
0 1.0000 1.0000 1.0000 1.0000
1 0.9641 0.9651 0.9970 0.9971
2 0.9603 0.9614 0.9829 0.9870
3 0.9579 0.9596 0.9755 0.9825
4 0.9572 0.9591 0.9681 0.9782
5 0.9476 0.9543 0.9497 0.9673
6 0.9338 0.9485 0.9462 0.9667
7 0.9252 0.9454 0.9413 0.9626
8 0.9223 0.9441 0.9351 0.9593
9 0.9200 0.9495 0.9292 0.9627
10 0.9150 0.9519 0.9284 0.9628
11 0.9599 0.9609 0.9269 0.9631
12 0.9583 0.9593 0.9208 0.9605
13 0.9556 0.9520 0.9185 0.9597
14 0.9240 0.9458 0.9171 0.9532
15 0.9231 0.9463 0.9157 0.9514
16 - - 0.9137 0.9485
17 - - 0.9131 0.9475
18 - - 0.9965 0.9951
19 - - 0.9929 0.9782
20 - - 0.9922 0.9736
21 - - 0.9916 0.9702
22 - - 0.9794 0.9834
23 - - 0.9727 0.9768
24 - - 0.9694 0.9735
25 - - 0.9477 0.9655
26 - - 0.9452 0.9632
27 - - 0.9337 0.9527
28 - - 0.9255 0.9451
29 - - 0.9220 0.9419
30 - - 0.9178 0.9385
3 - - 0.9169 0.9378
32 - - 0.9166 0.9472
Pre—Config.
Post-Config.

a1y 8 15244 & Mot ==2afgl
Fig. 8 The 15 Bus System Voltage Profile
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0 —- Pre-Config.
- Post-Config.
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Fig. 9 The 32 Bus System Voltage Profile
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