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Real-Time Bus Reconfiguration Strategy for the Fault Restoration of Main
Transformer Based on Pattern Recognition Method

o8
(Yun-Seok Ko)

Abstract - This paper proposes an expert system based on the pattern recognition method which can enhance the
accuracy and effectiveness of real-time bus reconfiguration strategy for the transfer of faulted load when a main
transformer fault occurs in the automated substation. The minimum distance classification method is adopted as the
pattern recognition method of expert system. The training pattern set is designed MTr by MTr to minimize the
searching time for target load pattern which is similar to the real-time load pattern. But the control pattern set, which is
required to determine the corresponding bus reconfiguration strategy to these trained load pattern set is designed as one
table by considering the efficiency of knowledge base design because its size is small. The training load pattern
generator based on load level and the training load pattern generator based on load profile are designed, which are can
reduce the size of each training pattern set from max L™ to the size of effective level. Here, L is the number of load
level, m and f are the number of main transformers and the number of feeders. The one reduces the number of trained
load pattern by setting the sawmiller patterns to a same pattern, the other reduces by considering only load pattern
while the given period. And control pattern generator based on exhaustive search method with breadth-limit is designed,
which generates the corresponding bus reconfiguration strategy to these trained load pattern set. The inference engine of
the expert system and the substation database and knowledge base is implemented in MFC function of Visual C++.
Finally, the performance and effectiveness of the proposed expert system is verified by comparing the best-first search
solution and pattern recognition solution based on diversity event simulations for typical distribution substation.

Key Words : Substation Automation, Bus Reconfiguration, Pattern Recognition Method, Substation Restoration
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Fig. 1 Distribution substation diagram
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Table 1 The capacity and load of main transformers

Hel| &

FH| T T2 Ts
HAZZ[KVA] 30,000 45,000 30.000
ZIH S & [KVA] 40,000 60,000 40,000
W3R sHKVA] 30,000 45,000 30,000
2l 8t [KVA] 10,000 15,000 10,000
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Table 2 The capacity and load of distribution lines

o gzt 235t

[KVA] | Fyt | Fi2 Fia Fia Fis Fis Fir
HHEg|7,000| 7,000 { 7,000 | 7,000 | 7,000 | 7,000 | 7,000
| CH 8 &10,000[10,000}10,000/10,000|10,000|10,000|10,000
I3 % ct{8,000( 8,000 | 8,000 | 8,000 | 8,000} 8,000 | 8,000
x| AR 38H2,000| 2,000 | 2,000 2,000} 2,000 2,000 | 2,000
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Table 3 Event load patterns generated randomly

# O|ME S3IME [KVA]

01]15018 36271 17899 6852 5510 4879 4101 7375 6937 6479
02 (17611 42178 25657 5081 3823 2089 2548 4186 2883 2995
0329827 33913 16786 2028 2053 4267 5189 5427 5610 5642
0417493 38260 21761 4112 2342 5646 6699 6815 5119 3811
0528139 39533 29338 7554 5236 2854 4772 3411 7173 3257
06 (26694 41873 29951 7998 5669 4354 3597 3783 7040 2142
0720637 26852 25158 2337 2052 7512 3655 3637 5527 6147
0827564 39529 22274 3232 6462 4810 4747 7694 6466 2649
0923985 32704 26025 5653 5434 4168 2909 3350 4550 6817
1022756 44799 26273 4073 3013 5943 4951 2381 6198 5028
1117212 43991 17123 7430 6157 3818 4559 2422 7799 6099
1217298 42545 27325 5492 3148 3067 6903 4851 2933 5023
13125980 33111 19193 5412 6093 6535 6331 4851 2738 4206
14127520 25701 22755 5977 4557 2628 7696 7528 5297 4075
1522075 32499 27704 3901 4736 3631 7897 3786 6435 5403
1617939 40226 27591 4385 5005 7340 2164 7967 5435 2303
17122969 28881 27645 5760 5845 3187 7052 2739 2659 6458
18 (19710 43821 19291 4017 2841 6398 7007 6247 5601 6483
1918790 27889 15024 2366 6837 7115 3263 2693 5319 2085
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Table 4 Bus reconfiguration strategy for load pattern of
event case 1

# |DRYS | NKID |EHY|BR| NS/+S | HOLE
1 DSy s000022 | LS | DS M OPEN
2 LSi1 s000028 | LS | DS M OPEN
3 LSz s000054 | LS | DS M CLOSE
4 LSi16 s000031 | LS } DS M OPEN
5 LSz.:6 | s000056 | LS | DS M CLOSE
6 LSi17 | s000027 | LS | DS M OPEN
7 LSz.1.7 | s000051 | LS | DS M CLOSE
8 LSiie s000025 | LS | DS M OPEN
9 LS218 | s000048 | LS | DS M CLOSE
10| LSiaa s000030 | LS | DS M OPEN
1 LS213 s000055 | LS | DS M CLOSE
12§ BS,,> | s000076 | BS | DS M CLOSE
13| BSi 3 | s000077 | BS | OS M CLOSE
14| B8Sz:2 | s000078 | BS | DS M CLOSE
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Fig. 8 Switching number of bus reconfiguration strategies
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