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This paper presents an approach to remove the overloads onan
electrical transmission nelwork by modification of its topology, the
approach fries to impeds the algorithmic approaches with the
heuristic techniques o benefit from both to build a knowledge based
system. It allows the expression of the constraints to be taxen into
account.

The approach is implemented on the 220 kv network of Northern
Egypt power system.

The results achieved proves the efficiency and validity of such
approach o be implemented in the context of real time advanced
appications In an £nergy Management System.
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I introduction:

No one can deny that the security of the power system is one of th
important objectives, so many researches are continually offered to
study this problem.

The problem becomes more difficult in case of accuring an
unexpected event such as an outage of fransmission line or
generator. Parlicularty, if an overload appears on a transmission line,
a correclive action must be quickly taken.

In the past, the correclive action was calculated using a finear
programming solution and resulted in a shift in generation [1].
Because such shifts are generaliy in conflict with the careiully
constdered economic dispatch of the generation, the researches
have gone along another type of the corrective actions that 1s a
modification of the network topology through either line swilching or
busbar spiitting. This actions affects neither the loads nor the ¢ost of
the oneration and thus are interesting.

Reference [2] proposed an aigorithm for automalic selection and
ranking the possible ines o be swilched to refieve tine overlcad. The
approach used the linear sensitivity factors which are caiculated from
relevant elements of the spars bus impedance matrix.

References [3,4] proposed a method fo find the fine to be swilched by
using the z matrix representation, if a line between buses P Qis
overloaded in the base case, then {o check the effect of swilching the
line between buses RS, the quantty/ (ZpR-ZQRHZPR-ZAR)is
computed, if it is positive, then the overload will be reduced by switch-
ing the line R-8, where Zpr-ZQR are the Z matrix elements of the

base case while ZF/:R-Z{QR are the matrix elements after switching
the line R-S.

References [5,6] proposed an approach to find the corrective
topology by using the concept of current injection between the line to
be switched, such current injection is distributed among the other
lines of the network. The distribution of this current injection depends
on the malrix of node branch distribution factars derived from the Z
matrix of the base case and the branch currents in the overicaded
case.
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Reference (7} offered a fast algonithm to alieviate fransmission Ines
overloads by changing the network topology. The aigoritm used the
concept of ne outage distribution factors derived from the network
admittarice to soive the problem by either line switching or busbar
splitting.

Nowdays, another way is used to find the comective network
topology, that is the “knowledge based system". The AMPERE
systern {8,9) which was started at the end of 1987 and was presanted
at Stockholim in 1988 is an example for this work. AMPERE system is
designed on the basis of heuristic techniques and uses muitiple
search  siralegies and conirol strategies o find n2fwork
reconfiguralions to remove one or several overloads on lhe
transmission lines.

The goal of ths paper is to use the algonthi proposed in {7) wnich
benefit of the heuristic techniques stated in (8] to find an approach
can achieve the best resuits in the field of removing overloads and I1s
the ground to a complete knowledge based system.

2. Problam formuiation: '

2.1. General:

Although algorithms  are able to provide an answer to the guestion of
trow to modify the network topology to remove the overloads, they are
generaily imited in selecling the best corrective action.

Recenlly, the researches tend io use the heuristic knowiedge
obtained from the dispatcher's experience in this aspect. The
problem wilf be solved with the best results it the algorithms are
coupled to the heunstic techniques to benefit from the advantages of
both.

In the next section an overview shows how the algorithm developed in
Reference {7] can be used to build a knowiedge based system.

2.2 Qverview of the search process:

Fig. (1) gives the contingency fist, the resuiting overloaded lines list,

and the corresponding correciive action list, this figure is formed as

folicws:

- Thenetwork lines are outaged one at a time, if overioads are
detecied, ihen the aigorithm in [7] will find a list of correciive
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actions. If a candidate is chosen to remove the overicads, this
candidate is passed into severat rules;

a.
b.

)

Satisfaclion of all the general or specific constraints.
Comparison between forecasted transit pattems in a given
reconfiguration and the patterns required by the network.
Check of network connexity.

Satisfaction of all or some of the following rules gained from

the operator's experience:

- Areconfiguration has a stronger effect locally than on
distant points of the network.

- The direction of the power flow around a particular line can
be used to select parts of the network interesting to
afieviate the overload on that line,

- The load on a line can be aileviated by the reduction of the
impedance of the rest of the network.

If the action is salisfying these rules, then the search is

transferred to another outage, otherwise it conlinues to test

another acfion.

Repeat this procedure over all the lines of the network and write

down the results in a Figure such as Fig. (1).
3. Once Fig. (1) is formed, then the information in this Figure gives
the solutions directly for future use by the system operators.

3. Test resuits:

An appilcaiion on the 220 kv nelbwork of the Northern Egypt power

sysiem is carnied oul, the tesisystem consists of 42 buses and 54

lines, Fig. (2} shows a singie line diagram of the test system, the

system daia are shown in Table (1) and the base case data are

shown in Table (2).

in this application, as an example:

- Due to the outage of line"3", line No. 10 is overloaded and the
corrective action produced is splifting at bus 12.

- Also, if the ine No. "17" is outaged, lines 18, 22 will be over
loaded and then for relieving the overloads, the line No. 37 must
be opened.

- The complete results are shown in Table (3).
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4, Conclusions;

An approach is presented to build a knowledge based system for
network reconfiguration (to aleviate line overloads). A preiiminary
work has been carried out to build a table look-up identifying
necessary corrective actions for different line outages accompanied
by different overloads.

The approach proposed aliows to the algorithms to be coupled with
the heuristic knowledge obtained from the operator's expenience 10
build a knowledge based system to give a rapid solutionin a short
fime.

The results confirmed that the approach proposed is confident and
valid t0 be used In the energy control centers along with Artificial
Intilegance Techniques.
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Figure ( 1 ): Towards building acknowledge based system.
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Pig. { 2): Northern Egypt 220 Kv network.
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Test system data.

Table ('} ):

1 is a transformer branch.

* Branch HNo.
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No Bus Gen Bus Load
1 0 0
2 59 152
3 50 147
4 36 84
5 280 0
& 0 105
7 0 30
8 260 102
3 1140 0

10 ¢ 138

11 ] 168

12 5§55 38

13 7 114

i 14 13 48
I i3 0 38

16 136 45

17 119 33

18 279 45

i9 125 279

20 34 36

21 120 132

22 600 13

23 0 18

24 0 9

23 0 114

28 0 84

2. O~ 126

28 Q 24

29 0 15

30 0 0

31 0] 0

32 0 78

33 0 105

34 0 &

RES 0 18

38 0 123

37 0 78

33 0 36

39 0 114

40 & 84

4] Q 1286

42 0 1003

43

44

i3

46

47

13

49

30

31

32

53

54

Table { 2 ): Data of test case
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1 Contingency list

The resulting
overloading lines

The corresponding
corrective action

Qutage of line
Outage of line
Qutage of line
Outage of line "4"
Outege of line
Qutage of line
Qutage of line
Sutage of line
Qutage of line
Outage of line "1Q"
Outage of line "11"
Cutage of line "12"
Qutage of line "13"
Qutage of line "i4"
Qutage of line
| Qutage of line
| Qutage of line
Qutage of line
Qutage of line "19"
| Oviege of line "20¢
| Dutage of line "21"

Uutage of line
Gutage of line
Qutage of line

1 Outage of line 28"
Outage of lipe “27"
Outage of line
Outage of line "29"
Qutage of line
Qutage of line "31"
OQutage of line
| outage of line "33"
| Cutage of line

| Outage of line
| Outage of line "38"
! Cutade of line "37"
Qutage of line "38"
Ontage of line
Cutage of lipe "aQ"
Cutage of line 41"
Qutage of line
Outage of line "43"
Outage of line "d44"
Outage of line "45"
Qutage of line "46"
Qutage of line "47"
Outage of line "48"
Outage of line
OQutage of line "58”
Outage of line 31"
Outage of line 52"
Qutadge of line 53"
| Outage of lina 54"

Cutage of line "25"°

iine 10

lines 10,11,12
lines 10,11,12

Line 5

Line 22
Line 5

Line 5

Line 5
Lines 18,22
Line 22
Line 22

Lines 18, 19
Llne 27
Line 27
Line 27

Lines 24,25,31

Line 27
Line 5,10,11,12
Line 5,10,11,12

Lines 1¢, 11

Line 43

Line 53

Lines 18,22
Lines 18,22
Lines 18,22
Line 47

Splitting at bug "12"

Splitting at bus "29"
Splitting at bus "29"
Opening line 4

Splitting at bus
Splitting at bus
Splitting at hus
Splitting at bus

[FLR SR SLR L]

Opening line "37"
3plitting at bus 30
Splitting at ous 30
Opening line 38
Opening line 41
Splitting at bus 30

Opening line 30
Splitting et bus
Splitting at bus
Splitting at bus

0D U

Spiitting at bus 28
G%neraUnn shifl -
fieneralion shilt

Opening line 7

Sptitting at hus 16

Opening line 51

Openine line 38
Opening line 38
Cpening line 38
Opening line 50

Table 4.3V, : Using the algorithm to build & knowledge base syslem.



