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Development of a Method for the Generator Maintenance
Scheduling using Fuzzy Integer Programming
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ABSTRACT

A new technique using integer programming based on fuzzy multi-criteria function is proposed for
zenerator maintenance scheduling. Minimization of maintenance delay cost and maximization of supply
reserve power are considered for fuzzy multi-criteria function. To obtain an optimal solution for gen-
crator maintenance scheduling under fuzzy environment, fuzzy multi-criteria integer programming is
nsed. In the maintenance scheduling, a characteristic feature of the presented approach is that the crisp con-
straints with uncertainty can be taken into account by using fuzzy set theory and so more flexible solution

can be obtained. The effectiveness of the proposed approach is demonstrated by the simulation results.
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Table 1. Generator data.
YeMs  ddaw wdr] ME LMW *i;tf—vﬁ JZ;TIZE A}i;“jﬁ MEC()*  MSC(i)**

1 AMSI 1 80 1 12 1 0 0
2 AMS2 2 80 1 12 1 1 1
3 COK1 1 110 1 8 2 1 0
4 COK2 2 110 1 8 2 2 3
5 GAVI 1 50 4 11 1 0 0
6 GAV2 2 50 4 1 1 5 5
7 COLL1 1 130 1 10 2 0 0
8 COL2 2 130 1 10 2 7 7
9 EDGI 1 150 3 8 2 0 0
10 EDG2 2 150 3 8 2 9 9
11 NELI 1 90 8 12 1 0 0
12 NEL2 2 90 8 12 1 11 11
13 ROCI 1 120 6 12 2 0 0
14 ROC2 2 120 6 12 2 13 13
15 HYDI 1 100 4 10 2 0 0
16 HYD2 2 100 4 10 2 15 15
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Table 2. Optimal maintenance scheduling obtained in case of minimization of maintenance delay cost.

kAR ()
dedl s A4 7[9  Topt Tdel 1 2 3 4 5 6 7 8 9 10 11 12
1 Amsl 1 o L--  -- -- -- -- -- -- -- .- - .- -
2 Ams2 2 1 T -- -- .- -- -- .- - -- --
3 Cokl 2 1 -- -- -- -- -- -- -- --
4 Cok2 4 3 -- -- -- -- - - -- -- --
5 Gavl 4 0 T - -- .- -- -- .-
6 Gav2 5 1 .- _ == - -- -- .- - --
7 Coll 1 0 - = -- -- -- - .- .- -- .- -
8 Col2 3 2 -- -- - - -- .- .- .- .- .- -
9 Edgl 3 0 -- -- -- -- -- -- --
10 Edg?2 5 2 -- -- - - - - - - -
11 Nell 8 0 T -- .- -
12 Nel2 9 1 e e - .- -
13 Rocl 6 0 -- - -- .- .- .- .-
14 Roc2 8 2 -- - - - - .- .- .-
15 Hyd1 4 0 -- - - -- -- -- - .-
16 Hyd2 6 2 -- - -- - - -- - -
H4=2k [MW] 210 320 390 540 410 370 220 210 210 0 0 0
atelln] = [MW] 330 340 320 220 2000 2000 310 450 430 660 590 510
FFelv] & [%] 295 340 337 244 195 184 274 450 422 660 551 444
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Table 3. Optimal maintenance scheduling obtained in case of maximization of minimal supply reserve power.

A7 (Y)
o w79 Topt Tdel 1 2 3 4 5 6 7 8 9 10 11 12
1 Amsl 1 0o | --_ -- -- -- -- -- .- -- _- .- - - .-
2 Ams2 2 V| - e oo
3 Cokl 2 1 -- - - - - -- - - .- .-
4 Cok2 4 3 -- -- -- - - -- -- -- --
5 Gavl 10 6 -- -- -- -- . B
6 Gav2 11 7 .- .- - - .- .- .- -
7 Coll 1 0 - - -- -- -- -- - . .- .- .-
8 Col2 3 2 -- -- - - - - -- -- -- .- -- .-
9 Edgl 3 0 S ool
10 Bdg2 5 2 L
1 Nel 8 0 L
12 Nel2 9 1 .
13 Rocl 8 2 -- - - - - .- .- .-
14 Roc2 10 4 -- -- .- o - .- - .-
15 Hydl 7 3 e el
16 Hyd2 5 e e e ..
H42F [MW] 210 320 390 390 260 150 100 310 310 270 170 0
Fgelu]HE (MW 330 340 3200 370 350 420 430 350 330 390 420 510
F-Folv] & [%] 295 340 337 411 333 385 38.1 350 324 390 393 444
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Table 4. Aspiration level and toleration width for I d1 =220[MWon)
membership functions. |
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Fig. 2. Mcmershlp funtions of fuzzy goals for case 3.
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Table 5. Optimal maintenance scheduling obtained by fuzzy IP with multi-criteria.

A (Y)

g 47|y Topt Tdel | 1 2 3 4 5 6 7 8 9 10 11 12
1 Amst 1 0 | .. oo oo ..o Lo L. oL
2 Ams2 2 1 . e - -- - -- -- .- - .- .- .-
3 Cokl 2 1 | == oo oo e oo oo Ll
4 Cok2 4 3 | == e e i i - asa-

5 Gavl 4 0 - -- - .- .- -- -

6 Gav2 5 1 - e - -- -- .- -- --

7 Coll S

8 o T I T L L L

9 Edgl 3 0 ce e e e e

10 Edg2 5 2 .,

11 Nel 8 0 e e e e

12 Nel2 9 1 e. e e e ol

13 Rocl 7 1 -- - - -- -- -- -- --

14 Roc2 9 3 -- -- -- -- o - --

15 Hydl 6 2 .

16 Hyd2 2 4 A T T
R [MW] 210 320 390 440 220 310 310 120 0 0
TN [MW] 330 340 320 320 310 350 330 540 590 510
Selvl g (%] 295 340 337 356 386 294 274 350 324 540 551 444
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Fig. 3. Maintenance power in each case.
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Fig. 4. Supply reserve power in each case.
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Fig. 5. Supply reserve percent rate in each case.
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Table 6. Comparisions between crisp results and the
fuzzy multi-criteria.
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