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A Design of SVC RVEGA-Fuzzy Controller to Improve Dynamic Response of
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Abstract - In this thesis, an optimal design technique of fuzzy logic controller using the real variable elitist genetic
algorithm(RVEGA) as a supplementary control to Static Var Compensator(SVC) in order to damp oscillation in an
AC-DC power system was proposed. Fuzzy logic controller is designed self-tuning shape of fuzzy rule and fuzzy
variable using genetic algorithm based on natural selection and natural genetics. To verify the robustness of the proposed
method, considered dynamic response of system by applying a load fluctuation.
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Fig. 1 Model of AC-DC power system with SVC
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Table 4 Optimized scaling factors

Scaling
factors GE GCE GU
Cases
Case 1 0.001197 | 0.000748 | 0.055689
Case 2 0.001360 | 0.000055 | 0.052229
’N 1 4 oLl - /
[ 05 K J
/ N // \
uo|
4 48 05 4 02 0 02 04 06 08 1 4 98 5 04 B2 0 02 04 05 08 1
Values € €
CE N z P N Z P
Initial ~1.0839|-0.0781 1.0401 | -1.0726{ -0.029610.9235
Final -1.1936{-0.1648] 1.0659 | -0.9155] 0.1475 | 1.2324

(a) Case 1
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CE N Z P N Z P

Initial |-1.0032| 0.0298 | 1.0239 | -1.0386|-0.0075| 0.9924

Final -1.2718)-0.2161) 1.2530 | -1.1803 0.2865 | 0.7856

(b) Case 2
a8 8 AXstE Ww g

Fig. 8 Optimized membership functions for e and e

x5 F#H3E CE g,
Table 5 Optimized CE 4y,

Fuzzy
variable N Z P
Cases
Case 1 ~0.943402 | 0.058162 | 1.087097
Case 2 ~0.904106 | 0.095894 | 1.067937

x 6 zXstE HX| 7F
Table 6 Optimized fuzzy rules

Case 1 © Case 2 ©
N Z p N Z P
N| 2 1 2 N| 2 1 2
e| Z 1 2 3 el Z 1 2 3
P 2 2 3 P 2 2 2
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(b) Case 2
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Fig. 9 Best and average fitness(Power increment by 3[(%]
during 100ms as disturbance)
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Table 7 Performance indices

Control
ethod PI Fuzzy Proposed
Cases
Case 1 0.407661 | 0.381763 | 0.195998
Case 2 0.600129 | 0.399900 | 0.086388

Gen. speed deviationfp.u.)
!

-0.0010

-0.0015 4

T T T
2 3 4 s
Time [sec)

Fuzzy contra! - - ~ Pi control

C =———Proposed contrat

(a) Generator speed deviation : dw

Gen. terminal voltage[p.u)

4 5

3
Time [sec]

Proposed controt

Fuzzy control - - - P{ control

(b) Generator terminal voltage : V,
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(c) Direct current : I
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Fig. 10 Dynamic responses for case 1(Power increment by
3[%)] during 100ms as disturbance)
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(b) Generator terminal voltage : V.
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Fig. 11 Dynamic responses for case 2(Power increment by
3%} during 100ms as disturbance)
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Table 8 Simulation results

0.S.

Decaying
rate [9%]

55.54
35.55
29.56
90.19
36.76
42.90

Ist O.S. | 2nd O.S.

Case

Proposed |1.0100E-3
Fuzzy 1.2100E-3
PI 1.0600E-3
Proposed |9.3940E-4
Fuzzy 1.3200E-3

PI 3.4500E-3

4.49064E-4
7.79838E-4
7.46631E-4
9.21481E-5
8.34724E-4
1.97000E-3

Case 1

Case 2
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Table 9 Optimized scaling factors

Scaling
factors GE GCE GU
Cases
Case 1 0.000066 | 0.000006 | 0.004862
Case 2 0.000056 | 0.000006 | 0.038416

of N

n T

n i M — — F—— I
4 08 06 04 02 0 02 04 05 08 1 4 D8 06 04 02 0 02 04 05 0§ 1

Values € : e
CE N z P N z P
Initial  |-1.0037|-0.0237|1.0321 | -0.9031|0.0110 | 0.9600
Final |-1.1645| 0.0049 |1.2219|-0.7046(0.0724|0.7187

(a) Case 1

N 4 4
1 §
05 05
[ T T 1 n T T T = ¢ T T 1 L 1 n ) r—
4 48 06 04 B2 0 02 04 0 08 4 08 06 04 02 0 02 04 06 0B 19

Values € (S

CE N Z P N z P

Initial [-0.9320| 0.0493 {0.9496 | -1.0198| 0.0479 | 0.9093
Final -1.1287(-0.182111.2020 [ -0.7668-0.2706 | 0.7416

(b) Case 2
23 12 XMt HeH ] &

Fig. 12 Optimized membership functions for e and e

x 10 X3zt CE g,
Table 10 Optimized CE 4y,

Fuzzy
variable N zZ P
Cases
Case 1 -1.022385 | -0.018671 | 1.039394
Case 2 -1.091789 | 0.062268 | 1.005572

DRF-FF Al2de B854 MHS E SVC RVEGA-Fuzzy o7 A
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Table 11 Optimized fuzzy rules

Case 1 € Case 2 €
N]z]|pP N]z]|pP
N| 2| 1] 2 N| 2| 1] 2
elzl 123 lelz1 11213
P| 2| 3|2 Pl 2| 2| 2
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(a)Case 1
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o
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(b) Case 2
a8 13 ARHF S7iA e A MEgT ¥ g0 M
Fig. 13 Best and average fitness(initial DC current
increment by 0.03[p.u.])
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Table 12 Performance indices

Control
method PI Fuzzy Proposed
Cases
Case 1 0.033732 0.027789 0.023066
Case 2 0.023317 | 0.014174 0.007168
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0 00004 :
000002 -]
000000 -}
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Gen. speed deviation[p.u]
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-0.00008 T T r T
4 5

2 3
Time [sec]

Propased control

Fuzzy contrel - — — Pl control |

(a) Generator speed deviation : dw
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(b) Direct current : I
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Fig. 14 Dynamic responses for case 1(initial DC current
increment by 0.03[p.u.])

000008 -

0.00004

0 60002 -]

0.00000 -]
-0.00002 -

-0.00004 -{

Gen. speed deviation{p.u.]

-0.00906 -

-0.00008

T T T
a 4 s
Time [sec}
Fuzzy control ~-=- - Pi control ]

T
[} 1

Proposed control

(a) Generator speed deviation : dw

1.839

1.638

1.937

Gen. terminal vokage[p.u.]
T

PN Sea. ~ =
SR =
1.835 4
1.834
1.833
T T T
° s 3 4 s
Time [sec]
[ Proposed control Fuzzy control - -~ - Pl control |

(b) Generator terminal voltage @ V;
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(b) Direct current : Ia
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Fig. 15 Dynamic responses for case 2(initial DC current
increment by 0.03[p.u.))
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Table 13 Simulation results

Q.S. Decaying

Case 1st O.S. 2nd O.S. rate [%]
Proposed | 5.86163E-5 | 4.18109E-5 28.67
Case 1| Fuzzy |5.79519E-5 |4.45992E-5 23.04
PI 5.66628E-5 | 4.30074E-5 24.10
Proposed | 5.65620E-5 | 3.64603E-5 35.54
Case 2| Fuzzy |5.23514E-5/5.01303E-5 424
PI 4.78887E-5 | 4.62935E-5 3.33

1 PI Control
Il Fuzzy Control

Performance Index

Bl Proposed Control

2
Case2

P
Case1

(a) Case study : 1
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Fig. 16 Performance indices for each case study
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