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2- Cooperative
3 - Pareto Optimal Set (POS)
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1- Steady state
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2- Loss of synchronism
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9- Extensive game

Y



Sl e 0 0108 9 3L 695 » (6T dende i Jad

""" Nash Jolss -
slp b @3l 5l g w0gd o ob 55 Sl Jols plgie 4 )T 5l a5 Nash Jolas abais
Wy god 4l ok 4 S5k @ Ol ,o a5 sl Caols (nl s 5 cl (3L e

59l s @ 1) (5 e shital g g i ) 093 (531

Hletel -

Sl yo a8 By ams o lid |y S0l sl e e g 09 oo 0auel o utility 4 cewl (goue
5 0%k Sy Ol b kel igh (oo (20 0 pladleial 4 4z b lajlial il pu)
el Sl -

w3 oo plonl &85> S5k S kel o Sl abaxd e e By cl Bl Sledlbl 95 5l (5L S
3l JolS” oMol yle 5l akasd TG e plosl US> cales 51 s

oSt -

575 oo s (53l 0 4 sl Lale 03l

G ;> —

A1z gl jlitel 45T aiST (p0 S5 5> g9k 45 (B9 09h (o0 Sl wied S e 4 (S5 SO ]
el agae IS QLS plos (suiad ;B 45 398 (oo 5% Ygers 393

S5l el 5 -

3l G sk a4 LS5k (T 50 a5 canl (5l S oo, aled Solil 08 55k S
BB e a5 Wed oo ools ilel Jou e alols glajlitel anS e bl | olayle

B2 o plid 1y e o5l il oS

10- Nash equilibrium
11- Perfect information
12- Strategic form

7Y



Sl e 0 0108 9 3L 695 » (6T dende i Jad

Sly Sk 9y G o 4S5l (SOl el Ojle ol ] (SOl 0,8 0 5L SO e

ol ul.?u.a‘ J.Alf CJL’ﬁ A ng).a‘)..\.J s_i, od).';.u.f LgL(b 6)l; I JJ:>

b Jlio g ciy L5 (F-1

SOl oo Jlil g Jed Sl SO 1 g Joe S e Cnl 005 550 655 )0 addllae San
TS o Alls 0l S5k S5 L oS 3k @ el (Su3k iz Jols 53k o Ve
Sepliml gl e8> 5 Sledbl da ol la Coglsl (LSG3L p Jbo chuym 9gd oo aiS
aazgi b b 55k il (o (e (LB 0 o LSu3k oS e 3 i g b ol agzge
aS el Vb o caogi G (BS! (650 Dl o (GO0 el Wipd o ALl A5 SLS 3> ol
23 0,590 oo Cawd . olajlitel ax 843 slacl o elas 51 BMBIL 0,5 10 a5 WS o asuive
S @i dz Sl (e LS5k Jle plsie 4 050 el g pAd BN S5 g 53k 0l
Rrbe 5l Oglite @508 Glls L)l j0 095 la (pw)S Sland 4 ax gl Gy e il )b
39w S5 1) o ST uly oo Sl 5l ale Sl ez oS 80 oo 50 3k g8l e
B (so5 S5 9

Cawd 5o GSG3L a5 (5508 o lie 4 az g L]y (B sl g5b ¢ 255l slo (55L (5)555
O CPUUU SRRV PR UEWIURVL SPUUN:. 1 INRCTIUN SRSV P E TR N K PIPHR ST S TRRCI S
Jles! ol mpe (b @j08 o] jo a8 Ml s Ly, b cwlew slo CumBae 4 i b,
wl> allae SO o @8ly 5l Jol> slosal,s punids sl > o, Nash b olgie 4 095 oo

Sl @l oyls Sy Byl g0 oo O3 4 L5 o5 5

13- Decision problem

4



Sl e 0 0108 9 3L 695 » (6T dende i Jad

ol 2y (53l ol el cenlie Lo bl Sl ol b ) o3l sy oo o
&3k 5o ade aris lp Gl pel S OS5l el gui ey g Dl jgies SlSiz oS
D93 By o 1y 0S5k ISl 83k 595 51 Jae () o5l piae T 4 (28, Mol
Gl Wlgs o poles caimlyzy (LS43L a5 (285 ) g5 50 S (oo e b (] 3Dl @ azg

Lo 5l g ke 0 odee B8 .05l Gglas b ] )0 vz ge Lo 8 bl 4 (5L (5,95 bl
Liod a5 ol PR BRVOX N Ul FINE VIR VLI S COR SN (L W FPL Soow) o el 6y sl
lo asls cnl )0 (G5 6555 Bae a5 oo bl 05l oo lael 4 (659 5l lp &S], (S >

S onl bg 0gd ojlol ates 3 USG5k by Wl 55k A8y 45 wled (o Gy &S Cal ()

023 S 53k it ka0 3 oSl Sy i o sl 4555

00y § S 51yl slo 0 58 (V-Y-F

PR 0 G3k e opd (oo addllas (2 (65l (6595 )0 oS Cewl (3Ll ol £58 S5l )8
S9d (oo (AU o QLB 51 SG e oS 5l ST Sk e sle ade g b ol ol
e S5 aS g o 0ol ioled SG3L o gl Ao Lol SO lawg ade o 0SS
R

Tro S oy Gl o3l (o0 SLSi 4 (b ol p8 5l b ()0 b)) 00 S )8
9% Jelod s jobo & Wilgs (g0 00,70 032 SG a0 ] oy ok )3 (53 g, 5l S5
23,5 Sl g 9 00 had Sl b Al

Qi oo Al g5k o 8 90 cpl 5l b ail e oa] oA sle L

70



Sl e 0 0108 9 3L 695 » (6T dende i Jad

TS e (Y-Y-5

Olisliy o DSy s b la ol s wies ;5 (LS5l eled 055 e (28 Sl
led ol glialp 1y (5o Jleil a8 0y 57 oo 2 1) (&5~

sl 3Tl il b a9l 4y il 4l 1, B g A (551l ¥V S5k S oS 09l o0 (2,8
P A Gl a5 0gl o ass S cpl o allL B gilisl gslee s A ol vy >
4 hled (oo QB ) oglie 1l o e wies > (S05L Sy ST (o0 4l B (o5l

Sl axgi pj sl Jlae

' S glaxe (Y JLie
a8 3,08 LY 505k e el (LY G Sl e 8 50 G5k e (S less 5L
EJRUEE | IRK VPP Y P IRK VST VS o Y op PR Sy FPREC SR FER P SN

50,5
LC S s oo ) lajhan T o865k was (oo plidl) 5L cnl o ol sla 5Ll V-7 S

il o d 50 o o g TT 55l 5 s D

14- Dominance

15- Prisoner’s Dilemma
16- Cooperate

17- Defect
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lasled o o (V) gz

Slos

Ty
Dy @, d- and g-axis stator flux linkages
iy, . d- and g-axis stator terminal currents
VsV, The d-axis and the g-axis voltage
i_;d The field current referred to the stator

.r .r .r
Lia » Vit Uig2
’
Vfd
’ ! ’
de ’ qul ’ quZ
’
D
1 ! ’
Dras Pig1> Pig2

7

s
!
T
1 ! !
Fea > Vigt> Tig2
T,,T,

K,
H

The d-axis current and the g-axis currents. All these values
are referred to the stator

The field voltage referred to the stator

The d-axis voltage and the g-axis voltages. All these values
are referred to the stator

The field flux linkage referred to the stator

The d-axis flux linkage and the g-axis flux linkages. All
these values are referred to the stator

The stator resistance

The field resistance referred to the stator.

The d-axis resistance and the g-axis resistances. All these
values are referred to the stator.
Mechanical speed deviation of the rotor

Mechanical and electrical torques respectively

The damping factor

The inertia constant

bz clasin (V) Jgox

solyly SMIB TAFM

Nominal Voltage 400KV 230KV
Resistance (pu/Km) 0.017  0.0001
Inductance (pu/Km) 0.0009  0.001

Capacitance (pu/Km) 0 0.00175

L“’)L.’ Slasin (V) Jgu
byl TAFM
L, 967MW, 100MVAR, -187MVAR
C, -200MVAR
L, 1767MW, 100MVAR, -187MVAR
C, -350MVAR




G955 sl 951,55 s yial b (F) Jgo

oyl SMIB TAFM
Rotor Type Salient-pole Round
Number of Poles 64 8
Nominal Power 500 MVA 900 MVA
Line to Line Voltage (RMS) 13.8kV 20 kV
Frequency 50 Hz 60 Hz
Reactances (pu)
X4 1.305 1.8
X4 0.296 0.3
X'a 0.252 0.25
X4 0.474 1.7
X, 0.55
X'y 0.283 0.25
X 0.18 0.2
Time Constants (s)
T a0 1.01 8
T w0 0.053 0.03
T'q 0.4
T g 0.1 0.05
Stator Resistance (pu) 0.0028544 0.0025
Inertia Factor 3.7 g‘; 5 ég}l ?L gi;
Friction Factor 0 0

5595 5 Sdgyien (g Slasiine (0) 9o

Al Value
Governor
Permanent Droop 0.05
Servo Motor
Ka 3.33
Ta () 0.07
Speed Limit (pu) [-0.1,0.1]
PID Regulator
Kp 1.163
K, 0.105
Kp 0.01
Hydraulic Turbine
B 0
Tw (s) 2.67
Gy 1




538 5 55w w98 Slasein (F) Jga

bl Value
Regulator
Gain (Kp) 1

Perm droop

Rp(pu) 0.05

Speed Relay and Servo motor
Time constants

[Tsr Tsm] [0.001 0.15]

Time Constants

[Tcu Trin Truz Teol [0103.30.5]

Turbine Fractions

[Fvip Fup Fip Frpl [00.36 0.36 0.28]

S 25 s Slaasedis (V) Jgor

bl SMIB TAFM
Low pass Filter Time Constant (Tg) 0.002  0.002
Regulator
Gain (K,) 200 200
Time Constant (T,) 0.001  0.001
Exciter
Gain (Kg) 1 1
Time Constant (Tg) 0
Lag-Lead Compensator
Tg 0 0
Tc 0 0
Damping Filter
Gain (Kp) 0.001 0
Time Constant (Ty) 0.1 0
by 55Le y90unil 5§ Dlaseinn () Jgor
Folyly SMIB TAFM
Nominal Power 500 MVA 900 MVA
Frequency 50 Hz 60 Hz
Winding 1
Connection A A
Phase-Phase Voltage (RMS) 13.8kV 20 kV
Resistance (pu) 0.002 0.000001
Inductance (pu) 0 0
Winding 2
Connection Yg Yg
Phase-Phase Voltage (RMS) 400 kV 230 kV
Resistance (pu) 0.002 0.000001
Inductance (pu) 0.12 0.15
Magnetizing Resistance (pu) 500 500
Magnetizing Reactance (pu) 500 500
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Abstract:

Power System Stabilizers (PSS) have very important role in power system, so their
design methodology has been interesting issue for writing many papers in last decades.
Conventional method of PSS design is time-consuming while the methods which are
based on single objective optimization or assign a weight to objective have some
problems. The present work, discusses some new and fast methods for PSS design
which are game theory based multi-objective approaches. In the first method
minimization of the values of the settling time and amplitude variations of a response
are taken as the goals or two objectives function when designing the PSS parameters. In
the second approach, maximization of the minimum damping factor and minimum
damping ratio of the system’s dominant oscillatory modes are two objectives. SPEA and
NSGA-II are the methods which use cooperative game concepts and generate a set of
optimal parameters called Pareto-optimal set. This provides an excellent negotiation
opportunity for the system manager, manufacturer of the PSS and costumers to pick out
the desired PSS from a set of optimally designed PSSs. Another approach is Nah GA
which is based on non-cooperative game and gives an optimal design known as Nash
equilibrium. The proposed approaches are implemented and examined in two familiar
systems; two-area four machine system of Kundor and a single machine infinite bus
system. Different faults are applied to the systems with optimal PSSs and a comparison

between the proposed method and other techniques are given which is interesting.
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