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SPSA Based Taylor Model Approximation and
Its Application to Power System Stabilization

Jung-Hyuk Kim

Department of Electronic and Electrical Engineering

GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Ho-Chan Kim

SUMMARY

This paper presents a Taylor model approach for a closed—loop
system identification using input and output data and its application
to design a power system stabilizer(PSS). The Taylor model
concept 1s Introduced as an alternative intelligent system technique
to design a controller for an unknown system with input and
output data only, and without the detailled knowledge of
mathematical model for the system. In the Taylor model, the data
used has incremental forms using backward difference operators.

The parameters of the Taylor model can be obtained by the



simultaneous perturbation stochastic approximation(SPSA) method.
The feasibility of the proposed method is demonstrated in a
one-machine infinite-bus power system. The linear quadratic
regulator(LQR) method is applied to the Taylor model to design a
PSS for the system, and compared with the conventional PSS in
different loading conditions and system failures such as the outage
of a major transmission line or a three phase to ground fault
which causes the change of the system structure.
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21 tH(Kunder, 1994), (Sauer and Pai, 1998).

Fig. 1 ¥ Z& 7|7 EMe] AEAs mde HAEAE A3t FX
o] AAE Y de AlgHo] & RAEN B =RixE AR F5So]

Table 17} o] FolA Sltix 7448

Infinite bus

Fig. 1 One machine infinite bus power system
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Table 1 Transmission line data

Variable Parameter
R 0.03
Impedance E
Xg 0.5
G 0.249
Admittance Bz 0.962

Fig. 19 d8Ales Hdsts ot Rl I ARSEAH ] we} vy

theFst Al =4 8k=dl(Kunder, 1994), # =50
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8 = wy(w—1) [rad/s] (15)
e, = _T];{efd_(xd—xd')z'd(&eq')—eq'} (16)

2 (1D (15) = T Eoad AFPFHE Hdstes soWAAoln
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Lo
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o] olns} B m=goA Alg®E FEE Table 20 ey

dew g, = 7= AEER I #1207 [rad/slo]t.

N T, e AAd Eea eelm HolulelA FFAT. dhu

m

T = _I]i(FWg_m (17)

u, = —Y]Tg[Kg(wr—w)—ug] (18)

K, Ug
a)ref — —
Al - 1+sT
g
w
Fig. 2 Governor model
. 1 Ty
- — —
Mr + ?_ 1+ sT,
th
U

Fig. 3 Turbine model
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2 (1AM 7,2 A71H EeA F¥olM per unit 998 AMEE A S
T,=P,/w® #A%e] 4YsA%, gxlelehz 74 del T,=p =

wersk sgla p ol @e thest gol Agu

TxP,=vgs+ quq (19)
Table 2 Parameters of Generator
Variable |Parameter
Moment constant M 9.26
Damping coefficient D 0.01
d-axis transient open-circuit time constant T 7.76
d-axis component of machine reactance Xq 0.973
g-axis component of machine reactance X, 0.55
(-axis transient reactance x4 0.19
ANA o, v, iy 1,5 A% BRAG 4, 2 AR AR dF L oF
Ais e, ol 58 o2 Yeld o33 2o
. v .
iy= Ydeqr—?l(Rgsm&-f-chosS)
e
. v .
[g= quq'—?l(—XzsmSJr R cos9)
e
(20)

Vg= xqiq

V,=¢€;, —Xgly

v,=\ v+ vi
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9 Bl ASE 2% B5EE 0w 2ol o

Z =R, R,+X X,
Yd:(chl_CZRZ)/ZZe D

Yq:(C1R1+C2X2)/Zze

o171 A
R =R—Cyux,/
Ry=R—Cyx,
X=X+ Cx,
X, =X+ Cux,

olxx z$ Y= Fig. 19 Zp% Y, & 9vsy, niiViA=E pIA X =
77y Rt X, G BT A% Gp9 BpE YWEHIHL

2 (1D)AA T, FHELIE YElL ol D(w—1) (DT 74
AR FoAAH, 24 (16)A AHEE e = AVR B ojzr]o] &<,
Rl A ARERE A (149)~16)2 A dFEe s7|EHT|d FEHOE
AL ARld wete o 9 #EAS ddsts AL TR A"
AVR % o#7]e] Fipol wet 242 & dHY A4S JHAA "dd B
witd e Fig. 49 2ol FAH= 7P g " Atolgl
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(thyristor) E}] 9] o xpA] 2l [EEE type 19 o xA] ~®I(IEEE Standard
Board, 1990)& AH&ghehar 7h4 8ol Fig. 4ol A= oA xtAl =gl o] 2w

A% (limiter) 7t F25o} glow], EHo] A@re W9 kel A= BS
x%i_’ﬂj

o thed e sEdow maAfth 4 (29 Fig 404 4, = 3

. T

A% s gAe FHg 9w gt

(22)

eﬁz’,max
n K,
Ve PR —p> e,
o 1+sT, 7

T e fd ,min

upss

Fig. 4 Block diagram of static exciter
Fig. 59 22 e 9] AVRS AlEdH ol A A&,

1+ T ps (23)

Up=— 1_|_TBS(Ur_vt)

AW o2 Wol ARG HE PSSE Fig. 63 o] FolAE 1-Ad w4

7](lead-lag compensator)e] il A}&%¥ w7/l S$=E5-2 Table 33 #t}. Fig. 7
Ao Al =¥l F2E UE

o AgdelAS ftel ALgR ErwA

R

N

W AFEE ZE A5 Table 49 Foj 7t



= Cpss

: 1+7,s
Vet Rl L)
' 1+ Tys
Fig. 5 Block diagram of AVR
D 1+sT || " ST
1 S
a‘}qf ch - =
t1- 1+s7 1+s7,,
w

Fig. 6 Conventional power system stabilizer

Table 3 Parameters of PSS

Variable |Parameter
Time constant [sec] T, 0.685
Time constant [sec] T, 0.1
Wash-out Time constant [sec] o 3
Gain K. 7.091
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B = (@

—' Turbine
-

Fig. 7 Synchronous machine control scheme with PSS

Table 4 Parameters of synchronous machine control scheme with PSS

Control
Variable Parameter

scheme
Exciter time constant T, 0.05
Exciter gain K, 25.0

Exciter
Output upper bound el 4.0
Output lower bound -4.0

€ fd, min

Turbine time constant T, 0.1

Turbine
Turbine gain F, 1.0
Governor time constant T, 0.1

Governor
Governor gain K, 10.0
AVR time constant T, 0.1

AVR
AVR time constant Ty 0.2
Output upper bound U max 0.2
PSS

Output lower bound U min -0.2
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= AE Ajke TMBPSS® B8RS dSst7] At dA g AlE
Age dubdg oz wWol EHu Qi 17]FIHEA AFdMe AdA%
o REE A vy Al=doln 9 gl
EAstH g 7] 2d A AP o zb7](static  exciter), E W (turbine) 2}
AW Y (governor) &= T4 FthH(Sauer and Pai, 1998), (Srivastava and
Srivastava, 1997), (Larsen and Swann, 1981).

Fig. 82 dwbzQl F3t =ste e AF =393 Taylor 2d =39
AFol & HolFEd ATE W ow 1ALEEE EHo] AA AFEH A9
AAFE & = Ak ofw AE" AF2 0.01[seclola A HA 100 7§ ¢

AMZ S ALg3te] 23k Taylor 2o w7/lM4S SPSA WHS A}18319]

a,=—0.9977, a,=0.6570, b,=—0.5331 L3 p =(.5826.

..F-.lll'

o wkein o
1t 3 —— 1% & Bl Tres miesbell it
A
|
| 1
1
T W3 Jf
g !Il i|' \
: \\/
= III |
i
LE
! el 1 ] 1 ) 1 1.4 F] FE '}

Fig. 8 Comparison between the system output and the taylor model

output (data n=100, order N=2).
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=1

w3 Taylor 29 F53&(heavy load)?t 34AFal(three phase fault)$}
2 &4 A5t A Akl Btttk Taylor 295 o] &st= F48 54
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Fig. 8~Fig. 11 Taylor 9ol 7|23 d&AlE A3 FA(TMBPSS)
o] I 71E9 PSS(CPSS)9 &9< YeR L ok

Fig. 9 dwkzlel Xat x7 &tola -10[%]o 93 Eo =zt #HAX
(torque angle deviation)”} <=#1& wfje] Axolil Fig. 102 FH3st =713}
oMo e EeAz AAvF EATE wf A3}t Fig. 112 37AL 213kl

Ao SHEE B
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m 1"._.
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Fig. 9 Outputs of the CPSS and TMBPSS in the normal loading

condition
T h
_q.'. - . . . .
""" P55 haanl the svanem omipui
] _'|II . RN tEE o Sl Bdsed thie svstess oslpa -
t

A wE i ] ] 18 i LE ] T ]
Himrisec)

Fig. 10 Outputs of the CPSS and TMBPSS in the heavy loading

condition
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s UHE el ther w3 slomi ot jrul
—5F%A taylor mell Bused Uie sysiein sanpst |

angkil spend [po ]
-~ .=f L

: iy
At |I|I --"-"-:
| ||-;'I
- ;
* 1 2 3 4 a ii
Timsisech
Fig. 11 Outputs of the CPSS and TMBPSS in the three—-phase fault
condition
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