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Taylor Model Based Inverse Dynamic Neuro Controller Design

and Its Application to Power System Stabilizer

Moon—Chan Kim

DEPARTMENT OF ELECTRONIC AND ELECTRICAL ENGINEERING
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CHEJU NATIONAL UNIVERSITY

Supervised by professor Ho—Chan Kim

SUMMARY

This paper presents an i1mplementation of power system
stabilizer using inverse dynamic neuro controller. Traditionally,
mutilayer neural network is used for a universal approximator and
applied to a system as a neuro—controller. In this case, at least
two neural networks are wused and continuous tuning of
neuro—controller is required. Moreover, training of neural network

1s required considering all possible disturbances, which 1is



impractical in real situation. In this paper, Taylor model based
inverse dynamic neuro model (TMBIDNM) is introduced to avoid
this problem. Inverse dynamic neuro controller (IDNC) consists of
TMBIDNM and error reduction neuro model (ERNM). Once the
TMBIDNM 1is trained, it does not require retuning for cases with
other types of disturbances. The controller i1s tested for one
machine infinite-bus power system for various operating

conditions.
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y(k+1) = fy(k), ny(k), -, aVy(k),

w(k),u(b—1), Au(k—1), -, AMy(k—1)) (3)

A (3% 13 Taylor #4% &4ate] Jeun g3 2o,

N M
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Fig. 1. Training mode of IDNM
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u(k) =u,.(k)+ E(k) (7)
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Table 1 Transmission line data

Variable Parameter
Rg 0.03
Impedance
Xz 0.5
Gp 0.249
Admittance
By 0.262

}

A A= (Kunder, 1994), ¥ =®olAs itz om ¢/ Bdojgta B =

ol
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0 = 37 (L= T.(6.¢/) = Ty [pu/s] ©

5= wy(w—1) [rad/s] (10)

e/ = ﬁ{%—(md—xd’)id(a, e)) ~e) (11)
e, = —T]do—,{efd—(xd—xd')id(a, e,)—e,) (12)
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1—‘6 = Pe — Udid'f' 'quq (15)
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'Ud: zqiq
— ! 15
/Uq— eq — Ty,

fvt:\/vgl—f—vf,

Table 2 Parameters of Generator

Variable |Parameter
Moment constant M 9.26
Damping coefficient D 0.01
d-axis transient open-—circuit time constant Ty’ 7.76
d-axis component of machine reactance Ty 0.973
g-axis component of machine reactance z, 0.55
g-axis transient reactance Z, 0.19
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Zg = Rl& + X1X2
Yd = (C1X1 - OQRQ )/Ze2

Yq = (ClRl + CQXQ )/Z62
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Fig. 8 The block diagram of static exciter
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2 Wo] AR EE PSSE Fig. 103 o] FojxE= A-xA ®HA
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Fig. 10 Conventional power system stabilizer model
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Table 3 Parameters of PSS

Variable |Parameter
Time constant (sec) o 0.685
Time constant (sec) T, 0.1
Wash-out Time constant (sec) T, 3
Gain K, 7.091
] —

AVR =

Infinite Bus

a) ‘

Exciter ——m=—

. Turbine

Governor =

Wpef

Fig. 11 Synchronous machine control scheme with PSS
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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 €14, mazx 4.0
Output lower bound e o min Th -4.0
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 Ty 0.1

AVR
AVR time constant Ty 0.2
Output upper bound Uppax 0.2
PSS

Output lower bound Uyin -0.2

2. AFH AlE8 0l

v
rlo
e
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A o7 gol
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A el e e
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TMBIDNM ] 8}<5 ol A
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Fig. 125 ¢4l F3} xstdAe] 7' &3 Levenberg-Marquardt "
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133} 14= A9k TMBIDNC®| &3 712 PSS (CPSS)el &= UEhx
At} Fig. 13 %7] 237 (torque angle) §°] 0.7 pu.BE F7lste] o=
ZF Az EAE o AGAZ] nHE JFS JERd Aol Fig. 145 0%
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Fig. 12 TMBIDNM output and error (data n=500, order N=2)
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Fig. 13 Outputs of the CPSS and TMBIDNC in the torque angle deviation

angular spese dipu)
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Fig. 14 Outputs of the CPSS and TMBIDNC in the torque angle deviation

and torque deviation
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