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Power System Stabilizer using the Free Model

Hyun-Jong Kim* and Ho-Chan Kim**

ABSTRACT

The free model concept is introduced as an alternative intelligent system technique to design a controller
with input and output data only. The idea of free model comes from the Taylor series approximation. where
an output can be estimated when such data as position. velocity. and acceleration are known. The parameters

in the free model can be estimated using the input and output data and a controller can be designed based on
the free model. The free model thus developed is shown to be controllable, observable. and robust. The
accuracy of the free model approximation can be improved by increasing the observation window and the order
of the free model. The LQR method is applied to the free model to design power system stabilizers (PSS).

and compared with the conventional PSS.

Key Words : Free model. Intelligent control. Power system stabilization. Linear quadratic

regulator.
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Fig. 1. Comparison between the system output and
the free model output (data n=100. order
N=2).
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Table 1. rms error of the free model (x107%

Data} N=2 | N=3 | N=3 | N=4
Case a | 100 | 1.0030 | 0.9690 | 0.8440 | 0.7870
Case b | 180 | 0.2674 | 0.2593 | 0.2464 | 0.2459
Case ¢ | 260 | 02334 | 0.2270 | 0.2221 | 0.2218
Case d | 340 | 0.2230 | 02172 | 0.2148 | 0.2146
Case e | 420 | 0.2186 | 0.2130 | 0.2115 | 0.2114
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Fig. 2. Qutputs of the CPSS and FMBPSS in the

normal loading condition.
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Fig. 3. Outputs of the CPSS and FMBPSS in the
heavy loading condition.

Timel(sec)

Fig. 4. Outputs of the CPSS and FMBPSS in the
three-phase fault condition.
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Fig. 5. Robustness of the FMBPSS for heavy
loading condition.
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Fig. 6. Robustness of the FMBPSS for three-phase
fault condition.
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APPENDIX

One machine infinite bus (OMIB) power system

v, el V.20

|

(Idi +jlqi)e

] Infinite Bus
Jj(8;—-m/2)

Fig. A.l. One machine infinite bus power system.

ds;

7 = w,,(cu, - CU(J)
dw,
MITQ; = ( TMx_ Pm_ D,‘(CU,_ CU()))
- dE . .
T dot dt = (-E/dl_ E @ (Xdl'_ X di)ldx)
dE
Ta—gi" = (Ka(Vos—= Vit Co) — Esi)
dTy,
TC:T[M = (th. Ui Tu+ Ty
au
T\ = (K@= 0) = Up)

A 1+sh Y| M| sT,
Ky 0 ] 2 | e C
e 1+s5h 1+sT, pss

(0]

Fig. A.2. Conventional power system stabilizer
model.

Table A.l. The parameters of PSS

Tl TZ Tw ch
0.685 0.1 3 7.091
K, Ug
Wypf -
- 1+ sTg
w

Fig. A.3. Governor model.

1 Ty
TMr 8
+ ?_ 1+ 57T,
F, P
Ug

Fig. A4. Turbine model.

Table A.2. The parameter of Generator. Turbine.
and Governor ( e, Model)

M D T 4 x4
9.2 0.01 7.76 0.937
x, x4 T. F,
055 0.19 0.1 1
K, T,

10 0.1
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Table A.3. The operating points Table A5. Exciter data
P Q Ve &g I« T4 (sec) K4 (pu)
1 0.2 1£29.602° | 1.0198<18.292 (40,03 0.5

Table A.4. Transmission line data

Rg Xg

0.03 0.5
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