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(A Study on the Optimal Parameter Selection of a Power System Stabilizer and Power Converters for
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Abstract

Power system stabilizer act efficiently to damp the electromechanical oscillations in interconnected power

systems. This paper presents an algorithm for the optimal parameter selection of a power system stabilizer in

two-area power systems with a series HVDC link.

This method is one of the classical techniques by allocating properly pole-zero positions to fit as closely as
desired the ideal phase lead between the voltage reference and the generator electrical power and by changing
the gain to produce a necessary damping torque over the matched frequency range. Control of HVDC
converter and inverter are used a constant current loop. Proper parameters of Pl controllers are obtain based
on the Root-locus technique in other to have sufficient speed and stability margin to cope with charging
reference values and disturbance. The small signal stability and transient stability studies using the PSS
parameters obtained from this method show that a natural oscillation frequency of the studycase system is
adequately damped. Also the simulation results using the HVDC converter and inverter parameters obtained
from this proposed method show proper current control characteristics. The simulation used in the paper was
performed by the Power System Toolbox software program based on MATLAB.
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Fig. 1. HVDC Linked System
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Table 1. HVDC Line Data

column variable unit
1 Rectifier Number
2 Inverter Number
3 dc line resistance ohms
4 dc line inductance mH
5 dc line capacitance uF
5 Rectifier smoothing inductance mH
6 Inverter smoothing inductance mH
7 dc line power rating MW
8 current margin for inverter current %

control
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Table 2. HYDC Converter Data

column variable unit

1 HVDC converter Number

2 LT bus number from bus data

3 Cor}yerter Type

1-rectifier 2-inverter

4 Rated dc voltage kV

5 Comutating Reactance (Xc) O%?;Sgger

6 Number of bridges in series

7 Rectifier- @ min, Inverter- 7 mn degrees

8 Rectifier- @ ma. Inverter— 7 imax degrees
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able 3. Solved Line Flows Data
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Li From To Power
1ne bus bus Real [pu] Reactive [pul
1 1 10 6.8189 0.6564
2 2 3 5.0000 2.0819
3 3 4 10.0000 15114
4 3 5 1.5267 0.9203
5 3 10 -6.5267 1.2534
6 11 110 2.7653 0.1444
7 12 13 2.0000 0.5446
8 13 14 6.0000 07831
9 13 15 -1.5094 0.7773
10 13 110 -2.4906 1.0120
1 10 1 -6.8189 -0.4352
2 3 2 -5.0000 -1.9381
3 4 3 -10.0000 -1.0000
4 5 3 -1.5267 -0.9171
5 10 3 6.8189 0.4352
6 110 11 -2.7653 0.0002
7 13 12 -2.0000 -0.4604
8 14 13 -6.0000 ~0.6000
9 15 13 1.5094 -0.7741
10 110 13 2.7653 -0.0002
i 4. 2404 0l E
Table 4. Solved Bus Data
B Volts Angle Generator ' Load :
U [pul [deg] Real |Reactive| Real |Reactive
S [pul [pul [pul [pul
1 1.0300 | 20.0000 | 6.8189 | 0.6564 0 0
2 1.0100 4.3577 | 5.0000 | 2.0819 0 0
3 1.0000 2.9394 | -0.0000 | 1.7470 0 0
4 0.9937 0.0552 0 0 10.0000 | 1.0000
5 | 09991 2.8518 0 0 15267 | 09171
10 | 1.0273 | 18.1536 0 0 -0.0000 | -0.0000
11 | 1.0300 | 20.0000 | 2.7653 | 0.1444 0 0
12 1.0100 | -2.8324 | 2.0000 | 0.5446 0 0
13 | 1.0000 | -5.1022 | 0.0000 | 2.1120 0 0
14 | 09965 | -6.8273 0 0 6.0000 | 0.6000
15 | 0.9516 | -5.0067 0 0 -1.5094 | 0.7741
110§ 1.0286 | 17.0077 0 0 ~0.0000 { -0.0000
X 5. W&l tlolg
Table 5. Solved Rectifier Data
Rectifier Inverter
alpha in degrees gamma in degrees

30.1282

dc voltage in kV
183.6807

Power in MW
153.0672

25

dc voltage in kV
181.5973

Power in MW
151.3311

line current in

kA  0.83333
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Table 6. Natural Oscillation Modes
Eigenvalues Fregnency [Hz] | Damping ratio
04 + 0521 0.0835 0.6441
033 £ 091 i 0.1434 0.3420
048 = 58 i 0.9521 0.2399
0H £ 9021 1.4350 0.1033
1768 £ 174 4 2.7755 0.7120
-1916 = 1603 i 2.5506 0.7671
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Table 7. PSS Lead-Lag Time Constants

Generator No T Tz T3 Ts
1 0.03 0.01 0.06 0.01
2 0.04 0.01 0.07 0.01
3 0.03 0.01 0.065 0.01
4 0.03 0.01 0.065 0.01
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Table 8. Natural oscillation mode

without PSS with PSS

Eigen- | Freq. |Damping| Eigen- Freq. |Damping
value [Hz] ratio value [Hz] ratio |
OB s | 0saz0 | 227 ot 929
0.90i 0.143 .3420 0.89% 0.141 0.9292
- -+ - -+

1.48 7109521 | 0.2399 3.9 T 109748 | 05421
5.98i 6.121
- -+ - -+

0947 1y 4350 | 0.1033 | 89T | 15001 | 05206
9.021 9.43i
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Table 9. Parameter of converter & inverter controllers

Z 7] | max | min

type Ky | K| Ko| Ciie | o/ | a/r

rectifier 1.0 1.0 1.0 +15 | 162° 2°
inverter 1.0 1.0 15 *+15 162° 2

=2 10 K=1.0& W
Table 9. Natural Oscillation Mode For Ki=1.0

IRse 25

Eigenvalue Frequence Damp
-0.1978 £ 0.10791 1.1718 0.8778
-0.2027 £0.11731 1.8677 0.8655
-0.1915%£0.1974i 3.1419 0.6962

0.1983%0.1994i 3.1736 0.7051
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& FESHed olgun ¢
dAFS o2l kA =

2
X
e
i)
ek
Sl
2
N
N
52
o
T
gg r
e
ik _1

)

v

L

e

L
=2
2
rir

A

fo o

A

of
fo
e

olft o
ok
S}
=
2
o
U
N
>
¥
v
2

O

e
LRt
o
o
=
2
ol
ol
N
1
ot
N
el
lo

i

o X )
N
=
N

e o
tl o \
. o
s
2 9 iy

a2
ok

X,
I

E -

n%

2

op

o

3

—

[

L
32 Jio

B2 o o
N

o
U’_E.

I
o
R 1o

28
H
H

Q2
=

R
=
=2
a
X
oX
N
it
Y
2
i
e
o r}?_l‘,

7] AgTIE He
g 9 B% AT
olatel AR AT WAAT .

2% HVDC Alawle) 488 2dgst e A
o718 e setelel WAAT AFTE FLAYES 7
ders 7Me AFstad ok

2
>,
ﬂllf‘.] e
o
i)
2
X
i,
[
1
X,
s

r-m
2
L o
-

O

it

q

e ]
a4 F

(1) Program manual, "Power System Toolbox”, Cherry Tree

Scientific Software, 1999.

{2) Graham Rogers, "Power System Oscillations”, Kluwer
Academic Publishers, 2000.

(3] "MiF et HVDC manual”, GEC Alsthorm, 1993.

(4) "HMHHE BT UI0IE HIOIA(HHAE M), st

2 XX, 1998

(5) "MATLAB User’s Guide”, The math works Inc, 1999.

6] P. M. Anderson and A. A Fouad, "Power system Control
and stability”, The lowa state University Press, 1977.

(7 P. Kundur, "Power System Stability and Control”, Mc
Graw-Hill Inc, 1994.

(8] Jos Arrillaja, "High Voltage Direct Current Transmission”.
IEE, 1998.
(@) 2z, "MF-dd HDC HESH 247 Ustd)|sts|

K, Vol4B 9=, 20009

-71 -



