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Abstract

Power systemn 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 methed 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.

‘The small signal stability and transient stahility studies using the PSS’ parameters obtained from this method
show that a natural oscillation frequency of the studycase system is adequately damped. The stmuilation used n
the paper was performed by the Power Systern Toolbox software program based on MATLAB.
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Table 1. Bus specification
colunmn variable unit
1 bus nurmber
2 voltage pu
3 angle u
4 P generation pu on system base
5 Q generation pu on system base
6 P load pu on system base
7 Q load pu on systermn base
3 G shunt pu on system base
9 B shunt pu on system base
1: swing bus, 2
10 hus type generator{(PV} bus,
3 load(PQ} bus

11 Q gen max pu on system base
12 G gen min pu on system base
13 rated bus voltage kV
14 Mamebus U
15 I\/Erigltm;ngBMS o

H 2. M2 HOIH 2k

Table 2. Line specification

colurrn variable unit

1 from bus
pA to bus
3 resistance pu
4 reactance pu
5 line charging pu
6 tap ratio Sl_lanr(:gltang
7 phase shifter angle degrees
8 Maxirmum tap ratio
9 Minimum tap ratio
10 tap step
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Table 3. HVDC converter data

coltirm variable urt
] HVDC converter Nurmber
LT bus number from bus

2
data
Converter Type
3 t-rectifier
2-inverter
4 Rated dc voltage kvl
Ohms
5 Comutating Reactance (Xc ) per
bridge
6 Number of bridges in
series
Rectifier- @ in I
7 Inverter- 7 min
Rectifier— & max
8 Inverter- ¥ max
= 4. HVDC M=z BIOIH
Table 4. HYDC line data
colurrn variable unit
1 Rectifier Number
2 Inverter Number
3 dc line resistance ohms
4 de line inductance mH
5 dc line capacitance f730
Rectifier smoothing
0 inductance mi
6 Inve.rter smoothing ol
inductance
7 de line power rating MW
8 - current margin for <o
inverter current control
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Table 5. Solved line flows data

Power
Line From To
bus bus }Fﬂ Reactive [pul

1 1 10 6.8189 0.6664
2 p 3 5.0000 20819
3 3 4 10.0000 15114
4 3 5 15267 05203
5 3 10 -6.5267 12534
6 11 110 27653 0.1444
7 12 13 2.0000 0.5446
8 13 14 6.0000 07831
9 13 15 -1.5004 0.7773

10 13 110 -2.4906 1.0120
1 10 1 -6.3189 -0.4352
2 2 -5.0000 -1.8381
3 4 3 -10.0000 -1.0000
4 5 3 -1.5267 -0.5171
5 o | 3 6.8189 04352
6 110 11 -2.7663 0.0002
7 13 12 -2.0000 -0.4604
8 14 13 —6.0000 -0.6000
g9 15 13 1.50%4 =0.7741

10 110 13 21663 -0.0002

H 6. BN HIOIH
Table 6. Solved Rectifier

Rectifier Inverter
alpha in degrees gamma in degrees
301282 %
de voltage in [kV] de voltage in [kV]
183.6807 181.5973
Power in [MW] Power in [MW]
153.0672 151.3311

line owmrent n [kA] 083333
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Table 7. Solved bus data

Generator Load
Volts | Angle - -
oul [deg] Real |Reactive| Real |Reactive
(al | [pol | [pad | [oul
1110300 200000 | 68189 | 0664 0 0
2 1 10100 43577 | 50000 | 20819 0 0
3| L0000 [ 28354 {00000 ( L7470 0 0
4
5

ncow

09937 1 00632 0 0 100000 [ 10060
09,91 | 2818 ¢ 0 15267 | 09171
10| 10273 | 181538 0 o =0.0000 | -0.0000

11| 10300 | 200000 | 27653 | G.l44 0 0
12 | 10800 | -28324 | 20000 | 05446 0 0
13| 1000¢ | -51022 | 00000 | 21120 0 0

14| 0966 | 63273 0 ] 60000 | 06000
151 0%Bl6 | 50067 ] 0 -1.5094 | 0774l
1101 10286 | 170077 ] 0 -0.0000 | -0.0000
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Table 8. Natural Oscillation Modes

. Freqnency Darmping
Eigenvalues )

[Hz) ratio
044 £ 052 i 0083 06441
033 £ 0911 0.1434 0.3420
-048 + 598 i 09521 0.23%
0% + 9021 14350 0.1033
-1768 £ 1744} 277156 07120
-19.16 £ 16031 2.5506 07671
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Table 9. PSS Lead-lLag time constants

Generator No Th T T3 Ta
1 0.03 00 0.06 0.01
2 0.4 001 007 0.01
3 0.03 0 | 0066 | 001
4 0.03 001 | 0065 | 001
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. , .14 3
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