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(A Study on the Appropriate Selection of a Power System Stabilizer and
Power Converters for HVDC Linked System)
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Abstract

This paper presents an algorithm for the appropriate parameter selection of a power system stahilizer and
power converters in two-area power systermns with a series HVDC links, The method for PSS is one of the
classical techniques by allocating properly pole-zero positions to fit as closely as desired the ideal phase lezd
and by changing the gain to produce a necessary damping torque. Proper parameter of power converters are
obtained in order to have sufficient speed and stebility margin to cope with changing reference values and
disturbances based on the Root-locus technique. The small signal and transient stability studies using the
PSS and power converters parameters obtained from these methods show that a natwral oscillation frequency
of the study case system is adequately damped “"he simulation used in the paper was performed by the
Power System Toolbox software program based ca MATLAR.

Key Words : High Voltage Direct Current Transmission, Power System Stahilizer, Root-locus, Natural
oscillation frequency, Damping Torqgue.
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Fig. 1. HVDC Linked System
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Table 1. HVDC Line Data

column variable unit
7
1 Rectifier Number
2 Inverter Number
_—
3 dc line resistance 2.5 ohms
4 dc line inductance 96 mH
I .
5 dc line capacitance 00 xF
5 Rectifier smoothing inductance 60.0 mH
6 Inverter smoothing inductance 60.0 mH
7 dc line power rating 150 MW
3 current margin for inverter 0%
current control
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Table 2. HVDC Converter Data

colurmn variable unit
1 HVDC converter Number
2 LT bus number from bus data
3 1_1-&0&%]5:25_’{,?\?:,1”
4 Rated dc voltage 180.0 kV
5 Commutating Reactance (Xc) 85 8%2?: et
6 Number of bridges in series 2
7 Rectifier= @ mn, Inverter- 7 mn 2 degrees
8 Rectifier- @ max Inverter- 7 mx 162 degrees
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Fig. 3. Rectifier Pole Control Model
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Fig. 4. Inverter Pole Control Model
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Table 3. Solved Line Flows Data

To Power
Line | From bus
bus Real [pul Reactive [pul

1 1 10 6.8189 0.6564
2 2 3 5.0000 20819
3 3 4 10.0000 15114
4 3 5 1.5267 0.9203
5 3 10 -6.5267 1.2534
6 11 110 27663 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 09171
3 10 3 6.8189 0.4332
6 110 11 -2.7653 0.0002
7 13 12 20000 0.4601
8 14 13 -6.0000 0.6000
9 15 13 1.5091 0.7741

10 110 13 27603 0.0002
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Table 4. Solved Bus Data

B Gencralor Load
Volts | Angle -
u ! | ldeg) | Bedl | Reactive | Real | Reactive
Ipul [pul [pul lpul
1 1.0300 | 200000 | 68183 | 0654 0 0
2 1.0100 43577 | 50000 | 20819 0 0
3 10000 2934 | 0.0000; 17470 0 0
4 09937 0.0562 0 0 10.0000 1.0000
5 0.9991 28018 0 0 1.5267 | 09171
10 | 10273 | 181536 0 0 -0.0000 | -0.0000
11 | 1.0300 | 200000 | 27653 | 0.1444 0 0
12 | 1.0100 | 28324 | 20000 03446 0 0
13 | 10000 | 51022 | 00000 21120 0 0
14 | 09965 | -6.8273 0 0 6.0000 | 0.6000
15 | 0616 | -5.0067 0 0 -1.30894 | 07741
110 | 1.0286 | 17.0077 0 0 -0.0000 | -0.0000
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Table 5. Solved Rectifier Data

e QI E
alpha [degrees] gammz [degrees]
30.1282 %5
HAHAY [kV] B A% [kV]
183.6807 181.5973
A [MW] A7 [MW]
153.0672 151.3311
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Table 6. Natural Oscnllanon Modes

Eigenvalues Frequency [Hz] | Damping ratio
044 £ 0521 0.083% 06441
033 + 091 1 0.1434 0.3420
048 £ 581 09521 0.2399
0 + 9021 14330 0.1033
-1768 + 17441 27755 0.7120
-1916 + 168 i 25506 07671
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Table 7. PSS Lead-Lag Time Constants

Generator No T T Ts Ty
1 0.03 0.01 006 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- TFreg. Damping

value [1372] ratio value 187] ratio
033+ -224+

090i 0.1431 0.3420 0% 0.1419 0.9292
-1.48+ . -3%+

2 . 549

S8 0921 0.239 612 09748 0.5421
094+ - 589+ . -

ami 1430 | 01033 043 1.5001 0.32%6
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Table 9. Parameter of Power Converter
controliers

. Integrator| max { min
pe K, | Ki| Ko Limit aly | alr

rectifier { 04 | 05 | 1.0 *15 162° 2

inverter | 04 | 05 | 10 *15 162° z

= 10. MEHED|0 IRER BE
Table 10. Natural Oscillation Mode for Power
Converter

Eigenvalue Frequence[Hz] | Damping ratio
-1977+10.7% 17166 0.8779
-2030£11.47 1.8261 0.8706
-19.1321972 3.1392 0.6963
-19.88* 1968 31327 0.7106
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