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A Practical Power System Stabilizer Tuning Method and
its Verification in Field Test

Jeonghoon Shin®, Suchul Nam*, Jaegul Lee*, Seungmook Baek*,
Youngdo Choy* and Taekyun Kim*

Abstract — This paper deals with parameter tuning of the Power System Stabilizer (PSS) for 612 MVA
thermal power plants in the KEPCO system and its validation in a field test. In this paper, the selection
of parameters, such as lead-lag time constants for phase compensation and system gain, is optimized
using linear and eigenvalue analyses. This is then verified through the time-domain transient stability
analysis. In the next step, the performance of PSS is finally verified by the generator's on-line field
test. After the field test, measured and simulated data are also compared to prove the effectiveness of

the models used in the simulations.
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1. Introduction

The power system stabilizer (PSS) is a supplementary
control system of a generator’s excitation system. The output
signal of the PSS is injected into the summing junction of
the excitor block in the generator to damp out low fre-
quency oscillations of the power system. It is the most eco-
nomical way to mitigate this kind of low frequency oscilla-
tions. In order for the PSS to perform its role, it is very im-
portant to optimally tune the internal parameters of the PSS,
which are composed of lead-lag time constants and a gain.

The tuning of the PSS and its application have been
studied and applied to power systems around the world
since the 1960s. The basic reasons for tuning PSS parame-
ters are to compensate for the phase lag due to the power
system, generator and excitation system; and to provide
electrical torque in phase with speed via the excitation sys-
tem and generator [1].

However, the difficulties of tuning the PSS parameters
and applying them to the power system, derived from the
complexity of the power system and the wide range of op-
erating points, have made authorities reluctant to use PSS.
In spite of these difficulties, excellent PSS tuning guides
for single-input PSSs have been suggested [2], [3] and dual
input PSSs have been reported as an alternative for suc-
cessful operation [4]. The dual-input PSS, which uses
power and frequency as inputs, has many advantages over
a single-input PSS, such as the speed-input PSS or power-
input PSS. This is because dual-input PSS provides a
damping torque for the power system on a wider range of
frequencies of concern and is less sensitive to shaft tor-
sional oscillation.
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Although tuning of the PSSs is performed on a hundred
units without major complications, most PSSs use high-
order filters, making it difficult for engineers to determine
the required, properly tuned PSS parameters.

Meanwhile, in Korea, operation and periodical retuning
of PSSs of all generators with over 500 MVA capacity have
been compulsory in the system reliability regulation since
2005. Generation companies equipped with these genera-
tors are interested in the tuning of their PSSs.

In this paper, an effective and practical tuning method of
PSSs and their application to the KEPCO system are pre-
sented. The selection of parameters, such as lead-lag time
constants for phase compensation and system gain, are
optimized using linear and eigenvalue analyses; these are
verified through time-domain transient stability analysis. In
addition, the performance of the PSS is verified by the
generator's on-line field test. Through the comparisons of
simulation results and measured data before and after tun-
ing of the PSS, the models of the generator and its control-
lers, including AVR, Governor and PSS used in the simula-
tion, are validated and confirmed.

2. Offline Tuning of PSS Parameters IEEEST)

2.1 System Modeling

Fig. 1 shows one machine and an infinite bus, which
represents a 612 MVA thermal power plant in the KEPCO
system. It is used throughout this paper for tuning the PSS
parameters. The unit is assumed to have loading conditions
of 500 MW and 0.0 MVAR (1.0+j0.0 p.u.), at which point
the total system gain is at its highest and in the least stable
condition [2]. The excitation system of the machine is
static, as shown in Fig. 2. The model parameters of the
generator and the excitation system are in the Appendix.
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The parameters derived from the field test are used so
that reliable PSS parameters can be determined. To validate
the models, the AVR step test, which is implemented to
give the small step voltage into the summing junction of
the AVR reference, is simulated in terms of both armature
voltage, Vt, and generator field voltage, Efd. Fig. 3 shows
the response of the excitation system to a 5% step change
of AVR. The system successfully controls the terminal
voltage of the generator.
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Fig. 1. Single machine and an infinite bus system.
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Fig. 2. Excitation system model (EXST3).

23.54
— Terminal Voltage (kV)
i ]
= 23.04
Q
> ]
8
3 2254
> ]
2 2201
£
=
[}
= 215 T T T T 1
5 10 15 20 25
3.0+
= 254 .
g_ Field Voltage(Vpu)
S 20
S
8 1.5i
S 104
= 1.0
o
@ 0.5
[T
0.0 v T v T v T v T v !
0 5 10_. 15 20 25
Time (sec)

Fig. 3. Response of 5% AVR step test with open-circuited
unit.

2.2 Phase Compensator Tuning

Phase compensator tuning is the most important part of
PSS tuning. The purpose of phase compensation is to com-
pensate for phase lags between excitor reference and air -
gap torque in the system. In other words, time constants of
two lead-lag blocks (T1=T3, T2=T4) in IEEEST-type PSS
(Fig. 4) should be optimally determined for this purpose.
Normally, in the range of low frequency oscillations rang-
ing from 0.1 to 2 Hz, time constants of the PSS should be
selected to compensate for the phase lags of the system by
linear analysis.

Fig. 5 represents the phase lagging characteristics of
Power System-Generator-Excitation System or PGE(s)
blocks without PSS. The figure shows that the maximum
phase lagging of the system is approximately 100 degrees
at 2 Hz.

Fig. 6 shows the frequency response characteristics of
PGE(s)PSS(s), according to the variation of time constants.
In these cases, T1 was used to calculate the central fre-
quency for the phase compensation. In this case, 0.25 of T1
was selected for optimal time constant of the phase com-
pensation because it was slightly under compensation on
the designated frequency range and has little effect on the
synchronizing torque of the system. The optimization pro-
grams, such as PWRSTAB [8] and DSA, are normally used
in this process.

The final parameters selected for the phase compensa-
tion of the PSS are given in Table 1.
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Fig. 4. PSS model (IEEEST).
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Fig. 5. Phase lagging characteristics of PGE(s).



402 A Practical Power System Stabilizer Tuning Method and its Verification in Field Test

50 - existing PSS

T1=025 ,/ T1=0.15

= = = uncompensated
e existing PSS

Phase (degree)

-200 4

-250 : ——————r ; ——
1 10

Frequency (Hz)

Fig. 6. Frequency responses of PGE(s)PSS(s) according to
the variation in time constants.

Table 1. Selected time constants for the phase compensa-

tion
Time Constants T1 T2 T3 T4
Seconds 0.25 0.025 0.25 0.025

Washout time constants (T5=T6=10.0) were not consid-
ered for the tuning of the PSS in the paper. This is because
they do not have much effect on the performance of the
PSS to damp local mode of oscillations (see Fig. 7). For the
upper and lower limits (Lsmax, Lsmm), typical values were
simply set as 0.1 p.u.
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Fig. 7. Frequency responses of PGE(s)PSS(s), according to
the variation in washout time constants.

2.3 Gain Tuning

For the gain tuning of PSS, eigenvalue analysis was used
to determine a range of the gain instead of a single gain
value. It had to be determined, not only from analytical
methods, but also from field testing, in order to obtain the

gain that could provide the best possible damping of the
selected modes while keeping the noises from the PSS at
an acceptable level.

Fig. 8 represents the root-locus plot derived from eigen-
value analysis. The control mode of the system became
unstable while the local mode of oscillations is stabilized
as the system gain, Ks, increased. At approximately 25 p.u.
of the system gain, the control mode became unstabilized.
Therefore, the tentative range of the gain can be selected
near a third of the unstabilized gain value at which the lo-
cal mode has been stabilized. The maximum gain is sup-
posed to be in the range of 7 to 8 p.u. This was finally de-
termined in the field test.
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Fig. 8. Root-locus plots for local and control modes.
2.4 Time-Domain Simulation

After the tuning of the PSS parameters, the effect of the
tuned PSS was simulated in the time-domain by transient
stability programs, such as PSS/E or TSAT, among others.
A 2% AVR step response and a three-phase fault test were
simulated in the time-domain for this purpose. Figs. 9 and
10 represent the response of the generator (active power)
when 2% AVR step-up and three-phase fault on the genera-
tor bus were applied, respectively. Both of these, together
with the degree of damping to the oscillations, were greatly
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Fig. 9. The 2% AVR step response — Generator active
power (MW).
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Fig. 10. Generator response after 3-phase fault — Generator
active power (MW).

enhanced compared with the existing PSS and the system
without PSS.

3. Performance Verification in Field Tests

In this study, the results of an on-line field test for the
PSS installed in a 612 MVA thermal power plant have been
demonstrated using the speed-input analogue PSS, with
initial values of PSS parameters set by the manufacturer
before tuning.

The following items were tested to verify the tuned pa-
rameters of the PSS:

a. A 3% AVR step test without load (open-circuited);

b. A 2% AVR step test with full-load; set as initial value of
parameters;

c. PSS Gain Margin test (set as tuned parameter); and

d. A 2% AVR step test with full-load (on-line) Gain=0, 1, 3,
5,7.

System operating conditions on each test item are shown
in Table 2.

403
Table 2. System operating conditions in the test
Test Items a c bandd
Gen. MW - 470 MW 440 MW
Gen. MVAR - 145 MVAR 150 MVAR
Terminal Voltage 21.8kV 22.0kV 22.0kV

3.1 AVR Step Response Test with Open-Circuited
Generator

This test checked the establishment of the internal DC
voltage of the AVR and looked at the behavior of the exci-
tation system of the generator. It also confirmed the valida-
tion of the excitation models used in offline simulation of
PSS tuning.

A 3% AVR step signal was injected into the summing
point of the AVR at 3600 turbine speed (rpm), with the
main circuit breaker open. Fig. 11 shows the terminal volt-
age of the generator after a 3% AVR step, compared with
the off-line simulation. The results are matched exactly;
therefore, the models used in the simulation are valid.
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Fig. 11. Comparison of results with 3% AVR step test
(measured vs. simulated).

3.2 AVR Step Response Test with Full Load (Before
Tuning)

In this test, the validation of the existing PSS parameters
set by the manufacturer was checked by a 2% AVR step
test. The time constant for phase compensation was 0.5 sec.
and the gain was approximately 7 p.u.

Fig. 12 shows the active power of the generator in the
test. A high-frequency oscillation appears in the outputs. As
expected in the off-line simulation, the control mode of the
system seems unstable because of the inappropriate pa-
rameters of the PSS, including time constants for phase
compensation and system gain.
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Fig. 12. The 2% AVR step response of the existing PSS
(field voltage and active power).

3.3 PSS Gain Margin Test

After setting the tuned parameters in the PSS, the gain
margin test was performed by increasing the gain step-by-
step, without applying step signal until one of the output
signals was hunted (Fig. 13). At approximately 20 p.u. of
the gain, the MW and field voltage were hunted. Therefore,
the maximum gain was tentatively considered as 7 p.u. The
final value of gain was selected in the next test.
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Fig. 13. The results of the PSS gain margin test (Terminal
voltage, Field voltage, MW/MVAR, PSS output).

3.4 AVR Step Response Test with Full Load (After
Tuning)

In this test, the damping effects at each gain were ob-
served according to an increase in the gain, up to the tenta-
tive value set in the previous gain margin test. Then, the
final value of PSS gain was set at 7 p.u. after an analysis of

the damping of power oscillations, number and amplitude
of swings, and field voltage variation.

Compared with the results without PSS (gain=0), the
damping of low-frequency oscillation was significantly
enhanced for the tuned PSS (gain=7) (Figs. 14 and 15).
Therefore, the parameters of PSS were successfully tuned
so that the performance of PSS was finally verified in the
field test.
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Fig. 14. The 2% AVR step response without PSS (Gain=0)
(active power and field voltage).
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Fig. 15. The 2% AVR step response with PSS (Gain=7)
(active power and field voltage).

4. Validation of Models Used in the Simulation

The system models used in the offline simulation were
finally validated through the comparison of results between
simulated and measured data. To do that, system operating
conditions for offline simulation were slightly changed to
that of the field test. Generator outputs (MW and MVAR)
and terminal voltage were changed to the same values as
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the measured ones.

The results were compared to validate the models used
in the simulation (Figs. 16 and 17). The field voltages and
generator outputs (MW), with and without PSS, were com-
pared respectively. The results are very similar in both
voltages and outputs, except field noises. Therefore, the
models used in the simulation were finally validated.
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Fig. 16. The 2% AVR step response without PSS (Gain=0)
(measured vs. simulated).
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Fig. 17. The 2% AVR step response without PSS (Gain=7)
(measured vs. simulated).

5. Conclusion

In this paper, the effectiveness of PSS parameters, which
were tuned in advance through the offline simulation, was
demonstrated based on the online field test. The lead-lag
time constants for phase compensation were selected as
slightly under-compensated in order not to decrease the
synchronous torque of the system. The PSS gain, Ks, was

finally determined by the 2% AVR step test at a load of 440
MW.

After performing the field test, the measured data were
compared to the simulated ones for the validation of the
system models used in the off-line simulation. In addition,
a kind of field test method and a procedure for the per-
formance test of the PSS were described in the paper.

Based on a practical tuning method presented in the pa-
per, multi-band PSSs and PSSs for the inter-area mode of
oscillations, which are widely accepted in North America,
could also be tuned in the near future.
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APPENDIX

1) GENERATOR PARAMETERS (612 MVA, 22.0 KV)

T, =7.90sec. T, = 0.043 sec. T, '=0.38
T,,” = 0.073 sec. H=3.75 D = 0.000
X,=2.1957 X, = 1.4578 X," = 0.26
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X" =0.2029X,=0.15
S(1.0) = 0.1976 S(1.2) = 0.4589

2) EXCITATION SYSTEM PARAMETERS

TR =0.02 KA:8.5 TA:0.4

Vima=0.2 Vipin=-0.2 Virpax=1.0

Viun=0.03 Kp=4.8 Kj=200 Kc=1.0 Kp=4.8
Ki=0.0 Kc=0.0, XI=0.0

TCZI.O TA:0.4 TB:8.0

EFDMAX:5-0 VGMax:4.8 THETAP:00
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