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OPTIMISATION OF PSS PARAMETERS

Stefan Paszek
∗

PSS — parameter determination methods, have been presented. A method has been chosen based on the power system
mathematical model for cases of small and large disturbances. In this method the PSS time constants have been determined
for the case of small disturbances basing on the distinguished electromagnetic torque component of the synchronous generator
influenced by the voltage regulator. The PSS gains have been calculated by minimisation of the deviations of active power,
angular speed and voltage of the generator at different large disturbances and at different load conditions in the system.
A generalised weighted quality factor resulting from the regulating courses of deviations at large disturbances in the power
system has been introduced for that reason. The optimal PSS gains have been evaluated from the minimisation of a generalised
quality factor by application of the Hooke-Jeeves method.
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1 INTRODUCTION

In large power systems there appears an increased
tendency to weakly dampened electromechanical swings.
There occur electromechanical interarea swings charac-
terised by a low frequency range (0.2 to 0.8 Hz) as well
local swings within the frequency range (0.8 to 2.0 Hz).
The task of PSSs situated in selected generating units
of the power system is to damp electromechanical rotor
swings of synchronous generators involved by various dis-
turbances of the system steady state. It has been assumed
that the optimal PSS site selection in the power system
results from the small disturbance analysis, which allows
the linearization of the nonlinear state equation set about
the steady-state operating point [1], [2]. Traditional stud-
ies of the optimal PSS parameter evaluation were per-
formed for the case of small disturbances. There are 6
basic methods of calculation of PSSs parameters in the
case of small disturbances:

1. The method based on the distinguished electromag-
netic torque component of the synchronous generator in-
fluenced by the voltage regulator [1], [3], [4], [5], [6].

2. The method based on a shifting of the selected elec-
tromechanical eigenvalues to given points in the complex
plane by application of Newton-Raphson algorithm [1].

3. The method connected with the shifting of the state
matrix eigenvalues, being coherent with the least damp-
ing modes by application of the mini-max optimisation
[7].

4. The method using Moore-Penrose pseudo-inverse rect-
angular matrix [8].

5. The method based on examination of sensitivity of
the state matrix eigenvalues corresponding to a change
of parameters of PSS transmittance [9].

6. The method based on a preliminary determination of

the PSS transmittance (having a high degree of polynomi-

als in nominator and denominator) using the electrome-

chanical eigenvalues of the state matrix (determined for

cases with and without PSSs application). In this method

the final form of PSS transmittance has been obtained

from its approximation by a fractional rational opera-

tional function having a low degree polynomial in its nom-

inator and denominator [10].

Method 2 allows the calculation of the chosen PSS pa-

rameters (the gain and one time constant in the nomina-

tor of the PSS transmittance) for all the PSSs together.

This method does not require the determination of the

whole system state matrix. The PSS parameters calcu-

lated from methods 2 to 6 depend on the system load

condition in a considerable degree. In method 2 they

depend also on the number of generating units being

equipped with PSSs. Methods 3 to 6 have been based

on the whole system state matrix of usually great size,

sometimes greater than 1000. Therefore these mentioned

methods have only a limited application to the calcula-

tion of PSS parameters in a large power system.

Taking into consideration the above critical remarks it

has been finally assumed that the time-constants of PSSs

have been exactly evaluated by method 1. The PSS gains,

being only roughly estimated in this method, determine

the effectiveness of PSS action. For the purpose of calcu-

lating the optimal values of PSS gains large disturbances

can be used. (In this case the power system is described

by nonlinear state equations.) At large disturbances ap-

pearing at different load conditions in the power system

the PSS gains can be calculated by minimisation of the

chosen state variable deviations or of the deviations of

other chosen quantities from their steady state values.
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Fig. 1. The signal diagram of the synchronous generator electro-
magnetic torque components

2 MATHEMATICAL MODEL

OF THE POWER SYSTEM

The power system consists of generating nodes and
load nodes in the power network. Generating nodes are
connected to the generating units by the block transform-
ers. The generating unit comprises the synchronous gen-
erator and the driving turbine. Each synchronous gener-
ator is equipped with an excitation control system com-
posed of a voltage regulator and optionally of a PSS.

The equations of the power system have been formu-
lated in the common reference frame rotating at a con-
stant synchronous speed. The changes of the electrome-
chanical swings in the power system are relatively slow
so the transformer voltages components have been omit-
ted as small in comparison with the rotational voltages
components appearing in the equations describing equiv-
alent circuits of the generator armature, transformer and
transmission line. Owing to this fact, the state equations
for these circuits become algebraic. Consequently the dif-
ferential state equations refer only to the circuits of gen-
erator rotors, their excitation system control and turbine
as well to the generator rotor motion.

It has been assumed that the input quantities of PSSs
are proportional to the increments of the generator ac-
tive power or its angular speed. The operational trans-
mittance of the PSS has the form

GS(s) = KS

sTS

1 + sTS

1 + sTS2

1 + sTS1

1 + sTS4

1 + sTS3

, (1)

where are: KS – gain, TS – time constant of the dif-
ferentiating element, TS1 to TS4 – time constants of the
correcting elements.

The model of the whole power system has been created
by connection of the generating unit models with the
model of the reduced network. State equations of the
generating units have the following form [1]:

dXW

dt
= FW

(

XW ,UW , IW ,UWGZ

)

+ BWZUWGZ + BW0PW0 , (2a)

IW = CWXW − YWUW , (2b)

FminW ≤ FogrW

(

XW ,UW , IW ,UWGZ ,PW0

)

≤ FmaxW , (2c)

where are: XW – state variable vector of the gener-
ating units (state variables of the synchronous genera-
tor, the excitation system, the PSS and the turbine),
UW , IW ,UWGZ , PW0 – vectors of the armature voltages,
armature currents, reference voltages of the voltage reg-
ulators and reference power of the turbine regulators in
the generating units, BWZ ,BW0,CW ,YW – control ma-
trices: of the reference voltage vectors of the voltage reg-
ulators, the reference power vector of the turbines and
matrices in the equations for output quantities of gen-
erating units, FW ,FogrW – multidimensional functions
of many variables determining the state equations and
inequality relations describing the control limits of the
generating units, FminW ,FmaxW – vectors of the minimal
and maximal values appearing in the inequality relations
describing the control limits of the generating units.

Taking into account the identity of currents and volt-
ages appearing in the generating units equations (2) and
in the following equations of the power system after elim-
ination of the load nodes

IW = YsUW , (3)

where Ys is nodal admittance matrix of the network, the
state equation of the power system is obtained:

dXW

dt
= FWP

(

XW ,UWGZ ,PW0

)

+ BWZUWGZ + BW0PW0 , (4a)

FminW ≤ FogrWP

(

XW ,UWGZPW0

)

≤ FmaxW . (4b)

The linearized model of the whole power system has been
determined by equations (2a), (2b) and (3) after their
linearization about the steady state operating point

d∆XW

dt
= AW∆XW + BW ∆UW

+ BWZ∆UWGZ + BW0∆PW0 , (5a)

∆IW = CW ∆XW − YW∆UW , (5b)

∆IW = Ys∆UW , (5c)

d∆X

dt
= A∆X + B∆U , (6a)

where are: AW ,BW – state matrix and control matrices
of node voltage vectors of generating units, ∆X = ∆XW

– power system state vector, ∆U = [∆UWGZ , ∆PW0]
⊤

–
power system input functions vector, power system state
matrix:

A = AW + BW (Ys + YW )−1
CW , (6b)

B = [BWZ , BW0]
⊤

is power system input functions ma-
trix.
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Fig. 2. The phase angle-frequency characteristics applied to de-
termine the time constants of PSS (with angular speed deviation
input signal) installed in the equivalent generating unit at the node

ROG221

Fig. 3. The phase angle-frequency characteristics applied to de-
termine the corrector time constants of PSS (with active power
deviation input signal) installed in the equivalent generating unit
at the node ROG221 for various load rates of the power system.

3 CALCULATION OF THE PSS PARAMETERS

The PSS parameters can be determined on the basis
of the distinguished electromagnetic torque component
of the synchronous generator influenced by the voltage
regulator and assuming the case of small disturbances in
the system. The signal diagram of the electromagnetic
torque components produced by the synchronous genera-
tor equipped with an excitation control system and PSS
is presented in Fig. 1. It has been assumed that the input
quantities of PSSs are proportional to the angular speed
deviation.

The electromagnetic torque has two components de-
pending on the increments of the angular speed ∆ωi(s) :
component ∆Meδi(s) associated with the increment of
generator load angle ∆δ(s), and component ∆MeZi(s)
associated with the PSS effectiveness and the excitation
control system. Transmittance

GMZi(s) =
∆Mei(s)

∆UGZi(s)
(7)

determines the influence of reference voltage of the volt-
age regulator on the electromagnetic torque in the case of
PSS disconnection condition and an infinite value of the
generator electromechanical time constant. It has been
assumed that in the electromechanical swing frequency
range the electromagnetic torque component controlled
by the PSS is determined as follows [1], [3], [4], [5], [6]:

∆MeZi(s) = GMZi(s)·GSωi(s)·∆ωi(s) = D·∆ωi(s) , (8)

where D is generator torque damping coefficient. PSS
operational transmittance resulting from the equation (8)

GSωi(s) =
D

GMZi(s)
. (9)

In order to determine the time constants of the PSS the
phase angle frequency characteristic of the transmittance

GMZi(s = j2πf) should be used. The phase angle of PSS
transmittance should satisfy the compensation condition
in the electromechanical swing frequency range:

arg
{

GSωi(j2πf)
}

+ arg
{

GMZi(j2πf)
}

= 0 , (10)

which can be presented in the following form:

arg
{

GSωi(j2πf)
}

= farg(2πf) ,

where farg(2πf) = − arg
{

GMZi(j2πf)
}

.
(11)

PSS time constants can be calculated by an approxima-
tion of equation (11) applying the Levenberg-Marquardt
optimisation method [1] (Fig. 2).

In order to avoid the influence of the system load con-
dition on the PSS parameter settings it has been pro-
posed that optimal time constants can be calculated tak-
ing into consideration all the characteristic load condi-
tions. These time constants have been evaluated from the
minimisation of the phase angle deviations of the PSS
transmittance from the phase angle of the transmittance

GMZi

(

s = j2πf
)

associated with the particular system

load conditions (Fig. 3).

In the case of small disturbances in the system, the
PSS gain has been only roughly estimated, assuming re-
spective ratio of the stationary component of generator
damping torque to the input quantities of PSS.

In the case of large disturbances, the PSSs should im-
prove the system stability and damp effectively the elec-
tromechanical swings in the system described by the non-
linear state equations. The PSS gains, which determine
the effectiveness of PSS action, can be evaluated by min-
imising the chosen deviations of the state variable or of
other quantities taken from their steady state values at
large disturbances appearing at different load conditions
in the power system. In the optimisation method the tran-
sients of angular speed and of the generator active power
are most essential from the point of view of the rotor
swings influence. A single (j -th) disturbance of a chosen
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Fig. 4. Generating nodes and determined optimal sites of the PSSs in the Polish National Power System Co-operating with the UCPTE
system (* – proposed optimal PSS sites)

Fig. 5. Transients of the active power in the equivalent generating unit operating at the node DBN113 (a) and of the synchronous
generator armature voltage at the node ROG411 (b) after temporary short-circuit Z1 in the evening peak load.

load condition (r -th) in the power system has been as-
sociated with a weighted quality factor of the regulation
transients in the system. That factor has been defined as
an integral of the weighted sum of the transient magni-
tude deviation of two kinds of quantities: angular speed
(ω) and active power (P ) of the particular generating
units in a given time interval t ∈ [t0, tk] :

Jjr(K) =

∫ tk

t0

2N
∑

l=1

al |∆Yl(t,K)| dt , (12)

where are: K – vector of PSS gains, N – number of gen-
erating units in the power system taken into considera-
tion, ∆Yl – transients of the angular speed and the active
power deviations in a given generator unit (2N quantities

p.u.), al – weighting coefficients. The weighted quality
factor (12) referring to the single disturbance of a deter-
mined load condition has been used for average quality
assessment of the regulation courses of these two kinds
of quantities (P, ω) in the different points of the power
system [1], [11].

The application of the PSSs should not have an un-
favourable effect on the transient regulation courses of the
generator armature voltage (U). Therefore the armature
voltage deviations of the particular generating units have
been taken into account in a quality factor of a similar
form as (12).

We can usually determine some critical disturbances
in the power system that considerable influence the sys-
tem stability. These selected disturbances are associated
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Table 1. Values of the generalised quality factor and its components referring to different quantities

Without PSS parameters

PSSs before after
optimisation optimisation

Generalised synthetic quality factor (13) 81.78 59.20 47.22

Quality factor (13) component referring to rotational speed 12.93 9.65 8.69

Quality factor (13) component referring to active power 19.38 13.37 11.76

Quality factor (13) component referring to generator armature voltage 49.47 36.18 26.78

with a synthetic quality factor of the critical disturbance
transient regulation courses in the system [1]. This fac-
tor is determined for a chosen operating condition of the
power system. Considering all load conditions of the sys-
tem we define the generalised quality factor of the critical
disturbance transient regulation courses in the system as
follows:

J(K) =

S
∑

r=1

M
∑

j=1

∫ tkjr

t0jr

3N
∑

l=1

eljr
∣

∣∆Yljr(t,K)
∣

∣dt , (13)

where are: S – number of considered load conditions
of the system, M – number of selected disturbances,
∆Yljr(t,K) – deviations of: angular speed, active power
or armature voltage in the particular generating unit for
different critical disturbances at different load conditions,
eljr – weighting coefficients.

The optimal gains of the PSSs have been evaluated as
the result of the minimisation of the generalised quality
factor of the critical disturbance regulation transients in
the system (13). Additional limiting values can be im-
posed on the PSS gains:

KSmin < KS < KSmax . (14)

The minimisation of the quality factor (13) has been per-
formed using the Hooke-Jeeves gradientless optimisation
method.

4 CALCULATION RESULTS

Exemplary calculations have been performed for the
Polish National Power System for the case of co-operation
with UCPTE system. Three load conditions of the power
system have been considered in relation to different time
of a day. The power system was represented by 57 equiva-
lent generating units (49 Polish unit and 8 from abroad),
519 load nodes, 1043 transmission lines and transformers.
It has been assumed that the input quantities of PSSs
are proportional to the increments of the generator ac-
tive power. The optimal PSS sites in the system have
been determined in the generating units in the follow-
ing generating nodes: ROG221, ROG411, DBN113,

ROG211, DBN133 and ZRC415 (Fig. 4). The PSS pa-
rameters have been determined for the linearized model

of the system. The evaluated PSS parameters in the par-
ticular generating nodes:

ROG221 KS = 1.23 , TS1 = 6.52 s , TS2 = 0.17 s ,
ROG411 KS = 1.27 , TS1 = 7.04 s , TS2 = 0.17 s ,
DBN113 KS = 1.20 , TS1 = 11.87 s , TS2 = 0.17 s ,
ROG211 KS = 1.13 , TS1 = 6.75 s , TS2 = 0.18 s ,
DBN133 KS = 1.11 , TS1 = 12.15 s , TS2 = 0.17 s ,
ZRC415 KS = 1.24 , TS1 = 7.49 s , TS2 = 0.10 s ,

in all units TS = 4 s, TS3 = TS4 = 0 s.

To determine a generalised quality factor of the criti-
cal disturbance regulation transients in the system, there
have been specified three critical disturbances (Z1, Z2,
Z3) in the form of short-circuits with their duration of
tzi = 0.2 s in the transmission lines near the power plants

(Be lchatów, Żarnowiec, Opole). (In these power plants
the generating units had maximal magnitude of complex
participation factors for eigenvalues responsible for the
least damped modes of the linearized power system model
[1], [2]). It has been assumed that the weighting coeffi-
cients in the generalised quality factor (13) are dependent
on the rated apparent power of the particular generating
units. The optimisation of the generalised synthetic qual-
ity factor of the critical disturbance regulation transients
in the system (13) has been carried out by the Hooke-
Jeeves method. The evaluated PSS gains in the particular
generating nodes:

ROG221 KS = 3.78 , ROG411 KS = 0.57 ,
DBN113 KS = 8.28 , ROG211 KS = 1.13 ,
DBN133 KS = 15.95 , ZRC415 KS = 5.58 .

Figure 5 presents the exemplary transients of the ac-
tive power and the generator voltage courses in the chosen
generating units. The transients refer to cases:

– without application of PSSs,

– with PSSs, whose parameters have been determined
for the case of linearized state equations,

– with PSSs, whose gains result from the optimisation
at the large disturbances in the power system.

Table 1 shows how the values of the generalised quality
factor and its components referring to different quantities
decrease after the optimisation of the PSS gains.

5 CONCLUSIONS

The method of PSS parameter determination based on
mathematical models of the power system for the cases of
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small and of large disturbances has been presented. The
PSS time constants have been determined for the case
of small disturbances basing on the distinguished elec-
tromagnetic torque component of the synchronous gen-
erator influenced by the voltage regulator. The optimal
PSS gains have been evaluated by the minimisation of a
generalised quality factor determined for the case of large
disturbances by the application of the Hooke-Jeeves algo-
rithm. The exemplary calculations have been performed
for the Polish National Power System in co-operation
with UCPTE system.
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