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Application of Power System Stabilizer in
a Combined Model of LFC and AVR Loops to
Enhance System Stability

E. Rakhshani, and J. Sadeh, Member, IEEE

Abstract— This paper presents an investigation into the stability
enhancement of LFC problem in one area power system using a
power system stabilizer. A complete system model for low-
frequency oscillation studies should be composed of mechanical
and electrical loops. So a new combined model, that is included of
LFC and AVR loops to consider the mutual effects between
them, is used. The simulation results show that adding a
coordinative PSS to this model can improve the dynamic stability
of the power system and effectively suppress the low-frequency
oscillation.

Index Terms-- Excitation system, Load frequency control,
Low-frequency oscillation, Power system stabilizer.

I. NOMENCLATURE

B Frequency bias
R Droop characteristic

APy Power generation deviation of unit
AP Load deviation

Kp Power system equivalent gain

Tp Power system equivalent time constant
Tr Turbine time constant

Tg Governor time constant

Ka Amplifier gain

T, Amplifier time constant

K, Sensor gain

T, Sensor time constant

AE’, Deviation of transient excitation EMF on stator
T4  Generator-field transient time constant
AV,  Deviation of terminal voltage

AP,  Deviation of internal electrical power
AV;  Deviation of field winding voltage

A Deviation of torque angle

LFC  Load frequency control
AVR  Automatic voltage regulator
Kpss  Power system stabilizer gain

Ty Washout time constant
T,-T, PSS time constant
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II. INTRODUCTION

N power systems, changes of operating conditions will

result in small-magnitude low-frequency oscillations that
may persist for long periods of time. In some cases, the
oscillations will limit the power transfer capability. So power
system stabilizer is designed to generate supplementary
control signal in the excitation system to enhance system
damping [1].

A complete system model for low-frequency oscillation
studies must be included of mechanical and electrical loops. It
has been recognized that these oscillations can be controlled
by adjusting exciter and speed-governor control parameters
[2]. Furthermore, it has been shown that the load-voltage
characteristic of the power system has a significant effect on
its dynamic responses, and suggestions have been made for
the proper representation of these characteristics in simulation
studies [3]-[5]. The two main control loops of a generation are
Load Frequency Controller (LFC) and Automatic Voltage
Regulator (AVR) [1]. A lot of studies have been made about
LFC over the last decades [6]-[7] but these researches don’t
have any attention to AVR effects on the results. Infact, in
LFC power system control literature, there is a lack of stability
analysis for AVR effects or the mutual effects between these
loops. Usually, these studies are based on the assumption that
there is no interaction between the power/frequency and the
reactive-power/voltage control loops. But in practical systems,
during dynamic perturbations some interactions between these
two control channels are exist [3]. Also, by neglecting the
effect of voltage deviation on load demand, an important
interaction in LFC systems is ignored. But in [3] a combined
model for a power system is proposed and for the first time,
interaction between LFC and AVR Loops and their important
effects on the steady state response of turbine output power is
depicted.

In this paper, a complete research is done for adding a PSS
to this combined model for more dynamic improvement. A
similar simulations as in [3] are developed to show the
performance of this proposed method under practical
operating conditions. The results of the proposed method with
PSS are compared with a combined model without PSS and
also with separate models of LFC and AVR without any
interaction. The simulations show that adding a coordinative
PSS to a combined model of LFC and AVR can improve the



dynamic stability of the power system and effectively
suppress the low-frequency oscillation.

IIT. MODELING OF POWER SYSTEM

For small-signal stability analysis, dynamic modeling is
required for the major components of the power system, such
as synchronous generator, excitation system, automatic
voltage regulator and load frequency control loops as a
mechanical part. In this study, the simulation of low-
frequency oscillations is based on a single machine connected
to infinite bus system [2]. This one machine-infinite bus
system with a local load is shown in Fig. 1.

Fig. 1. One machine-infinite bus power system.

Where, Z: series impedance of transmission line and Y:
shunt admittance as a local load.

A. Combined LFC- AVR Model for a Power System

The rotational inertia equations describe the effect of
unbalance between electromagnetic torque and mechanical
torque of individual machines in a LFC system. By having
small perturbation and small deviation in speed, the complete
swing equation becomes [3]:

Ky
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Fig. 2. Note that the dashed and dotted lines show the
connection between LFC and AVR loops and P/ block in this
figure is a designed PI controller.

The development of used combined model and complete
information about K;-K4 parameters and related parameters in
Fig. 2, are given in [3].

B. Applied PSS for Combined LFC- AVR Model

The PSS transfer function, G,(s), should have appropriate
phase compensation blocks to compensate the phase lag
between the exciter input and the electrical torque with using
important signal Af. As shown in Fig.2, this transfer function
between the electrical torque and the reference voltage is
given by:

K;,K,.K,
A+sT,).(1+sK5.Ty,)+K;.K, K )

The considered stabilizer is included of two lead
compensators as shown in Fig.3, with a washout filter. The
transfer function of PSS is represented as:

GEP(s) =

AV (s) s.T,
Gpss (S) - Af(S) - pss[l + S.TW ]GC (S) (3)
Ge(s) = (1+s7) (1+s513) @

(1+5.7,) (1+s.T,)

Where K5 is stabilizer gain, 7,, is washout time constant
and G¢ is transfer function of phase compensator. An optimal
stabilizer is obtained by a proper selection of time constants
T], Tz, T3, T4’ TW and KpSS'

A = st [AP, — (AP, + AP)] (1) Washout Compensator Vs max
+5
’ . .. . . Af’ & L 1+s.T) 1+ 5.T5 Vs
Where, AP, is the deviation of internal electrical power that 1+sT, K s s N TesT,
is sensitive to load characteristics. This fact is the basis of 2 M
developing a new combined model for power system stability V. min
studies. Combined model that is used in this paper is shown in  Fig 3. Structure of PSS.
A \ LFC' LOOP A
A 4 f i ._._._._._._T:'_G._S?t_ ......... - AP f
R : (Turbine — Generator) i =
— i 5 2, -
Gpss(s) x| A 1 1 ;M;ﬁ‘*— K, s |AS
Power Svstem Stabilizer T 5 i | 1457, 1457, : Ny 1+sT, s
1 . I
AVR LOOP +
AE” M &
=T LT i I 3/
AV, = 1+ 5.K,.T), il A i
"y K, i GEP(s) Ad
av, 1+sT, |AV; K
A :
K, NP K
I+sT,
K,

Fig. 2. PSS coordinated with LFC-AVR combined



It is assumed that 7,= T3 and 7>,=T4. This choice reduces
the number of parameters to be optimized. The design
consideration and the procedure for selecting the PSS
parameters are as follows:

B. 1. Natural frequency of system

Based on the proposed model of synchronous generator
model in [2], used mechanical equations for combined model
in Fig.2 will be find:

MA® =—-AT, — AT, + AP, (5)
Assume that:

AT, =DAw (6)
AT, = K,AS + DpAw (7)

Where K;.Ad is a component of torque that is in phase with
the rotor angle change. This is known as the "synchronizing
torque" and DgAw is a component of torque that is in phase
with the speed change. This is known as the "damping

torque". We know that Ad=(w,Aw)s and w,=2xnf, .
Therefore:
M.s* [, +(D+Dpg).s/ @y + Ky AS = frechanica(BS)  (8)
Where:
APm = fmechaniual(Aé) = _Aa)' [(S + R'Kl )/S.R.(l + STg*t )]

©)

==AS/@,[(s+ RK;)/R(1+5T,,)]

Where T,.; is the approximated time constant of turbine —
generator set in Fig. 2. It is assumed that the value of time
constant of turbine — generator set is low and neglected and
after linearization:

AP, =-s.AS(1/Rwy) - AS.(K, |wy) (10)
And by substituting (9)-(10) into (8):
[M.s? +5.(D+Dg+1/R)+(K,.0, + K,)JAS =0 (11)

Where D=1/K,and M=T,/K,,. Normalization of (11) yields:

(s’ +2L.w,5+02)AS=0 (12)

Therefore:

5= (=, 2 N1-¢)o, (13)

@, =\ (0,K, +K;)/M (14)

£, =(D+Dg+1/R)/2.0, M (15)
Where w,, is the natural frequency of system,

wp=2m.f,=377 (rad/s) is the rated speed for a 60 Hz system and

also {, is desired damping ratio and may be change by
selecting of D or R.  Note that the percent over-shoot and
settling time requirements for the closed-loop system
responses can be affected by natural frequency and desired
damping ratio characteristics for the closed-loop dynamics of
systems.

B. 2. Phase lead compensation

To damp rotor oscillations, the PSS should produce a
component of electrical torque in phase with the rotor speed
deviation. This requires phase-lead circuits to compensate the
phase-lag between exciter input (i.e. PSS output) and the
resulting electrical torque. The phase characteristic of the
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system (i.e. GEP(s)) depends on the system parameters and
the operating condition. The required phase-lead for a given
operating condition and system parameters can be achieved by
selecting the appropriate value of time constants 7;-7.

The time constants of the lead networks are computed so as
to compensate the phase angle of the system. Note that y/2 as
phase angle of the transfer function GEP(s) is computed for
s=jwy,. Hence T; and T, are computed as follows.

Ii=aTl, (16)
T, =10, a (17)
Where:

_ L+sin(y/2)
1 SsinG/2) (18)
7//2=tan’1[ a)n(Ta+K3'Tdo) ] (19)

1+K, Ky K¢ -0 T,.T), K,

B. 3. Stabilizer gain

Stabilizer gain for desired damping ratio {, will be
computed by the following equation:
2.6.0,.M
K pss = ; ;
|G.(jo,).GEP(jo,)|

(20)

IV. SIMULATION RESULTS

In this section to show the dynamic improvement, a power
system stabilizer is designed for combined model of LFC and
AVR. Simulations are performed for a possible operating
condition of power system.

In this simulation the performance of the proposed method
is compared with combined LFC-AVR model and also a
classic model of a load frequency control system ignoring
AVR loop and excitation system. Note that the simulations are
done using MATLAB platform. The power system parameters
are given in Tables I, III and IV (Appendix).

This simulation is performed assuming that the real power
is 0.9 pu, reactive power is 0.6 pu and the machine terminal
voltage deviation is 0.091 pu. For the LFC system, the load
change in real power is set at 10%. Note that Values of the K-
K parameters in this condition are presented in Table I.
details about calculation of these parameters are given in [3].

TABLE1
K-Ks PARAMETERS IN PROPOSED COMBINED MODEL
K Ky Ks Ky Ks Ks
0.3457 1.8530 0.3794 0.1632 0.0674 1.0304

The frequency deviation, plant power change, deviation of
internal electrical power and deviation of terminal voltage are
shown in Figs. 4-7, respectively.

Based on Fig. 4 is clear that by using proposed power
system stabilizer on this combined model, better dynamic
response is accessible. It is clear that frequency oscillations
are effectively damped out around 4 s.
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Fig. 6. Internal electrical power deviation (Pu. MW).

From Fig. 5, it should be pointed out that beside of
important effects of AVR loop on the steady state output,
because of designed PSS, the dynamic responses of this
turbine output are improved.
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Fig. 7. Terminal voltage deviation (pu).

The load change in real power is set at 0.1 pu and as shown
in Fig. 5, the output of turbine decrease to 0.0929 pu. This
reduction is about 8% and is supplied from AVR loops. Also
as shown in Fig.6, dynamic response of internal electrical
power deviation from AVR loop is improved and the steady
state value is about 0.007 pu. Also as shown in Fig. 7, with
comparing the responses of combined model without PSS and
a combined model without PSS, it is clear that a better
damping for terminal voltage oscillations is accesible (after 4
s) with using PSS.

V. CONCLUSION

A power system stabilizer is proposed and carefully
redesigned for a combined model of LFC and AVR loops. It is
necessary to pay more attention about mutual effects between
LFC and AVR loops in power system dynamic stability
studies. In this paper, dynamic and also steady state responses
of this model are investigated for one-area power system.
Based on these simulations it is clear that by using a
coordinated PSS to a combined model of LFC and AVR,
better dynamic stability is accessible.

VI. APPENDIX

Complete information about the power system parameters
and constants for the LFC system, one machine-infinite bus
model and excitation control system are given in Tables II, III
and IV, respectively.

TABLE II
TURBINE AND GOVERNOR SYSTEM PARAMETERS FOR LFC
Kr (pwHz) Tr (pu/Hz) Tr () Ts (8) R (Hz /pu)
102 20 0.32 0.06 1.7
TABLE III
ONE MACHINE INFINITE BUS MODEL PARAMETERS (PU)
g Ny X'a La T'g Ry X
1.973 (.82 0.1 0.003 7.76 0.004 0.74




(1]
(2]

(3]

(4]

[3]

(6]

TABLE IV
EXCITATION CONTROL SYSTEM AND LOCAL LOAD PARAMETERS
Excitation system (pu) Local load (pu)
K, T, K, T, G B
20 0.05 1 0.05 0.89 0.862
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