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Abstract: Changing the reference signal of the excitation and Automatic Voltage Regulator (AVR)
systems is one of the excitation control methods in controlling the terminal voltage of the generator
and reactive power. In most cases the aforementioned method results in transient oscillations in the
output voltage of the generator that must be damped as quickly as possible A four-machine system
is considered to study the damping capability of the proposed controller when sudden disturbances
influence the excitation system. Extensive time domain simulations and a performance index are  used
to validate the performance of the proposed controller. It is shown that using the POSICAST
controller increases the overall performance of the system in damping the oscillations.
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INTRODUCTION

The basic function of an excitation system is to provide direct current to the synchronous machine field
winding. In addition, the excitation system performs control and protective functions essential to the satisfactory
performance of the power system by controlling the field voltage and thereby the field current. The control
includes voltage and reactive power control and stability improvement of the system. The protective functions
guarantee that the requests will not exeed the capabilities of the generator (Kundur, 1994).

Changing the reference signal of the excitation system is one of excitation control methods in controlling
terminal voltage of the generator and as a result reactive power absorption in large power plants. On the other
hand using this method causes oscillations in many parts of the system. Damping of the oscillations is desired
to have a stable and continuous operation and increase the performance. Further, the oscillations can create
excessive heat in the field windings. Therefore mitigation of the oscillations can extend the life of the field
windings (Grigsby, 2006).

Using AVR to control the terminal voltage of the generator by changing the generator field voltage has
been discussed in many papers. In (Swidenbank et al., 2007) a radial basis function neural network-based AVR
is proposed. Design of AVR system for synchronous generators using a thyristor-based controller to produce
the excitation voltage is discussed in (Hoong et al., 2004). A generator excitation predictive control scheme
is introduced in (Ghazizadeh et al., 1997). Performance of a fuzzy logic based AVR in single and multi-
machine environment is investigated in (Mitra et al., 2006). 

Mitigation of oscillations using a POSICAST controller in a single machine environment is investigated
in (Smith, 1957). It was shown that in spite of simplicity of the method used in the excitation system, the
performance of the controller in damping the oscillations increased drastically.  In this paper the POSICAST
control method is applied to a multi-machine environment to investigate the side-effects of the oscillations on
the overall system performance. Three types of Power System Stabilizers (PSS) are considered in the
simulations. It is shown that the POSICAST controller damps the oscillations in all three cases. Some
considerable improvements are achieved in both overshoot of the oscillations and settling time. A performance
index is also used to show the improvements in dampening capability of the designed controller. 

History of POSICAST Controllers:
The invention of POSICAST control is due to Prof. Otto J. M. Smith, who described the basic principles

in the Sept. 1957 (Ghorbani et al., 2008). A decade later, application of half-cycle POSICAST to vibrating
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structures was proposed in (Cook, 1966). POSICAST compensation is applied within a feedback system rather
than in the classical feed-forward configuration in (Hung, 2002; 2003). The first reported applications were
for mechanical structures. Recently, POSICAST-based feedback control is used in the field of power
engineering, such as digital control of the boost converters (Feng et al., 2003), Dynamic Voltage Restorer
(DVR) (Loh et al., 2004), resonant damping of Z-source current-type inverter (Loh et al., 2006). Damping the
oscillations caused by changing the excitation reference signal in a single-machine environment (Smith, 1957),
Improving transient and small signal stability of power system (Aghamohammadi et al., 2008) and so on. 

Design of the Controller:
The system studied in this work is described in this section. Parameters used in design of the controller

are also obtained.

Model System:
The configuration studied in this work is shown in Fig. 4 (Kundur, 1994). It consists of four synchronous

generators. Each generator is described by a 7th order nonlinear mathematical model that describing equations
are expressed in (Cheng and Hsu, 1992). Parameters of the generators are borrowed from (Kundur, 1994). A
hydraulic turbine and governor system is also considered in the simulations. The model used for this system
is an IEEE standard model expressed in (IEEE, 1992). Parameters of the turbine-governor system are listed
in the appendix.

B. Controller Design:
POSICAST is a feed-forward control method that dampens oscillations in systems whose other transient

specifications are otherwise acceptable. When properly tuned, the controlled system yields a transient response
that has deadbeat. Consider a system having a lightly damped step response as shown in Fig. 1. The overshoot
in the response can be described by two parameters. First, the time to the first peak is one half the
underdamped response period Td. Second, the peak value is described by 1+δ, where δ is the normalized
overshoot, which ranges from zero to one (John and Hung, 2007).

Fig. 1: The multi-machine system

Fig. 2: Step Response of the system with (solid line) and without (dashed line) POSICAST and the control
signal generated by POSICAST.

Fig. 3: POSICAST within a feedback system
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POSICAST splits the original step input command into two parts, as illustrated in Fig. 1. The first part
is a scaled step that causes the first peak of the oscillatory response to precisely meet the desired final value.
The second part of the reshaped input is full scale and time-delayed to precisely cancel the remaining
oscillatory response, thus causing the system output to stay at the desired value. The resulting system output
is sketched in Fig. 1 (solid line); the uncompensated output is also shown for comparison (dashed line).

Two possible structures are commonly used in the POSICAST control method. Open-loop half cycle
POSICAST and POSICAST in feedback. Whereas the classical applications placed POSICAST before the
lightly damped system, recent work suggests that POSICAST be used within a feedback system. The second
control structure is a significant departure from classical one. The feedback structure of POSICAST control
is shown in figure 2. As mentioned earlier, two parameters are required in the 

Table 1: Parameters obtained from the step response
parameter value unit
δ 0.32 Per unit
Td /2 0.25 sec

Fig. 4: The AVR and the excitation system after adding POSICAST

POSICAST design process. These parameters have been obtained from the step response of the system
and are listed in table 1. It should be noticed that the POSICAST is used only in generator1 excitation system
and, the other generators are with the standard ST1A excitation system introduced in (IEEE, 1992). 

The excitation system after adding POSICAST is shown in Fig. 4. As shown in the figure, the half cycle
POSICAST is used within the feedback loop. In this system the terminal voltage of the generator is fed back
to the controller in order to be compared with the setpoint. The parameters of the AVR and the excitation
system are listed in the appendix. While comparing figures 3 and 4 it is concluded that the C(s) in the figure
3 is substituted with an integrator and a constant gain. The integrator increases the robustness of the controller
and causes a zero steady-state error.

Simulation Results:
Simulation results which are categorized to three sections are presented in this section. In order to

investigate the system performance with different types of PSS used in the excitation system, the following
three type of PSS are considered in the simulations:
1. Multi Band PSS: IEEE type PSS4B.
2. Conventional Delta w PSS 
3. Conventiona Acceleration Power (Delta-P PSS)

Parameters of the PSSs are described in (Kundur, 1994). In order to see how effective the POSICAST
controller in improving the damping of transient oscillations a performance index is used in this section. In
this work, the integral of the absolute value of the time derivative of the total kinetic energy divided by the
system base power is selected as the objective function. Therefore, the objective function is expressed simply
as (Recommended, 1992):

 (1)
0

, ( )

T d
W dt

dt
W see

system base power






Aust. J. Basic & Appl. Sci., 5(7): 961-967, 2011

964

Where T=10 sec is the simulation time and W is the total kinetic energy (in joule) which can be calculated
easily by knowing the rotor speed of the generator (Recommended, 1992): 

  (2)21
( )

2 mW J J

Again in (2) J denotes the moment of inertia in Kg.m2 and ωm rotor angular velocity in mechanical
radians per second. The smaller the value of Wc, the better the system’s performance. 

A. Excitation system with type-1PSS:
In this section the type-1 PSS is used in the excitation system. To investigate disturbance rejection

capability of the controller, the reference signal of the first generator is increased from 1 p.u. to 1.05 p.u. at
t=5 sec. After 0.4 sec. the reference signal is reset to 1 p.u. Bus-1 voltage and the active power transferred
from bus-1 to bus-2 are shown in figures 5 and 6, respectively.

Fig. 5: bus B_1 voltage p.u. (Type-1 PSS)

Fig. 6: Active Power from bus B_1 to bus B_2 (Type-1 PSS)

Table 2: performance index values with PSS1
Generator Without POSICAST POSICAST in feedback
G1 0.1304 0.02339
G2 0.06758 0.01365
G3 0.0455 0.01448
G4 0.04423 0.01424

As shown in the figures, when the POSICAST controller is used in the excitation system, performance
of the system in damping the oscillations has increased drastically.

The Performance Index is calculated for the system with and without POSICAST controller and is listed
in table 2. It can be observed that the POSICAST improves the performance of all four generators; however
the improvement is significant for the first generator which is the generator with a POSICAST excitation
controller.

B. Excitation system with type-2PSS:
In this section the type-2 PSS is used in the excitation system. Like the previous section, the reference

signal of the first generator is increased from 1 p.u. to 1.05 p.u. at t=5 sec. After 0.4 sec. the reference signal
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is reset to 1 p.u. Bus-1 voltage and the active power transferred from bus-1 to bus-2 are shown in figures 7
and 8, respectively. It can be observed that the damping capability of the system is increased when a
POSICAST controller is used in the excitation system.

The performance index is also calculated for this case. Table 3 shows the values of the performance index
with and without POSICAST controller in the excitation system.

Fig. 7: bus B_1 voltage p.u. (Type-2 PSS)

Fig. 8: Active Power from bus B_1 to bus B_2 (Type-2 PSS)

Table 3: performance index values with PSS2
generator Without POSICAST POSICAST in feedback
G1  0.2012 0.02414
G2   0.16 0.01732
G3   0.0982 0.01557
G4   0.09292 0.01494

C. Excitation system with type-3PSS:
In this section the type-3 PSS is used in the excitation system. The aforementioned disturbance is applied

to the reference signal of the first generator. Bus-1 voltage and the active power transferred from bus-1 to bus-
2 are shown in figures 9 and 10, respectively. The performance index is calculated for this case, too. Table
4 shows the values of the performance index with and without POSICAST controller in the excitation system.
It can be observed that the damping capability of the system is increased when a POSICAST controller is used
in the excitation system.

Table 4: performance index values with PSS3
generator Without POSICAST POSICAST in feedback
G1   0.2032 0.06918
G2   0.1354 0.05822
G3   0.1169 0.05865
G4   0.1146 0.05818
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Fig. 9: bus B_1 voltage p.u (Type-3 PSS)

Fig. 10: Active Power from bus B_1 to bus B_2 (Type-3 PSS)

Conclusion:
The In this paper damping the oscillations caused by changing the excitation reference signal using a

POSICAST controller in a multi-machine  environment is has been presented. The performance of the designed
controller has been validated using time-domain simulations. It has been shown that when a POSICAST
controller is used in the generator excitation system, the overall performance of the system increases in
damping the disturbances effecting the excitation reference signal. A performance index has also been used
to compare the systems with and without POSICAST controller. It has been observed that the POSICAST
controller not only improves the damping capability of the generator on which POSICAST controller is
installed, but also enhances the performance of other generators with three different types of PSS. Simplicity
and robustness are other advantages of the designed controller.

Appendix:
The parameters of the generator, transmission line, transformer and the hydrolic turbine, governor system

and the excitation system including AVR are presented in tables I to III, respectively. All the values are in
p.u. 

Table I: Parameters of the generator, transmission line and the transformer
MVA 200 Xl 0.18
f 60 T’d 1.01
Rs 0.002 T”d 0.053
X 1.305 T”qo 0.1
X’d 0.296 H 3.2
X”d 0.252 XT 0.08
Xq 0.474 Rline 0.04
X”q 0.243 Xline 0.2
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Table II: Parameters of hydrolic turbine-governor system
Ka 200 Rp 0.18
Ta 60 Kp 1.01
gmin 0.02 Ki 0.053
gmax 1.305 Kd 0.1
Vgmin(pu/s) 0.296 Td(sec) 3.2
Vgmin(pu/s) 0.252 Tw(sec) 0.08

Table III: Parameters of the excitation system and AVR
Ef max Ef min TR KA TA

11.5 -11.5 0.02 0.001 300
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