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Abstract - This paper proposes three novel
approaches to improve a conventional power system
stabilizer (PSS) in a single machine to infinite bus
system. These improved stabilizers wuse the
conventional PSS in the usual manner plus modification
of the terminal voltage feedback signal to the
excitation system as a function of the accelerating
power on the unit. This nonlinear action increases
the power system stability greatly. Also, since these
improved stabilizers are based on the conventional
stabilizers they are simple to implement.

Ke: rds - Power system stabilizer (PSS), improved
PSS, accelerating power, power system stability.
NOMENCLATURE

(p.u., except as indicated)

System Variables

3 torque angle (degree)
w rotor speed (rad./sec.)
Ef field voltage

&P accelerating power

P, electrical power

P mechanical power

v infinite bus voltage
reg reference input voltage

Vg stabilizer output

vt terminal voltage

s¥stem Parameters

D damping coefficient

H inertia constant of the machine (secs.)
Ky gain of excitation system

Ty time constant of excitation system

rg+jX, transmission line impedance

X3 d-axis synchronous reactance of machine
Xq g-axis synchronous reactance of machine
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.54 d-axis transient reactance of machine
xC’I g-axis transient reactance of machine

Tao d-axis transient open circuit time constant

General
s Laplace operator

over a letter indicates derivative

1 INTRODUCTION

A single machine to infinite bus system is shown
in Fiqure 1.1.
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Fig. 1.1 A single machine to infinite bus system

The swing equations of this system in Figure 1.1
are:
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When the mechanical power Po is not in equilibrium
with the electric power Pe(ﬁ) and damping power —3“‘
(<]

during and following disturbances, the rotor speed w
suffers electromechanical oscillations. The oscilla-
tions of concern to stability are in the 0.2 to 2.5 Hz
frequency range [3]. Usually, the damping coefficient
D is small and these oscillations are strong and
lightly damped. This causes the rise of periodic
variations in electrical quantities and, possibly, the
initiation of torsional shaft oscillations in a
multistage turbo-generator unit. The most extreme
result is dynamic instability due to negative damping.
Even in stable situations, insufficient damping of
these oscillations limits the ability to transmit
power out of the plant [2,4].

A proper stabilizing signal derived from the
speed control loop and introduced into the excitation
system can increase the damping torque of the machine
at these oscillation frequencies; therefore, consider-
able attention and efforts have been directed toward
using the excitation control systems to improve power
system stability.

Three novel approaches to improve conventional
stabilizers are proposed in this paper. Based on the
conventional stabilizer, these improved stabilizers
introduce an auxiliary stabilizing signal, (APa),

which is a function of accelerating power into the
terminal voltage feedback loop and make this feedback
nonlinear. These improved stabilizers increase the
power system stability greatly, while they are simple
to implement.
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2 CONVENTIONAL STABILIZER

Figure 2.1 is a block diagram of a conventional
power system stabilizer (PSS) application. It
includes an output amplitude limited static exciter
and an output limited stabilizer (PSS) with a transfer
function G(s).
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Fig. 2.1 Block diagram of a PSS
The data for the example system to which the
controllers shown in Figure 2.1. are applied as
follows.
Base MVA = 100 MVA, H = 4,30 (secs.)

D = 8.0 (p.u.), Xd = Xq = 1.164 (p.u.)

Xé = Xc’l = 0.146 (p.u.), Tdc'> = 3.84 (secs.)

Xy = 0.136 (p.u.), r, = 0.009 (p.u.)

The operating point of the machine is shown in
Table I.

Table I. The operating point of the machine
P, (MW) Q, (MVAR) Vigo (P-u.) 8, (deg.)
90.00 37.62 1.05 40.73

The key point of designing a PSS is to determine
the best transfer function G(s) to provide the damping
needed. By using rotor speed w as a stabilizing
signal and using the phase compensation method [5] of
design, G(s) for the machine was obtained as shown in
(3).

4s 0.5 (s> +9.88 5+ 97.56) 3,
(1 +45s) (1 +0.05 5)°

G(s) =

The first term in (3) is a reset term that is used
to "wash out" the compensation effect with a time
constant of 4 secs. The second term is a lead
compensation pair that can be used to compensate the
system phase lag [1,3].

3 IMPROVED STABILIZER

The only difference between the improved
stabilizer and the basic stabilizer is that the
stabilizing signal APa is introduced into the terminal

voltage feedback loop, where aP, is the difference

between electrical power and mechanical power and can
be measured approximately [6]. Figure 3 is the block
diagram of the improved stabilizer where the feedback
from terminal voltage Ve is a function of P, .

Because K(APa) is a function of APa, the terminal

voltage feedback becomes nonlinear feedback.

The principle of designing K(APa) is as follows:
When APa > 0, this means Pe > Pm' positive K(APa)

-~ Limiter
Vref + KA I
N 4T, 5 I Eg
Ve _ _ _ _ T ______ -

|I improved PSS :
| |
S e
Limiter r_t——' 8P ;= (Pe-Pp)

Fig. 3. Block diagram of improved stabilizer

should be chosen to force the terminal voltage
feedback so that the field voltage E. will go down to
make electrical power go down to bglance mechanical
power as soon as possible. When APa < 0, K(APa)

should be negative to reduce the terminal voltage
feedback in order to increase electrical power as soon
as possible.

According to the above principle, K(APa) has been

chosen in three ways to improve performance: PSS(A),

PSS(B), and PSS(C) respectively.

3.1 stabilizer PSS(A)

Figure 3.1.1 shows K as a function of APa in

graphical form. In this case, K switches between
positive and negative values according to the sign of
APa. The effect is somewhat similar to bang-bang

control. A small dead zone bound can be considered
around APa = 0, as indicated by the dashed lines in

Figure 3.1.1.
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Fig. 3.1.1 K(APa) for improved PSS(A)

Nonlinear computer simulations were carried out
for both small and large disturbances to study the
performance of this system. A 10 MW mechanical power
step change and a 0.02 p.u. voltage reference step
change are considered as small disturbances and a
three-phase short circuit of 0.1 secs. duration on the
infinite bus as a large disturbance.

In the nonlinear simulation program, the
resistances of the system components were included,
saturation was represented in both axes as a function
of the total air gap flux for a round rotor machine,
one damping winding in the g-axis was included, and
the round rotor machine representation included
transient saliency.

Figures 3.1.2, 3.1.3 and 3.1.4 are the responses
comparing the improved PSS(A) with the conventional
PSS and no PSS (only terminal voltage feedback) for
the cases of small and 1large disturbances
respectively.




The maximum overshoot Mp and settling time Ts (for
1% bound) of rotor speed in the case of a 10 MW
mechanical power step change are listed in Table II.

Table II. Rotor Speed Overshoot and Settling Time

ROTOR SPEED w

Overshoot Settling time
EXCITATION CONTROL Mp (p.u.) Ts (secs.)
No PSS 0.3280 2.525
PSS 0.2239 1.350
Improved PSS(A) 0.2064 0.525

The following conclusions can be obtained by
comparing the improved PSS(A) with the basic PSS.

1. The oscillation frequency without the PSS is about
2.1 Hz. The improved PSS(A) damps the oscillation
much more than the PSS.

2. The improved PSS(A) decreases the overshoot
somewhat further than the PSS. This means that
the improved PSS(A) is not so sensitive to large
power disturbances. This can also be shown in the
responses of large disturbances.

3. However, the settling time decreases from 1.350
(secs.) to 0.525 (secs.). This indicates that the
improved PSS(A) is quite effective for small power
disturbances.

3.2 Improved PSS(B)

Figure 3.2.1 shows K as a linear function of APa.
K
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Fig. 3.2.1 K(APa) for improved PSS(B)

The dashed line in Fig. 3.2.1 represents the small
error bound around APa = 0. By using this function of

K, it is clear that the larger absolute values of APa

will have more effect on terminal voltage feedback,
therefore, improved PSS(B) must have more effect on
large disturbances.

Figures 3.2.2, 3.2.3 and 3.2.4 are the responses
comparing the improved PSS(B) with the PSS in the
cases of small and large disturbances respectively.

Table III is given to compare maximum overshoot
and settling time (for 1% bound) of rotor speed w in
the case of 10 MW mechanical power step change.

Table III. Rotor Speed Overshoot and Settling Time

ROTOR SPEED

Overshoot Settling time
EXCITATION CONTROL Mp (p.u.) Ts (secs.)
PSS 0.2239 1.350
Improved PSS(B) 0.1665 1.225
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From these results, it is found that the improved
PSS(B) decreases overshoot significantly, however, the
settling time is almost the same as for the PSS. This
means the improved PSS(B) is effective for large power
disturbances but not sensitive to small power
disturbances. Therefore, a combination of the
advantages of PSS(A) and PSS(B), giving PSS(C) is
developed below.

3.3 Improved PSS(C)

Figure 3.3.1 1is the function K(APa) for an

improved PSS(C) which is the combination of improved
PSS(A) when 4P, is small and improved PSS(B) when 0P,
is large.
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Fig. 3.3.1 K(APa) for improved PSS(C)

It can be predicted that the improved PSS(C) must
be effective for large as well as small power distur-
bances and it must decrease both the overshoot as well
as the settling time. These advantages are clearly
shown in Figures 3.3.2, 3.3.3 and 3.3.4 and Table 1V.
Table IV is given to compare maximum overshoot and
settling time (for 1% bound) of rotor speed w in the
case of a 10 MW mechanical power step change. Also,
it is found that the improved PSS(C) does not have a
significant effect on the static deviation of terminal
voltage in the case of step change.

Table IV. Rotor Speed Overshoot and Settling Time

ROTOR SPEED ®

Overshoot Settling time
EXCITATION CONTROL Mp (p.u.) Ts (secs.)
PSS 0.2239 1.350
Improved PSS(C) 0.1664 0.600

4 CONCLUSIONS

From the simulation results, it is concluded that
these three kinds of improved stabilizers can improve
power system stability much more than the conventional
PSS which has been used widely in power systems since
the 1970’s. while the improved PSS is based on
conventional PSS and only a op, stabilizing signal is

introduced into the terminal voltage feedback loop, it
is simple to implement the improved PSS. Comparing
the three kinds of improved stabilizers, the improved
PSS(C) is the best one since it is effective for both
small and large disturbances, and is also effective to
improve both overshoot and settling time of rotor
speed deviations.
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