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Abstract. The fast expansion of both transmission network and generation in the fast developing power
system necessitates a conlinuous updating for its stability performance. One of the meuns to reinforce the
steady state stability is by installing the power system stabilizer. This puper focuses o the impact of power
system stabilizer on the performance of an xisting power system. The choice of both location as well as
the stabilizing signal is addressed. The normalized modes sensitivities comhined with eigenvalue tracking
guide the selection and wnning of the power system stahilizer parameters for acceptable stability region.
The trade off between improvement in the interaction and rotor angle modes is cmphasized. This investi-
gation may assist utility decision makers in deciding to install or not such device.

List of Symbols
A = Flux-linkage in the stator and rotor circuit for G,
1, = Current in the stator and rotor circuit for G,
Vi = Voltage componentsof G,
X2 = Internal reactance of G,
T,; = Electric torque of G,
| = Field voltage of G,
Y = Resistance components of G,
w, = Rotor angutarspeed of G,
5, = Powerangleof G,
T, T,,T; = Governor time constants
K, = Actuator gain
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Vo2V = Voltage componentsin d- and q-axesreferred to generalized
reference frame

Ipady; = Current components in d- and qg-axesreferred to generalized
reference frame.

1. Imtroduction

Coordinated application and computation of stabilizers in multimachine power sys-
tems have dtawn much attention in the last decade. Under heavy loading condition,
the modern regulator-exciter system introduces negative damping and may lead to
steady state instability. The fundamental idea of power system stabilizer (PSS) is to
provide an additional positive damping to the system by infroducing a stabilizing sig-
nal of proper phase through the excitation systern. Maximum positive damping is
achieved when suitable settings of the stabilizer parameters produce damping com-
ponent through the machine, excitation and stabilizer which is in phase with the
speed deviation. Accurate determination of PSS contribution to the system dynamics
necessitate modeling both the interaction within the machine and with other machine
[1-4]. However, the determination of appropriate stabilizer setting is needed since
the system modes are function of stabilizer settings. This can be investigated through
eigenvalue tracking approach. This paper presents the impact of utilizing power sys-
tem stabilizer equipment on steady state stability of an existing power system in cen-
tral of Saudi Arabia (SCECO-C), where PSS is not utilized though its cost is not
expensive. The importance of such PSS implementation stems from the fact that the
study system contains different type of excitation systems ranging from old regulator
to advanced static excitation system. Both location and PSS parameter setting are
discussed through an eigenvalue tracking approach combined with the normalized
modes sensitivities.

2. System Description

The system contains 32 main buses connected via 132 kV double circuit ring
transmission network as shown in Fig. 1. The loads are constant impedances. The
hierarchical structure of the generation system is composed of five power plants.
Each of them contains several identical gas-turbine generating units. So each power
plant has been represented by an equivalent machine since the units are almost con-
nected to the same bus. Moreover, modern excitation system such as static excitation
of General Electric Company (GE) [5] shown in Fig. 2 and rotating excitation of
Brown Boveri Company (BBC) [6] shown in Fig. 3 are utilized in the system.

The data for all generator components as well as system transmission are not
included to limit the space and can be found elsewhere [7]. The system had been
modelled for stability study and the system excitation parameters had been tuned for
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K,,T, = amplifier gain and time tant, T, = Rekgut filter time
Ky Ty = stabiliring gain and time constant.

Fig. 2. Static excitation block diagram
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Fig. 3. Rotating rectifier excitation system

an acceptable stability region. Appendix A shows the basic differential and algebraic
equations for power plant G, and have heen used in modelling the system dynamics.
The load [p.u.] condition shawn in Fig. 1 is considered as the steady state operating
condition at which the sleady state stability evaluation has been carried out.

The state space approach has been applied to construct the dynamic model for
the system which can be written as § = AX + Buwhere X and u are system state and
input vector respectively, A und B are constant matrices depending on system
parameters and operating condition. The ei genvalues of the matrix A are indicative
of system stability performance where the real part represents the amount of damp-
ing and the imaginary part indicates the amount of ascillation of the associated mode.

| Each synchronous machine is represented by fifth order model, The excitation Sys-

tems modeled by fifth, fourth or third order model depending on the choice of system
representation. The gus turbine is represented by a third order model. The whole
integrated system under study contains sixty one states.

3. Results and Analysis

Second column of Table 1 shows the dominant eigenvalues of the system studied
without including the PSS. As can be seen, the damping associated with torque angle
is not large encugh (modes are close to the imaginary axis) due to the fact that imple-
menting fast response excitation system contributes negative damping component.
That suggests the need to introduce positive damping component to such modes.

Fig. 4. shows the main block diagram and parametcis definition of PSS used by
BRC[8]. Sincc the system contains a few power plants equipped with modern excila-
tion, the location of installing the PSS can be simply identified. Power Plant (Gp)is
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Fig. 4. PSS block diagrum



newly commissioned with 120 MV A rating for each unit equipped with fast modern
excitation of BBC, 50 it is selected as first candidate for PSS implementation. Col-
umn 3 in Table 1 gives the sensitivities of different modes w.r.1. the stabilizer gain
(Kg) simulated in G, model. The speed deviation applied as an input to the stabilizer
for this study which is in difference than the power signal used by BBC in other
places. The rotor modes (R,) are sensitive to the stabilizer gain (Kg}. Also, the
interaction mdoes (I,) represent the dynamics within the machine such as the interac-
tion between the excitation and the field circuit, in addition to those associated with
the interaction between the machines dynamics, are sensitive to the stabilizer gain
(Kp). It is necessary to state that identifying all the interaction modes in multi-
machine frame problem is a formidable task. The most sensitive modes are those
modes associated with R,, R, and the interaction mode (1,). The normalized mode
sensitivitics given in Table 1, have been calculated using the (AN ANAT) x 1000
where Cis the stabilizer parameter and A is the eigenvalue. The point to be mentioned
that not only the sensitivities to be considered but also how critical are the modes to
the stability margin. For instant the table shows large sensitivity for I; relative to that
of 1. But I, is more critical than L;. Therefore, this concludes the importance of
eigenvulue location status concurrently with their sensitivities. Increasing the gain
improve the damping component in torque angle mode for R;and R, while it reduces
the damping status of the interaction mode. So itis a trade off effect which should be
considered with caution.

Fig. 5 shows the interaciton modes drift to the instable region with high stabilizer
gain K, while the torque angle mode immigrate toward more stable region. That
necessitates the choice of appropriate gain value through tuning technique. Column
4-6 give the normalized eigenvalues scnsitivities w.r.t. the different stabilizer time
constants. It can be stated that the interaction mdoes are more sensitive to the time
constant variation relative to the stabilizer gain case. The time constant variation
affects the rotor angle modes of R and R, as well as the interaction mode (1), This
effect is due to the change in angle between the stabilizing signal and the machine
rotor speed, the more increuse in the angle will be followed by decreasing the damp-
ing component obtained. It should be pointed out that since interaction mode (I,) is
the most sensitive one which may lead the system to be unstable, it should be consi-
dered as flug indicator in adjusting the PSS parameters. Careful scanning to various
parameters impact suggests the choice of K = 60, T, = 0.2, Ty = 0.5, Ty = 0.05 sec.
as an appropriate parameter setting for PSS utilized in power plant G,. These
parameters values have been obtained by tracking the eigenvalues rather than using
oplimization technique. This has been adopted mainly for its simplicity and its use-
fulness in providing insights in system mode identification.

Experience has shown that measurement of the shaft speed caninitiate torsional
vibrations, so an alternative for that is the active power signal. Table 2 shows the nor-
malized modes sensitivities w.r.t. PSS parameters. Similar remarks are drawn for the
trade off between the improvement in rotor mades (R,) and interaction mode ( L).
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Fig. 5. Effect of PSS(G)) galn K; on dominant avodes

‘Table 2. Normalized dominant modes sensitivities w.r.t. PSS gain K, (V, = P,) PSS Installed at G, base case
Ky=4,Typ=4, Ty=5, T ;=2

R, R, K, R, R, 1, I, I, 1, I I,

—-523 0215 -125 0174 -578 -3297 —4657 77679 78.62 38421 8426
—).96  +j.39  —j9% )13 —j74.72 +j17.42 —jl02.1 —j769.6 —j16.84 +)774.7 —j201.7

However, the power signal has its own side effect, which is that it can not be deter-
mined whether or not the change in power originates from the network or from the
turbinc which may crcate unstable operation.

The second candidate for PSS location is at G, power plant, which has modern
excitation system, not only that but also this power plant located at far location w.T.t.
load center from G,. The same stabilizer model has been considered, since both
power plants are manufactured by BBC.

Column 7 in Table 1 shows the normalized sensitivities w.r.t. the stabilizer gain,
keeping in mind that the PSS at G, parameters is held at the appropriate values giving



above. The result shows large improvement in the R, mode which is mainly
associated with machine G,.

Incrensing the PSS gain Kj attributed a negative damping to the interaction
modes (1,) and L. Fig. 6 shows that I drifts to the right hand side resulting in unstable
steady state operation. Column 8-10 show the normalized sensitivities w.r.t. differ-
ent time constants. The modes are more sensitive to the variation in T ;, parameter.
The interuction mode 1, will be critically unstable for smaller value of T, (< 0.1 sec).
Also, increasing this time constant more than 0,1 sec will contribute positive damp-
ing to I; mode. However, this increase of time constant reduces the damping for the
torque angle modes. T;p shows effect in improving the rotor angle of G, and much
less negative effect on the interaction modes. The same procedure is used to adjust
T, parameter. The outcome of the eigenvalue tracking is the adjustment of the PSS
parameters for G, at Ky = 150, Ty = 0.3, T,y = 1.8, and T,z = 0.6 sec. Our study
shows that installing PSS equipment at the any other power plant in this system will
not contribute appropriate improvement for the system performance.

4. Conclusions

This study reveals the importance of installing power system stabilizer to gener-
ation units. The PSS does reinforce the steady state stability of power system net-
work of SCECO-C. In operation, because of the fact that the system different modes
are coupled together, a trade-off effect between the interaction modes and rotor
angle modes should be considered carcfully in varying the PSS parameters.
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