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Abstract :

This paper presents a power system stabilizer (PSS) for improving the
performance of a multimachine system when the system is subjected to different
types of disturbances. An adaptive proportional-plus-derivative—plus-integral
(PID) PSS is proposed in this paper. In this technique, the controller parameters
(proportional, integral, and derivative gains) are not fixed but they are varying
according to the system operating conditions. The derivative of power angle, error
in output power, terminal voltage, and error in power angle are selected to be the
input signals to the proposed stabilizer. A weighting factors are assigned to these
signals to obtain the best performance characteristics of each machine. The
obtained computer results from simulation study are compared with those of a
conventional lead-lag stabilizer.
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1- Introduction :

The application of PSS for improving the dynamic stability of large scale
power system has been under extensive studies for many years [1-3]. The
conventional PID controllers are the most widely used control strategy in these
studies. These controllers are often poorly tuned and their gain settings are usually
fixed at a certain set of values which are determined based on a particular
operating point.

Adaptive control algorithm can be a good solution to such problems. They
have the ability to track the system operating conditions and compute in real time
the controller parameters according to the changes in the operating conditions of
the process [4-6]. Recently, self-tuning controllers are introduced as power system
stabilizers to enhance the dynamic stability of synchronous generators [7-8]. In
this control technique, the parameters of the controller are not fixed but varying
according to the system operating conditions.

In this paper, the performance characteristics of a multimachine power
system when it is equipped with a self-tuning PID-PSS 1is investigated and
discussed. The results obtained from digital simulation show that the proposed
PSS can be used in multimachine power systems and provides good control
performance.

2- The System Model :

The system considered in this paper is composed of three synchronous
generators together with the loads and transmission network as shown in Fig.1.

(31

Fig.1 A multimachine power system model
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Each generator is provided with a static type 1-S exciter. The mathematical
model of each generator is derived using the equations of the two axis model
described in [3]. A description of the mathematical model of the power system
under study together with the excitation system mathematical model are given in
Appendix A.

The system data are as follows :

Generators (reactances in p.u. to 100 MVA base) :

Generator 1 2 3
Rated MVA 247.5 192 128
Ratted KV 16.5 18 13.8
H 23.64 6.4 3.01
Power factor 1.0 0.85 0.85
Type hydro steam steam
Speed (r.p.m) 180 3600 3600
Xd 0.146 0.8958 1.3125
X4 0.0608 0.1198 0.1813
Xq 0.0969 0.8645 1.2578
Xél 0.0969 0.1969 0.25
o 8.96 6 5.89
Tq0 0.0 0.535 0.6978
Ka 100 25 25
Ta 0.02 0.2 0.2
K¢ 0.01 0.091 0.108
T¢ 0.01 0.35 0.35

Loads :

The equivalent shunt admittances for the loads are given in p.u. as :
Load A = 1.26 - 0.5044
Load B =0.8777 -j 0.2926
Load C = 0.969 -j 0.3391

Transmission Lines :
The impedances of the tie-lines shown in Fig.1 are as follows :

! Node No. Impedance (p.w.)
4-5 0.0100 + j 0.0850
4-6 0.0170 + j 0.0920
5-7 0.0320 + j 0.1610
6-8 0.0390 + j 0.1700
7-8 0.0085 + j 0.0720
8-9 0.0119 + j 0.1008

by
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Excitation System :

The parameters of the excitation system are :
Regulator amplifier gain = K5 =25 pu
Regulator amplifier time constant = Tp = 0.05 Sec.
Regulator stabilizing circuit gain = K¢ = 0.004 pu
Regulator stabilizing circuit time constart = T¢= 0.04 Sec.
Limiter maximum voltage level = V., = 1.25 pu
Limiter minimum voltage level = Vp;;p =-1.25 pu

3- Proposed PSS Design :

The block diagram of the controlled process, exciter and the proposed PSS
is shown in Fig.2.
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Fig.2 Synchronous machine, exciter, voltage regulator
and proposed PID - PSS

The power system under consideration is described by the state-space
equations :

X(t)=A-X(t)+B-u(t) (1)

Y(t)=C-X(1) 2)
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where

Xt=[Ea Eg o 8] is the state vector,

Y is the output, and
u is the control.

Taking LAPLACE transform of Eqs.(1), and (2) we get :
S-X(s)=A-X(s)+B-u(s) 3)
¥(s)=C-X(s) (@)

Eq.(3) can be rewritten as :

X(s)=(S1-A)" - B-u(s) ()

The control signal u(s) is expressed as :
u(s)=H(s)-Y(s)

=[Kp+%1—+KD S]-Y(s) (6)

From Egs. (4), (5) and (6) we get :

X(s)=(S1-A)"!-B-H(s)-C-X(s) %)

Therefore,
det|1-(S1-A)"!-B-H(s) .c|=0 ®)

If A is the assigned eigenvalue of the closed-loop system, hence
det[l—(kI—A)"l-B-H(?\.)-C]=O )

Therefore,

1
c-(A-A)".B

Ky

H(A)= =[KP+KDS+?] (10)

The gain settings (Kp,Ky,andKp) are computed by assigning three

prescribed eigen-values of the system. These assigned eigenvalues are substituted
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in Eq.(10). Therefore, three algebraic equations in the three unknowns
KP,KI,and Kp are obtained. So, the gain settings (Kp,Kl,and KD) are computed
by solving these equations. The computation process of the gain settings
(Kp, Kj,and KD) is repeated for other operating conditions. The obtained results

from these computations are stored in computer memory together with the
corresponding  values of the system operating conditions. During on-line
operation, the controller tracks the system operating conditions at each sampling

period and selects the corresponding set of controller gains (KP,KI,and KD) from

the stored data in computer memory. hence, the controller gains are updated
according the system operating conditions.
The input signal to the PSS is expressed as :

Vi=w) §+wo AP+wW3 45 (11)

where
w),wpand w3 are weighting factors of the derivative of power angle,
error in the output power and error in power angle.

4- Simulation Results :

The effectiveness of the proposed PSS is investigated when the
multimachine system is subjected to different types of disturbances. A three phase
short circuit of duration four cycle at bus 7 is considered. Figs.3 and 4, represent
the power system transient response as indicated by the terminal voltage and rotor
speed of each machine following the abovementioned disturbance. Investigation
of these figures shows that the response of the synchronous generator 1S improved
when it is equipped with the proposed PSS. A further improvement is obtained
when the input to the stabilizer combines signals from error in rotor speed, error in
output power and error in power angle.

5- Conclusion :

A method for auto tuning of PID-PSS using a look-up table is proposed in
this paper. The application of the proposed PSS to a multimachine power system
proves its offectiveness in damping the system oscillations following different
types of disturbances. The results obtained from this study indicate that the system
response is higly improved with the proposed stabilizer in comparison with the
conventional lead-lag PSS. [mplementation of this control technique for real-time
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control of a power system using microprocessors is easy to be done and it is left as
a future work of this research.

Nomenclature :

E4,Ef

! ’
Tdo:Tqo

d and g- components of voltage behind transient reactance
air gap line-open circuit voltage

inertia constant

d and g-axis current

regulator gain

proportional, integral and derivative gains of PID controller
stabilizing transformer gain

active power

regulator time constant

electrical torque

stabilizing transformer time constant

mechanical torque

input signal to PSS

stabilizing transformer voltage

output signal of PSS

d and g-axis stator reactances, respectively

d and g-axis transient stator reactances, respectively

voltage error signal

rotor speed error signal

power angle

d and g-axis transient open circuit time constant

rotor speed
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Appendix A

Synchronous machine Equations :

The synchronous generator is simulated by the two axis model [3].
Therefore, it is represented by a set of four differential equations as :

tho-Ea=-Ea~(Xq-Xy)Iq (A.1)
., _ 1

Ey=—(Emp -E (A-2)
q tao( fD )

ti0=Tn-Te (A3)

where
T,=Ey-Iq+Eq Iq—(Lg —La)la-Iq

S=w—1 (A4)

Excitation System :

Referring to Fig.2. the mathematical model of the excitation system may be
expressed as [3] :

Em=%—;[KA(AV+Vss—VS)—Em] (AS)
V.
L_[Ka Ke(aV+Vi-Vs)-Ke-Ep]-5*  (A6)

V.=
* Ta-Ty
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Fig.(3) Terminal Voltage/time curves
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Fig.(4) Rotor speed/time curves



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

