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Abstract: This paper introduces the working principle and the mathematical model of additional power system excitation
control-Power System Stabilizer (PSS). Through established a typical single machine-infinite bus power system simula-
tion model, we simulate the synchronous generator’s transient operational characteristics following a severe disturbance.
The simulation results show that the PSS can not only effectively increase the system damping, but also improve opera-
tional characteristics of the generator, considerably enhance power system dynamic and transient stability.
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1. INTRODUCTION

The synchronous generator’s excitation system plays an
important role in advancing power system’s reliability and
stability. Enhancing the performance of excitation devices
has been acknowledged as one of the most efficient and eco-
nomic method to improve generator’s stability. Conventional
PID control based on classical control theory has been wide-
ly used, but PID control adjusted only by terminal voltage
deviation can not provide satisfactory damping characteris-
tics, especially for the control of large generator units, that
the damping characteristics will produce spontaneous low-
frequency oscillation, threatening the power system stability
[1]. The effective measures to solve the contradiction be-
tween voltage regulation accuracy and dynamic stability is
the additional power system stabilizer (PSS), which can ef-
fectively enhance the damping of power system, thereby
improve its static and dynamic stability.

2. WORKING PRINCIPAL AND MATHEMATICAL
MODEL OF THE PSS

2.1. Low-Frequency Oscillation Mechanisms

Large synchronous generator excitation system is gener-
ally composed of two parts by the excitation power unit and
the excitation control unit.

Be adjusted in accordance with the generator terminal
voltage deviation, the excitation control unit, also known as
automatic voltage regulator (AVR), is the main excitation
controller. With the regulation accuracy of the AVR is
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getting higher and higher, the response of the excitation
power is also growing fast. Fast excitation system can indeed
improve the synchronization torque, thereby enhancing tran-
sient stability of the system in first oscillation cycle. Howev-
er, the fast excitation system is generally negative feedback
system with high magnification, which has little effect on the
system oscillation damping after the first swing cycle, and
sometimes even reduce system oscillation damping. If the
system present negative damping properties, fast excitation
system (especially high magnification) is to increase nega-
tive damping, which worsened the operation status of the
system [2].

2.2. Mathematical Model of the PSS

PSS is an additional excitation control. Its essence is to
provide an additional signal to increase damping torque of
the generator excitation system. This control signal can pro-
vide positive damping effect, without affecting the voltage
regulation function of the voltage regulator and the ability of
maintaining the generator terminal voltage level, therefore,
also known as additional excitation control.

For the purpose to increase the capability of preventing
power system from low-frequency oscillation, PSS can use
the generator rotor speed (Aw®), system frequency (Af ),

accelerating power (P, —P), electrical power (AP), and

the combination of these signals as input signals [3].

For the output ¥,

5 of PSS is a supplementary excitation

control signal, with Phillips-Heffron model [4] shown as
Fig. (1), we know the power deviation is:
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Fig. (1). Transfer function of single machine-infinite bus power
system.
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Where X, is the link-reactance between the generator
and the system, and U, is the terminal voltage of the infinite
bus, others are parameters of the generator and operating
variables of the system. Obviously, the values of K, ~ K
reflect the generator’s operating condition and the connec-
tion with the system (which K, has nothing to do with the

operation condition), apparently operating conditions and
grid parameters will affect the values of K, ~ K.

If the armature reaction is neglected (i.e., K, =0), we
get the simple results:

AP = KKK,

T 1 Ad, 3)
T, Ts+(T, +-<)s+(—+KK,)
do do K3 K3 6

Substituting s = jw into (2) and then it can be separated
into real and imaginary parts, we get:

AP =K AS+D A0, )
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KKK (/K,+K K, ~ 0T, T)

Where: Ka= = > P D
(/K,+K K,~@’T, T +0*(T),+T./K,)

is synchronous torque coefficient, and
D — KZKSKE(TdO + ];/K3)w0
(/K +K K, ~@T, )Y+ (T, +T /K,

ing torque coefficient.

is damp-

Due to the parameters characteristics of non-salient pole
generator (X, >X >X q >X ;j) and salient pole generator

(X,=X,>X >X,), wually K , K,, K, K,, K

6
are positive. In heavy-duty, it is clear that with power angle
increase, K, will be negative and D, <0, thus the system

differential equations characteristic root is positive, the sys-
tem may be negative damping oscillation.

For  conventional  excitation  system, because
2 ' ' . .

K K, <<wT,T, and T, is considerable (4~8s), then the
damping coefficient can be approximately written as:
D = KZKSKe(Tz;O + Te/Ks)wo

’ (1/K3 _szt;()T;)2 +w2(T<;0 + ];/K3)2
— K2K5Ke(TdIo +7;/K3)w0 ~ K, KK0,
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Thus, the greater the value of K, the greater the negative
damping, and the oscillation will be more serious. With the
value of 7, increases, the negative damping can be reduced,
so that the oscillation weakened. However, the value of 7,
cannot be too big, otherwise the oscillation time will be ex-
tended, that is not conducive to the stability of the system.

For the value of 7, (7, — 0) is very small in fast excita-

tion system, so the negative damping is enhanced, resulting
in a low-frequency oscillation. Thus PSS is generally in-
stalled in fast excitation system. When K . 1s large, the

damping coefficient can be approximately written as:
__ KKK Ty0@ ,
& (Tyo) + (K Ko)®

(6)

a

It can be seen that when K| is greater than a certain val-

ue, the denominator increases faster than the molecule, the
negative damping will decrease thus fast excitation system
can be stable even if the gain of AVR very large.

From Fig. (1), the system electromagnetic torque can be
written as:
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Fig. (2). Simulation model of the single machine-infinite bus power system.

Let AS be a sinusoidal perturbation, assume the angular
velocity is €, then Aw =sAd0 = jJQAS .

Taking s= jQ into the above equation, we obtain:

K K
AT =[K, - =4 KK
(K, +jQT, )+ —e 6
1+ jQT, (8)
K K K
_ . . 2 eQS ]A5
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Taking A as input signal, the transfer function of PSS

is G () = G LD . , the additional damping torque is:
. KK
AT = — 2 £ G, ()Aw
© (K +sT, ) (1+sT,)+ K, K,
KK ; ©)
— LG, LD, A®
G £,

If the leading phase @, . is equal to the denominator in

PSS

phase @, there are:

. KK
AT =—2"LG, Ao,
G

. (10)
3

It can be seen that the AT: adds a component because of

PSS, which the same phase with Aw, thereby generating

positive damping. Generally with K, increases, AT be-

comes larger, that the PSS is best to install as additional ex-

citation control signals in high magnification excitation sys-
tem.

3. TRANSIENT STABILITY SIMULATION OF THE
PSS

3.1. Single Machine-Infinite Bus System Model

Through established a simulation model of a typical sin-
gle machine-infinite bus power system, as shown in Fig. (2),
we simulate the synchronous generator transient operating
characteristics following a severe disturbance.

The generator system consists of synchronous generator
and excitation control system (AVR+PSS). Infinite system
uses three-phase power supply module. In this case we as-
sume that the mechanical power input to the generator is
constant. And the solver algorithm adopts ode23tb.

If taking Aw as input signal, the transfer function of PSS

is:
2s 14+0.05s 1+3s
X X ,
1+2s (1+0.02s 1+5.4s

The output limits are = 15%.

P(S)=20x% In

3.2. The Influence of PSS upon Transient Stability

The main cause leading instability under great disturb-
ance is the power difference (i.e. accelerating power) be-
tween mechanical power and electromagnetic power of the
generator, thus reducing the power difference is first of all
consider measures (such as fast fault clearing, exciter con-
trol, fast closing main valve etc.). On this basis, the influence
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Fig. (3). Simulation curves of generator power angle: (a) without PSS, (b) with PSS.
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Fig. (4). Simulation curves of generator rotor speed: (a) without PSS, (b) with PSS.

of the PSS to power system transient stability has been stud-
ied.

The fault of three-phase short circuit occurs at t=0s at the
head of the transmission line, and the fault clears at t=1.06s.
Power angles and rotor speed curves of generator with or
without PSS are respectively shown in Fig. (3) and Fig. (4).

For severe disturbance such as three-phase short-circuit,
the research results show that when PSS is not equipped,
despite applying the measures such as removal the fault rap-
idly, the system still lost its stability. Therefore, when PSS is
applied, the damping of the system will be remarkably en-
hanced and the system stability will be improved. The PSS
makes the generator to produce additional electromagnetic
power, enhance the damping of the system, so the first angle
oscillation back swing amplitude decreased, significantly
improves the operating characteristics of generator.

CONCLUSION

This paper takes Aw as the input signal to PSS as an ad-
ditional excitation control, simulates the transient process of
a single machine infinite-bus system in large disturbance,

qualitative analysis the stability of the excitation control sys-
tem. From the simulation results we can see that the PSS can
provide sufficient positive damping, effectively overcome
the negative damping of the AVR, and significantly improve
the transient stability of power system. But PSS for the role
of the degree of power system stability depends mainly on
two aspects: one is the site where the PSS should be in-
stalled; the other is the parameters of PSS were optimized
[5]. In complex multi-machine power system, the choice of
the model and configuration is quite complicated and im-
portant. If the choice is undeserved, even make the low fre-
quency oscillation more serious.
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