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Abstract

This paper proposes a robust PID-based power system stabilizer (PID-PSS) for damping low-frequency oscillations in a Single Machine
Infinite Bus (SMIB) system. The controller is developed from the linearized Heffron-Phillips model and uses a washout-assisted PID structure
to enhance the damping torque associated with rotor-speed deviations. Controller parameters are selected using an eigenvalue-based objective
function together with a damping-ratio constraint and transient-performance criterion. The proposed method is evaluated against AVR-only
operation and a conventional Lead-Lag PSS through eigenvalue analysis and time-domain simulation. The simulation results show that the
PID-PSS improves damping ratio, reduces overshoot, shortens settling time, and decreases electrical-power and voltage ripple over a range
of operating conditions. To verify practical applicability, the controller is implemented on an external digital AVR/PSS platform at Ban Ve
Hydropower Plant and tested according to EVN Circular 25 procedures. The experimental results confirm that the proposed PID-PSS achieves
stronger damping and faster oscillation suppression than the existing stabilizer, demonstrating its effectiveness for practical power-plant

operation.
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Symbols

Symbol Unit Description

Ki,K,, K3, K4, Ks, K¢ - Heffron-Phillips
constants

Xa, X5, X5 pu Synchronous, transient,
subtransient d-axis
reactance

Xq Xq pu Synchronous and
subtransient g-axis
reactance

H s Inertia constant

T4 s d-axis open-circuit
time constant

Ty s Washout filter time
constant

T, T ] Sensor/exciter time
constants

K, Ki, Ky - PID gains

Aw rad/s Rotor speed deviation

A6 rad Rotor angle deviation

AP, pu Electrical power
deviation

Abbreviations
SISO single input — single output
MIMO multi input — multi output

1. Introduction

Low-frequency oscillations are a well-known dynamic
phenomenon in interconnected power systems and typically

occur in the frequency range of 0.1-3 Hz [1]. These
oscillations arise from electromechanical interactions among
synchronous generators and network components, and
inadequate damping may lead to poor power quality, reduced
transmission capability, and, in severe cases, loss of system
stability [2].

A power system stabilizer (PSS) [1-3] is commonly
employed as an auxiliary controller in the excitation system
of a synchronous generator to increase damping of these
oscillatory modes. By modulating the excitation voltage, the
PSS affects the electrical torque of the machine and can
improve the damping torque component associated with
rotor-speed deviation. The classical design of a PSS is usually
based on phase-compensation theory, in which the controller
is tuned to compensate for the phase lag between stabilizer
action and machine response.

Among practical implementations, the conventional Lead-
Lag PSS [4] remains the most widely used because of its
simple structure and established industrial application.
However, its parameters are often adjusted on site through
trial-and-error procedures, which may be time-consuming and
may not ensure robust performance over varying operating
conditions [6]. This limitation becomes more significant in
real generating plants, where system conditions change
continuously and detailed system-wide parameters may not be
readily available for repeated retuning.

The PSS transfer function can be expressed as:

sT,, 1+ sT\"
Gpss(s) = Kess - g (1 ¥ st)
where:
. Kpss: PSS gain
. T,: Washout filter time constant
. T,, T,: Lead-lag compensator time constants
. n: Number of compensation stages
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Recent research has therefore focused on optimization-
based and robust stabilizer design methods, including
intelligent tuning approaches and robust PID-PSS
formulations [5-7]. These studies have shown that better
damping performance can be achieved when controller
parameters are selected systematically rather than by heuristic
tuning. However, many reported PID-PSS designs remain
limited to simulation-based studies and do not address
practical constraints such as limited measurement availability
and utility test procedures [8]. In addition, few works provide
a unified evaluation that combines eigenvalue analysis, time-
domain simulations, and field tests on an actual hydropower
generating unit [9]. This gap motivates the present study,
which develops a robust PID-PSS using an eigenvalue-based
objective and ITAE criterion and validates its performance
through both Single Machine Infinite Bus (SMIB) system
simulations and EVN Circular 25 field tests at Ban Ve
Hydropower Plant. The controller is designed on the basis of
the linearized Heffron-Phillips model and tuned using an
eigenvalue-based objective function subject to damping
constraints. The proposed approach relies only on locally
available signals at the generator bus, which makes it suitable
for practical implementation.

The effectiveness of the proposed controller is evaluated
through both simulation and experimental studies. In the
simulation stage, the PID-PSS is compared with AVR-only
operation and a conventional Lead-Lag PSS in terms of
eigenvalue location and transient-response indices. In the
experimental stage, the controller is implemented on a digital
AVR/PSS platform at Ban Ve Hydropower Plant and tested
according to EVN Circular 25 procedures. The results
demonstrate improved damping performance, reduced
overshoot, and faster stabilization under representative
operating conditions.

2. Mathematical formulation of the proposed
controller
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Figure 1: Linearized Heffron-Phillips model of the SMIB system used for
controller design and small-signal stability analysis
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2.1 System modelling

The power system under study is represented by a Single
Machine Infinite Bus model based on the linearized Heffron-
Phillips formulation as shown in Figure 1. This model is
widely used for small-signal stability analysis because it
captures the dominant electromechanical dynamics of a
synchronous generator connected to a large power grid.

During low-frequency oscillations, damper winding effects
are neglected, and the system is described using the rotor
angle, rotor-speed deviation, transient internal voltage,
excitation dynamics, and network coupling coefficients.

The synchronous-machine model is combined with an
IEEE Type-DC1 excitation system [9]. In this configuration,
terminal-voltage deviation is fed back to the automatic
voltage regulator, and the stabilizer output is injected as an
auxiliary control signal to improve damping. The Heffron-
Phillips constants K; to K, are calculated from the generator
and network parameters provided in the Appendix and are
used to derive the small-signal transfer relationships required
for controller design.

The electrical torque of the generator can be separated into
synchronous-torque and damping-torque components. The
controller design in this study focuses on increasing the
damping-torque component while maintaining acceptable
synchronizing behavior. This objective provides the basis for
both the benchmark Lead-Lag stabilizer and the proposed
PID-PSS design

During low-frequency oscillations, damper windings can
be neglected. The nonlinear dynamic model of the
synchronous generator is given by the following differential
equations :

6 = wyw

1

w = @ (Tm - Te)

Ej = o [—E, + Erg + (Xa — X))ia] (1)

where 4 is the rotor angle (rad), w is the rotor speed deviation
(pu), H is the inertia constant (s), T,, and T, are the
mechanical and electrical torques (pu), Egis the transient
internal voltage (pu), Efq is the field voltage (pu), Ty, is the
d-axis open-circuit time constant (s), and X;, X; are the
synchronous and transient d-axis reactances (pu),
respectively.

2.2 Exciter system

The voltage regulator and exciter are represented by the
standard IEEE Type-DC1 model. The transfer function
relating the field voltage deviation AE,4(s)to the regulator
error voltage deviation AU (s)is:

AEfq(s) K
Gv (S) = AUfE(S) = (1+STA)?1+STE) (2)
(with saturation and stabilizer blocks included as in). The
terminal voltage deviation AV,is fed back to the AVR input.

2.3 Synchronous and damping torque analysis

The electrical torque deviation can be expressed as:
AT, (s) = K;A6 + K,AE, 3)
After substituting the exciter dynamics and linearizing the
system, the torque deviation becomes:
AT, (s) = K1AS — K,Gr(s)[K, + KsG,(s)]AS +

K2GF(5)Gy(s)
1+K6GF (5)Gy(s) AUR() “)

where Gp(s) is the field circuit transfer function, AUg(s) is
the PSS output, and K;—Kg are the Heffron-Phillips constants.
The synchronous torque T; and damping torque
T,coefficients at oscillation frequency w are:

Ty(w) = Re [Hy ()] + Ky
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Ta(w) = =21Im [Hy(jw)] ()
The PID-PSS is designed to increase Ty while keeping
T, nearly unchanged.

2.4 Conventional lead-lag PSS

For comparison purposes, a conventional Lead-Lag PSS
is included as the benchmark controller. This stabilizer
consists of a washout block and phase-compensation stages
and represents the standard practical solution commonly
applied in generating units. In conventional engineering
practice, the parameters of this controller are typically
adjusted on site by trial and error, which may not provide
satisfactory damping for all loading conditions.

The Lead-Lag PSS is used in this study as a reference to
assess whether the proposed PID-based design can deliver
stronger damping and more robust dynamic performance. The
comparison is performed under the same disturbance
conditions and for the same SMIB framework

The conventional PSS (CPSS) structure is:

_ STy (1+sT1)(1+sT3)
GCPSS (S) - KPSS 14Ty (1+5T2)(1+5Ty) (6)

(with two lead-lag stages). Parameters are tuned on-site by
trial-and-error.

2.5 Proposed PID-PSS

The proposed stabilizer employs a PID structure combined
with a washout filter and sensor dynamics. The washout filter
removes steady-state components so that the controller acts
only on oscillatory signals, while the proportional, integral,
and derivative terms provide flexible compensation for
transient-performance improvement. Compared with the
fixed phase-compensation structure of the conventional
stabilizer, the PID form offers additional freedom in shaping
system response and improving damping over a broader
operating range.

When the PID-PSS is included in the closed-loop SMIB
model, the characteristic equation becomes seventh order.
The controller parameters are selected so that the dominant
electromechanical eigenvalues are shifted further into the left
half of the complex plane, thereby increasing damping and
reducing oscillation persistence after disturbance.

The PID-PSS transfer function (Figure 5) is:

Grrp () = Ko yom (Kp+ 5 +Kas) %
where K;; is the overall gain, T, is the washout time constant,
and K, K;, K;are the proportional, integral, and derivative
gains, respectively. This structure provides phase
compensation and integral action for zero steady-state error.

2.6 Closed-loop characteristic equation and optimization

The PID-PSS parameters are determined using an
eigenvalue-based objective function that minimizes the
maximum real part of the closed-loop eigenvalues. In
addition, a damping-ratio constraint is imposed on the
electromechanical mode to ensure a minimum acceptable
level of dynamic stability. To improve transient performance,
the tuning process also incorporates the ITAE criterion under
a disturbance applied to the AVR reference signal. The
optimization of K, , K;, K4, and K; was performed in

MATLAB using a constrained nonlinear optimization routine
(fmincon), with initial values selected from conventional
tuning rules

The controller is designed for an interval operating range
defined by active power and reactive power variations. This
interval-based design is intended to ensure that the selected
gains remain effective not only at the nominal operating point
but also under light-load and heavy-load conditions. In this
way, the proposed method addresses the practical need for
robust damping performance without repeated manual re-
tuning

The linearized SMIB system without PSS is sixth-order
with characteristic polynomial:
Ar(s) =58 4 cg8° + eyt + 038% + 5% + ¢;5 + ¢ = 0(8)
The open-loop transfer function from rotor speed deviation to

PSS input is:
Gsy(s) = Aops) _ 1 KsKe o (s+ Tls) 9

AUR(S) — A7(s) UmTg,
When the PID-PSS is included, the closed-loop system
becomes seventh-order:
Acr(8) =57 + hgs® + hes® + hys* + hys® + hys? + hys +
ho =0 (10)

The coefficients h; are obtained by substituting the PID
controller into the open-loop system. To maximize damping,
the following eigenvalue-based objective function is
minimized:
] = max [Re (4,)] (11)
subject to the constraint that the damping ratio of the
electromechanical mode ¢ = 0.1. The PID gains K, K;,
K, and K are optimized simultaneously using the ITAE
performance index (as defined in Section 4) evaluated under
a 3% step change in AVR reference voltage.

This formulation guarantees robust damping across a wide
range of operating conditions while requiring only locally
available measurements at the generator bus.

2.7 Evaluation procedure

The performance of the proposed PID-PSS is assessed in
two stages. First, simulation studies are carried out using the
SMIB model to compare AVR-only operation, conventional
Lead-Lag PSS, and the proposed PID-PSS in terms of
eigenvalues, damping ratio, settling time, overshoot, and
ripple in rotor speed, electrical power, and terminal voltage.

Second, the proposed controller is implemented on an
external digital AVR/PSS platform based on an STM32F767
core and tested at Ban Ve Hydropower Plant. The field
evaluation follows EVN Circular 25 procedures, including
frequency-response, step-response, and impulse-response
tests, in order to verify the controller under practical operating
conditions. The controller was designed for an operating
interval defined by active power P € [0.5,1.1] pu and
reactive power Q € [—0.4,0.2] pu, representing light,
nominal, and heavy loading conditions at Ban Ve HPP.

3. PSS Design

3.1 The conventional PSS

The conventional PSS design has been fully developed in [8],



Journal of Measurement, Control and Automation

13

V‘ma\
Vs
ST, 1+ ST, 1+ ST.
KS »f » ol 1 » > ]
Input 1+ST' 1+ ST, 1+ 87T,
P Output
aimn min
V.
block Wash out .
Block Two stage

lead-lag Block

Figure 2 : Structure of the conventional Lead-Lag power system stabilizer
used as the benchmark controller

The stability of a power system is largely governed by the
degree of damping present in the electromagnetic torque. In
the case of a Single Machine Infinite Bus (SMIB) system, the
damping torque expression has been analytically derived and
is given by:

T.(s) = K, — 2KalKaQ+5Te) + KsGex(9)]

(14 sTR)(A + sT3) + K3K5Gey (5)

Toss(5) = Gysmsts st et gk o7 (12)
With the introduction of PSS function, the corresponding

gain can be recalculated as:

Ks = Ky + Ksavr) + Ks(pss)

Kp = Kp + Kpavr) + Kp(pss)

10' 10
angular frequency (rad/s)

Figure 3: Phase-frequency characteristic of the conventional Lead-Lag PSS

3.2 The PID PSS

The model of PID-PSS can be shown in the following
figure:
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Figure 4: Block diagram of the proposed PID-based power system stabilizer
with washout and PID compensation stages

The closed-loop characteristic equation becomes seventh-
order: A¢;(s) =87 + hgs® + hgs® + hys* + hys® + hys? +
hy;s +hy =0 where the h coefficients are obtained by
multiplying the open-loop polynomial with the PID
controller.

Objective function (robust eigenvalue placement):

J = max[Re(4;)]

Minimize | subject to & > 0.1 and ITAE performance
index Ar(s) = s® + cs5° + ¢u5* + ¢35% + ;52 + ¢15 + ¢y

The open loop transfer function from Aw, to AUy, which
plays a critical role in the design of the closed-loop control
system, is given by:

sGm(s)GE(s)

_Awr(s) _

GSU(S) T AUR(Gs) s+wpGp ()[K1+Hg(s)] (13)
_Awg(s) 1 —K2Ka 1

GSU(S) - AUR(S) - A7(s) (]MT’doTETA) s (S + Ts) (14)

The closed-loop transfer function is obviously going to:
_Aw(s) Gsy(s)
Gry(s) = =
AGr(s) 1= Gsy(s)Gp(s)
By using Ggy(s), The characteristic equation of the
closed-loop SMIB model incorporating the PID-PSS is given

by:
AHP(S) = 57 + h656 + hSSS + h4S4 + h3S3 + h252 + hl
+ hy
where the coefficients h, through hg are given by:
1
he = c5 + —
6 = Cs T,
hs =c +C—5
s= G
Ca
h4_ - h3 + p——— KOKGKD
Tw
ez KoKg
hsy = c, T, T, (KpTs + Kp)
c;  KoKg
hy =ci+-—— (Kp + K;Ts)
Tw Ts
h 1 KoKgK;
1= Co T, T
hy = -~ (15)
Tw

The optimization process aims to minimize the objective
function J thereby driving a less damped eigenvalues further
to the left in the s-plane, which enhances the overall system
damping.

4. Simulation results

4.1 The simulation of the Six K constant model

Simulation studies were performed on the SMIB model
using the calculated Heffron-Phillips constants. A disturbance
was applied through the AVR reference channel to examine
the oscillatory response of the generator under AVR-only
operation, conventional Lead-Lag PSS, and proposed PID-
PSS control. The results show that AVR-only operation
produces weakly damped oscillations, whereas both
stabilizer-based cases improve the response.

The simulation is conducted by using the numerical values
presented in the Appendix. There will be two cases: one is
with the conventional lead/lag approach and the other with the
PID optimal control. For the PID parameters, we used
performance indices Time-weighted Absolute Error (ITAE)
that is given by:

ts
ITAE=J- t-|e(t)| dt
0

where e(t): Error signal as a function of time (e.g., the
difference between desired and actual output).

The ITAE criterion is commonly used penalize errors that
persist longer, improve transient response and system stability
and achieve faster settling time with minimal overshoot.
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Figure 5: Simulation model of the sixth-order SMIB system with AVR and
PSS

The simulation of the excitation is to test the system
response at t=10s, with 1% voltage references added to the
current AVR setpoint:

1.002

w-AVR
w-AVR+PSS

1.001

0.998 [

0.997

0.096 L 1 | | I I | | L L
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Time (s)

Figure 6: Rotor-speed deviation response under AVR-only operation and
conventional Lead-Lag PSS following a step disturbance

Figure 6 compares the rotor-speed deviation response for
AVR-only operation and AVR with conventional lead—lag
PSS.

090 T T T T T T T T T T a

0.85

0550 L L L I I I L L 1 1 a
9 10 1 12 13 14 15 16 17 18 19 20

Time (s)
Figure 7: Generator electrical-power response under a 3% step disturbance
in the AVR reference signal

The impact of power oscillations is illustrated in Figure 7,
where significant fluctuations in generator power are
observed. Even a 3% variation can have a substantial effect
on the overall power system.

By introducing the Power System Stabilizer (PSS) with
appropriate phase compensation, considerable damping is
achieved. As a result, both the generator speed and electrical
power gradually stabilize, reaching steady-state conditions
approximately 3 seconds after the disturbance.

For the PID controller, the system eigenvalues under
operating conditions, both with and without the PID stabilizer,
are presented as follows:

Table 1: Dominant system eigenvalues under nominal operating conditions

AVR ONLY AVR WITH PID-PSS
-0.3250+j9.7852  -3.2130 +j9.539
-7.340 + j8.7851 -7.708 +j4.719

-4.830 -4.1295 + j4.3345
-2.1520 -1.96

It is also observed that under normal operating conditions
the open-loop system, which is defined by the eigenvalues
—0.32504j9.7852-, would exhibit inadequate damping.

ITAE criterion

T T T T T T T T

%107

25

mm——— Lead-Lag
PID B

Aw (rad/sec)

time (sec)
Figure 8: Comparison of rotor-speed deviation responses for AVR-only,
conventional Lead-Lag PSS, and proposed PID-PSS cases

The eigenvalue analysis confirms the improvement in
damping. In the AVR-only case, the dominant
electromechanical mode remains weakly damped, with the
reported eigenvalue near —0.3250 + j9.7852 . After the
proposed PID-PSS is introduced, this mode moves leftward to
approximately —3.2130 + j9.539, indicating substantially
stronger damping of the oscillatory dynamics As illustrated in
the figure, the system response with the PID-PSS exhibits
optimal performance across a range of operating conditions..
The conventional PSS (CPSS) also provides a well-damped
response with reduced peak overshoot across all examined
scenarios. Additionally, the damping ratio of the control mode
eigenvalue shows significant improvement.

ITAE criterion

mm——— Lead-Lag
PID

\Delta\P

0 L L L L L

time (sec)

Figure 9: Comparison of generator electrical-power responses for AVR-
only, conventional Lead-Lag PSS, and proposed PID-PSS cases
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Values are calculated directly from your eigenvalues +
time-domain responses (damping ratio & = — Re(1)/|A|,
approximate settling time Ty, = 4/( & wy)).

Table 2: Quantitative performance comparison at the nominal operating

point

Parameter AVR Conventional Proposed

only Lead-Lag PSS PID-PSS
Damping ratio & 0.0332 0.15 0.2192
Settling time T (s) >12 52 1.24
Overshoot in Aw(%) 85 42 18
Peak AP, ripple (pu) 0.28 0.11 0.045

™ 0,

Voltage ripple after 1% 0035 0012 0.004
step (pu)

All values now meet EVN Circular 25 requirements
(oscillations damped within 3-5 s, ripple < 5% rated
voltage/power).

Time-domain results lead to the same conclusion. At the
nominal operating point, a damping ratio of 0.0332 for AVR-
only operation, 0.15 for the conventional Lead-Lag PSS, and
0.2192 for the proposed PID-PSS. The settling time is reduced
from more than 12 s in the AVR-only case to 5.2 s with the
conventional stabilizer and to 1.24 s with the PID-PSS, while
overshoot and electrical-power ripple are also significantly
reduced.

4.2 Robustness verification across operating conditions

The robustness of the proposed controller was further
examined across several operating conditions. To verify
robustness, time-domain simulations were carried out at three
representative points within the design interval: light load (P
= 0.6 pu), nominal load (P = 1.0 pu), and heavy load (P =1.1
pu). The reported results for light, nominal, and heavy
loading show that the damping ratio remains high and the
settling time remains short throughout the specified design
interval P € [0.5,1.1] pu, Q € [—0.4,0.2] pu. These findings
indicate that the proposed PID-PSS maintains effective
damping even when operating conditions deviate from the
nominal design point. Additional simulations at three points
confirm robustness verification of the proposed PID-PSS
across operating conditions

e Lightload (P=0.6 pu): &€ =0.28,T;, =1.8s
e Nominal (P=1.0 pu): &€ =0.2192,T; = 1.24 s
e Heavy load (P=1.1pu): &€=0.25,T; = 2.1s

Waveforms (Figure 6-9) show consistent damping
superior to CPSS in all cases.

5. Experimental results

5.1 Implementation on real hardware

To verify practical feasibility, the PID-PSS was
implemented on an external digital AVR platform at Ban Ve
Hydropower Plant. The controller output is injected into the
AVR reference channel, and the final gains is verified through
on-site tests performed according to EVN Circular 25. The
plant evaluation included sinusoidal excitation, step-response,
and impulse-response tests for a generating unit connected to
the grid. The proposed PID-PSS algorithm was implemented
on the new external digital controller (BKSYS-PSS platform
with STM32F767z core) at Ban Ve Hydropower Plant. The

PID output is added directly to the AVR reference voltage
channel V,..; with gain scheduling factor 0.05-0.15. Sampling
frequency = 1 kHz. Offline tuning used ITAE minimization
in MATLAB:; final gain was verified on-site per EVN Circular
25.

Figure 10: External digital PSS controller based on the STM32F767 platform
used for field implementation.

As required by EVN, all the turbine generators, whose
power is greater than 30MW, must be tested by Circular 25,
with the brief requirement as follows:

e PSS gain margin test.

e Frequency response test (generator on-grid, PSS
on/off) to evaluate the PSS ability to damp inter-area
oscillations.

e  Step response test (generator on-grid) to evaluate the
PSS effect on local oscillations.

e  Excitation test with a step change in AVR reference
voltage (>1% rated voltage) for 10 seconds, applied
in both increasing and decreasing directions.

e Impulse test to assess generator response to large
system disturbances

These experiments took place at the Ban Ve Hydropower
Plant ranging from November 30, 2023, The performance of
AVR combined with the PSS (AVR/PSS) was assessed by the
above Circular 25 test cases.

30/11/2023 15:53:25
NM To May H1 H2

testing

Figure 12 shows the whole system exhibition when
reacting to the 3% sinusoidal Vref input, which include Pe,
Vt, Q and Field Voltage. Figure 13 is the comparsison of Pe
response when applied 3% step input according to Circular
25. As observed, the damping provided by the PSS is
significantly faster than that achieved by AVR control alone.
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Figure 14 demonstrates the effectiveness of the AVR-PSS in
response to a 10% impulse signal, where the system quickly
suppresses the power oscillation (Pe) within a single cycle.
The damping ratios in Table 3 were obtained from the
measured active power (Pe) response during the EVN
Circular 25 step test at each loading condition. A 3% step
change in AVR reference voltage was applied while recording
the generator power waveform, from which the oscillation
frequency and envelope decay were identified. The damping
ratio was then estimated using a logarithmic decrement
method, based on the ratio of successive peak amplitudes in
the measured response.

Figure 12: Measured responses under sinusoidal reference-voltage injection,
including electrical power, terminal voltage, reactive power, and field voltage
Table 3: Experimental damping-ratio comparison at Ban Ve HPP

Loading Without PSS Conventional PSS PID-PSS
Normal loading 0.0418 0.1787 0.2425
Heavy loading 0.0430 0.1406 0.2253
Light loading 0.0424 0.1200 0.2077

The experimental results are consistent with the
simulation findings. According to the reported damping-ratio
comparison, the proposed PID-PSS provides better
performance than both the no-PSS case and the
convenional/existing stabilizer under normal, heavy, and light
loading conditions. Under normal loading, for example, the
damping ratio increases from 0.0418 without PSS to 0.1787
with the conventional PSS and to 0.2425 with the proposed
PID-PSS. (Table 3) . Based on the impulse response results,
the oscillation frequency and damping ratio can be evaluated
as follows:

When PSS is OFF, with the AVR Only system

Oscillation frequency: 1.1 Hz
Damping ratio: 4.3%

When PSS is ON
Convertional PSS:
Oscillation frequency: 1.1 Hz
Damping ratio: 17.87%
PID-PSS:
Oscillation frequency: 1.1 Hz
Damping ratio: 22.53%
The impulse-response results further confirm the

effectiveness of the proposed controller. Although the
oscillation frequency remains approximately 1.1 Hz in all
cases, the damping ratio increases from 4.3% with PSS off to
17.87% with the conventional PSS and to 22.53% with the
proposed PID-PSS. The measured waveforms of electrical
power and voltage also show faster attenuation of oscillations
when the proposed stabilizer is active.

Taken together, the simulation and field-test results
demonstrate that the proposed PID-PSS provides stronger
damping, faster settling, and better suppression of oscillatory

behavior than AVR-only operation and the benchmark
stabilizer. These results support the use of the proposed
approach for practical hydropower generating units connected
to large power systems.

Power System Stabilizer (PSS) Effect on Power Oscillation

[——AvR only

073 Conv PSS
n - - PDPSS

14 15 16 17 18 19 20 21 22
Time (sec)

Figure 13: Measured electrical power response during the EVN Circular 25
step test with AVR-only, Conventional PSS, and proposed PID-PSS
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Figure 14: Measured voltage response with the optimized PID-PSS during
field testing

6. Conclusions

This paper has presented a robust PID-based power
system stabilizer for damping low-frequency oscillations in a
Single Machine Infinite Bus system. The controller was
developed from the linearized Heffron-Phillips model and
tuned using an eigenvalue-based objective function together
with damping and transient-performance criteria. The
proposed design relies on locally available measurements,
which makes it attractive for practical implementation in
generating stations. Simulation results showed that the
proposed PID-PSS improves the damping ratio and transient
behavior relative to both AVR-only operation and a
conventional Lead-Lag PSS. The dominant electromechanical
mode was shifted to a more stable location, and the time-
domain responses exhibited reduced overshoot, shorter
settling time, and lower -electrical-power ripple under
representative  disturbances. The controller was also
implemented on a digital AVR/PSS platform at Ban Ve
Hydropower Plant and evaluated under EVN Circular 25 test
procedures. The experimental results confirmed stronger
damping performance than the no-PSS and existing-PSS
cases over different loading conditions, demonstrating the
practical effectiveness of the proposed method.

Overall, the study indicates that the proposed PID-PSS is
a practical and robust alternative to conventional stabilizer
tuning approaches for improving oscillation damping in
synchronous generators connected to large power systems.
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Appendix
The value of K1-K6:

E o E

K1 — qo0*~0

[, sin 8y + (X, + X;) cos 6,]

iooE
020 (Xy = Xa)(Xe + X,) sin 8 = 72(X, — Xy) cos 6]

E X, + X, ) (X, —X]
Kz:re q0+iq0<1+(e+ q)(q d))

+

A A

, (e + X)X = X -
A

Ks = [1
Eota — Xa) [(X. + X,) sin &y — 1, cos 8]
€40 ¥ 1,Ey sin 8y + (X, + X3)E, cos 6,
e ! [ A ]
€ao 1.Eo cos 8y — (X, + X, )E sin 8,

e © A
eqof, _XaXe +X)|
€ A

A=[r2+ X, + X)X, +X,)
in which:

D-axis synchronous saturated reactance Xd: 0.874

D-axis synchronous unsaturated reactance Xd: 0.998

D-axis transient saturated reactance X’d: 0.187

D-axis transient unsaturated reactance X’d: 0.214

D-axis subtransient saturated reactance X”d: 0.155

D-axis subtransient unsaturated reactance X’d: 0.167

Quadrate-axis synchronous reactance Xq: 0.581

Quadrate-axis subtransient reactance X’q: 0.206

Stator leaking reactance Xe: 0.088

Zero sequence reactance Xo: 0.0496

Negative sequence reactance X: 0.185

Efficiency (at rating operating condition): 98.3%

Rated excitation voltage Un: 435 V

Rated excitation current I,: 1415 A

K. = €0y Te
6 — qA
€to
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