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Abstract:

The energy transition is implementing in various different industries at a global scale. In particular,
the shift from traditional fossil fuel-based power generation technology to renewable energy sources-
based ones plays a pivotal role in this process. In many countries including Vietnam, the level of
penetration of wind power sources is increasing, on the one hand, contributing to meet the demand
of the load, on the other hand and modifying the related technical issues in power systems. The
fluctuation of output power of wind power sources following the variation of the wind speed is great
challenging to the guarantee of power system stability. This paper introduces research results on the
effectiveness of power system stabilizers (PSSs) in improving small signal stability. First, the 9-node
IEEE power system is modified with the participation of a wind power source. The operation of PSS
that is equipped at a traditional power plant was then investigated in the conditions that there are
fluctuations in load and the output of wind power system. The obtained results show different
efficiency of PSS types in power system stabilization.
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Toém tat:

Qua trinh chuyén dich néng lugng dang dién ra trong nhiéu linh vuc khac nhau va & quy md toan
cau. Trong dd, su chuyén dich cdng nghé phat dién tir ngudn dién st dung ndng lugng hda thach
truyén théng sang ngudn dién st dung néng lugng tai tao ddng vai trd nong cbt. O nhidu qudc gia
trong dé cé Viét Nam, mirc d6 tham nhap cla cac nguén dién gié ngay mot tang, mot mat déng gop
vao viéc dap ('ng nhu cu cla phu tai, mat khac lam thay ddi cac van dé ky thuét lién quan trong hé
thong dién. Su dao dong cong suat phat ctia cac nguon dién gid theo toc dd gid la thir thach 16n
trong duy tri 6n dinh hé théng dién. Bai bao gidi thiéu két qua nghién clru vé hiéu qua cta cac bd 8n
dinh hé thng dién (PSSs) trong &n dinh do nhiéu loan. Trudc hét, hé thdng dién mau IEEE 9 ndt
dugc hiéu chinh véi su tham gia clia nguon dién gié. Hoat dong cla cac bo PSS dat tai nha may dién
truyén thong sau do dudc khao sat trong diéu kién cd su bién dong cla tai va cong suat phat cla
dién gié. Két qua thu dugc cho thdy tinh hiéu qua khac nhau cta cac bd PSS trong 8n dinh hé
thong dién.

T khoa:
Bd &n dinh hé thdng dién, dién gid, hé théng dién tich hgp, &n dinh hé théng dién.
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1. INTRODUCTION

The transition from fossil fuel-based
energy to renewable-based energy, with
low or zero carbon emissions, is taking
place in many countries all over the
world. Especially after the 26th UN
Climate Change Conference of the Parties
(COP26), in November 2021, many
countries have pledged to reach net-zero
emissions by 2050. The aim of COP26
presidency is to keep the rise in global
temperature to 1.5C [1].

In fact, wind power development continues
to show impressive statistics in 2022 with
78 GW of new installed capacity worldwide
[2]. According to the Global Wind Energy
Council (GWEC) forecast, global new
installed capacity could exceed 100 GW in
2023 and at 680 GW in the next five years.
Besides the benefits in meeting the demand
of the power system load, the integration of
wind power causes technical problems due
to the variation in their generating capacity.
One of those effects is to cause frequency
fluctuations in the power system. To
mitigate this impact, many technical
solutions related to the control process of
the wind power systems themselves and
other elements in the power system have
been applied additionally.

In this study, the performance of PSSs
with the generic model and a standard
type of PSS4B is investigated. The input
signal used is the rotor speed deviation or
active power difference between the
mechanical and electrical powers.

The remainder of the paper is organized
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as follows. Section 2 introduces the
overview of the PSS. Next, the
modification of 9-bus IEEE power system
with the addition of a wind power system
is shown in Section 3. Simulation results
and discussion are then presented in
Section 4. Some conclusions are finally
given in Section 5.

2. POWER SYSTEM STABILIZER (PSS)
Power system stabilizer (PSS) provides an
additional signal to the excitation system
to damp generator rotor oscillations and to
improve power system stability. The input
signals to the PSS may include shaft
speed, frequency, and power measured at
the generator terminal. As the PSS is
applied, fluctuations in the power system
are damped and system stability can be
improved. Especially, using PSS is an
effective method of improving small-
signal stability of power system.

To damp the fluctuation, PSS generates
an electric torque according to the rotor
speed deviation. Figure 1 shows the
generator with is voltage regulator
through the exciter [1]. The input of the
voltage regulator is added to the signal
from the PSS, which is the frequency,
speed or the difference between the
mechanical and electrical powers.

Af ! Aw / AP
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Figure 1. The addition of PSS to the input
of voltage regulator and exciter

Power
system
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Figure 2. Block diagram of exciter and the automatic voltage regulator (AVR) equipped with PSS

Figure 2 show the block diagram of the
exciter and AVR with the participation

of PSS [2]. In the diagram, G,(s) is

the transfer function of the exciter and
AVR, for the thyristor-based type, the
transfer function is a constant. The
IEEE Type PSS4B is equipped with
external inputs, e.g. the speed and
electrical power.

3. MODIFICATION OF
WITH WIND TURBINE

The IEEE-9 bus power system [3], [4]
shown in Figure 3 is selected to
investigate the role of PSS in
mitigating the variation of load as well
as the output of wind power system.
The model of round rotor type thermal
generators and their exciter, which is
combined with IEEE type 1 voltage
regulator, is adopted from [2], and that

IEEE-9 BUS

of wind turbine is referred to [5] and

[6].

G2 2 4 .6_, 9 3 G3
£ 3
3 3
Load Load
—° " —

Figure 3. IEEE 9-bus power system
(WSCC 3-Machines 9-Bus system)

Moreover, a wind power system is
connected to the bus of node 7. All the
rated powers of three machines are
modified to 100 MVA in which the
machine 1 is connected to the slack bus 1.

The machine connected to bus 3 has the
exciter and AVR with additional input of
PSS. In this study, three following types
of PSS will be simulated: IEEE Type
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PSS4b (PSS;) with the input of rotor
speed deviation (4w); generic PSS with
the input of Aw (PSS,) and generic PSS
with the input of active power difference
(PSS3) [2]. Selection of these PSSs has
merit for a number of reasons. First,
integrating traditional PSSs in the form of
program code into modern digital voltage
regulators is a solution with the cost that
is not as large as FACTS equipment based
ones. Second, PSS, and PSS, represent
the types with typical input of rotor speed
deviation or active power, respectively.
Moreover, PSS; is with multiband
dedicated to the low-, intermediate-, and
high-frequency modes of oscillations. If
the structure and parameters are selected
appropriately, the performance of generic
PSSs is comparable with other solutions
[7]. Furthermore, the combination of this
PSS with droop control of wind system
will sufficiently show certain change in
the effect in damping of frequency
oscillation.

Input Sensor Gain Wash-out

Lead-lag 1

Figure 4. Major elements of PSS

For the multi-band power system
stabilizer or IEEE Type PSS4b, the input
is the rotor speed deviation. The generic
model PSS introduced in [2] has the
major elements shown in Figure 4 with
the input of the rotor speed deviation or
the difference between the mechanical
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power of the turbine (P,) and the

electrical power (P, ) of the generator.

4. SIMULATION RESULTS AND
DISCUSSION
Simulation is developed with two

different penetration levels of the wind
power: 10% and 30%; the total capacity
of system load is 315 MW and 115
MVAr. It must be underlined that after
any disturbance, which causes the
deviation in frequency of power system,
the secondary frequency control function
of the governor of units assigned is
activated to regulate output power to
recover the system frequency into the
permitted range according to national grid
codes [8], for instance [49,5; 50,5] Hz
(power networks that have not been stable
after single incidents) in Vietnam.

However, in this study, to investigate the
impact of PSS under the variation of
output of wind turbine, such operation is
not considered.

In fact, wind turbine is commonly
required to support power system in the
frequency control.  Accordingly, the
control scheme of the wind turbine is
designed to be able to mobilize the spare
power into frequency control with the
droop characteristics similar to that of
traditional generators:

A
R

AP=

(1)

As a result, it is possible to create the
characteristic as shown in Figure 5.
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Figure 5. Droop characteristic of the wind
turbine
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Figure 6. The effect of droop control in the wind
turbine on the system frequency

Once the droop control is applied to the
wind power system, the frequency
response can be improved, as can be seen
in Figure 6.

Figure 7 shows the response of system
frequency following the load variation at
time instants of 40 s, 60 s, 90 s and 120 s.
The output signal of PSS is enabled and
added to the input of the AVR during the
period from 80 s to 140 s.

It is seen that the PSS affects obviously
on the response of the frequency with
smaller drops during the transient periods.
In addition, its impact seems to be
independent from the penetration level of
wind power.
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Figure 7. Response of the frequency under 10%
and 30% penetration of wind power
Following this, simulation of the power
system with three above-mentioned types
of PSS is repeated. As can be seen in
Figure 8, all of PSSs have the positively

impact on the response of the frequency.
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Figure 8. Comparison of frequency responses
with the utilization of different PSS types
during the variation of load power

PSS with the input of rotor speed
deviation provide Dbetter
mitigation on the fluctuation of frequency
during the transient periods in comparison
with that with the input of active power
difference.

seems to
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Figure 9. The variation of wind speed

The generic structure PSS with main
elements shown in Figure 4 and the input
of rotor speed deviation outweighs the
other in terms of the magnitude and
transient period of the fluctuation, see the
dotted black curve in Figure 8.

PSS typed PSS4b of IEEE (PSS,)
provides robust response following the
disturbances by wind speed change, see
Figure 9. Meanwhile, PSS, seems to give
slower response. The PSS; does not
appear to have a positive effect on
oscillations caused by the variations in
wind speed.
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Figure 10. Comparison of frequency responses
with the utilization of different PSS types during
the variation of wind speed

4. CONCLUSION

The performance of some types of PSS in
limiting fluctuations due to load variation
and generating capacity of wind power

plants was investigated. PSS typed
PSS4b of IEEE provides great performance
with  robust response following the
disturbances. Furthermore, the control

within the wind power system itself has
shown to assist in mitigating the
disturbance caused by the aforementioned
fluctuations.
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