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This paper presents an entirely new subject to prevent SSR in thermal power plants. The SSR
phenomenon is firstly analyzed by using the frequency scanning method in the frequency domain
under considering other operating conditions for operating grid-configurations, and then the
SSR due to the self-excitation and the transient phenomenon is analyzed to provide the inputs
for working out an effective solution. Three devices, namely the thyristor controlled series
capacitor (TCSC), static synchronous compensator (STATCOM), and blocking filter (BL) are
considered as a proposed choice, and the control strategy for each mentioned device is
developed to mitigate the SSR. For TCSC, the control strategy is designed based on two PI
controllers for the voltage and current regulator, respectively; besides, the auxiliary sub-
synchronous damping controller is proposed to provide a supplementary signal of dynamic
current on the input signal that is chosen the generator rotor speed deviation. For STATCOM,
two PI controllers, using for the DC and connected point voltage regulator, proposed; besides,
the auxiliary sub-synchronous damping controller is proposed to provide a supplementary signal
of dynamic current on the input signal that is chosen the generator rotor speed deviation. For
BL, the natural torsional vibration frequency of models to ensure that SSR due to torsional
interaction (TI), torque amplification (TA), and induction generator effect (IEG) are
prevented. The effectiveness of this study is verified via a time-domain simulation of the
Vietnam Quang-Tri electric power system connected to the 500/220 kV transmission system
using EMTP-RV and PSS/E programs. The obtained results show that the frequency scanning
method is chosen as a useful method to analyze SSR and the effective solution can be applied to
immediately solve the difficulties encountering in the Vietnamese power system to be BL.
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1. Introduction

Due to the nature of the terrain, in some countries e.g. the USA, China, Canada, Brazil,
and Vietnam, the electric transmission lines are very long distances from the generating
plants to loads. So, to improve the transfer capability and transient stability, series
compensations with capacitors are used for installing long-distance transmission systems as
an optimal choice. However, the sub-synchronous resonance (SSR) phenomenon can occur
for the generating plants if the series compensation is installed near them. After SSR
happened, the security of the generator unit and the stability of the power system can be
seriously threatened. The damage from SSR is shown through some events that are the two
generator shafts of the Mohave power plant accident on December 9, 1970, and again on
October 26, 1971, in the US [1]; in 2004, the generator shaft of 2-unit and 3-unit turbo-
generators of  Dresden nuclear power plant in the US; in 2008, the shaft fracture of 3-unit
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turbo-generator of Yimin power plant in China [2]; in 2015, the shaft fracture of 1-unit
turbo-generator of Vung-Ang 1 in Vietnam [3].

In the ’70s but up to now, in the subject of the SSR is the coaction between the series
compensated transmission line and the electromechanical system of the generator. So that it
leads to three kinds of causes for SSR, which are the induction generator effect (IGE),
torsional interaction (TI), and transient torques or torque amplification (TA). The IGE and
TI are steady-state SSR in which IGE is an electric phenomenon and occupies the place in
the system that requires a high degree of series compensated transmission line [4] and its
effect is observed in the power systems [5]. SSR-IGE is caused by the self-excitation of
series compensated transmission lines alone. Meanwhile, TI is not only an electrical
phenomenon but also composes the mechanical dynamics phenomenon. SSR-TI is the
interaction between the series compensated transmission line and the turbine-generator
system. SSR-TI occurs when the natural frequency of the generator shaft is equiprobable to
the frequency of occasioned sub-synchronous electromagnetic torque. According to [6], in
the case of a variable speed wind turbine, the IGE is the major cause of SSR instability. The
SSR-TA adverted to as the transient torque occurs when the series combination between
capacitor C and inductor L in the transmission line amplifies the stresses on the shaft during
large disturbances in power systems or during switching operations. There is no
phenomenon of shaft damage from an SSR-TA [7].

Since the event of the Mohave power plant in the US, the SSR phenomenon in the power
system has been brought sharply into focus. To study the SSR phenomenon in the power
system, there are several analytical methods developed. Among these, frequency scanning,
eigenvalue analysis, and electromagnetic transient simulation are there most frequently
used techniques both in the industry and academia [8-14]. The frequency scanning is one
of the best methods for detecting all three aspects of the SSR phenomenon; this method can
identify potential problems due to IGE, TI, and TA effects in power systems. Meanwhile,
the eigenvalue analysis can provide accurate information about the steady-state SSR, but
cannot detect the SSR-TA phenomenon. The electromagnetic transient simulation can
detect the steady-state SSR and SSR-TA phenomenon but is not used to analyze the large
networks because the detailed models are required [15].

Numerous reaches have been performed in the field for moderating and mitigating the
SSR phenomenon in the power plants, which were classified into two main groups in the
last several decades. The first one applies the flexible alternating current transmission
systems (FACTS) device and the remaining one utilizes the generator excitation system and
power system stabilizer (PSS).

The development of FACTS devices based on modern power electronic has been
moving rapidly during the past decades in the field of power system dynamics. A variety of
FACTS devices such as thyristor controlled series capacitor (TCSC) [16,17], static var
compensator (SVC) [18], static synchronous compensator (STATCOM) [19-21], unified
power flow controller (UPFC) [21,22], Gate controlled series capacitor (GCSC) [23], Static
synchronous series capacitor (SSSC) [24], and blocking filter [25,26] have been proposed
to alleviate and mitigation SSR. Generally, the selection of controller for FACTS devices
mentioned from the above literature shows that the SSR phenomenon is moderated and
mitigated very well. However, there are some reservations as just verification of the simple
network, the no-change operating structure, and the electric plants based on wind energy.
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The blocking filter (BL), introduced in [27] and applied for the Tuoletuo transmission
system, China [26], is used as the main option to prevent SSR. The BF is the three-phase
passive circuit, installed at the end of each winding of the high-side of the step-up
transformer. It also says that BL a simple and effective solution. However, the
unanticipated SSR-IGE occurred during the commissioning of BF on April 12, 2008 at the
Tuoletuo power plant. This is a drawback when using BL. To overcome this disadvantage
and at the same time to prevent SSR-TI and SSR-TA, the suitable resistor values are added
in the reactor circuit of BF. This issue is that this paper is being addressed.

The grid-connected thermal power plants have been challenging the dangers due to the
caused SSR phenomenon, that why this paper focuses to analyze the SSR phenomenon
using the frequency scanning method considering a large network under other operating
structures. Then it studies the self-excited resonances and transient resonances.  Based on
that, it proposes an effective measure based on TCSC, STATCOM, and BL to prevent SSR.
The practical power system, which is the generator units of the Quang-Tri power plant of
the Vietnamese power system, is carried out to verify the effectiveness of the proposed
method. The main contributions of the paper are as follows:

(i) to propose the analyses method of SSR;
(ii) to develop the control strategy for TCSC, STATCOM, and BL for mitigating SSR;
(ii) to propose the BL device, it is the best choice to solve the difficulties encountered in the
Vietnamese power system.

The remainder of this study is organized as follows: Section 2 introduces the SSR-
related problem. Section 3 analyzes the SSR for the proposed power system. The control
strategy for TCSC, STATCOM, and BL for mitigating SSR is developed in Section 4.
Section 5 carries out some case studies to simulate for comparing the proposed solutions.
Finally, conclusions are given in Section 6.

2.  Related problems

To enhance the power transfer capability in the transmission line, the use of series
compensators in the power system is one of the conventional methods; that presently, this
method is widely used in the AC transmission system. However, the use of series
compensation in the system can cause the dynamic instability and especially SSR. SSR is a
dynamic phenomenon in the electric power system. This phenomenon pertains to the
interchange of energy between the electrical and the mechanical systems of the generator
turbine. Considering a radial series-compensated power system, this system is a turbine-
generator connecting the series-compensated power system. The electrical resonance
frequency of the system is given as follows [28]:

= c
er s

eq

X
f f

X
, (1)

where fs is the synchronous frequency; Xc denotes the reactance of the series compensator;
Xeq. denotes the equivalent reactance of the system, comprising the transmission line
reactance Xl, transformer reactance XT, and generator sub-transient reactance X”. The term
Xc/Xeq. is the compensation level provided by the series compensator system. For
complexity and large power systems, the SSR can occur at different frequencies.
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When the transient condition occurs, the harmonic current component will produce on
the stator winding. This current, including in the negative- and positive-sequence
components, causes the magnetic field in the air gap at the resonance frequency fer. This
magnetic field rotates at the same speed as the generator rotor at the frequency fer. The
positive-sequence current produces the rotating magnetic field at the speed that is the same
direction with the generator rotor. Whereas the negative-sequence current produces the
rotating magnetic field at the speed that is a reverse direction with the generator rotor
speed. The magnetic field due to the negative- and positive-sequence current components
induced in the rotor winding at the frequency fr = f0 ± fer in which f0 is the rotor electrical
frequency corresponding to rotor average speed; the plus “+” and minus (-) signs relate to
the negative- and positive-sequence current components, respectively; fr = f0 - fer and
fr = f0+ fer are sub- and super-synchronous, respectively.

The induced current in the rotor circuit acts as the rotor field that results in the torsional
torque on the rotor at frequency fr = f0 - fer. A self-excitation phenomenon engenders due to
these rotor currents that result in sub-synchronous stator voltage components. If the
frequency fr of the torque components is close to the mechanical natural frequencies of the
drive train system, the torsional interactions can cause the un-damping oscillations between
two mechanical and electrical systems. Therefore, the SSR phenomena occur under two
other types, the first one is the transient condition that is shaft torque amplification (TA)
and the second one is the stability condition composing the torsional interaction (TI) and
induction generator effect (IGE). The SSR phenomena can classify as follows:

SSR-TI is a phenomenon of self-excitation due to the interaction between the series
compensated electric network and the generator-turbine shaft system. The small-signal
disturbances occur in the power system that can cause the simultaneous excitation of all
natural modes of the mechanical and electrical systems. Assuming that the field winding on
the rotor is rotating at a synchronous speed corresponding to the f0, and if a torsional
oscillation has occurred to the generator rotating system and turbines at a frequency fm due
to the relationship between the mechanical torsional and electrical resonant frequency. This
frequency induces the generator armature voltage components at a frequency fem which is
the sub-synchronous or super-synchronous frequency closed to an electrical resonance
frequency of the generator and transmission systems and can be expressed as follows:

0em mf f f= ± . (2)

It may also say that fem is the frequency of a torsional mode. The torsional mode can be
excited by a sub-synchronous component at the complementary frequencies, and if so the
overall damping is not enough, the oscillation exists and the SSR phenomenon occurs. As
known, the electric sub-synchronous component can be due to the series compensated AC
systems or the power electronic devices. However, this paper considers the series
compensated AC systems. Therefore, the electrical sub-synchronous component frequency
is given as Eq. (1).

SSR-IEG is also a phenomenon of self-excitation, involving only electric system dynamics.
The armature currents of the generator produce a rotating magnetomotive force (mmf) in
armature air gap with angular speed 2πfer at a frequency fer. This mmf interacts with the
main field air gap mmf to create the torques at the frequency (f0 - fer). Where, if the
generator rotor torsional mode frequency is different from the sub-synchronous torque
frequency (f0 - fer) then the torsional interaction takes place. As the rotating MMF produced
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by the sub-synchronous frequency armature currents moved at ws speed, which is slower
than the speed of the rotor angular speed wr. According to the induction machine theory, the
equivalent rotor resistance viewed from the stator side of the generator, in this case, is
negative when the slip of the generator is negative. As self-excitation occurs in the system,
the sub-synchronous electric current conduces to increase rapidly. SSR may divulge itself
under the condition of overvoltage as the induction generator effect in the series
compensated system. It notes that SSR-IEG is only concerned with the magnitude of the
equivalent rotor resistance viewed from the stator side of the generator is beside the total
resistance of the transformer and transmission line.

SSR-TA is a phenomenon of transient, caused by system disturbances. For the AC system,
the sudden changes in the network can result in a large transient current. These disturbances
in a series compensated system will influence the electromagnetic torques on the generator
rotor that results in the torsional stresses in shaft sections a frequency (f0 - fer), this
frequency is close to any natural frequency.

3. SSR Analyses

3.1. Study power system

The Quang-Tri electric thermal plant has two units with a total installed capacity of
2×660 MW is located at the central province of Quang-tri. This plant will be connected in
the Vietnam 500 kV transmission line through Quang-Tri 500 kV transformer with a
connected length of 25 km. As introduced in [3], as of 2020, the Vietnamese 500/220 kV
electric system includes 29 substations of 500 kV,162 substations of 220 kV, 16 double-
circuit lines and 20 single-circuit lines of 500 kV, 205 double-circuit lines and 67 single-
circuit lines of 220 kV, and 179 generator units. The generated total power is about
42,179 MW; the peak load demand is about 40,703 MW. The single-line diagram of the
500 kV transmission line is shown in Fig. 1.

(a) (b)
Fig. 1. The grid-connected configuration of the Quang-tri plant: (a) Operational

configuration 1 (CO1); (b) Operational configuration 2 (CO2)
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3.2. Calculated torsional mode

The turbine generator set used for the Quang-tri electric thermal plant as shown in Fig.
2a. It shows that the electric generator-turbine structure includes the high-pressure and low-
pressure stages. The drive system can be modeled by a series of rotational masses as shown
in Fig. 2b and with parameters in Tab. 1.

Tab. 1. The related parameters of the shaft system
Mass Symbol Value

Torsional stiffness

Between HIP and LP k12 1.780×108 (Nm/rad)
Between LP and GEN k23 1.780×108 (Nm/rad)

Inertia constant

HIP j1 0.2719 MWs/MVA
LP j2 1.9862 MWs/MVA

GEN j3 0.7324 MWs/MVA

If the shaft damping coefficient is negligible and omitted, by applying Newton's second
law, the shaft torque equation on each rotor mass is expressed as follows:

wì + q = tïï
í qï = w
ïî

dJ K
dt

d
dt

, (3)

where t is the applied torque matrix, and q  is the angle displacement between rotor and
masses, w is the angle speed, J, K, and q  represent the masses’ moment of inertia and
stiffness matrices, and the angle displacement between rotor and masses, respectively, and
they are expressed as follows:

1
1 12 12

2 21 12 23 23 2

3 32 23
3

0 0 0
0 0 , ,and
0 0 0

q-
= = - + - q = q

- q

j k k
j j k k k k k

j k k
. (4)

The system (4) can be rewritten under the linearized matrix equation as follows:
= +&x Ax Bu , (5)

where A and B are considered as the state and driving matrixes, respectively; x and u are the
vectors of state variables and inputs, respectively.

Assuming that there is no change in the applied torque (i.e., t = 0), the eigenvalues of the
A state matrix correspond to the turbine rotor natural frequencies. Applying the calculation
of the eigenvalues of  Eq. (5) and the related parameters in Tab. 1, the specific oscillation
frequencies of between turbine shaft stages of the generator can be derived as 21.45 and
28.34 Hz corresponding to mode 1 (i.e., GEN-LP) and mode 2 (i.e., GEN-LP; LP-HIP).
Fig. 3 expressed the rotor shaft system and the natural frequency and mode shapes.

Observing from Fig. 3 shows that the rotor has three masses, there are two modes of
oscillation, in which the 21.45 Hz mode is the first torsional mode, this mode has one
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polarity reversal in the mode shape with the rotor of the generator (GEN) oscillating against
rotors of the HIP and LP stages. The 28.34 Hz is the second torsional mode, this mode
shape has two polarity reversals in the mode shape, in which the force acting on the GEN
and HIP stages is the same positive direction and the force acting on the LP stage is
oscillating against. So, at frequency 21.45 Hz, the oscillation between the HIP and LP
stages is the biggest impact. Meanwhile, since the impacted amplitude on the GEN and LP
stages is low so that the oscillation between the GEN and LP stages is smaller than the
oscillation between the LP and HIP stages at frequency 28.34 Hz.

(a)

(b)

Fig. 2. Turbine shaft system representation : (a) Connecting mode between stages ; (b)
physical model
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Fig. 3. The generator-turbine of the Quang-Tri plant : (a) rotor shaft system, (b) Natural
frequency and mode shapes
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3.3. Analysis method

The frequency scanning technique in [29] re-called to analyze the SSR for this study.
The equivalent electrical system impedance as seen from the Quang-Tri plant has been
determined based on several contingencies with the frequency range of from 1 Hz to 100
Hz. The cases are analyzed that they include all contingencies together with two operational
configurations. The modal electrical damping can be calculated as follows:

4
s = em

em
m

D
H

, (6)

where Hm is the  modal  inertia and Dem is the electrical damping on the frequencies can be
estimated using approximate relation as follows:

sup.sub.
2 2 2 2
sub. sub. sup. sup.

1 ( ) ( )
2

æ ö
= - + +ç ÷ç ÷+ +è ø

em o m o m
m

RR
D f f f f

f R X R X
, (7)

where Rsub. and Xsub. are sub-synchronous resistance and reactance determined by the
frequency scan at the frequency (fo-fm), respectively and Rsup. and Xsup. are sub-synchronous
resistance and reactance determined by the frequency scan at the frequency (fo+fm),
respectively. The total modal mechanical damping can be calculated as follows:

,m total em mms = s + s , (8)

where smm is the modal mechanical damping, in the typical case, smm is very small on sub-
synchronous frequencies. In this paper, smm is chosen as an approximate value of 0,2 %
compared to fm.

3.4. Analysis test

To equalize between the power generation plants, the Quang-Tri electric thermal plant
connected in the Vietnam 500kV transmission line with the connected length of 25 km
through the Quang-tri 500 kV transformer under two operational configurations (COs),
namely CO1 and CO2 as shown in Fig. 1.

For the CO1 as shown in Fig. 1a, the Quang-Tri 500kV transformer is connected in the
500kV transmission line between Quang-Trach and Doc-Soi buses. In which, the length
from the Quang-Trach bus to the Doc-Soi bus is 220km, the length from the Quang-Tri bus
to the Doc-Soi bus is 285 km, and the length from the Vung-Ang bus to the Da-Nang bus is
337 km. To improve the system as well as the transferring capability, two fixed series
capacitor with 43 Ohms to be equivalent to 70% of the series compensation rate to be
installed at the Quang-Trach bus and two fixed series capacitor with 43 Ohms to be
equivalent to 54% of series compensation rate to be installed at the Doc-Soi bus, and two
fixed series capacitor with 30,5 Ohms to be equivalent to 65% of series compensation rate
to be installed at the Vung-Ang and Da-Nang buses.

For the CO2 as shown in Fig. 1b, the Quang-Tri 500 kV transformer is connected in the
500 kV transmission line between the Quang-Tri and Doc-Soi buses. In which, the length
of the transmission line between the Vung-Ang and Quang-Tri 500 kV transformer buses is
240 km, the length of the transmission line between the Quang-Tri 500 kV transformer and
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Doc-Soi buses is 285 km, and the length of the transmission line between Quang-Trach and
Da-Nang buses is 337 km. To improve the system as well as the transferring capability, two
fixed series capacitor with 35,5 Ohms to be equivalent to 46% of the series compensation
rate to be installed at the Vung-Ang bus; two fixed series capacitor with 43 Ohms to be
equivalent to 54% of series compensation rate are installed at the Doc-Soi bus, and two
fixed series capacitor with 30,5 Ohms to be equivalent to 80% of series compensation rate
to be installed at Quang-Tri and Da-Nang buses.

Observing from two above mentioned operational configurations, the transmission line
system from the Vung-Ang bus to Pleiku 2 bus with a total series capacitor is 16 units. It
thinks that the series compensation is a high rate. The generator turbine of Quang-tri plant
has the disadvantages under the influence of SSR due to the series compensation rate.
Therefore, to prevent the SSR, this paper analyzes SSR under the following cases.

3.4.1. Analysis on the operational configurations

In order to further study the SSR problem of the Quang-Tri plant, this section analyzes
the natural resonant frequency of the network with two operational configurations under the
scenarios than listed in Tab. 2. The analysis results are plotted in Figs. 4 and 5 for CO1 and
CO2, respectively. Based on the resonant frequency variation that plotted in Figs 2 and 3
and the condition of sub-synchronous frequency fr = 50 - fer, some typical network natural
resonance frequency fer and the generator rotor induction frequency fr values for the OC1
and OC2 are listed out in Tab. 3. A number of frequencies that can cause the SSR are
plotted in Fig. 6. Observing this figure shows that, number of frequencies corresponding to
mode 2 (28 Hz) under the OC2 can occur SSR more than the OC1.

Tab. 2.The scenarios for analyzing the grid system when the grid-connected Quang-Tri
plant under two operational configurations

Case
Scenario

OC1 OC2
OC1_1 OC2_1 Normal operation
OC1_2 - Cut off the circuit 1 of  the 500 kV transmission line between the QuangTrach and QuangTri buses
- OC2_2 Cut off the circuit 1 of  the 500 kV transmission line between the Vũng Áng and Quảng Trị
OC1_3 OC2_3 Cut off the circuit 1 of  the 500 kV transmission line between the QuangTri and DocSoi buses
OC1_4 OC2_4 Cut off the circuit 1 of  the 500 kV transmission line between the QuangTri and  QuangTri plant buses
OC1_5 OC2_5 Cut off the circuit 1 of  the 220 kV transmission line between the Quang-Tri and  Phong-Dien buses
OC1_6 OC2_6 Cut off the circuit 1 of  the 220 kV transmission line between the Quang-Tri and  Ha-Dong buses
OC1_7 OC2_7 Cut off the Quang-Tri transformer number 1
OC1_8 - Cut off the circuit 1 of  the 500 kV transmission line between the Quang-Trach and Vung-Ang buses
- OC2_8 Cut off the circuit 1 of  the 500 kV transmission line between the Quang-Tri and Vung-Ang buses
OC1_9 OC2_9 Bypass two fixed series capacitor at the Quang-Trach bus
OC1_10 OC2_10 Bypass two fixed series capacitor at the Doc-Soi bus
OC1_11 OC2_11 Bypass two fixed series capacitor at the Vung- Ang bus
OC1_12 OC2_12 Bypass two fixed series capacitor at the Da-Nang bus
OC1_13 - Cut off the circuit 1 of  the 500 kV transmission line between the Vung- Ang and Da-Nang buses
- OC2_13 Cut off the circuit 1 of  the 500 kV transmission line between the Quang-Trach and Da-Nang buses
OC1_14 OC2_14 Cut off the circuit 1 of  the 500 kV transmission line between the Da-Nang and Doc-Soi buses
OC1_15 OC2_15 Cut off the circuit 1 of the 500 kV transmission line between the Pleiku and Doc-Soi buses
OC1_16 OC2_16 Cut off the circuit 1 of  the 500 kV transmission line between the Pleiku 2 and Doc-Soi buses
OC1_17 OC2_17 Cut off the circuit 2 of  the 500 kV transmission line between the Quang-Tri and Quang-Trach buses
OC1_18 OC2_18 Cut off the circuit 2 of  the 500 kV transmission line between the Quang-Tri and Doc-Soi buses
OC1_19 OC2_19 Cut off the circuit 2 of  the 500 kV transmission line between the Pleiku 2 and Doc- Soi buses
OC1_20 OC2_20 Cut off the circuit 2 of  the 500 kV transmission line between the Vung-Ang and Quang-Trach buses
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Fig. 4. The electrical resonance frequency of the Quang-tri plant considering twenty
different cases when testing on the CO1
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Fig. 5. The electrical resonance frequency of the Quang-tri plant considering twenty
different cases when testing on the CO2
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Tab.3. The network natural resonance frequency fer and the generator rotor induction
frequency fr for the OC1 and OC2

Operational configurations

OC1 OC2

Case fer(Hz) fr(Hz) Case fer(Hz) fr(Hz) Case fer(Hz) fr(Hz) Case fer(Hz) fr(Hz)

O
C

1_
 1

3.3 46.7

O
C

1_
 1

1

3.2 46.8

O
C

2_
 1

3.29 46.71

O
C

2_
 1

1

2.44 47.56
10.59 39.41 10.58 39.42 10.66 39.34 5.57 44.43
14.59 35.41 14 36 14.07 35.93 8.96 41.04
18.11 31.89 16.8 33.2 17.39 32.61 20.29 29.71
32.66 17.34 28.5 21.5 28.65 21.35 24.27 25.73

- - 31.1 18.9 32.4 17.6 28.31 21.69
- - - - - - 30.85 19.15

O
C

1_
 2

8.15 41.85
O

C
1_

 1
2

3.2 46.8

O
C

2_
 2

3.32 46.68

O
C

2_
 1

2

3.16 46.84
15.12 34.88 10.58 39.42 10.76 39.24 10.52 39.48
19.01 30.99 13.9 36.1 14.92 35.08 14.03 35.97
22.82 27.18 16.8 33.2 18.6 31.4 16.7 33.3
33.12 16.88 28.4 21.6 32.6 17.4 28.37 21.63

- - 31.2 18.8 - - 31.56 18.44

O
C

1_
 3

7.98 42.02

O
C

1_
 1

3

3.07 46.93

O
C

2_
 3

7.9 42.1

O
C

2_
 1

3

3.03 46.97
15.04 34.96 10.67 39.33 14.62 35.38 10.78 39.22
18.93 31.07 14.84 35.16 17.26 32.74 17.4 32.6
32.7 17.3 18.27 31.73 28.72 21.28 32.6 17.4

- - 33.22 16.78 32.64 17.36

O
C

1_
 4

10.56 39.44

O
C

1_
 1

4

3.14 46.86

O
C

2_
 4

3.6 46.4

O
C

2_
 1

4

3.34 46.66
14.55 35.45 11.19 38.81 10.63 39.37 11.22 38.78
17.89 32.11 15.04 34.96 14.27 35.73 14.36 35.64
32.7 17.3 28.34 21.66 17.27 32.73 20.47 29.53

- - 32.9 17.1 28.57 21.43 28.75 21.25
- - - - 32.37 17.63 32.45 17.55

O
C

1_
 5

8.79 41.21

O
C

1_
 1

5

3.2 46.8

O
C

2_
 5

8.9 41.1

O
C

2_
 1

5

3.24 46.76
10.2 39.8 11.01 38.99 9.8 40.2 10.93 39.07
14.6 35.4 15.21 34.79 13.89 36.11 14.62 35.38
21.5 28.5 18.04 31.96 28.5 21.5 28.64 21.36

32.65 17.35 32.78 17.22 32.2 17.8 32.32 17.68

O
C

1_
 6

3.13 46.87

O
C
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3.4.2. Analysis on self-excitation phenomenon

As analyzed in Section 3.4.1, we have considered twenty different cases analysing the
electrical resonance frequency of the system under the operational conditions of two
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configurations. To evaluate the dangerous level of SSR for the generator unit of the Quang-
Tri plant, this sub-section is to analyze the influence of the generator’s self-excitation due
to the frequency resonance between the grid and generator turbine. This section considers
two scenarios based on OC1 and OC2 for two cases the OC1_14 and OC2_9 in Tab. 2,
respectively.

(a)

(b)
Fig. 6. Number of frequencies that can cause SSR for the Quang-tri plant: (a) the CO1; (b)

the CO2

Scenario 1: This scenario is realized by changing the RL load at the bus of the Quang-
Tri plant; the time starts at 100ms and is cleared after 10ms. Supposing that the CO1-14
case in Tab. 2 is chosen for the current operation of the CO1. Fig.7 plots the influence of
the generator’s self-excitation of the Quang-Tri plant, in which a three-phase current of the
generator’s stator is plotted in Fig. 7a. It can be shown clearly in this figure, the resonance
amplifier of the three-phase stator current of the Quang-Tri generator increases during and
after clearing the transient. The harmonic analysis on the stator and rotor current of the
Quang-Tri generator during the time from 200ms to 500ms is plotted in Figs. 7c and d,
respectively. As it is clear through this analysis, the resonance frequency of the network for
the generator stator is two frequency ranges from 19 to 21 Hz and from 28 to 29 Hz, as
shown in Fig. 7c. While the resonance frequency of the network for the generator rotor is
two frequency ranges from 20 to 21 Hz and from 27 to 29 Hz, as shown in Fig. 7d. The
dynamic performance of the turbine-generator is plotted in Fig. 7b. This figure shows that
when the fault is cleared, the large oscillations will be experienced between the different
sections of the turbine-generator shaft, where the torsional torque in GEN-LP and LP-HIP
shaft sections is depicted. It can be readily seen that the torsional torque amplitudes
between the rotor shaft sections are very high. For the operational configuration, in this
case, the response frequency of grid fer = 28.34 Hz corresponding to fr = 21.66 Hz shown in
Tab.3. While the generator-turbine modes of the Quang-tri plant are calculated in Tab.3, the
frequency of between shaft sections GEN-LP and LP-HIP is 21.45 Hz and 28.33 Hz,
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respectively. This may conclude that SSR can happen for GEN-LP and of course, it will
taller than LP-HIP. It can show in Fig. 7b.

(a)

(b)

(c)

(d)
Fig. 7. The influence of the generator’s self-excitation of the Quang-Tri plant for Scenario

1: (a) the three-phase current; (b) The torsional torque in GEN-LP and LP-HIP shaft
sections; (c) The harmonic analysis on the stator; (d) The harmonic analysis on the rotor

current
Scenario 2: This case is realized by choosing the OC2-9 case in Tab. 1 for the current

operation of the system with the OC2. Fig. 8 plots the influence of the generator’s self-
excitation of the Quang-Tri plant when two fixed series capacitor at the Quang-Trach bus
bypassed at time 0.1 sec. It can be shown clearly in Fig. 8a, the resonance amplifier of the
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three-phase stator current of the Quang-Tri generator increases during the transient. The
harmonic analysis on the stator and rotor current of the Quang-Tri generator during the time
from 150 ms to 450 ms plots in Figs. 8c and d, respectively. It is clear through this analysis;
the resonance frequency of the network for the generator stator is two frequency ranges
from 19 to 21 Hz and 28 to 29 Hz, as shown in Fig. 8c. While the resonance frequency of
the network for the generator rotor is two frequency ranges from 20 to 22 Hz and from 27
to 29 Hz, as shown in Fig. 8d.

(a)

(b)

(c)

(d)
Fig. 8. The influence of the generator’s self-excitation of the Quang-Tri plant for Scenario

2: (a) the three-phase current; (b) The torsional torque in GEN-LP and LP-HIP shaft
sections; (c) The harmonic analysis on the stator; (d) The harmonic analysis on the rotor

current



J. Electrical Systems 16-4 (2020): 448-477

463

The dynamic performance of the turbine-generator is plotted in Fig. 8b. This figure can
show that when the fault occurred, the large oscillations will be experienced between the
different sections of the turbine-generator shaft, where the torsional torque in GEN-LP and
LP-HIP shaft sections is depicted. It can be readily seen that the torsional torque amplitudes
between the rotor shaft sections are very high. For the operational configuration for this
case, the response frequency of grid fer = 28.3 Hz corresponding to fr = 21.7 Hz shown in
Tab. 2. While the generator-turbine modes of the Quang-tri plant are calculated in Tab. 3,
the frequency of between shaft sections GEN-LP and LP-HIP is 21.45 Hz and 28.33 Hz,
respectively. This may conclude that SSR can happen for GEN-LP and of course, it will
taller than LP-HIP. It can show in Fig. 8b.

3.4.3. Analysis on the transient phenomenon

To further investigate the dangerous level of SSR for the Quang-Tri plant, the SSR due
to the transient phenomenon considered through the scenarios of two the operating
configurations that are realized based on the three-phase-to-ground fault. This fault starts at
0.1 sec on the 500 kV transmission lines close to the Quang-Tri 500 kV transformer and
cleared after 0.1 sec by cutting off these lines. The symbol of cases and scenarios are listed
in Tab. 4.

Tab. 4. The scenarios for analyzing the SSR due to the transient phenomenon based on two operating
configurations

No. Scenario Case
OC1 OC2

1
Cut off the 500 kV transmission line between the Quang-tri and Doc-

Soi buses to clear the three-phase-to-ground fault occurred in this line
close to the Quang-Tri 500 kV transformer

Case 1-1 Case 2-1

2
Cut off the 500 kV transmission line between the Quang-tri and

Quang-Trach plant buses  to clear the three-phase-to-ground fault
occurred in this line close to the Quang-Tri 500 kV transformer

Case 1-2 -

3
Cut off the 500 kV transmission line between the Quang-tri and

Vung-Ang  buses to clear the three-phase-to-ground fault occurred in this
line close to the Quang-Tri 500 kV transformer

- Case 2-2

4
Cut off the 500 kV transmission line between the Quang-tri and

Quang-Tri plant buses  to clear the three-phase-to-ground fault occurred
in this line close to the Quang-Tri 500 kV transformer

Case 1-3 Case 2-3

Fig. 9 shows the dynamic response of the Quang-Tri plant under the impacts of the fault,
this simulation was done based on the Case 1-1 listed in Tab. 4. Fig. 9a shows the response
of the torsional torque in GEN-LP and LP-HIP shaft sections. This is a typical case of the
SSR phenomenon and it can be readily seen from this figure that the torsional torque
amplitudes between the rotor shaft sections, especially the LP-HIP section are very high
and also their oscillations are growing with time. Such transient has can be a potential and
can cause disbenefits for the generator rotor. And if it becomes unstable leading to the
generating unit outage and can affect the power system reliability. Figs. 9b and c plot the
oscillations of generator rotor speed and the stator current, respectively. The analyzed
results show in Fig. 9b that the rotor speed reached the rated speed 3,000 rpm at the steady-
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state. After occursing the fault, the oscillations of the rotor shaft section HIP is very high
and also is growing with time. At 250ms, the oscillations of the LP and GEN rotor shaft
sections have a reverse trend to the oscillations of HIP one this leads to the torsional torque
amplitudes of the LP-HIP section are very high, it can be shown in Fig. 9a. The oscillation
of the generator stator current is very high after a fault occurred this result is due to the
influence of the oscillations in the generator rotor.

(a)

(b)

(c)
Fig. 9. The dynamic response of the Quang-Tri plant under the impacts of Case 1-1: (a)
the response of the torsional torque in GEN-LP and LP-HIP shaft sections; (b) The

oscillations of generator rotor speed; (c) the oscillations of the generator the stator current

Similarly, the simulations were done based on the remaining cases in Tab. 4 to confirm
again the dangerous level of SSR for the Quang-Tri plant due to the transient phenomenon
through the torsional torque amplitudes between the rotor shaft sections. Fig. 10 plots the
response of the torsional torque in the GEN-LP and LP-HIP shaft sections, in which Figs.
10a, b, c, d, and e are Cases 1-2, 1-3, 2-1, 2-2, and 2-3, respectively. Observing from these
figures, the oscillations between the rotor shaft sections are high. This problem is because
the specific frequency between the rotor shaft sections is close to one of the system after
clearing the three-phase-to-ground fault.
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(a)

(b)

(c)

(d)

(e)
Fig. 10. The response of the torsional torque in the GEN-LP and LP-HIP shaft sections: (a)

Case1-2; (b) Case1-3; (c) Case2-1; (d) Case2-2; (e) Case2-3
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Observing the response of the torsional torque in the rotor shaft sections of the generator
turbine from six cases of two operating configurations shows that, the oscillations between
the rotor shaft sections for the OC1 damped slower than one for the OC2. It can conclude
that the dangerous level of SSR for the Quang-Tri plant depends on the operating
configuration of the system. As a result, the operating configuration of the system changes
then series compensation level changes.

The SSR analyses under the transient phenomenon due to the three-phase-to-ground
fault or the self-excitation phenomenon show that the Quang-Tri plant is liable to occur
SSR on the rotor shaft. As known, the Vietnam 500 kV transmission line has a lot of the
transmission line with many of the series capacitors. In addition, the Quang-Tri plant is
connected at the location in the middle distance of the transmission lines. Due to the natural
resonant frequency of the grid consists of many different frequencies. As shown in Fig. 6,
notably, the frequency range from 15 to 33 Hz occupies a lot of density.  Observing from
Tab. 3, the frequency range going into the stator will act on the rotor with low frequencies
below 35Hz to be quite a lot, the specific oscillation frequencies on the rotor shaft exist
many frequencies in this frequency range. So, the possibility of SSR happened is quite
large. The analyzed results based on some typical cases show that the SSR happened in the
GEN-LP and LP-HIP shaft sections with the specific frequencies of 21.45 Hz and 28.33 Hz,
respectively.

For SSR due to self-excitation resonance, there have occurred more frequently on the
grid such as switching on and off for daily grid operation. The torque amplitude damped
with time and this value is not enough to cause the instantaneous damage to the generator
turbine shaft but its effect will lead to a reduction in shaft life because of fatigue due to
failure. As such, over time operation will cause cracks on the turbine shaft and the damage
can cause as the cracks are large enough.

For SSR on the transient phenomenon due to the short-current fault, the torque amplitude
is higher than one due to the self-excitation phenomenon. Besides, the damping time is
long. However, it is towards decreasing and this value is not enough to cause the
instantaneous damage to the generator turbine shaft. To be like the case of self-excitation,
its effect will lead to a reduction in shaft life because of fatigue due to failure.

Each occurrence of transient torque has a high amplitude, leading to an expenditure of
the Quang-Tri generator turbine shaft life due to fatigue damage. Therefore, it is necessary
to have a solution to prevent SSR and protect the Quang-Tri generator turbine shaft.

4.  Proposed solutions

As analyzed in Section 3, it can be seen that the SSR for the Quang-Tri plant might
occur even though the occurred position of faults on the 500 kV transmission line is the
distance for the connected location of the Quang-Tri plant. As a result, it is necessary to
have a solution to prevent SSR and protect the Quang-Tri generator turbine shaft.
Therefore, the TCSC, STATCOM, and blocking filter devices are chosen as a good solution
to prevent SSR in the power system and protect the Quang-Tri generator turbine shaft.
Although, these devices have been proposed to enhance the power system stability and
include SSR prevention over the past decade. The main objective of this paper is to propose
the new control strategy for each of the TCSC, STATCOM, and blocking filter devices.
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4.1. Use of TCSC

The proposed TCSC to prevent SSR in the power system and protect the Quang-Tri
generator turbine shaft are shown in Fig. 11. The TCSC main components include a
capacitor bank Ctcsc and a thyristor-controlled reactor (TCR) inductive branch connected in
parallel. TCSC only acts as a capacitor bank connected with the transmission line reactance
when it operates in the mode without TCR.  For this operating mode, the sub-synchronous
behavior of TCSC acts as a fixed series capacitor. Thus, the characteristic of the TCSC for
the sub-synchronous behavior depends on the relative reactance of the capacitor bank and
thyristor inductive branch through the firing angle for TCR. The TCSC reactance is
calculated when TCR acts with the firing angle α as follows:
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Fig. 11. The main circuit components and control strategy of the TCSC

In Eqs. (9) and (10), the fixed capacitive impedance and the alterable inductive
impedance are calculated by

tcsc 0 tcsc1 / 2CX f C= p and
tcsc 0 tcsc2LX f L= p respectively.

It shows that the effective reactance Xtcsc dependents on a parallel inductor-capacitor
(Ltcsc-Ctcsc) at the fundamental frequency ݂0 and the firing angle of TCR. This firing angle
α can be obtained by using the different control strategies and feedback signals. The
proposed control strategy for the TCSC contains the auxiliary sub-synchronous damping
controller (SSDC). The generator rotor speed deviation served as the input signal; after
processing by the transfer functions of the band-stop and band-pass filters and a pure
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derivative controller, a supplementary signal output of dynamic current was provided and
added to the voltage regulator output signal. The reference current is created by the voltage
regulator using the voltage signal across TCSC and its reference signal. The current on the
TCSC installation transmission line is chosen as a feedback signal. The current error
between the measured current, supplementary current by SSDC, and reference current by
the voltage regulator are passed through the current regulator. The output of the current
regulator is passed through a linearization block and a limiter block; then this signal enters
the firing angle pulse generator. The operation mode selector block has only one task for
setting a manual constant turn-off angle.

4.2. Use of STATCOM

Consider the structure of the STATCOM for preventing SSR in the power system and
protect the Quang-Tri generator turbine shaft as shown in Fig. 12, which consists of a
coupling transformer, a voltage source converter (VSC), a DC capacitor, controller unit,
and auxiliary sub-synchronous damping control. The control strategy is developed on ideas
of applying the sinusoidal pulse width modulation (SPWM) and PI controllers. SPWM is
used to generate the signal that controls the IGBTs of the VSC for the purpose to create an
AC voltage at a connecting point from a DC voltage source. This created voltage depends
on the modulation index m and the phase angle α. The switching functions of VSC can be
defined as follows:
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The output voltage of VSC can be calculated as follows:

[ ] cos( )
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= ê úaë û

VSC dcU mU . (12)

The reactive current is injected into the network at the connecting point as follows:
-
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The STATCOM can be controlled under two modes that are the voltage and Var control
modes. For this study, the voltage control mode is chosen to investigate. The control is
divided into two parts, the first one is the phase angle α and another one is the modulation
index m. To generate the pure reactive power, the phase angle of the VSC output voltage is
changed regarding one of the PCC voltage. The current, generating the reactive as
calculated in Eq. (14), is determined as in Eq. (13). This means that the VSC output voltage
coincides with the PCC voltage.
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where XT is the coupling transformer leakage reactive.
Fig. 12 shows the control block of STATCOM including an auxiliary sub-synchronous

damping control. This control strategy has been designed as the greatest excellence of pulse
width modulation (PWM) is that both parameters α and m can independently control. The
main objective of the selected command law is to maintain the UPCC voltage at PCC within
the permitted level and to regulate the DC voltage of VSC. The phase angle α obtains from
the voltage error through the PI controller. The voltage error is a signal between the
measured RMS voltage value (UPCC) after passing the second harmonic and the low
frequencies and the reference voltage value (UPCC_ref) in common with the supplementary
voltage value of SSDC (USSDC). The DC capacitor voltage error between the measured DC
voltage value and the reference voltage value is passed the PI controller to generate the
modulation index m.. An PLL is used to synchronize the SVC output voltage with the
asynchronous generator voltage. The SSDC controller has been designed based on the
filters, lead/lag compensators, gains, and derivative controller. The control block of SSDC
is shown in Fig. 10, in which the generator rotor speed deviation served as the input signal;
after processing by passing the transfer functions of filters, lead/lag compensators, and
gains and a pure derivative controller, a supplementary signal output of dynamic current
was provided and added to the voltage regulator output signal.

4.3 Use of blocking filter

Apart from the FACTS, the blocking filter (BF) is chosen as the optimum measure to
prevent SSR. The chosen ideal for this measure bases on the study described in [25]. For
The generator-turbine of the Quang-Tri plant, the natural torsional vibration frequency is
21.45 and 28.34 Hz for mode 1 of GEN-LP and mode 2 of GEN-LP; LP-HIP, respectively.
The grid frequencies need to filter for mode 1: GEN-LP and mode 2: GEN-LP; LP-HIP to
be 28.55 and 21.66 Hz, respectively. The used transformer for the Quang-Tri plant is three
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one-phase step-up transformers 26/500 kV. To prevent SSR current of the corresponding
two modes, a BF having stages is proposed to install at the end of each winding of the high-
side. Each stage of BF is a parallel reactor L and capacitor C circuit with resistor R in series
with reactor L. For this circuit, the total impedance of the shunt circuit can calculate as
follows:

21
- w

=
-w + w

R j LZ
LC j RC

. (15)

The resonant angle frequency w0 and the quality factor of the resonant circuit are
respectively calculated as follows:

0
1  and CQ R
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w = = . (16)

Based on Eqs. (15) and (16), the real of the total impedance Z is determined as follows:
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Observing from Eq. (17) shows that the BF design should ensure that SSR-TI, -TA, and -
IEG are prevented, the R value in the resonant circuit must be large enough that is
synonymous with slow Q. Such that it can lead the choice of the parameters for two BF
stages to be different. The diagram of the blocking filter connected with the Quang-Tri
26/500 kV transformer as shown in Fig. 13.

Fig. 13. Circuit diagram of series blocking filter for two torsional modes and its connection
with the transformer

5. Verify the proposed solutions

This subsection specifically discusses the SSR mitigation of three proposed in
Subsection 4 for the generator-turbine of the Quang-Tri plant. In order to determine one of
the best three options, a three-phase-to-ground fault at 0.1 sec on the 500 kV transmission
line is carried for further valuation.
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5.1. The case for TCSC

Observing from Fig. 1, there are four existing fixed capacitor units at 500 kV buses as
Quang-Trach, Doc-soi, Vung-Ang, and Da-Nang. It is considered replacing these capacitor
units by TCSC with the control strategy as proposed in Section 4.1. In this study, the TCSC
is assumed as proposed in Fig. 11 to be operated in the reactive region between 25 and
120% compared to the reactance on TCSC installation transmission line Xline, the fixed
capacitive impedance is chosen to be 0.02 pu, and the alterable inductive impedance is
chosen to be 10 % compared to the fixed capacitive impedance. The remainder parameters
for the TCSC controller as to be dc 105.37pK = , dc 67.3iK = , dc 67.3iK = , tcsc 62.3pK = ,

tcsc 17.8iK = , dc 67.3iK = , tcsc 62.3pK = , tcsc 17.8iK = , and 21SSDC
dK = are determined by

applying the genetic algorithm that is provided with the optimum run block in PSCAD.
The simulation results are obtained and plotted in Figs. 14 ((a) and (b)) and ((c) and (d))

after considering a three-phase-to-ground fault at 0.1 sec on the 500 kV transmission line
between the Quang-Tri and Doc-Soi buses close to the Quang-Tri 500 kV transformer,
cleared after 0.1 sec for the operational configuration OC1 and OC2, respectively. It can be
clear that when eight existing fixed capacitor units including two 43 Ohm at the Quang-
Trach and Doc-Soi buses and 30.5 Ohm at buses Vung-Ang and Da Nang are replaced by
TCSC devices with a corresponding compensation capacity, the oscillations of torsional
torque in the GEN-LP and LP-HIP shaft sections are greatly decreased and especially for
the LP-HIP shaft section.

Fig. 15 plots the analyses of the reactance frequency response of the Vietnamese 500 kV
power system was measured at the Quang-Tri generator terminal when TCSCs are
operating under the resistance compensation condition. From this figure, it shows the
frequency network reactance frequency response is 27.8 and 27.88 Hz for the OC1and OC2
operational configurations, respectively. These frequencies are close to the offset frequency
of the GEN-LP shaft section to be 28.33 Hz.

5.2. The case for STATCOM

For this option, it builds the STATCOM station with a capacity of 200 MVAr and
locates at Quang-Tri 500 kV transformer. The STACOM controller is used as proposed in
Fig. 12 with the control parameters as shown in Tab. 5.

Tab. 5. The parameters of the STATCOM control system
Parameter Value Unit Parameter Value Unit

stat
pK 28 -

2
statT 0.5 sec

stat
iK 15 -

3
statT 0.2 sec

DC
pK 25 -

1
statK 42 -

DC
iK 18 -

2
statK 22 -

1
statT 0.1 sec

3
statK 10 -

The simulation results are obtained and plotted in Figs. 16 ((a) and (b)) and ((c) and (d))
after considering a three-phase-to-ground fault at 0.1 sec on the 500 kV transmission line
between Quang-tri and Doc-Soi buses close to the Quang-Tri 500 kV transformer, cleared
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after 0.1 sec for the OC1 and OC2, respectively. It can be clear that when building the
STATCOM station with the capacity of 200 MVAr and locates at Quang-Tri 500 kV
transformer, the oscillations of torsional torque in the GEN-LP and LP-HIP shaft sections
are greatly decreased. However, the oscillations of the GEN-LP shaft section exceeded 1pu.

(a)

(b)

(c)

(d)
Fig. 14. The effect of the TCSC on the torque oscillations in the GEN-LP and LP-HIP shaft

sections of Quang-Trị plant: ((a) and (b)) when testing on the OC1; ((c) and (d)) when
testing on the OC2.
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(a)

(b)
Fig. 15. The network reactance frequency response: (a) when testing on the CO1; (b) when

testing on the OC2

5.3. The case for blocking filter

This solution has been introduced in [25,30]. The BF is proposed in Section 4.3 with the
parameters L0 = 13.6H, R0 = 0.24W, L1 = 88.3H, R1 = 0.021W , C1 = 1.48×10-3F, L2 = 5.45H,
R2 = 0.36W ,C2 = 2.14×10-4F. This BF, having two torsional modes, installed at the end of
each high-voltage winding of the Quang-tri 26/500 kV step-up transformer as shown in Fig.
13.

The simulation results are obtained and plotted in Figs. 17 ((a) and (b)) and ((c) and (d)).
These results show that the oscillations of torsional torque in the GEN-LP and LP-HIP shaft
sections are significantly reduced after clearing the three-phase-to-ground fault.

The simulation results from Figs. 14, 16, and 17, it can conclude that three proposed
solutions modified from the control strategies introduced in [3,25,31] for TCSC,
STATCOM, and BF respectively, have secured mitigating SSR and protecting the Quang-
Tri generator turbine shaft. From the practical aspects, it has to choose a better solution.
The torque damped oscillations in GEN-LP and LP-HIP shaft sections under considering
the three-phase short circuit fault in the power system to find one of the three proposed
solutions. The BF is a better solution to prevent SSR and protect the Quang-Tri generator
turbine shaft.

For the solution that uses TCSC, it shows that the network reactance frequency response
to be is 27.8 and 27.88 Hz for the OC1and OC2, respectively, as shown in Fig.15. Even
though the resonant resistance amplitude value has decreased, but this resonant frequency is
close to the offset frequency of the GEN-LP shaft section. For the solution that uses
STATCOM, the oscillations of the GEN-LP shaft section exceeded 1pu. This value is close
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to the dangerous level, which can cause the turbine shaft crack during long-term operation.
Besides, the solution to build the STATCOM can increase the investment costs for the
project.

(a)

(b)

(c)

(d)
Fig. 16. The effect of the STATCOM on the torque oscillations in the GEN-LP and LP-HIP
shaft sections of Quang-Trị plant: ((a) and (b)) when testing on the OC1; ((c) and (d)) when

testing on the OC2.

For the solution that uses BF, based on the analyzed results, when installing a BF having
stages with two grid natural resonant frequencies of 28.55 and 21.66 Hz corresponding to
the specific oscillation frequency on the turbine shaft of 21.45 and 28.34 Hz, the torsional
torque phenomenon with the high amplitude of shaft sections doesn't exist any longer. The
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highest torsional torque between the GEN-LP and LP-HIP shaft sections is less than 0.5 pu
according to Fig. 15.11 introduced in [32], this torsional torque oscillation amplitude value
ensures the generator turbine shaft to be safe during operation. Therefore, it could be
concluded that the use of TCSC and STATCOM to prevent SSR is not as effective as BF.

(a)

(b)

(c)

(d)
Fig. 17. The effect of the blocking filter on the torque oscillations in the GEN-LP and LP-
HIP shaft sections of Quang-Trị plant: ((a) and (b)) when testing on the OC1; ((c) and (d))

when testing on the OC2
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6.  Conclusion

In order to prevent SSR in the thermal power plants, the first process of this paper, the
SSR phenomenon is analyzed by using the frequency scanning program, which is rather
simple to implement the function connection between PSS/E and EMTP-RV. The correct
implementation is based on the Vietnamese 500/220 kV electric system under considering
two operational configurations with different scenarios. The obtained results show that the
operational network has a high series compensation rate, SSR risk is high and specifically,
in this paper, the operational configuration 2 (OC2) can occur SSR more than the
operational configuration 1 (OC1). To diagnose the dangerous levels of SSR, the self-
excitation and the transient phenomenons are carried out to analyze. In the second process
of one, we have proposed the three different control strategies for the TCSC, STATCOM,
and BL, respectively. The time-domain simulation results on the transient analysis show
that the SSR of Quang-Tri thermal power plant is analyzed through the torque oscillation
between shaft sections of the generator rotor which is greatly reduced under the three-phase
short circuit fault in the network by using these proposed control strategies.

The BF is chosen as the optimum measure to prevent SSR, when installing a BF having
stages with two grid natural resonant frequencies of 28.55 and 21.66 Hz corresponding to
the specific oscillation frequency on the turbine shaft of 21.45 and 28.34 Hz, the torsional
torque phenomenon with the high amplitude of shaft sections doesn't exist any longer. The
highest torsional torque between the GEN-LP and LP-HIP shaft sections is less than 0.5 pu
according to Fig. 15.11 introduced in [32]. Therefore, from the power system stability as
well as economics, the proposed blocking filter (BL) device which can mitigate SSR better
than the proposed TCSC and STATCOM for the power systems installed the thermal power
plants, particularly the Vietnamese power system.
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