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ABSTRACT

A new algorithm simulating the impacts of
the VAR supporting devices such as the static var
compensators (SVCs) and the synchronous
condensers (SCs) under condition of symmetrical
disturbances in multi-machine power system is
mentioned. Some typical numerical examples are
presented in this article.

The comparisons of variation of the state
parameters, such as the voltage, frequency,
reactive power outputs and asynchronous
torques...are simulated under condition of

the action of the automatic voltage regulation
systems of generators and of the VAR supporting
devices.

The transient energy margins are calculated
and compared to assess the transient stability in
multi-machine power system. Basing on this
algorithm, the PC program uses the elements of
the eigen-image matrix to bring the specific
advantages for the simulation of the transient
features of state variables.

Keywords: Transient Stability; Multi-Machine Power System; Static VAR Compensator (SVC);

Transient Energy Margin (TEM);

1. INTRODUCTION

The control of wvoltage levels is
accomplished by controlling the production,
absorption and flows of reactive power. The
device use for voltage control may be the static
var systems (SVCs), the synchronous
machines/condensers or regulating
transformers...

The synchronous condensers and SVCs

provide reactive power compensation, together
with the generators they have specific influence
to the steady-states and the transient states in the
power system.

A synchronous condenser (SC) is a
synchronous machine running without a prime
mover or a mechanical load. By controlling the
field excitation, the SC can generate or absorb

reactive power. During electro-mechanical

Trang 16



TAP CHi PHAT TRIEN KH&CN, TAP 19, SO K3- 2016

oscillation there is an exchange of kinetic energy
between a SC and the power system.

A static VAR system is an aggregation of
Static VAR Compensator, the mechanically
switched capacitors and reactors. whose outputs
are coordinated. In contrast to the SC, the SVC,
being composed of the thyristor-switched
reactors and capacitors, becomes a fixed
capacitive admittance at full output. Thus, the
maximum attainable compensating current of the
SVC decreases with the square of this voltage.
The SVC can enhance the transient stability and
the damping of system oscillations. Referring to
(Prabha Kundur, 1993) the performance of the
SVC is instantaneously provide an amount of
reactive power to hold the voltage at a specific
bus in power network with its V/I characteristic
showing in fig.1 as follow

Slope K¢

Load -

Inductive 0 Capacitive

Figure 1. Equivalent circuit and /I
characteristic of SVC

The composite characteristic of SVC -
Power System, within the control range defined
by the slope Ks with reactance Xs. may be
expressed as

Vo + Xsils = Epe = Xpel st @

where EThe is thevenin e.m.f. ; XThe is
thevenin reactance at the bus of SVC locating in
multi-machine power system.

2. MATHEMATICAL MODELLING

Commonly, the technical movement is
described by a set of differential equations.
Referring to [1],[3],[5],[61,[71,[8], the electro-
mechanical transient state of power system is
considered as the technical movement modelling
by the differential equations as follow

t t
Touri (X, 467)
_ pi(Eitxait)
t
d25it 0, l+7dd5ti 1
dt2 2H, o (2)
t t t
_Tcoi _Tb2i _Tasi
t t
_Pgi 46
o, dt
i =1,2..M_generator number;

where Téoi is an equivalent torque

simulating the effect of an infinite bus at the t-th
time interval in multi-machine power system;

t t
szi ’Tasi
negative-sequence braking torque calculated for

i-th synchronous machine at the t-th time

is the asynchronous torque and

interval; pl. is i-th variable damping factor

depending on a set of different parameters such
as the i-th elements of the eigen-image matrix,

the phase angles 5i‘ at the t-th time interval, the

voltages V' at the i-th observing bus in power

network at the t-th tim interval, the subtransient
time constants T"d,T"q, the transient and

subtransient reactances X', X' X X7
and the rated frequency of the power system.

Developing the flowchart in [5] and
referring to [6],[7] and [8], the set of equations
(2) can be solved by a numerical method using
formulas relating to the Taylor’s series
expansion.
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Referring to [2], [3], [4], using the transient 5|6 0 0.25202| 0 1
energy margin (TEM) to comparatively assess 6 |11 10.09498 | 0.1989 0 1
the dynamic stability in case of SVCs operation

. . . 6 |12]0.12291 {0.25581| O 1
with those in case of SCs operation
6 |13 0.06615 [0.13027| O 1
_\/t t t t t t ty.
TEM =V (H; @7 ) +Vee (P B 67 .Y ) (3) 7 116 0 017615] 0 1
where V'ke is kinetic energy function dependin

L » cepending 719 o Jo1w01| o 1
on i inertia constant (Hi) and i angular
frequency (%) at t" instance of time; Ve is 9 |10]003181 ) 0.0845) O 1
potential energy function depending on i" turbine 9 | 8012711 |0.27038| 0 1
power (P'mi), it electrical power (P ) calculating 10 | 11| 0.08205 |0.19207| O 1
by em.f. E£8% and equivalent bus admittance 12 1131 0.22092 |0.19988| 0 1

trix Y at t inst f time.
MATx Ve al LT Instance ortime 13 | 8 | 0.17003 [0.34802| 0 1

The TEM is Iarger the System is more stable. 15 | 6 |4.54E-03|0.14000 0 1
3. NUMERICAL EXAMPLE 14 | 3 |4.28E-03|0.12208| O 1

Let’s survey the electro-mechanical 17| 2 |4.28E-03|0.12208| 0 1
transient process in a 21-bus power system 18 | 2 |4.28E-03|0.12208| O 1
consisting of 2 power plants with 5 synchronous 19 | 1 |1.80E-03/0.07680| 0 1
enerators (SGs), 3 SCs (may be replaced b
J (3Gs) (may be rep y 20 | 1 |1.56E-03]0.06334] © 1
SVCs of the same rating powers) and 11
composite loads. The basic power is 100 MVA. 2111 ]1.56E-03/0.06334| 0 1
The positive-sequence line-data and load bus- Table 2. Load bus-data
data are given in the table 1 and table 2 as follows '

Table 1. Line-data P Q Injected

Bus MW MVAR MVAR

Bus R X 0.5B ireui
Circuit 2 21.7 12.7 0

m|n p.u. Number

3 94.2 19 0
1 | 2 {0.01938 |0.05917|0.0528 2

4 47.8 2 5.9
1 | 5 |0.05403 | 0.22304|0.0492 1

5 7.6 1.6 0
2 | 3 10.04699 [0.19797|0.0438 1

6 11.2 7.5 0
2 | 4 |0.05811 {0.17632| 0.034 1

8 14.9 5 0
2 | 5]0.05695 |0.17388|0.0346 1

9 29.5 16.6 0.19
3 | 4 ]0.06701 |0.17103|0.0128 1

10 9 5.8 0
4 | 51]0.01335 |0.04211| O 1

11 35 1.8 0
4 17 0 0.20912| O 1

12 6.1 1.6 0
419 0 0.55618| 0 1

13 13.5 5.8 0
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The data of the synchronous machines are
given in the tables 3, 4 and 5 as follows

Table 3. Initial generation bus-data

19 | 0.151|0.164 | 8.23 | 0.52 | 6.98
20 | 0.151 | 0.164 | 85 | 0.52 | 8.78
21 | 0.151|0.164 | 85 | 0.52 | 8.78

Generation

Bus | Device MW MVAR
14 SC -0.15 38.4
15 SC -0.1 375
16 SC -0.12 17
17 SG 27 18.033
18 SG 31 18.021
19 SG 67 1.89
20 SG 71 1.997
21 SG 76.86 2.102

Table 4. Synchronous Machine Reactances

Xa | Xq | Xa | X% | X7
Bus p.u.
14 | 1172 {0.74 | 0.1291 { 0.0921 | 0.11
15 | 1.381 | 0.77 | 0.1459 { 0.0914 | 0.12
16 |1.1511|0.69 | 0.1423 | 0.0923 | 0.135
17 |1.1404 | 1.03 | 0.1346 | 0.0907 | 0.1273
18 |1.1404 | 1.03 | 0.1346 | 0.0907 | 0.1273
19 | 1.558 [1.42|0.1983(0.1381 | 0.15
20 |1.2665 | 1.15 | 0.2224 | 0.1515 | 0.1713
21 |1.2665 | 1.15 | 0.2224 | 0.1515 | 0.1713
Table 5. Time and Inertia Constants.
T"d T"q Tdo Te 2H
Bus Second
14 | 0.155 | 0.177 | 9.8 0.61 | 4.17
15 | 0.15 | 0.17 | 104 | 0.63 | 4.65
16 | 0.16 | 0.175| 9.1 0.57 | 5.28
17 | 0.147 | 0.158 | 8.15 | 0.55 | 9.12
18 | 0.147 | 0.158 | 8.15 | 0.55 | 9.12

Let’s compare the transient stability of two
configurations of system as follow: the first
configuration of system is designated to have 3
synchronous condensers locating on the buses
from 14, 15 and 16 as described above, briefly
called the SCs-Configuration; and the second
configuration of system is designated to have 2
SVCs replacing the SCs locating on the buses 14
and 15 of the first system configuration, briefly
called the SVCs-Configuration. Let's assume that
the V/I characteristics of the SVCs in p.u. on the
buses 14 and 15 are given for input-data of this
example showing in the fig.2 as follows

A%

1

05 04 03 02 01 01 02 03 04 05

Figure 2. V/I characteristic of SVC 14
and SVC 15

First studying case:

A high voltage transmission line (1-5),
connecting the buses 1 and 5, is chosen to
simulate the fault type of 3 phase short circuit to
assess the transient stability of the power system.
Let's suppose that the fault occurs near the bus 1
and will be cleared at 0.2sec by removing of the
fault line, causing a transient condition, under
which the frequencies of generator of SCs-
Configuration are changed more than those of the
SVCs-Configuration, as shown in the fig.5a and
fig.5b, and the transient energy margin (TEM) of
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SVCs-Configuration is larger than those of SCs-
Configuration as shown in fig.5c, this means that
the SCs-Configuration is more vulnerable to lose
the transient stability in comparison with the
SVCs-Configuration, the illustration is as
following

Frequency Profile
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Figure 5a. Frequency Profile of Synchronous
Machines of SCs-Configuration.
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Figure 5b. Frequency Profile of Synchronous
Machines of SVCs-Configuration.
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Figure 5¢c. Comparing the TEM of the first
studying case.

Under condition of the first studying
desribed above, the voltage variation at the bus
16 relating to the SCs-Configuration is compared
with those relating to the SVCs-Configuration as
shown in the fig.5d and fig.5e, as following

Generator Voltage Variation
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Figure 5d. Voltage Variation at the bus 16 relating
to the SCs-Configuration.
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Figure 5e. Voltage Variation at the bus 16 relating to
the SVCs-Configuration.

Another studying cases:

There are two studying cases are realized in
the same manner with the first studying case. The
second and third studying cases are effectuated
under condition of fault type of 3 phase short
circuit, the main investigating conditions of
which are shown in the table 4.
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Table 4. Investigating the impacts of the
SVCs/SCs to the transient stability
of the power system.

Studying | Line | Clearin |Inllus Configu
Case (bus- | Time trating ration
bus) Figures Winner/
Loser

First |(1-5) |0.2sec |5a, 5b, 5¢c, | SVCs/

5d, 5e SCs
Second |(1-2) |0.15sec |6a, 6b, 6¢ | SVCs/

6d, 6e SCs
Third |(2-4) |0.13sec |7a, 7b, 7¢c |SVCs/

7d, 7e SCs

The illustrating figures of the second
studying case are showing in the fig.6a, fig.6b,
fig.6c, fig.6d and fig.6e as follows
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Figure 6a. Comparing the TEM of the second
studying case

Network Voltage Profile

Woltage (p.u.)

Time (sec) 00
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Figure 6b. Network Voltage Profile relating
to the SCs-Configuration.
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Figure 6¢. Network Voltage Profile relating
to the SVCs-Configuration.

Generator Q-power Variation

Q-power
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Figure 6d. Q power output of SC at the bus 16
relating to the SCs-Configuration.

Time (sec)

Figure 6e. Q power output of SC at the bus 16
relating to the SVVCs-Configuration.

The illustrating figures of the third studying
case are showing in the fig.7a, fig.7b, fig.7c,
fig.7d and fig.7e as follows

Trang 21



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.19, No.K3 - 2016

Generator Torque Profile
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Figure 7a. Accelerating Torque Profile relating
to the SCs-Configuration.
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Figure 7b. Accelerating Torque Profile relating to
the SVCs-Configuration.
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Figure 7c. Comparing the TEM of
the third studying case.

Asynchronous Torque Variation

Torque (p.u.)

Time (sec.)
Figure 7d. Asynchronous Torque Variation
relating to the SCs-Configuration.
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Figure 7e. Asynchronous Torque Variation
relating to the SVVCs-Configuration.

4. CONCLUSION

Implementing the different studying cases
results in the outcome following: the SCs
operation causes more vulnerability of losing of
the transient stability of power system in
comparison with the SVCs operation under the
same conditions of disturbance. The SCs
replaced by SVCs will increase the critical
clearing time, bring the specific advantages for
the relay protection operating in multi-machine
power system under transient conditions.

The transient energy margins allow to
compare the impacts of SVCs with those of SCs
affecting to the transient prosecces under
condition of symmetrical disturbances and to
assess the dynamic stability in multi-machine
power system.
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Khao sat cac tac dong cua SVC va SCs anh
hudng dén on dinh dong cua hé thong dién

nhiéu may phat

e Luwu Hitu Vinh Quang
Thanh phé Ho Chi Minh, Viét Nam

TOM TAT

Mgt gidi thugt méi mé phong tac dong cua
cac thiét bi hd trg cong sudt phan khdng, nhw
SVCs va SCs (mdy bi quay) trong diéu kién si co
doi xirng trong hé thong dién nhiéu may phat
duge dé cap. Mgt sé vi du tinh so tiéu biéu duoc
trinh bay trong bai bao nay.

Sir 50 s&nh vé su bién doi cia cac théng sé
trang thdi, nhw dién ap, tan so, cong sudt phan
khang phat ra va md-men khéng dong bé ... diroc
mo phong trong diéu kién tac déng cia hé thong

diéu chinh dién &p Ciia cdc mdy phdt dién va cla
cac thiét bi hé tror cong suat phan khang.

DO du trik nang heong qua do dwoc tinh toan
va so sanh dé danh gia on dinh déng cua hé thong
dién nhiéu mdy phdt. Can cir vao gidi thudt duroc
dé nghi thi chwong trinh méy tinh sz dung céc
phan tir ciia ma trdn anh tri riéng dé dem lai céc
wu diém dic biét nham d@é mo phong cac tinh chat
qud d¢ cuia cac bién trang thai.

Tirkhoa : On dinh déng; Hé thong dién nhiéu nguon; Thiét bi bu tink (SVC); Mirc du trik ning lwong

qua do (TEM);
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