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SVC OPERATINAL EXPERIENCES IN THAI NGUYEN
SUBSTATION FOR SWITCHING OVERVOLTAGE

VAN HANH SVC O TRAM BIEN AP THAI NGUYEN KHI XUAT HIEN QUA BIEN AP BONG CAT

ABSTRACT

The electricity from China is transferred to Thai Nguyen via a 220kV
interconnection transmission line. In the operation, switching overvoltage has been
frequently recorded at Thai Nguyen substation when the loads and Static Var
Compensator (SVC) are tripped. This phenomenon leads occasionally to the explosion
of surge arrester located at the 220 kV side of the autotransformer. Consequently, the
suspension of electricity exchange due to surge arrester failure caused the economic
losses in the side of Vietnam. This paper represents the simulation of the operation of
Thai Nguyen substation using Electromagnetic Transient Program (EMTP). Thus, the
simulation results would provide additional useful information for the failure analysis
and prevention possible accident in future.

Keywords: Switching overvoltage, SVC, EMTP-ATP, surge arrester, power
system modelling, numerical simulation.

TOM TAT

Dién nang duwoc truyén tai t Trung Quc toi Thai Nguyén qua duong day
220kV. Cac qua dién &p déng cat thudng xuyén xudt hién trong qua trinh van hanh
khi bd bu tinh Static Var Compensator (SVC) duroc cét ra. Hién tong nay d& dan dén
str o8 nd chdng sét van & phia 220kV ctia may bién ap tir ngau. Hau qua Ia st gidn
doan trong truyen tai dién do sir cG chdng sét van géy ra thiét hai [6n vé kinh té cho
Viét Nam. Bai bao nay ¢6 myc dich gidi thiéu két qua mo phdng st van hanh clia
tram bién &p Thai Nguyén st dung chuong trinh qué d dién tir Electromagnetic
Transient Program (EMTP). Cac két qua mo phdng tlr d6 ¢d thé cung cap céc thdng
tin hitu ich cho phén tich va ngan ngtra c&c sir ¢ trong tueng lai.

Tlr khoa: Qué dién &p dong cat, SVC, EMTP-ATP, chdng sét van, mo phdng hé
thong dién, m6 phong so.
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1. INTRODUCTION

Economic growth in Vietnam in recent years demands
more investments in power generation. However, to meet
the growth rate of energy consumption projected at 16-17
percent per year is absolutely a challenge for the
construction of new electricity facilities. So that, imports of

16 | Tap chi KHOA HOC VA CONG NGHE e S6 42.2017

Tran Anh Tung, Tran Thanh Son

electricity from abroad can be an effective solution to
overcome the current electricity shortages in Vietnam. The
220kV Malutang (China) - Ha Giang - Thai Nguyen
transmission line was thus built and put into operation in
2007, ensuring abundant electricity supply for Thai Nguyen
and its surroundings. The imports of power and electricity
from China through this transmission line from 2009 to
2013 are reported in Table 1.

Table 1. Electricity bought from China via 220kV Malutang - Ha Giang line

No. Year 2009 | 2010 | 2011 | 2012 | 2013
1 |Pmax (MW) 220 | 220 | 350 | 290 | 350
2 | Annualimport (bil. kWh) | - 202 | 187 | 093 | 140

The operation of this transmission line is also required
to maintain the least exchange of reactive power between
China and Vietnam. Hence, it is necessary to install a Static
Var Compensator (SVC) at the receiving end of the line in
order to archive voltage stability. The SVC is connected to
the 22kV delta winding of the autotransformer at Thai
Nguyen substation. The diagram of the 220kV Thai Nguyen
substation is illustrated in Figure 1.
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Figure 1. Diagram of Thai Nguyen substation.
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The main component of the substation is a 250MVA,
225kV/115kV/23kV  autotransformer  which  receives
electricity from China via 268km Ha Giang - Thai Nguyen
transmission line. Loads in Thai Nguyen province and its
surrounding are then delivered via 110kV line number 172
E1.1 as shown in Figure 1. The normal consummation loads
supplied by this line are 90MW and 35MVAr.

To keep the voltage stability of the both sides 220 and
110kV bus bar, SVC at substation can be controlled in a
wide range of reactive power from -50MVAR to +50MVAR.
As can be seen on Figure 1, this SVC has four reactive
branches, TCR of 100MVAR and three filter banks for 3rd,
5th and 7th harmonics with respective capacity of 24MVAR,
16MVAR and 10MVAR. These capacities are nominal values
and reactive supply varies with operating conditions.
Moreover, a 35Q Fixed Series Capacitor is also equipped at
the receiving end to improve the amount of power
transferred on the line. To protect the equipments of
substation from overvoltage, surge arresters are used
within the system.

In the operation of the substation, the 110kV 172 E1.1
transmission line is sometimes tripped due to the
maintenance or operating mode change that causes
overvoltage on both 110kV and 220kV sides. In this case,
SVC is disconnected shortly before 172 E1.1 tripping
according to the operational guideline of Thai Nguyen
substation. The switching overvoltage is known as one of
the most important factors to be considered in the design
of transmission lines and substations. If maximum
switching overvoltage exceeds Protection Level, it can lead
to the failure of the system. Thus, a lot of switching
overvoltage studies have been conducted to ascertain the
protection level of transmission lines and insulation
coordination procedure [1-3], especially. In our study case,
switching overvoltage is considered as the cause of short-
circuit by analyzing records from protection relay.

The phase currents and voltages behavior at the
receiving end of 220kV Ha Giang - Thai Nguyen
transmission line after SVC and 172 E1.1 line tripping were
recorded by Siemens 7SA522 relay on 17 June 2015 and are
respectively presented in Figure 2 and Figure 3. The voltage
ratio is 127000/100, the maximum phase voltages at the
receiving end are roughly 100V according to the relay
record. From Figure 2 and Figure 3, it is also emphasized
that the voltage waveform at the receiving end Thai
Nguyen was distorted. This distortion of voltage waveform
can be linked to the discharge of 220kV surge arresters due
to switching overvoltage. The discharge most likely
continued until the phase currents increased sharply as
shown in Figure 2. The phase current shows an enormous
upturn which corresponds to short-circuit of phase B. This
phenomenon is also confirmed by the collapse of phase B
voltage as seen in Figure 3. Consequently, the phase B of
surge arrester SA2AT2 was exploded due to the overload
after 4 minutes of operating under overvoltage. The failure

on 17 June 2015 repeated the same failures which occurred
in the past. Such transient phenomenon can also cause
severe electric field stresses to transformer windings as
considered by [2]. Therefore, it is necessary to verify all
these hypotheses by simulations in order to have the best
understanding on the failure mechanism to prevent the
suspension of electricity trading between Vietnam and
China in the near future. Based on this approach, all
simulations in this study are investigated using EMTP (ATP
version). Results of failure case study will be presented and
discussed.
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Figure 2. Currents at the receiving end of 220 kV Ha Giang - Thai Nguyen line
recorded by Siemens 7SA522 relay on 17 June 2015 after 172 E1.1 line and SVC
tripping.

wiv 5, g g

50 4 [
N\

Lamn

SO |

004 F Y

wew |,
sl 1]
0
50
LA
400 4

uldnv

50 \M‘ ‘"\ Al ““ £
Rl v 48

S YAVEARTRINRYAY!
VoL | | Al |

el R CAVAR P VAT | A

qo ) vy

Figure 3. Voltages at the receiving end of 220 kV Ha Giang - Thai Nguyen
line recorded by Siemens 7SA522 relay on 17 June 2015 after 172 E1.1 line and
SVC tripping.

2. EMTP MODEL REPRESENTATION FOR 220KV
THAINGUYEN SUBSTATION

The EMTP is one of the most widely used programs for
simulation of electric power system transients. The
program provides accuracy and detail of representation in
power system devices including sources, lines, transformer,
arresters, etc.

The EMTP is also highly satisfied for simulation of SVC
[4-5, 9]. Especially, Transient Analysis of Control System
(TACS) allows detailed modeling of the SVC control system
so that power system and control system transients can be
simulated simultaneously.

The EMTP model representation of Thai Nguyen
substation is illustrated in Figure 4.
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Figure 4. EMTP model representation of Thai Nguyen substation.

2.1. Source, busbar, transmission line and transformer
modeling

The source is modeled as an ideal voltage source in series
with its impedance. Busbar are represented as cylindrical
conductors and modeled by a RL coupled section. For
transmission line, several transmission line models are
available in ATP-EMTP, such as Bergeron, Pl sections, Noda
and J-Marti. J-Marti which is currently used in most
electromagnetic transient programs, is very efficient and
accurate for most simulation cases [7]. The autotransformer
is modeled by a saturable transformer model available in
ATP-EMTP within parameters from manufacturer.

2.2. SVC modeling

The SVC consists of a Thyristor Controlled Reactor (TCR)
and a Fixed Capacitors (FC) Banks. The TCR is a thyristor
controlled inductor whose reactance varied in a continuous
manner by partial conduction control of thyristor valve [8-
9]. In this paper, the 100 MVAR, 22kV TCR circuit is the six-
pulse converter connected to the A transformer winding
(Figure 4). The TCR model includes all GTO valves with the
required snubber circuits. The snubber circuit is composed
of a RC in series across the thyristor. It is recommended that
the minimum RC time constant should be greater the 2-3
times the simulation step size.

2.3. Surge arrester modeling

Metal oxide surge arresters are modeled by MOV
element in ATP-EMTP. The surge arrester in failure was
SA2AT2 supplied by ABB (type PEXLIM Q192), located at the
220kV side of the autotransformer (see Figure 1). the
measured vol-ampere characteristic is shown in Table 2.

Table 2. U-I Characteristic of Pexlim Q192 Surge Arrester

U (kv) 1(A) U (kv) 1(A)
40 000001 315 450
150 0000025 335 900
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210 0.00009 350 1500
230 0.00045 360 2800
240 0.0009 380 5000
250 0.9 400 10000
265 9 440 20000
295 110 500 40000
300 200 630 90000

3. SIMULATION RESULTS

The operation of the system was simulated based on
the events on the 17 June 2015. The simulation is limited to
3s to reduce the computation time. The following scenario
is simulated:

o SVCis tripped at t = 0.5s;

e The 110kV 172 E1.1 transmission line is tripped at t = 15;
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Figure 5. Currents at the receiving end of 220kV line, simulated in disturbed
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Figure 6. Voltages at the receiving end of 220V line, simulated in disturbed
state

e Phase B of SA2AT2 arrester is short-circuited at t = 1.5s
in order to simulate the failure of this arrester;

e The 220kV circuit breaker number 272 is tripped at
t=154s.

Uc (kV)
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The simulated phase currents at the receiving end of
220kV Ha Giang - Thai Nguyen transmission line are
presented in Figure 5.

The waveform of simulated currents is similar to the
measured currents (see Figure 2). Their value are small
before t = 1.5s, corresponding to magnetization current of
the autotransformer after SVC and load tripping. The
currents increase sharply when the phase B of SA2AT2
arrester is in short circuit at t = 1.5s. After that, these
currents become null after the 220kV circuit breaker is
tripped. It must be noted that the difference of magnitude
between simulated currents is due to the direct short-
circuit of the phase B of SA2AT2 arrester to ground. In fact,
the short-circuit could take place after the phase B of
SA2AT2 arrester was gradually damaged by thermal
instability related to switching overvoltage.

To verify the effects of overvoltage in the system, the
simulated phase voltage at the receiving end of the 220kV
line are shown in Figure 6. From this figure, it is important
to note that the simulated voltages behave the same
waveform with the measured voltage signal from 7SA522
relay (see Figure 3). Moreover, the overvoltage is observed
with the amplitude of 200kV under no load condition. The
distortion of the voltage waveform is recognized as well.
The phenomenon is probably due to the discharge of
arresters when the voltage exceeds their discharge
threshold. Consequently, the overvoltage is limited to the
residual voltage of these arresters.

For that reason, these simulation results helped us
underscore the failure and some recommendations would
be proposed to the operator of the Thai Nguyen substation:

¢ Voltage of phase B at the receiving end of 220kV Ha
Giang - Thai Nguyen line in the no load condition can be
maxium because of the effect of phase disposition. With
higher overvoltage level applied, the phase B of SA2AT2
arrester becomes thermal instability more easily.

e Replace or add more arrester is not reasonable
solution. This could improve the thermal stability of arrester
but the overvoltage problem will be not solved. Arrester
with higher thermal energy absorption capability can only
extend time to failure. Moreover, arresters with higher U,
(max continuous operation voltage) lead to dangerous
residual voltage level for transformer in case of lightning
overvoltage.

¢ The proposed solution is to install a shunt reactor at
the receiving end of 220kV Ha Giang - Thai Nguyen. The
solution will help suppress switching overvoltage at the
220kV side of Thai Nguyen substation when SVC and 110kV
line tripping occur.

4. CONCLUSION
220kV Malutang - Ha Giang - Thai Nguyen transmission
line provides energy solution for Thai Nguyen province and

its surrounding. However, the switching overvoltage is
often reported in the operation when load is tripped. This

lead to the failure of arrester located at the 220kV side of
the autotransformer in Thai Nguyen substation. Therefore,
the aims of our work are to highlight the failure by using
ATP-EMTP simulation. The obtained results helped us
analyze the cause then give some recommendation to the
operator of the Thai Nguyen substation. The installation of
shunt reactor at the receiving end of 220kV Ha Giang — Thai
Nguyen line is finally proposed in order to suppress the
switching overvoltage.
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