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Abstract systems and the large network of conductbetween the

power station and the consumers, continuously face the
disturbances like sudden change in load, sudden thrown of
load, transient, switching etfl]

This paperproposes the solutions to prevent eveltage for
the 220 kV distribution substations witkeveral different
voltage levels The motivation comes fronthe failures of
surge arrestanumber 2 of phase B at the transformer number The distribution substation is an important electrical part for

2 (CSBAT2) of the Vietnamese 220 kV Thainguyen the electric power supply system used to transfer the electric
substation due to thevervoltage The main objective is to  power from the transmission system to the distribution system
enhance the operating stability af scatteed connected of an area. In a scattered connected power network between
power network between substatioifie Viethamese 220 kV  substations, the series inductances and shunt capacitances
Thainguyen substation h#se complexitystructure operates long the long transmission lines can cause significant voltage
on threevoltage levelsof 220/110'35/22 kV, and connects  variations between high and low load peri¢gds When the

the Chinese 220 kV Malutan@uring the operating peripd  transmission line is loaded below the surge impedance load,
the operating voltage at the 220 kV bus is equal to 1.15 p.u.the line experiences a voltage rise due to the natural shunt
This high voltage will put the transformer intmagnetic capacitance drawing charging current through the series
saturation, so thahe CSBAT2 has beenfaced withserious inductance [3], leading to the bus at redcsjvend also
failures. This paperproposesthe solutions for preventing experiences a voltage rise. During the periods of light loading
overvoltage locéed CS2BAT2 to enhance the Thainguyen on the transmission line, the bus at receivdmgl happen
substation stability. These proposed solutions are developedvervoltage Moreover the ovetrvoltage caused by lightning
from the operating ideas based dhe flexibility in or switching surgef].

instantaneously changing the system configuratidime
effectivenes®of the proposed solutionare confirmed by the
simulation resultsbased on (i) using Electromagnetic
Transients ProgratRestructured VersionEMTP-RV) to
calculate ande-analyze the practicaventat 0 : 12 AMon
June 17, 2015(ii) comparing the obtained results between
the use of EMTP-RV and the recorded relay, on those bases
to continue makingthernecessary cask was observed that
the proposed solutions could apply to immediately solve the
difficulties encountering in the Viethamese 220 kV
Thainguyen substation.

Ove the years, there has been a growing concern about the
issue of ovewoltage for distribution substation [5]. The over
vol tages can be cl as svoltaged a
harmonic resonance oveoltage, ovewoltage resulting from
ferro-resonance, ral sustained overoltage, in which the
transient ovenoltage is an outcome of witching operations on
the long transmission line or the capacitive devices, and may
result in the surge arrester failures, leading to the damage of
transformers and other powesystem equipments {8].As

well as preventing damage to the equipments in substation due
to fault current, the overoltage protection is also necessary
Keywords: Surge arrester (SA), overoltage, Vietnamese to ensure that, the excessive voltage do not cause damage or
system, 220kV distribution substation, Electromagnetic lead to unnecessary outages.

Transients PrografRestructured Versio(EMTP-RV . . .
g E ) In recentyears, the economic tempo in the Vietham has been

developed rapidly; the total load has increased continuously.
Therefore, the Viethamese power system has been faced with
the serious power system blackouts, such as on Dec. 27, 2006;
In early days, the demand to the electric energy is little, sQiuly 20, 2007; Apr. 02007; and the latest event on May 22,
that the small power statiowas built to supply the heating 2013 [9]. Therefore, this study proposes the solutions to
and lighting loads. However, whehet social, political, and  prevent ovewoltage for the Vietnam 220 kV Thainguyen
technological aspectslevelop, thedemand of electricity  substation to project the equipments as the surge arrester,
power grows rapidly, resulting in building big power station at transformers, and so on and to enhance yiséem stability.
favorable places. The long transmissiostaiices over weak The motivation comes fronthe failures of surge arrester
grids, highly variable generation patterns, and heavy loadnumber 2 of phase B at the transformer number 2B332)
resulting in the increase of the scale aodhplexity of power  (denoted the red symbol in Figure 1) of the Vietnamese 220
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kV Thainguyen substation due tbe transient ovevoltage despite the operating structure Htainguyen subst@n. In
The sibstation hasomplexity structurgoperates on several addition,the line ThainguyerMalutangcan cause significant
different voltage levelsof 220/11035/22 kV with the total voltage variations between high and low load perididsan
capacity of 626 MVA, placed at Quantrieu, Thainguyen urbanbe realized that the main casecurs this damagdue tothe
area playing an important role in the electric distribution and overvoltage bus at receivirgnd (220 kV bus of Thainguyen
transmission othe North arealt is received the electrical subgation) due to the system that receives power from the
power from theseveral differensubstations through the long Malutang station.

transmission lines and most notably the line connects betwee

. . . . n this paper solutions for preventing ovemltage of
M.alutang substatloh of China and Thainguyen substation O[C]SZBATZ are proposed to enhance the 220 kV Thainguyen
Vietnam, as showRiguresl and 6.

substation stability. These proposed solutions are developed
During the operating periothe recorded resulfsom relay is  from the opeating ideas based orthe flexibility in
provided by Power Transmission Company 1 (PTCihe instantaneously changing the system configuratidine
operating voltage at the 220 kV bus is equal to 1.15 p.u.. Thieeffectivenesof the proposed solutionare confirmed by the

high voltage will put the transformer inftnagneticsaturation  simulation results based on (i) using Electromagnetic
[10Q], causing core heating and harmonic current. SA calledTransients PrografRestructured Version (EMTFRV) to
upon to operate at excessive sustained energy during periodslculate ande-analyze the practicadventat 0:12 AM on

of high voltage will have reduced tripping capabil[ti/]. June 17, 2015(ii) comparing the obtained results between the
However, forthe Viethamese 220 kV Thainguyen substation, use of EMTP-RV and the recorded relay, on those bases to
the CSBAT?2 has beenfaced withseriousfailures,such as on  continue makingother necessary case studyhe mainnew

April 22, 2012; July 17, 2014; and June 17, 20Lpically, contributiors of this papelis to propose an optimal solution
the event isat 0 : 12 AMon June 17, 2015he damage has for preventing ovewoltage of the 220 kV substation that
occurred orthe CSBAT?2, the voltage and current at the bus receives the powdrom two different countries.

C22 before and after producing the fault are plotteigures
10 and 11 resulting in the broke@BAT2. The scene after
fault shows in Figure 2.

The remaining partof this paper is organized as follows
Section 2 premnts the description and modeling of main
components used in the work described in the paper. The case
The 220 kV bus of Thainguyen substatisrconnected tdthe simulation and impacts analysis when producing the danger to
Chinese Malutang substationthrough transmission line SA are described in Section 3 and 4, respectively. Section 5
between Thainguyen and Malutang (Thaingujéalutang) proposes the solutions for perting the ovewoltage of SA.
about347.9 km During the operating period, tisendng-end Lastly, the conclusions are presented in Section 6.

voltage (220 kV bus oflalutang substatignis not controlled
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Figure 1: One Line Diagram of the Vietnamese 220 kV Thainguyen substation.
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bet ween substations.
Surge arrester

Theveoltage protection i e h
performed by the combination
whi c hi s$Aot eecqtuiivpgreanded at t he

: i PR ’ station to protect -vdlet aeggeui opa
Figure 2: Brokensurge arrestatumber 2 of phase Batthe by the | ightning and switchi

transformer number 2 (CS2BAT?2) after facing the ever (AC) vpaI2tBgas shown in Figure
voltage. types, the first one is the r

carbide (SicC); there contains

one is-ltheanonesistor ebtemeat

DESCRIPTION AND MODELING FOR MAIN (MO); therd ni st hreo MO.r Npavaday ¢
COMPONENTS OF POWER SYSTEM the MO is selected to install
to be more than the Sidihbheaa

Substation structure
vol tcaige eln)t dhar[ak3 ]eMQ sdurcge a

The 220 kV Thainguyen substatieomsednsios tpSam@dle -tV isq &im® §hant
transformers (AT)2200f/ 1290 /22504\8 5i th™MMAl at i on o fv oelgtuai gpeme[nlt4 ]a
transformers (T)1107 3%5/32B3k§Bt BEALWb| e cwt ®ldt atgoe tshter elsisgls
feeders (switching bays) ofhi2@® kVartfhourkeepBt aweéchdfng t|
110 kV, ni nek¥witehi sgi b€ hBBaxs sheasyssmemft 2&f kK Y.he dynami ¢ c
a 220 kcVa psaecriiteosr unit with fairxreeds tSeerr b@doelro g@dAIB a2tk e@Bes t
(FSCBOhmMm and a static vadbOcompemnsanher acp¥er of -li6nsul ati o

MVAT . Thedioammgarddn neocati omreaf subshtationsk . h
shown inakRdgB8resedpectivel y. the 220 skubsThadiinoguy etnhe M

PEXLI M -XH24b6Yi s used and pl ac
|l ocati on hawduwrgr einfte dWalrtager
and temperndrnyagevdgmOVYarcsbr enagt
in Figure 4a and the [&r amete

For wusing this A®sotripd i lbnm§ lcteag
SA at the TOV condition is a
Figure 4b. Themabfsorernerodhy ddfi
surge REXEbMeXH20425 iis O0.864
TOVésedutriende of 17 rmibrswtrepsei raogngd

i i after enduvadolntgager et iomerof 28
Fiug3eThe map of showing the comgneggted transmission |ine

Table 1.Parameters of surge arresREEXLIM Q192

Max. system Rated voltage Max. continuous operating voltage TOV capability | Max. residual voltage with current wave
voltage
As per IEC| As per ANSI/IEEE 30/60ns 8/20ns
Um uUr Uc MCOV 1s 10s |0.5kA|[1KkA|5KA|10KkA|20 KA |40 kA
kv kv kv kv kv kv kv | kv | kv | kV kv kv
245 192 154 220 211 369 381 369 429 452 497 555
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SIMULATION
= = || = The simulation cases are reported in this section to illustrate
= % % ? the suitabitliy of the obtained results of using EMRW
o ab |l sofware compared to that attualrelay. These actual results
Ao 1100 [R——{abcprim 22959 Hea e provided by the Operation Unit. Here the result is represented
TeR as four figures, (i) Normal condition (Figures 8 and 9) and (ii)
Transient condition (Figures 10 and 11). The representation of
@ figures are shown below:
Under Normal Condition This simulationwas doneon the
Usve Over-current normal condition.Three phase voltages at the bus CC22 and
. _ imit three phase currents on circuit breaker 272 using AIRVP
Stsady stata Over-current are shown irFigure 8, whereas that are recorded by Relay as
charpcteristic * range shownFigure9.
&Dmmic Under Transient ConditionThis simulation wa doneon the
‘ | characterictic fault development at 0 : 12 AM on 17 Dec., 2016, this damage
© Bmax ] resulted in opening circuit breaker 232.
; This fault represents bel ow:
o Tset : s 0.3 sec. (ii) The cpecedtabt d
| Jon ’ | e Isve sec, rvistul ttimgg i nterruption o
«— Linear range of control — that the transformer AT2 ope.
Capacitive region Inductive region breaker 232 wi | | b e openeide w
(b) energy over ihnhsorkherdwemes gyt

broken.
Figure 6: The SVC model: (@) the detail model in

Electromagnetic Transients Prograestructured Version F1 gl@epl ots three phase volta
(EMTP-RV); and b) the voltagecurrent characteristics phase currents on circeiVt b

whereas figure 11 plots that

Observing the obtai n®R¥¥ mBesallst
Transmission Network and Comnnectiefe FF@E’@(ﬁésd-ﬂR'eha'yr i ef fFé o
Figlasbows the transmission S&tWSr K Oc onén exit Minlgath ed Wleemviee
t hfethai nguy e nansdu btshsashh mméssmasn concluded that the model, si
be seé¢mletmatMdhai aggyen has EME-BVY ¢ 9@ fanae; g/, as on amd kei ngg orue
l ength 347.9 km mounted onS!®PeS-tower structure of the
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Figure 12 plotsthe highest energy absorpti@apability of

capability in phase B of surge arrester CS2AT 2stairted

some of surge arresters in the station. Oberserving fromsurges is equal to 0.238 MJ. This enecgwytinues to increase
figures, it can be shown that the energy in phase B of surgand reaches a value 0.88 MJ at time 17 sec, wheheas
arrester CS2AT?2 is higher than its other two phases and thhighest energy absorption capabilibf the surge arrester

surge arresters at locations of lines and buses.

As simulated esult in Figure 12a, the energy absorption
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ANALYSIS

at b u s

in transforn

Considering the conductdrhe 220 kV line connects between
Chinese Malutang and Vietnamese Thaingugelstatiors,
denoted the pink trace, as shownHigure 6, having total
length 347.9 km. When this lirie loaded the voltage at bus
220 kV of Thainguyen sukstation
generating large reactive power, as showifrigure 11c, the
phase B voltage is57,2 kV after opening th&10 kV load.
This overvoltage will cause the magnetic saturation of
transformer{10]. Why did only the phase B of surge arrester
CS2AT2 break, it may be explained as follows:

Fiugl2Enemppor pti onf csapmae i d Urfedpe0o kv transmission lenfrom Malutang to Thainguyen

&tation mounted on

is high because of

the supporting structure of the

transmission line with another transmission line, in other
words, it is dual circuit line system, as showrFigure7, in
which a part line from Hagiang fbhainguyen statiowas not

Note that, in this paper, wiailed to consider the transient (ansposed for acycle Therefore, the operating voltage
enduredtime of the surge arrester to be because of analyzinganyeen phases is differenj@®- 25].

the electromagnetic transient analyses using ENRNWP

Considering the capacitandeor the transposed lines, based

simulate the scenarios with long time as actuality. Instead, th@n Figure 143 the conductor capacitance per phase can be
simulation has considered the broksrase B of surge arrester calculated as followg22]:

CS2AT2 as the linéo ground faultat time that it haabsored

the highest energy 0.88 MJ.

Figure13a,b plots the'8harmonic voltage at bus 220 kV and

calculated as:

39 harmonic current in transformer AT2 undgre above
mentionedcondition (i), respectively.

(@)

CS =
logio

C=G 8Cm,

0.02413

3

leff Sl

1)

where Cs is the phage-ground capacitance, and can be

)

andCn is the phas¢o-phase capacitance and it can be

calculated as:

Crm= 0.02413

2h3
logio—
Si

3

8
logio
reftSil

s’

logio—
leff

leff = rln gy (n-/n

®)

in whichs; is the averaged phasephase distancé,is the
average height to groundy is the equivalent radius in case of
the multibundled conductor lines, r is the radius of
conductor, andv is the geometrical averaged distance of

bundled conductors.
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