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Abstract -- In the present paper results regarding circuit-
breaker Transient Recovery Voltage (TRV) for a no-load
transmission line with a little more than half wavelength (HWL™)
tripping are presented. The results obtained with PSCAD
simulations based on actual system data proposed for an
energization test are discussed. The maneuvers analyzed are: line
opening without faults; line opening with terminal faults; short-
line faults (former 5 kilometers) and opening remote faults. It is
shown that the no-load tripping of the HWL" line can be
implemented with the conventional circuit-breaker without
jeopardizing or causing reduction of lifetime for the actual
equipment.
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|. INTRODUCTION

With the lack of resouces near large centers andigg
energy demand, new technologies are needed

Recent studies have shown that the AC-Link cost is
comparable or even lower than the HVDC transmission
mainly due to the cost of converter stations wilters banks
compared to no intermediate substations and notiveac
compensation scheme for AC-Link [8, 9]. The diffezes
observed in favor of the AC-Link motivated receasearch
and optimization of this transmission trunk aimatgts use in
forthcoming transmission systems [8], [10]. It idsaa
important to attend small demand of energy in ticenity of
these huge trunks as a way to promote socioeconomic
development and social inclusion. In this contethnologies
that enable low power drainage for small loadsisesv[11],
such as the AC-Link, take advantage over stripthjnt-to-
point transmission technology [12].

As there is not an AC-Link in operation in the vebrl
Brazilian Electrical Energy Agency (ANEEL) has posed
the R&D strategic project call 004/200&rfergization tesof
fotransmission line with a little more than half-wéemgthH’

optimized transmission of large blocks of energgrov[13]. This project consists of energizing an ACH iest trunk

long distances. Brazil is one of the countries wathmajor
hydroelectric generation potential in the world. r@uatly,

(2009 data) this form of energy represents 71.7%he®Energy
matrix, and the remainder is distributed betweearrttal

(12.8%), renewable (7.4 %) and nuclear (1.9 %) pqients.
Most of the hydraulic potential (66 %) is concetdchain the
Northern region, far from large centers of higherergy
consumption. The distances involved are in the garfg2500
to 3000 km [1]. New ultra high voltage (UHV) linasd high
transmission capacity must be built, increasingneftether
the existing interconnected system [2].

One of the promising alternatives being studiethes AC
transmission lines with a little more than half whangth

composed of three Brazilian 500 kV interconnectimmks of
lines with similar electrical characteristics, thahen put
together form a link of 2600 km, what corresporas tlittle
more than half wavelength at 60 Hz.

The system that will form the AC-Link test will be
composed of trunks North-South | (NS-1), North-$ouit
(NS-2) and part of the interconnection NortheasttBeast
(NE-SE). The single line diagram of the AC-Linkpsesented
in Figure 1. The measurements results made duhagtdst
will be compared with simulations obtained with PECand
ATP, and will serve as a type of AC-Link prototyp#&lith
these results the AC-Link will be studied as one tioé
possible alternative for the forthcoming huge traission

(HWL"), here called AC-Link for being a point-to-pointtrunks.

transmission. This type of solution, extensivelyd&d in the
60s and 90s, has some interesting properties instef cost
(for the absence of intermediate substations arattive
compensation, both series and shunt) and operatiehavior
[3 - 5]. It should be clarified that the choice aftrunk with
exactly half wavelength is not a convenient ch§ge/].
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The present test authorization has been postponédsa
still being evaluated by Brazilian 1SO as duringeth
experiment the National grid will operate almostadinnected
(North-Northeast grid almost separated from theaieder of
Brazilian grid).

In the present paper the transient recovery voltage
requirements imposed on the circuit breaker (CBp@fra da
Mesa (sending end substation - SE) during the AkLi
energization maneuver are presented. This CB igguin
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transmission line. As the AC-Link test requirementfi be
different from the equipment specification it waecassary to
study the energization test conditions considerihng CB
tripping the no-load 2600-km trunk considering ‘faolt” and
the fault ocurrence conditions during the test. fitan results
are presented in the following sections.
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Figure 1 - Single line diagram of AC-Link Test aifc

Il. METHODOLOGY

The results presented in this paper were obtaired the
actual data of the link components presented at 143 for
the following specific test conditions:

* Pre-operation voltage of 1.1 p.u (550 kV) on tr

transformer busbar in SE;

» Stray capacitance of the transformer bushing in £

the circuit breaker upstream, 6 nF;

» Stray capacitance of the capacitive divider, dow

stream of the circuit breaker, of 8 nF;

* AC-Link Test energizing with one generator unit ¢

492 MVA.

A TRV study involves high frequency oscillation ani

consequently requires more details in the modeliggtem
[15]. The results are obtained considering the GBiaut the
arc modeling. The TRV peaks with the arc presehcells be
lower and the results presented here should beidsyes
conservative [16, 17].

The CB characteristics of Serra da Mesa (SM) stibsta
are presented in Table I. In order to establish THRY¥ameters
it was considered the standard NBR IEC 7118/1994Hhizh
the CB is bounded [18]. The CB specifications asmpared
with TRV obtained in the simulations [19]. An addital
routine was developed to trace the TRV envelopaels as
the identification of TRV parameters obtained inCRA®
simulations.

For terminal faults analyzis there were considesieg)le-
phase faults (SLG), three-phase grounded fault §3baGd
isolated three-phase fault (3LI).

In simulations of short-line faults there were ddesed
SLG faults applied on the former 5 kilometers of time. The
opening sequence of the CB poles was coordinatédasdhe
last pole interrupted the fault current - a sitomtithat
generates the highest rizing rates.

In the simulations of short-line fault and termifallts the

TABLE |
CHARACTERISTICS OFSERRA DA MESA CIRCUIT BREAKER [16]

1. Nominal voltage (kV, rms) 550
2. System characteristics
Nominal voltage (kV, rms) 500
Maximal operating voltage (kV, rms) 550
3.Nominal frequency (Hz) 60
4. Rated current (A, rms) 3150
5. Nominal interruption capacity in short-circuit
Periodic component value (kA, rms) 40
Percentage of the non-periodic component (1.5) of the 83(1.5)
failure beginning and X/R = 50
6. Nominal interruption period (from 0% to 100% of the 2
Nominal interruption in short-circuit capacity) in cycles
7. Ability to establish nominal in short-circuit (kA, peak) 110
8. Nominal duration of short-circuit current (s) 1
9. Short-duration nominal withstand current (kA rms) 40
10. Peak value rated withstand current (kA peak) 110
11. Nominal characteristics of isolation
11.1 Nominal characteristics of isolation
Closed circuit breaker (kV, peak) 1675
Opened circuit breaker (kV, peak) 1675
Opened circuit breaker, 60 Hz voltage applied to the 315
opposite terminal (kV, peak)
11.2 Nominal impulse withstand voltage of switchgear
Closed circuit breaker (kV, rms) 1300
Opened circuit breaker (kV, peak) 1100
11.3 Nominal frequency withstand to industrial voltage, for 1 minute
Closed circuit breaker (kV, rms) 740
Opened circuit breaker (kV, peak) 830
11.4 Minimum distance of flowage (mm) (20 mm/kV) 11000
11.5 Closing or pre-insertion resistor (*)

Resistor value (Q) 400
Insertion period (s) 6
12. Technical standard NBR

7118/(1994)

transmission line between Serra da Mesa and Guy&idr
GU), represented in no-load condition with all
compensation on service. As the CB is designeddetithe
latter operation, the results were used as a guidevas
assumed that if the AC-Link requiments were les®iethan
those obtained considering the SM-GU line then dineuit
breaker would be capable to trip the AC-Link withdamage
or reduction life-time.

In simulations of remote fault there were considere

single-phase and three-phase faults (grounded soidtéd).
The fault was represented at increments of 10%heftotal
length of the Link (from SE) in order to search fughest
stresses. The time step used for remote faultsl@gs.

In all simulations it was considered that the fawks
established prior energization. There were monitalee CB

time step used wass. In order to proper evaluate the CByre-operation conditions, the TRV parameters eistadti on
performance the results obtained for the AC-Linkp tr CB terminals (& first reference voltage; I peak value of
maneuver were compared with the ones for the actygé TRV; S - rising rate) and the voltage alongAl@Link.



lll. TRV AT SERRA DAMESA CIRCUIT BREAKER Namely for terminal faults the maximum value of
interrupted current (AC-Link) is 1.51 k& (Table II), which

A. No-load AC-Link tripping without fault corresponds to 5.3 % of nominal capacity of CB rinfgtion
The maximum capacitive current interrupted by thg CON short-circuit. S
during no-load AC-Link tripping without faults was CURRENT INTERRUPTED(KAme) FOR TERMINAL FAULTS

350.3 Ans (495.4 Aeca), below the 710 A, standard of
voltage class of 550 kV CB. The time step used gss.

The maximum overvoltage established at CB termiigls SLG 1.51 1.80
487.1 kVp. The waveform obtained is shown in Figire

Type of fault | AC-Link | Actual line (SM-GU)

3LG 1.46 1.69

500

3Ll 1.17 1.35

o
a
=

In Figures 4 to 6 the most severe cases for tetrfindts
are presented.
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Figure 2 — Voltage at CB poles for no-load AC-Linipping - |
The NBR/IEC 7118 standard does not establish lifioits wodo .- [Abual e 1
maximum TRV for line tripping. For comparison it sva - E i i i
considered the value established by the curremdatd » ! e "
(ABNT/IEC 622271-100) of 1226 k\19]. Figure 4 - TRV for a single-phase terminal fault.
The results show that the existent conventionatudir 12000 .
breaker in Serra da Mesa is capable of trippingnbdoad PO S e St St Sl
AC-Link without damaging or reducing its life-timéhe TRV [ rwainee ] ';.L;:,;,d__
waveform is shown in Figure 3. R e e g,
1400 T T - i 2 X i | 4
! y : : ) LR & | § BRIy T
[T | e, Che e SR S R R Lrmn g . | g | \
gmen e _. g \ll j “\/ \/ \ 1
E 500} R ) i L
E 7111 | IR APRE R, Gt SN s, G R SR oy St . WlE( E = : i )
B0 =nesrmmemnsadrasnrnnsnnsnrabonssnsaranansdnentarsngs — time {ms)
Figure 5 - TRV for three-phase grounded terminaltfa
1] -
H H H : L
e 1 tlr ul-:, : 1I5 2 - =
time (s) e [
Figure 3 - TRV established at the terminals ofdineuit breaker (No-load = 000 e - 5
AC-Link tripping without fault). = : m‘ AA T
B. AC-Link opening with terminal faults £ st S T B ,|
The energization test can be performed in a fewutaim - 1| I A\
However, all system components connected at thelifdC- i '
will be subjected to the new transient conditiddence, fault ! i | i i )
conditions were analyzed namely terminal faultsprshine angl. - L o
faults and remote faults along the trunk for theppse of time (ms)
finding the most severe conditions for the CB. Figure 6 - TRV for three-phase isolated terminaltfa

The TRV results were compared with the requiremémts ~ Table Il presents a summary of TRV requirements fo
the actual operation condition, when the existeBt f@d to terminal faults. From the results it can be seen tihe CB can
trip the no-load highly compensated SM-GU line (18GAr  trip the no-load AC-Link with terminal faults.
at SM and 200 MVAr at GU). If the results for theCA.ink
were lower than for SM-GU the CB would be capable o
tripping the no-load AC-Link.



TABLE Il respectively for SLG fault and three-phase faulthen the

TRY SUMMARY FOR TERMINAL FAULTS fault occurs in these regions a quasi-ressonannditn is
T%/;itOf E1(kv) Uc (kv) S (kVips) established and both current or voltage can remthvalues.
Gﬁk A“tr‘::' ﬁﬁk A”trlljgl Gﬁk A"tr‘::' It is important to note that these high CB curneaities are
SLG | 6336 | 739.: | 660 | 7931 | 3.72 30¢ | close to the terminal fault for SLG, but are mueghkr than
LG 66434 | 771.25] 67890  7873D PRT. 51k the terminal fault current for three-phase _fauﬁbe current
3L 64340 | 70368 69370 8745k 203 35 for _ S_LG attenuat_es more due_ to _the high zero seguen
resistive value while the attenuation is ratherlsfoapositive
C. AC-Link tripping with short-line faults sequenf;ce.
In this case, single-phase faults were appliechin ftrst T N T T e
five kilometers of the AC-Link Test, always withetthast pole ’ : TR
to open the fault current. The maximum CB curreitigs and 17 S i
TRV requirements are shown in Table IV and V, resipely. - Ll |l
TABLE IV = 11
INTERRUPTED CURRENTKARys) FOR SHORFLINE FAULTS : 300 ~eif- /J
Fault location | AC-Link | SM-GU R SrlTADS SAOeTUSE i RE) 254 O8] G (o o e | J
2 km 1.50 173 & 1
= 500 -
3 km 1.48 1.73 = |
4 km 1.48 1.72 600 1
5km 1.47 1.71 100 . |
TABLE V !
TRV REQUIREMENTS FOR SHORILINE FAULTS b 3
Fault E1(kV) Uc(kV) S (kV/us) ) _ time (ms)
location AC- SMGU AC- SMGU AC- SMGU Figure 7 - TRV for 2 kilometer fault (SLG) - lasble opens the fault.
Link Link Link
2km | 62855| 743.11 680.1§ 793.16 3.4 413
3km | 624.08| 73507 676.7§ 790.61 = 3.47 408
4km | 619.96| 739.31 673.03 78951  3.44 411
5km | 61249 733.34 67102 78746  3.23 408

It can be observed that the TRV requirements foload
AC-Link under short-line faults are lower than 8k-GU. It
can be said that the existent CB is capable opitigpthe no-
load AC-Link for this kind of fault.

In figures 7 to 10 the TRV waveforms for short-lifalts
are presented.

TRV Phase A [kV]

D. AC-Link tripping with remote faults tirme (ms)

For analysis of remote faults three types of fawtse Figure 8 - TRV for 3 kilometer fault (SLG) - lasble opens the fault.
considered : SLG, 3LG and 3LI. The fault locatioaswaried 0 T - . -
in steps of 10 % of the AC-Link length. N I S (. : | asivi |Ig

In Figures 11 to 13 are presented the CB curresfilgs et 3 i g a0 TR HE
considering the fault location. The maximum valGe5 (kA,) = 1 i ;'*h | ;1 |
was obtained for the three-phase isolated faulyuiféi 13) 2, 2w 14 ;'\ 11
corresponding to 17 % of the CB nominal interruptio < ., AMEWR AR
capacity. The CB standard curve used was the one # ARER L ![ { !
immediately above this value, namely the 30 %. £ W 4 1I 11 -

It can be observed that the CB current decreasdheas = ' : ‘[’ : {‘ " i '_ -
fault moves towards remote end, having its lowedtie near e o 2 154104 D ]
the middle of the line. Afterwards the CB curretarts to m’l M W :
increase, being the critical region diferent forGsand three- - iy S| plt 1’ I R
phase faults. For SLG the critical region is betw@® and m L i ]
95 % on the AC-Link length while for three-phaselfs the g T 'LrnSJ: Cor e
critical region is between 65 and 85 %. Figure 9 - TRV for 4 kilometer fault (SLG) - lasble opens the fault.

This is a characteristic of the isolated AC-Linkheve
these regions corresponds to multiples of 1/4 vemgth of
zero sequence component and positive sequence cempo
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Figure 11 - CB current profile for SLG remote fault
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Figure 12 - CB current profile for 3LG remote fault
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Figure 13 - CB current profile for 3LI fault.
Profiles of the main TRV parameters for the SLG ot
faults are shown in Figures 14 to 16. It can bengdbat the
existent CB is capable of opening the no-load A@kLunder

SLG remote faults.

The energy to be dissipated by surge arresterseldcat
remote end substation is high when the SLG fawdtxin the
critical region. The surge arrester is a class K\20with
thermal capacity of 5.46 MJ. A protection study waade in

RTDS [20] with the existent relay and the line vrggped in a
very short time, resulting in low energy comsummptat this
arrester. A high thermal capacity arrester coulcalse used
during the energization test.
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Figure 14 - Profile of the first reference voltageSLG remote fault.
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Figure 16 - Profile of the TRV growth rate pealSioG remote fault.

It was found that when the three-phase faults ooctine
critical region there are higher overvoltage altimg AC-Link
on the busbars before the fault. These overvoltagebe very
high, and it is a common error the assumption siah high
voltage will be established along the line. Whee thltage
rises to very high values (above 3.0 pu) flashoweits be
produced along the line, removing the line fronsthuasi-
ressonance condition.

A mitigation method to protect the line during tiehase
faults in this critical condition is to provoke tiflashover in a
defined location. One way to suppress these ovianyes
effectively, with low cost and fast actuation, ig Weakening
the insulation distance on a pre-identified loaatid hus,
when overvoltages start to increase a flashover agitur in
the selected location for a defined voltage ramgiigating
the overvoltages.

This mitigation method proposed was named RID

(Reduced Insulation Distance) and consists of réngosome
insulators from the insulator string at a towerrm&& % of the

5



AC-Link (measuring from sending end), specificallis
corresponds to Imperatriz substation (IPZ). At tbisation a
flashover will occur for voltages above 1.60 pu ggh to
ground).

When a three-phase fault occurs in the criticaloeghe
voltages along the AC-Link will increase and at g RID
will suffer flashover when the voltage reaches 10 or
better, a 3LG fault. When a three-phase fault cca@irthis
location it does not cause significant overvoltadeng the
AC-Link and the CB currents are not severe.

It has been observed that the maximum overvoltageg
energization maneuver without fault at IPZ is lowban

1.20 pu (Figure 17). This result was obtained tghou

statistical simulation case with 500 shots. Thisngethat the
insulator string at IPZ can be reduced, if necgsghiring the
AC-Link Test energization operation, without compising

the test.

With the weakening of the insulation distance itoaer
near to IPZ the three-phase faults in the critiegion will
produce the occurrence of 3LG fault at RID (IPZheTRID
was modeled as an ideal circuit breaker contrdiigdoltage
closing for values greater than 1.6 pu. It prompgimnoves the
AC-Link from the quasi-ressonance condition. Thasult can
be seen by analyzing the graphics of TRV requirésméor
3LI fault (the worst fault condition) in Figs 18 &f).

Statistic Voltage Profile alongthe AC-Link

25

2

o

N

Measuring Point

—4— Average(without faut)  —m- Maxvalue (Without fault) With 3P fault type bcaed st 75%  @-RID (disruption range)

Figure 17 - Overvoltage profiles along the AC-Lietkergization without
defect and under 3LI fault at 75 % with RID at I8ubstation

The RID actually shifts the fault site for IPZ stdifon

where the three-phase fault is not severe.

In Figs. 12 and 13 CB current for three-phase rerfenilts
in the AC-Link are presented for both considerimgnot the
use of RID. It can be seen that RID wil reduce titaly the
CB current for the occurrence of fault in the cati region.
Even more, RID only operates for three-phase faatitthis
region.
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Figure 18 - Profile of the first reference voltdge3LI fault.
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Figure 19 - Profile of the peak value of TRV forl3ault.
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Figure 20 - Profile of the TRV growth rate for Jallt.

The studies were performed considering the linéhauit
fault or the occurrence of SLG, 3LG and 3LI, evenith the
energization experiment will have a short duratidhe faults
considered were: terminal, short-line and remote.

For terminal and short-line faults it was obsertiegt the
CB requirements are smaller than those occurringngithe
actual CB operation, for which the CB was designeds
concluded then that the CB can trip the no-load LAk
under terminal and short-line faults.

The behavior of the isolated AC-Link for remote Ifatis
different from the few hundreds of kilometers lolige, as
quasi-ressonance conditions occurs when the faldtated in

When RID is implemented the CB is capable of dealimultiples of ¥ wavelength of positive and zero seme

properly with three-phase faults, as can be sedfigs 18 to
20.

V. CONCLUSION

In this paper the main results of TRV study fopping the
no-load AC-Link are presented.

From the results obtained it can be concluded that
circuit breaker existent at Serra da Mesa substatimt is a
conventional CB designed for a regular compensa&sikm
long line, is capable of tripping the no-load AGaki

component. In these regions, specifically betweénand
95 % for SLG and 65 to 85 % for three-phase fahiigh CB
currents and overvoltages along the AC-Link wilkar

The existent CB is capable of tripping the no-lo&@-
Link with SLG fault in any location. However, fohe¢ SLG
faults occurring in the critical region a fast gction response
is necessary to prevent high energy consumptiorthat
receiving end arrester. Tests performed with actakly in
RTDS [20] showed that the existent relay operaass énough
in order to prevent any damage to the arresters.



In order to reduce the high overvoltage producethbse-

phase faults in the critical region a mitigatiorogedure was

proposed. It consists of reducing the insulatistattice (RID)
of a tower located at 40 % length of the AC-Link (BZ

(3]

(4]

substation). A flashover at RID will be occur whive phase [5]

to ground voltage reaches 1.60 pu, wbialty occurs when a

three-phase fault is located in the critical region

RID does not operate during energization withouttfar
when tripping the no-load AC-Link without fault with SLG
faults. It will only operate when 3LG or 3Ll occued the
critical region.

With RID the existent CB is capable of tripping tA€-
Link under 3LG or 3LI.

It can, therefore, be stated that the existent eotional
circuit breaker is capable of tripping the no-loA€-Link
during the enrgization test. There will not be dgmé#o the
circuit breaker or reduction of its useful life,eavif there is
any fault during the test at any site of the ACK.irest.

The RID mitigation procedure
energization test, but extensive on-going studies leeing

performed in order to verify if this method is aksgplicable to

reduce overvoltages for three-phase faults durirgrLink
normal operation.

V. ACKNOWLEDGEMENT
The authors would like to thank the engineers Cchdao

(6]
(7]

(8]

9]

[10]

is adequate for the

[11]

[12]

[13]

Jr. (ELETRONORTE), E. Carvalho Jr. (ENTE) and M.iMa [14]

(CHESF) that have given important contributionshte study.
The results presented in this paper are partiailtsefrom

the project supported by ELETROBRAS/ELETRONORT

(15!

ELETROBRAS/CHESF and ENTE as part of ANEEL

(Brazilian Electrical Energy Regulatory Agency) asémgic

project 2008 (proc. 4500072477)Efergization Test of

Transmission Line with a Little More Than a Wavegléh

[16]

[17]

The project was coordinated by UNICAMP with theisg)

participation of UFBA and UEFS.

VI.

Brazilian Electrical Agency (ANEEL), “Atlas of El&ical Energy in
Brazil”, 3th. Edition, 2010, available on [www.aheev.br].

REFERENCES
[1]

[2]
2009-2019", Published in 2011, pg. 21, availablgvanw.epe.gov.br].

[19]

Brazilian Electrical Planning Agency, “Ten year Exgion Planning [20]

F. J. Hubert, M. R. Gent, “Half wavelength Poweafsmission Lines”.
IEEE Transac. on PASol 84, no. 10, pp. 966-973, Oct 1965.

F.S. Prabhakara, K. Parthasarathy, H. N. RamachaRdo, “Analysis
of Natural Half waveLength Power Transmission LieBrans. On
PAS vol. 88, no. 12, pp. 1787-1794, Dec 1969.

F. M. Gatta, F. lliceto, “Analysis of some operatiproblems of half
wave length power transmission lines"lEEE AFRICON'92
Proc.Conference, Sept. 1992.

C. Portela, “Some Aspects of Very Long Lines Swiigh, CIGRE SC
13 Colloquium 1995, 12 p., Florianépolis, Braz®95b.

C. Portela, M. Aredes, “Very Long Distances Trarssian”,
Proceedings 2003 International Conference on ACdP@elivery on at
long and Very Long Distances, Russia, Sept. 2003.

C. Portela, J. Silva, M. Alvim, “Non-Conventional CA Solutions
Adequate for Very Long AC Transmission- An Alterimatfor Amazon
Transmission” - IEC-CIGRE UHV Symposium, China,. 2007.

Y. Song; B. Fan; Y. Bai; X. Qin; Z. Zhang, "Relifityi and economic
analysis of UHV Half-Wave-length AC TransmissiohEEE Interna-
tional Conference ofPower System Technology (POWERCON), 2012
pp.1,6, Oct. 30-Nov. 2 2012, doi: 10.1109/Power20h2.6401413,
2012.

R. Dias, A. C. S. de Lima, C. Portela, “Extra Lddigtance Bulk Power
Transmission”JEEE Transactions on Power Deliveryol. 26, No. 3,
July 2011.

M. Aredes, R. Dias, “FACTS for Tapping and PowesviFIControl in
Half wavelength Transmission LineslEEE Trans. on Industrial
Electronics Vol. 59, No. 10, Oct. 2012.

M. C. Tavares, R. T. Borges, “Attending Small Loalsng a Half-
Wavelength Transmission LineTEEE Electrical Power and Energy
Conference (EPECWinnipeg, Canada, Oct. 2011.

M. C. Tavares, C. M. Portela, “Proposition of a fHalave Length
Energization Case Testinternational Conference on Power Systems
Transients (IPST 09Kyoto, Japan, June 2009.

E. C. Gomes, M. C. Tavares, “Analysis of the Ereatiyon test of the
2600-km long AC-Link composed of similar transmiss lines”,
EPEC Winnipeg, Canada, 2011.

IEEE Fast Front Transients Task Force, “Modelingd@lines for Fast
Front Transients”,IEEE 1995 Winter Power MeetingPaper No.
95WM278-2 PWRD, 1995.

A. D'Juz et al., “Electrical Power Systems Transieand Insulation
Coordination”, Book, FURNAS/UFF, 1987 (in Portugees

L. C. Zanetta Jr. “Electromagnetic Transients inveoSystems”, Book,
2003 (in Portuguese).

J. Amon Filho et al., “Requirements TRV coming frdhe opening
maneuver of the 500 kV Circuits Breakers in thenkrof the North-
South interconnection"SNPTEE Technical Article1999 (in Portu-
guese).

Brazilian Technical Standard “ABNT NBR IEC 62271610"High
voltage equipment - Part 100: High Voltage Cir@neakers Alternating
Current”, 2006.

E. C. Gomes, M. C. Tavares, C. Floriano, "Using vemtional
protection for line-to-ground fault at AC-LinkIPST 13 Vancouver,
Canada, July, 2013.



