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Small-Scale Arc Fault Testing ofddium
\Voltage Metal Enclosed Switchgear

Elin Fjeld, Member, IEEE and Svein T. HageiMember, IEEE

Abstract—Internal arc fault tests are important for ensuring
the safety of medium voltage metal enclosed switcbgrs. As these
tests are conducted at full-scale, the costs of thest objects as
well as the high power laboratory are significant.This paper
presents an experimental study to clarify whethersch tests can
be simplified by downscaling. Tests with volume ancdenergy
downscaled to 1/3 and 1/10, respectively, were perfned on a
single-phase arrangement with air as the insulatingias. The test
results showed that the internal pressure rise caes by the arc
can be reproduced well using a smaller compartmergnd a lower
current. The potential damage caused by the exhausf the hot
gas escaping through the pressure relief openingss imore
challenging to predict from small-scale tests.

Index Terms—Arc energy, electrode erosion, internal arc,
metal enclosed switchgear, pressure rise, single-qge, small-scale
experiments, thermal hazard, thermal transfer coefitient.

|I. INTRODUCTION

0 prove that a switchgear is safe in the eventrofie

fault, manufacturers must test the product in & figwer
laboratory. Although it is generally assumed that faults in
electrical equipment are rare, internal arc faaliting is a
common testing procedure due to the severe consegsi¢or
personnel, the general public, equipment, and tstres.

IEC Standard 62271-200 for metal-enclosed switahgad
control gear, up to and including 52 kV, speciftesw to
perform an internal arc fault test. During the télsé pressure
withstand capability of the switchgear is testedvedl as the
discharge of hot gases to the environment, as ipgorgas
discharge may endanger persons in the vicinity.

During a development project, internal arc testgquire
several weeks for each test loop. The tests ardumbed at
full-scale, and the costs of the test objects ahthe high
power laboratory are significant. It is easier tocess
laboratories able to perform small-scale testssnifall-scale
experiments could be performed as an alternatizeused to
predict the results of the full-scale test, themdty be possible
to reduce the number of test loops needed at ¢alles which
will reduce development time and costs.

Only a few studies in the literature have examisgethll-
scale internal arc fault testing. Granheim et Hl.ahd Daalder
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et al. [2] performed full-scale experiments witlthaee-phase
AC voltage source and model experiments with DCbdth
studies, the pressure rise caused by the threeeghak in a
full-scale compartment was difficult to reproduceathwa
single-phase fault in a small-scale model. Zhanglet[3]
performed arc fault tests using varying sizes eftest vessel.
Iwata et al. [4] performed tests with varying testrent. They
found that the volume and current considerablyuigriiced the
test result.

Based on this previous experience in scale-doyfd]1the
present investigation seeks to evaluate scaled-down
experiments that are performed by reducing thedizbe test
object and the arc energy. This could be equivatenthe
scaling of the blast effect in explosions [5]. Tinain scaling
rule is thus to maintain a constant energy perwosiitme.

The investigation was conducted in two steps. Finstial
experiments were performed in open air to inveitighe
scaling of the arc energy. Then, down-scaled erparts
were performed with the arc burning in an enclosiBeth
full-scale tests and small-scale tests were peddrwith a
single-phase AC voltage source, and all tests wenelucted
at the NEFI High Power Laboratory in Norway. Pamgoof
the results have previously been presented at des [6],

[7].

Il. BACKGROUND

The electric arc represents the energy sourceeiemiclosed
volume of the switchgear. During an internal andtféest, the
arc energy is a function of both the applied testent and the
arc voltage, where the latter one depends on thergwental
setup. For a single-phase arc, the electric enemgyt is given

by

W0 = [i(2)u,. (e (1)

wheret is the time after arc initiation, aridand uxc are the
momentary test current and arc voltage, respegtividie arc
voltage depends mainly on the test current [8],atelength
[9], [10], and the cooling of the arc column.

Some of the arc energy will be absorbed by theosuating
gas, causing the pressure inside the switchgeanctease.
The switchgear enclosures should be designed wifitient
mechanical strength to withstand the resulting sanes rise.
By assuming an ideal gas and that the energy inpusing



TPWRD-01209-2014

overpressure Win) is uniformly distributed in the enclosed separated the Cu bars from the nonmagnetic alumibum

volume, the pressure rise can be estimated frorfottoaving:

K, (K -1)
Y,

&)

8p() =W, 0 = W,.(1)

wherek is the adiabatic index, with a value of 1.4 usedafir.
ko is a thermal transfer coefficient introduced ie tlierature
(e.g., [11]) to describe the part of the arc enetiggt is
transferred to the gas:

®3)

Usually thek, factor is found by measuring the pressure rise
the arc compartment and adjustipdpased on the best fit with
(2). It should be noted that (2) calculates thesquee rise due
to an increase in the mean gas temperature. Tloislysvalid
below the dissociation temperature of the gas, alsout 6000
K for air [12], which is lower than the temperatwkthe arc
plasma.

It is possible that metal vapor from the electraesion
may react chemically with components of the insntpgas,
depending on the electrode material. Limiting tleeteodes to
Cu and Al and the surrounding gas to air (i.e.,g&xy), the
following oxidation processes may occur [13]:

Cu +»%Q = CuO + 157 kJ/(mol Cu) 4)
Cu +%Q =%Cu0O + 84.5kJ/(mol Cu) (5)
Al + 3% O = %Ak0Os + 838 kJ/(mol Al) (6)

The energy shown on the right hand sides of (9udin (6) is
the molar enthalpy of formation used to calcula& ¢hemical
energy released during exothermic reactions. Thexgy is
calculated from the solid material and includes #mergy
required to increase the temperature of the matesiavell as
the melting and vaporization energies.

I1l. INVESTIGATIONS OF THE ARC ENERGY IN OPEN AIR

The main objective of this work was to investigateether
small-scale arc fault testing can be made possipleducing
the size of the test object and the arc energy. arhesnergy
can be scaled by reducing the test current orldwtrede gap.
Initial experiments were performed to examine h@niations
in the test current and the electrode gap influetihee arc
energy.

During an internal arc fault test, an arc was igphitnside
the switchgear compartment. However, the initiglesiments
were performed in open air in order to save time eosts, as
only the electrodes had to be changed before aemw

Fig. 1 shows the simple single-phase arrangemaiit fou
the initial experiments. The basis was two horiatint
opposed rod-shaped electrodes with 20 mm diamé&tes.
electrodes were separated with a gapyhich could be varied
from 17 to 200 mm. Each electrode was attachedQo har

profile that was used to secure the arrangemethietgoncrete
surface.

The current was fed to the Cu bar on one side tlamadther
Cu bar was connected to the ground potential. Toewas
ignited between the electrodes by a thin coppee wiith a
diameter of 0.5 mm.

The magnitude of the circuit voltage was choseertsure
the arc reignited after each current zero (powetofdess than
0.17 ind.). The arc duration was 1 s, which is dagpifor
internal arc fault testing of medium voltage (M\Wighgears
in Europe.

The arc voltage and current were measured anddeddry
the metering system of the laboratory. The arc ggnevas

calculated using (1), and the accumulated arc éseduring
he 1 second ard\ot = Warc(t = 18)) are presented in Figs. 2

and 3.

Fig. 2 shows that the increase in arc energy isentloan
proportional with the test current. This is a résflthe fact
that the electrode erosion increases with testeotirras
reported in [6]. Then, the arc length and henceatitceenergy
will increase. Al electrodes appear to have a ge@rease
in arc energy with current than Cu electrodes, bgsedhe Al
electrode gap increases more when the currentiisased [6].
The equations given in Fig. 2 are achieved by catadr
regression based on the very few test cases, anohéy valid
within the limits of the given experimental setup.

Fig. 3 shows that the increase in arc energy iostrinear
with the initial electrode gap. The equations giuethe figure
are achieved by linear regression. The equatiomdased on
few test cases and are only valid for the giveneexrpental
setup. E.g. if the gap size is further reduced fdofrmm, the
arc energy will eventually deviate from the lindare and
eventually reach zero.

Some test setups with Cu electrodes were repeatéd 5

times to investigate the reproducibility of the arergy. This
is reported in [14]. These tests were assumed toldigical,
independent,
identical tests is insufficient for a reliable &#tal analysis,
but the results indicated good reproducibility wétrstandard
deviation less than 2% [14]. The deviation in anergy was
found to decrease somewhat with increasing tesecur

TITT T

Fig. 1. Schematic of the test arrangement in operThe arc burns between
electrodes separated by a gap

U

by two metal clamps. Some 36 kV support insulators

and Gaussian distributed. The numifer o
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Fig. 2. Total arc energ¥\Mo, as a function of test curreit,s, for Cu and Al
electrodes with 20 mm diameter and a gap of 100 ifine. equations are
achieved by quadratic regression and are only Yatithe given experimental
conditions.
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Fig. 3. Total arc energ¥W, as a function of initial electrode gap,for two
different test currents. Cu electrodes with a di@mef 20 mmThe equations
are achieved by linear regression and are only ¥atithe given experimental
conditions.

IV. PRESSUREBUILDUP DUE TOARC IN ENCLOSURE

Down-scaled tests were performed with arcs in engks.
The purpose was to determine if small-scale temtsbe used
to reproduce the pressure rise caused by the dalesarc
fault. The small scale was achieved by reducingsibe of the
test object and the arc energy to provide a cohspecific
energy input.

Hot gases released to the outside of the encladurieg
pressure release may endanger nearby personneberatore
measurements were obtained as part of an initi@sitigation
to predict this thermal effect at a small scale.

A. Experimental

A simplified full-scale prototype was constructexiaacubic
container with volumeVe = 0.343 m, corresponding to a

typical Sk-insulated medium voltage switchgear. The cubicl

was made of 4 mm thick welded steel plates to athoédrisk

of rupture due to pressure rise. The cubic contaiileherein

be denoted as the “arc compartment.” Air at atmesph
pressure was used as the insulating gas insideathe
compartment, as IEC Standard 62271-200 permitsacam

Sk with air during testing.

Two small-scale arc compartment models were builh w
scaling factors of approximately 1/3 and 1/10,llastrated in
Fig. 4. The volumes of the model compartments arengoy

0.118 M
0.0359 i

Vmi =
Vmz

0

1/3Vp
1/10Ve

(7)
(8)

1l
u

whereVu: is the volume of small-scale model 1 (M1), afhd
is the volume of small-scale model 2 (M2).

The test objects were equipped with pressure religts
with a relative burst pressupsss = 1.6 bar. The opening area
of the discs was 110 mm in diameter. Due to prattic
limitations, the three different arc compartmentserav
equipped with the same pressure relief discs. Bathe two
model compartments was equipped with one disc. The
prototype compartment was equipped with two discdhe
sure the pressure relief was effective enough tevert
rupture of the arc compartment. The pressure relxhings
are indicated in Fig. 5. The incorrect scaling loé topening
areas will not affect the pressure build-up or the
calculations. However, the pressure decrease iexmdcted
to be the same for all scales.

A linear, single-phase electrode arrangement, e irsthe
initial experiments, was placed into the compartmbg
means of 36 kV insulated bushings (Fig. 5). An a@&@s
ignited in the electrode gap using an ignition wifhe
electrodes were rod-shaped with a diameter of 20 am
they were made of either Cu or Al.

1/1

1/3
1/10

P M1 M2
Fig. 4. Arc compartment with three different volusnérototype (P) has a
volume corresponding to a typical medium voltagédcvgear.

TABLE |
CONDITIONS FORTESTSPERFORMED IN ANARC COMPARTMENT

Test Arc \% Electr. g lrms
no. comp. [m3] mat. [mm] [KA]

1 P 0.343 Cu 100 15.3

2 P 0.343 Al 100 15.5

3 M1 0.118 Cu 100 6.75

4 M1 0.11¢ Al 10C 7.1¢€

5 M1 0.118 Cu 20 10.1

6 M2 0.0359 Cu 100 2.03

7 M2 0.035¢ Cu 20 4.01
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Fig. 5. Cross-section of the arc compartment arsdeghaust. A temperature
sensor was located 1 meter from the pressure ogiefing(s). The left figure
represents the full-scale prototype (P) with twessure relief discs, and the
right figure represents the small-scale model cotmgnts (M1 and M2) with
only one relief disc.

To maintain constant energy per unit volume dusogling,
the arc energy should be scaled by the same fastahe
volume [5]. The energy during a certain time peritpends
on the test current and the arc voltage or thetrelde gap.
According to the scaling factors for the volumeagivin (7)
and (8), the electrode gap for M2 should have [sstrto 100

an alternative to testing whether flammability cenpredicted
from small-scale tests, temperature measurementse we
performed with a thermocouple placed 1 meter frdma t
pressure relief opening (see Fig. 5). The distatehe
temperature sensor could not be scaled accorditigetoules

of geometrical similarity, as the opening areaha pressure
relief discs was not scaled (same discs used fanatlels).
The distance was thus kept constant, and the neyasuats
should be regarded as a first step to assess #wbpity of
scaling the thermal effects of an arc fault.

B. Results

The results of the tests performed in arc compartsnare
summarized in Table IMgen is the accumulated arc energy
up to the time when the pressure relief discs ofarce thek,
factor is determined from the pressure rise untéspure
relief, Wopen is used when determining the scaling factor of the
arc energy. The scaling factor is given by the tfosc
Wopenm/Wopenp, WhereWgpenm and Wepenp are the arc energies
up to pressure relief for the small-scale modet tasder
consideration and for the corresponding prototygst,t
respectively. As seen from Table Il, the arc endoyymodel
M1 had a scaling factor in the range 0.31-0.37,randel M2
had a factor in the range 0.10-0.12. The presslief discs
opened after about 50 ms, which means that thesraecgy
will depend on the asymmetrical part of the curreet where
on the voltage cycle the current starts to flowadllition, it is
not possible to predict the exact value of the anergy
because of the random nature of the arc itself. 3dading
factors of the arc energy are thus within typiaaits for these

mm /310= 46 mm. However, as the arc is burning, th&inds of experiments.

electrode gap increases due to erosion, and thativeel
increase depends on the applied current [6]. Basetthe few
tests available from the experiment in open airjsitnot
possible to predict the initial gap and test curtbat will give
the proper scaling of the mean gapl the arc energy. Instead
it was decided to scale the arc energy by changimyg one
parameter (test current or electrode gap) at a.timg 3
shows that it is not practical to reduce the arergy by 1/10
or even 1/3 by only reducing the electrode gapla®ping the
test current constant. Two different electrode gapse thus
chosen: 20 and 100 mm. The test current was rediocgive
the desired scaling of the arc energy, based orethédts from
the initial experiments. An estimate of the curreeéded was
made based on Figs. 2 and 3, and a value achieydteb
laboratory within + 0.5 kA was considered accepgalilable |
summarizes the different test conditions.

The pressure inside the arc compartment was mehsiitte
a piezoresistive pressure sensor from GE Druclke typlIK

5000, model PTX 5072-TB-A1-CA-HO-PN. The sensor was

placed in the ceiling of the arc compartment.

To assess the thermal effect of hot gases reletms¢de
outside of the enclosure during the internal ardtftesting,
special black cotton cloth indicators were usedsitoulate
clothing or skin. According to IEC Standard 62270B20ne
pass-fail criterion of internal arc tests is theaire of ignition
of such cotton indicators positioned in the gasaersh Smeets
et al. [15] reported this to be the most criticasg/fail
criterion. The flammability of these cotton indicet is to a
certain degree subject to statistical randomne8k [hus, as

The measured pressure development inside the
compartment is plotted in Figs. 6—8. Fig. 6 shdvesresult for
Cu electrodes with a 100 mm gap for both prototgmel
small-scale models, while Fig. 7 provides the re$m Cu
when the electrode gap in the models was reduce@ tmm.
For model M2 in Fig. 7 (test 7), there was a matfiom of the
pressure relief disc, and it did not open until tredative
pressure reached 3.4 bar. The mass flow out optassure
relief opening is higher at 3.4 bar than at 1.6 haneans that
the pressure decrease in the beginning will berfdst test 7.
The higher peak pressure means that the temperafute
enclosed gas is higher in this test compared tother tests.

The results of the two tests with Al electrodesdisplayed
in Fig. 8. Only one of the two pressure relief dispened in
the prototype test with the Al electrodes, whicltamts for
the slower decrease in pressure.

Given the speed of sound and the size of the test

arc

TABLE Il
RESULTS FORTESTSPERFORMED INARC COMPARTMENT
Test Arc Wiot Wopen Wopenm kKo
no. comp. [kJ] [kJ] Wopenp [
1 P 4530 284 1.0 0.46
2 P 511¢ 29€ 1.C 0.4¢
3 M1 1564 98.9 0.35 0.47
4 M1 1690 90.8 0.31 0.50
5 M1 1561 10t 0.37 0.41
6 M2 4245 28.6 0.10 0.50
7 M2 480.4 34.9 0.12 0.40
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compartments, pressure equalization within the
compartment occurs within about 1 ms. Thus, oneasanme
that the pressure in the arc compartment is pitianiform
regarding the structural response, long before phessure
relief discs open. Measurements from the presserscs
together with (2) were used to determine lthéactor. Thek
factor providing the best fit to the measured valuas found
to be between 0.40 and 0.50 for all tests. Theltseare listed
in Table Il. The higher peak pressure in test n¢rig. 7) did
not affect the calculation of tHg-factor, as only values up to
1.6 bar was used for this.

Fig. 9 displays pictures of the jets escaping tbhothe
pressure relief openings. This is believed to e plasma
from within the compartment. The length of the j@é¢zreases
with scaling because the pressure inside the sunale arc
compartments will drop faster and because therdess
plasma. The measured temperature in the gas exisagisen
in Fig. 10. It should be noted that the resultshhignly be of
gualitative nature because of the boundary conwitio

35 T T T T T T

251 B

relative pressure [bar]

04

Fig. 6. Measured pressure inside the arc compattaea function of time.
Cu electrodes with 100 mm gap.
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Fig. 7. Measured pressure inside the arc compattaea function of time.

Cu electrodes. Prototype (P) with 100 mm electrgale. Small-scale models

M1 and M2 with 20 mm gap.
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Fig. 8. Measured pressure inside the arc compattagea function of time. Al
electrodes with 200 mm gap.
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P

test no. 3

testno. 6

Fig. 9. The maximum extension of the glowing jetsaping from the pressure
relief opening when using Cu electrodes. The lemftthe jets decreases as
the scaling goes down.
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Fig. 10. Measured temperature in gas exhaust 1rraet@y from the pressure
relief opening(s). The temperature decreases widing. The temperatures
when using Al electrodes was measured to be higter those using Cu
electrodes.
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V. DISCUSSION

The arc energy for an arc burning in a compartmaihiot
be exactly the same as that when the arc is buiniogen air

conditions up to pressure relief gave a mkawnalue of 0.43.
These results indicate that the variation in #efactor
between identical tests may be of the same ordethas

difference ink, factor between some of the different tests

reported in this paper.

From Fig. 10, it appears that the temperature nreesin
the gas exhaust with the small-scale model M1 amezches
the same temperatures as the prototype, while nidddias a
much lower temperature. This is believed to betdube fact
that the length of the plasma jet decreases aschleng goes
down, as seen in Fig. 9. This is because the megslief
opening area was not scaled (same pressure rédies dsed
for all models). If the opening area was scaledemtly, the
same temperatures might expect to be measuree distance
to the sensor was reduced according to the scélmgs9 cm
for M1 and 46 cm for M2). However, effects otheartthe air
entrainment will affect the temperature in the jets
recombination of dissociated gases and chemicaitioes
between air and vaporized electrode material. Tdadirgy of
the amount of dissociated gases and vaporized rediect
material is not known and are not necessarily atingrto the
scaling factor. Further investigations are thus deéee to
conclude on this. Cotton indicators are used imstea

[14]. Wopen Was found to be somewnhat higher compared to themperature measurements in real arc fault testsn Tt is not
energy at the same time (0.05 s) for the arc bgrimnopen  engugh that the small scale models are able toigréfte
air. The increase is due to the increased presmuleagrees temperature of the gas exhaust, and future measmtsnof

with observations made in [10]. However, the uraiaty
when scaling the arc energy based on measurenrenigen
air is small.

The experiments in the arc compartment were dedigne
investigate whether the scaling method of the aergy (by
reducing the test current and/or the electrode d¢egs) any
influence on the pressure rise. From Figs. 6 anil Gan be
seen that the pressure rise was closer to thahéoprototype
in the small-scale tests performed by reducingtéisé current
and keeping the electrode gap constant at 100 naleTI

also shows a better match in tkg factor for these tests

compared to the tests where the electrode gap edased to
20 mm. This is because a higher fraction of aregnis taken
by the arc roots and is transferred to the eleesoidr the
shorter gaps.

Simulations of pressure rise using (2) showed #G#6—
50% of the arc energy was transferred to the gdsoth the
full-scale prototype and small-scale model testsoupressure
peak (Table II). It is important to note that thenditions of
(2) are far from the real situation, and changesimfactor do
not necessarily reflect the real physics. Firs, likating of the
volume is not uniform, and the temperature willg¢mot be
uniform during the 50 ms it takes to reach the peassure.
Second, the temperature of the core of the ardgiseh than
the dissociation temperature, and here the pressught
increase without an increase in temperature. Degphiese

the heat radiation are required.

The higher temperature measured in the case of
electrodes is believed to be due to greater reledsmergy
from the chemical reactions occurring in the diusundary
between the plasma jet and the surrounding airmrF¢)
through (6) it can be seen that the exothermicgnezlease
from the oxidation of Al is more than 10 times dezaper
mole of fuel than the energy release with Cu. Tosspbilities
of such reactions are assumed to be possible basetie
measured electrode erosion [6].

Like any experimental investigation, there are ficat
limitations. Internal arc tests are time and caststiming,
which limits the number of test cases. The arcg@ndepends
on many factors of the experimental design, andatiatould
be changed in a systematic way during the inveitigaTo be
able to predict the arc energy in a reasonable wame

dimensions were not scaled according to the gedraktr

similarity, e.g. the electrode diameter and thetebele gap. In
addition, the same pressure relief discs were foredll tests.
It is important to bear in mind that the measuredemergies
and temperatures reported are limited
experimental setup, and cannot be transferreddthansetup.

E.g. thek,-factor might change if the freedom of motion af th

arc is increased [14].
Despite these simplifications, the results showt thas
possible to use small scale test models in a labgyravith

Al

to the given

simplifications, the k, factor was found to be almost|imited short-circuit performance in an early stagé a
unchanged during scaling. That might indicate et arc geyvelopment project to determine the pressure tree
volume (where dissociation occurs) is relatively aim gnclosure must be designed to withstand. In thismea small
compared to the volume around the arc for all scale scale tests can be used to reduce developmentticheosts.

The reported experiments in the arc compartmenesept sq far, however, it seems like full scale high pole®oratory

single tests. A, factor of 0.46 is reported for the prototypefacilitates are needed to assess the thermal part arc fault
test with Cu electrodes in Table Il. However, dm five  test. Future investigations are needed to conaudéis.

tests reported in [17] with the same experimentdt t
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VI.

The pressure rise measured in the model comparsmes
found to reproduce the pressure rise in the prpeotwith
good accuracy. According to the simplified modelenéhideal
gas and uniform heating of the gas volume is asduih@as

CONCLUSIONS

found that between 40%-50% of the arc energy was

transferred to the gas (giving the pressure risépth the full-
scale prototype and small-scale model tests. Tipererents
have thus shown that it is reasonable to assumelraost
unchangedk,-factor for all relevant conditions.

The ignition of cotton indicators is a complex pres
dependent on many factors that are not easy toatahiring
scaling. It is believed to be challenging to préede ignition
from small-scale tests.

The results show that accurate downscaling is mopls
and needs a lot of effort. Based on this, it ispdiable
whether downscaling is useful. Pressure calculatiaith a

internal arc fault,” in Proc. Int. Conf.
Stockholm, 2013, Paper 1001.

X. Zhang and G. J. Pietsch, “Determination of thermal transfer
coefficient kp of the energy balance of fault arts electrical
installations,” inProc. XIV Int. Conf. Gas Discharges and their Appl.,
Liverpool, 2002, vol. 1, pp. 135-138.

E. Fjeld, “Small-scale arc fault testing of mediwwitage switchgear,”
Ph.D. dissertation, Dept. Elect. Eng., IT, and Cykelemark Univ.
College, Porsgrunn, No. 3, 2014.

R. Smeets, P. P. Leufkens, J. A. A. N. Hooijmans, U¢elac, P.
Milovac, D. Kennedy, G. Pietsch, and K. Anantavhni¢On the
replacement of SF6 by air in internal arc testifigl SF6 insulated
switchgear,” inProc. Int. Conf. Electricity Distribution, Prague, 2009,
Paper 0392.

CIGRE Working Group A3.24, “Tools for the Simulaiiof the Effects
of the Internal Arc in Transmission and DistributicSwitchgear”,
CIGRE Technical Brochure 602, December 2014.

T. Oyvang, W. Rondeel, E. Fjeld, S. T. Hagen, andviagsaether,
“Energy based evaluation of gas cooling relatedrtofaults in medium
voltage switchgear,” inProc. Int. Conf. Electricity Distribution,
Stockholm, 2013, Paper 0572.

Electricity Distribution,

(13]

[14]

[15]

[16]

[17]
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