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Abstract: Nowadays, the electric connection circuits of power plants (based on fossil fuels
as well as renewable sourcem)tail generator circuibreakes (GCBs) at the generator
terminals, since the presence of that electric equipment offers many advantages related to
the sustainability of a power plamh an alternating current (a.c.) circuit the interruption of

a shortcircuit is performed by the circulireaker at the natural passing through zero of the
shortcircuit current. During the current interruption, an electric arc is generated between
the opened contacts of the cirebieaker. This arc must be cooled and exiished in a
controlled way.Since he synchronous generator stator can flow via lgigisymmetrical
shortcircuit currents, ie phenomena which occur in the case of stimuit currents
interruption determine the main stresses of the generator direaiter; the current
interruption requirements of a GCB are significantly higher than for the distribution network
circuit breakerskor shedding light on the proper moment when the generator direaiker

must operate, using the space phasor of the-shouit currents, the time expression to the
first zero passing of the sharircuit current is determinediere, the manner is investigated
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in which various factors influence the delay of the zero passing of thecsisart current. It

is shown that th delay time is influenced by the synchronous machine parameters and by the
load conditions which precede the shortuit. Numerical simulations wereonductedof

the asymmetrical currents in the case of the suddenphase shortircuit at the terminals

of synchronous generators. Further in this stiildys emphasized thatltaough the
phenomena produced in the electric arc at the terminals of the -tireaker are
complicated and not completely explained, the concept of exergeful in understanding

the physical phenomena. The article points out that just after thecsfoont current
interruption by the generataohne circuit-breaker(when the GCB has been subjected at the
metal contact terminals tbe high temperature ad plasma arc, up to 50,000 Kgtween its
opened contactgherearises the transient recovery voltage (TRV) which constitutes the
most important dielectric stress after the electric arc extincBorcethe magnitude and
shape of the TRV occurring acsothe generator circdlireaker are critical parameters in the
recovering gap after the current zero, in this paper, we model, for the case of the faults fed by
the main stequp transformer, the equivalent configurations, with operational impedances, for
the TRV calculation, taking into account the main transformer parameters, on the basis of the
symmetrical components method.

Keywords: electric arc; exergy; generator circbiteaker; shortcircuit; sustainability;
transient recovery voltage

1. Introductio n

The concepts of science, including concepts related to sustainabiityasexergy and embodied
energy, were developed to describe aspects of the uni¥ecemvincing example of the usefulness of
embodied energy and exergy for analyzing systemdwitaasform energy is the generator cirtumgaker
(GCB) disconnection process.

Nowadays, the electric connection circuits of power plants (based on fossil fuels as well as
renewable sources) entail GCBs at the generator terminals, since the preseheaé a@éctric
equipment offers many advantages related to the sustainability of a poweflpl@ntA classic
circuit-breaker is an automatic electrical switch designed to protect against inherent operation faults,
such as overload or shanircuit. A generator circuibreaker is located between the generator and the
main stepup transformer, this lotian influencing the operating conditions since GCBs are significantly
more difficult to apply to some operating regimes than classical network direakers [1,3,4,6].
Consequentlythe electrical and mechanical performance required of a GCB exceeds)tirements
of a standard distribution circtiireaker8]. Generally, a circuibreakermust detect a fault condition,
and once a fault is detected, the electric contacts within the dwreakermust open to interrupt the
circuit [9,10]. In an altemating current (a.c.) circyithe interruption of a shedircuit is performed by
the circuitbreaker at the natural passing through zero of the-shrotit current. During the current
interruption, an electric arc is generated between the openedtsooitdbe circuidbreaker. This arc
must be cooled and extinguished in a controlled (g, 9,10]
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Figure 1. Possible faults interrupted laygenerator break&B.

The configuration othekey fault current encountered by the generator breaker i€3Bpresented
in Figure1, and details are as follows

- Faults at location Kare called Generator (&purce faults or Generatted faults (which
can be insulated or grounded thyease and twphases shoitircuits);

- Faults at location Kare called Sysimsource faults or Transformer (MT@d faults (which
can be insulated or grounded thease and twphases shoitircuits);

- Faults at location Kare called Generatded faults, onthe high voltage side of the main
stepup transformer (which can be insulated or grounded {phase and twphases
shortcircuits, as well as singlghase shottircuits).

To interrupt these kinds of faults, generator cirtméakers must be capable ofemtupting not
only the high symmetrical fault current, but also the higher asymmetrical faults currents resulting from
high d.c. components dhe fault current[1,2,17 13]. Here aisesanother sustainability requirement
for generator circuibreakers whic are subjected to a unique demanding condittafied delayed
current zeros[1,14,15] Since circuit breakers interrupt dhe current zero crossing, generator
circuit-breakers must be able to withstand longer arcing times and greater electrical] tr@tma
mechanical stresses when interrupting such f@ulps4,14,15]

The highest asymmetry of the shoitcuit current appears at Generated fault (locatiorK,), and
this is the reason that the next section of this study encompasses an analgkygeaf shortircuit
current zeros.

2. Asymmetrical Currents of Sudden ThreePhase ShorCircuit at Generator Terminals

Research findings 1%,11,12,14]show thatan synchronous generator stator agreratevia high
asymmetrical shottircuit currents, whdh will not pass through zero (at least on one phase) many time
periods aftera fault appearanceThe phenomena which occur in the case of sticctuit currents
interruption determine the main stresséshe generator circuibreaker [1,2,4,15], anché current
interruption requirements of a GCB should &ignificantly higher than for the distribution network
circuit breakers.

In this paper the time intervas assesse@hen the current, in the case of the sudden three phase
shortcircuit, has not a zerpassing.To shed light on the proper moment when the generator breaker
must operate, using the space phasor of the-shotiit currents, the time expression to the first zero
passing of the shedircuit current will be determined. We aim to investigéte manner in which
various factorsnfluence thezero passingelayof the shorcircuit current.
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A representation of phase currents in the case of suddencsbait at the terminals of
synchronous generator emphasizes that, regardleéls vitching conditions, within each time cycle
there are two zero passswf the shorcircuit current [1,2]. Still, research findingsi i show that the
synchronous generator stator is possidyn operatéoy highly asymmetrical shedircuit currerts,
which will not pass by zefb at least on one phademany cycles (time periods) after the fault
appearance. The long delayafero passing shedircuit current is a unique fault characteristic that
illuminatesthe high asymmetrical currents which must berinipted by the generator circgitcuit.

To address meaningfully the operation conditions for the generator -dreaker in this stugywe
analyze the threphase shottircuit at the terminals of electric station synchronous generator, with
emphasison the analytical relation of the delay zero passing of the-shottit current, taking into
consideration the electrical machine parameters and the features of the load precedingchiewshort

The study of transient processesadynchronous genator sudden shedircuit can be performed
with the space phasor of shaitcuit currents 1,2). Thus, after some mathemaidhe relation of
shortcircuit current space phasgg¢to the stator frame is obtained follows

Iss= I *1 +i_ (1)
where
Ty 1 1 ..
P \/E(DJ &(—-_)Q‘t/TaQJ(2m+ao_q)
; 2" X" X 2)

is the rotating component with angular sp&ad of the shorcircuit current space phasor, whose
amplitude decreases towards zero with the time conktaftso,

1 1 e-t/Tu"+(i_i)e't/T'd+i] \/EU cosg+
X" X" X'a X Xd
11 . . (3)
(=) e T sing+ V2| g )
X' Xq
denoteghe rotating component with angular speedf the shorcircuit current space phasavhose
amplitude decreasedl,p] with the time constantd"y, T'¢ and T"; towards the valuel P&/ X4

corresponding to stdg-state shortircuit currents. Also,

i =J2U E(i+ i)e't/Ta Cplao) @

- 2" X" X"
is the fixed component of the shaitcuit current space phasor, with the amplitude decreasing towards
zero with the time constaift.

The scalar expressions of the sudden tptegse shottircuit currentsia, is andic through the
stator phase windings (A, B and C) can be obtained by simple projections of the spacé4jeasor
phase directions A, B and C. Consequeniift) = Pra{isy = Reisd; ia(t) = Pre{isy = Re &%sd;
ic(t) = Prdis¢ = Re{ais$, wherewe utilize the complex operatar= e!? 3,

As an example, the sudden shartuit currentthrough the stator phaseig®\asfollows:
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whereXg is the phase winding reactancetl direct axis;X @is the transient reactance time direct
axis; X @ is the subtransient reactance ithe direct axis; X, is the phase winding reactancetire
quadrature axisX @is the suktransient reactance in the quadrature axigis the direct axis shedircuit
transient timeconstant;T @ is the direct axis shodircuit subtransient timeconstant;T, is the
armature shottircuit (d.c.) timeconstat g, = (Eo T U@og)/Xy is the initial effective value of the
direct axis component corresponding to the load current before thecshaoit.

Notethat an a.c. circuibreaker operates the circuit disconnection at the zero passing of the current.
Still, in the case of a generator circhieaker the first zero passing of a skmortuit current can be
delayed, since the analysis of relation (5) hgitts three components of the shontcuit current,
respectively: an aperiodicurrent and the fundamental and the second harmaniarents The full
shortcircuit current will not have a zero passing as long as the periodic component with fundamental
frequency will be smaller than the resultant of the other two component. Since the last two components
of the shorcircuit currentare damping with the same timgenstantT,, we will take them into
consideratiortogethey as theaperiodic pulsating curren€onsequently, the time until the first zero
passing of the shodircuit currentia is given by the smaller positive solution of the equaiti¢i = O.

It must be noted that the initial value of thperiodic pulsating curremtf the sudden shodircuit
depends both on the rotor position at the sbiocuit appearance (through the angl, and on the
load magnitude before the shoitcuit (through the internal angt. For instance, on the phase A, the
maximum of theaperiodic pulsating curremtill be reached under the condition:

atg=0 or a,=-q (6)
Theaperiodic pulsating curremtill miss only if at the moment of shecircuit appearance:
actq=p2 or a,=p2-q (7)

Furtherwe account for the hard situation, whel= dj corresponding to the maximum value of
the aperiodic component of tlsortcircuit current in the phase A (s&guation(5)). This situations
related to the longest asymmetrical stmintuit current, withthe maximum delay of the first zero passing

Analytically, the zero passing delay tiye(the duration of the asymmetrical shontcuit current)
mustsatigy the equation:

T2 1t VUL yermea (2o L ygrmas L ycosg) 2+
Xa  Xudi Xdi Xd X4 (8)
_ £ 2 _
[V2U(-L - L ysingetni 2= Jaug OSW-9) , S (M-G) yae o,
Xq Xa Xa" X

Under the assumptiaX’q = X"q and neglecting the small contribution of the terms damped with the
time constant3"q andT"g, the followingis obtained
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ty @ = 222220 )
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Note that undethe approximationsonsideregdEquation(9) designates a timBnaxhigher thart;

Taking into consideratiothat the delay time is influenced by the symrtous machine parameters
andthe load conditions whitprecede the shecircuit, severahumerical simulationare presentedf
the asymratrical currentsperformed forthe case of the sudden thglgase shortircuit at the
terminals of synchronous generatorsrirdurceniRomania electrical power plant

The calculagd relations and simulatios of the shorcircuit currents (Figure?) fed from the
generator emphasize fundamental aspects with direct implications on commutations equipment,
asfollows:

Figure 2. Current locus (upper representation) and sbiocuit current on phase A (lower
representation) for a generator of 370 M\@ATurceni power plant, after an operation at
rated load, with(a) cog = 0.8 and sip =0.6.(b) cog =1.(c)cog =0.8andsin=1 0. 6.
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a. Equation(9), althoughan approximate solution, emphasiztheimmediate conclusions on
upper value ofmaxcorresponding to thiérst zero passing of the shesircuit current. Thus,
Tmaxis directly influenced by the machine parameters through the fagidgandX'¢/X" .

b. Relatedto the load regime preceding the shortuit, Equation(9) highlights thafl . has
much higher values ds, andU, = UQosf decreasgindicaing thatas the internal anglé
risesthe generator excitation degresvers

c. The pevious remarks are confirmed by the stointuit current simulations. The first zero
passing of the shedircuit current could occur only after 024 s after the shedircuit
appearance, if the generator previously l@seraeéd with an inductive load The
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asymmetrical current duration can readi 0.8 s if previously to shostircuit the generator
was operating imnunderexcited regime.

d. The action of voltage regulator should be also taken into consider&ewall that a
shortcircuit means a dmof the voltage at the machine terminals, and could note that moment
preciselywhenthe generator regulator has the tendencyise the voltagéo the rated value.
Forthat purpose, the regulator incresthe excitation current to thmeaximumlimit. Because
the field winding operates only on the direct axis, the regulator determines an increase of the
shortcircuit alternating component on this axis. The alternating current on the quadrature axis
is not influenced by the regulator action. This way, rdgulator influencethe shorcircuit
current zerepassing moment. A phase current has a zero passing at the moment when the
i nstantaneous value of the alternating conm
pulsating current. The increase, deterai by the regulator, of the shaitcuit alternating
current on the direct axis, always has a favourable effect on the breaking conditions, because it
is accompanied by the rise of the alternating component of thecsfoort total current.
Consequenyl, the corresponding increase of electric energy repseaeaseful component,
meaning that exergy is not destroyed during the actitimeabltage regulator.

3. Exergy Analysis of Electric Arc in Generator Circuit-Breaker

Electric arc interruption is ofjreat importance because an uncontrolled electrical arc in the
apparatus could become destructive since, once initiated, an arc will draw more and more current from
a fixed voltage supply until the apparatus is destroj&d,9,10,16] To improve electricarc
interruption thereforethe circuitbreakers encompass chambers for the electric arc extif@fid].

Although the phenomena produced in the electric arc at the terminals of the-lmeakier are
complicated and not completely explained, the ephmf exergy is usefulor understanding the
physical phenomend7i 22]. Investigations otlectrics showthatthe limits between the microscopic
and macroscopic phenomena are fragile and certain phenomena could be studied in related frames ¢
work. The éectric arc that occurs during the interruption processes in a eim@aker can be studied
as a very high temperaturep( to 50000 K) continuous plasma discharge, and thermodynamic
parameters must be taken into consideration; alternatively it cosédmeas an electric conductdra
resistance depending on the current intensity (under a constant low voltage) and studied within the
Faradayds macroscopic theory.

We approach the el ect rgtheoryaar sheddimgdighiprs theexergetic h i n
point of view of the interruption process. The arc resistapageay be considered as purely ohmic
resistance, irrespective ofnether a direct or alternating current §#¢23,24. As known, an electric
arc has a ncfinear relationship betweeaurrent and voltage, and once the arc is established (for
instance at the separating electrodes), increased current results in a lower voltage between the ar
terminals. Still, the voltage drop within the arc column can be considered as constant, arld we wi
approach the following phenomena under this assumpiion U, = const. For an electric arc the
current density is quite high (for instance at the cathode the current density may be as high as one
million amps per square centimetre), and the voltagp dtavithin the arc is low. The arc resistance
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rais a variable quantity that diminishes with increasing current and may found from the -colteeye
characteristic of the arc [9,10,23,24]. Under the previous assumption the arc resistance idgloars.as

= (10)

where u, is the voltage across the circbiteaker terminals andis the instantaneous value of the
shortcircuit current, according to relation (5).
With this result, we can writidne electric arc power as:

Pa = U@ (11
The energy embedded the arc circuituring its burnings:

T

W, = [, Ot (12)
0

whereTmax IS the arc durationyhich is takenn our studyto mean the duration of the asymmetrical
shortcircuit currentuntil the first zergpassing, as expressed byuaton(9).

The amount of the energy embedded in the caimuit between separating contacts is the most
important fator governing the design of circtopening equipment. On one hanidthe electric arc
doesnot appearthe network embedded magnetic energy would be converted to energy embedded in the
electric field of the interrupted circuit, leading further to higlerevoltages in the network. On the other
hand, the circuibreaker must resist the thermal stress of the energy embeddetunningarc column.

An energy balancef the arc circuitan be assessed by writing #rabedde@nergyW, as:

W, = W +W, a3

where Ws is the electric energy delivered to the aiocuit from the supply source (the electric
generator, in this study) during the arc burniexgpressible as

Tmax
W, = Ra@l, - i)’ Qi (14)
0
andWy is the energy embedded in the magnetic field of the interrupted cireyjit

0
W, = f}- 0l (15)

I'm
Here, |, denoteghe peak value of the sharircuit current,L the inductance of the generator windings
corresponding to different states (swénsient, transient and steashate shortircuit) of the magnetic
field in the generato@ndR =ra + r5 is the total resistance of the interrupted circuit, entailingatice
resistanca s connected in series with the resistamgewhich is much smaller, of the synchronous
machine armature winding.

Consequently, in the circuit which includes the fault, the time constant of the armature pulsating

current decreasaccordingo therelation:

TaA_ Ta

- 1+ rA/ra (16)
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Froman exergetic point of view we can write the exergy balasfcie interrupted circuit during the
arc burning as

Xin = Xout + Xstored (17)

where the input exerg¥(, is represented bthe energy delivered to the acuit from the electric
generator over the timByaOf arc burningj.e.,

X, =u,00, (18)

n

Also, the output exergyout is that partof the energysupplyingof the burningarc circuit during Tmax
which isconvertedo thermal energyandthat could be seen as representing the useful part of energy
in the interrupting pcessj.e.,

Xout = RQI m~ |)2 O_max (29

The stored exerg¥swred IS represented by the energy embedded in the magnetic field of the generator
windings, corresponding to different states (Balsient, transient and steastpte shorcircuit), and
embodied in the arc circuit

2
Xstored = Ldzm (20)
At the instant when the current passes through zero, the energy embedded in the magnetic field o
the interrupted alternatingurrent circuit is returned to the source of supply.

At this point it is useful to note andiscussseveral important points

a. Taking into consideration the previous findings one could conclude that the appearance of
an electric arc at the terminals of the cirduiéaker should not be seen as a damaging
phenomenon singéf the electric arc would not appear the network embedded magnetic
energy would be converted to electric energy, leading further to higkvoltages.

b. Due to the exerggf thearc, theaperiodic pulsatingurrentof the shorcircuit currentswill
decrease very quickly, startirad the moment of contact separation. Since the alternating
components with the pulsation ¥ are not in
exergy oftheelectric arc determines the first zgrassing of the phaseirrents and reduces
the circuitbreaker stress. For an analytical assessment of the described phenbinsena
useful to know the ratiorp/ro. Consequently, during the energy conversion process of a
shortcircuit at the generator terminals, the exergyas destroyed, since the arc thermal
energy is used further in the interrupting the highsymmetrical shottircuit currents,
through the arc resistancg which diminishes the time intervadl,a until the first current
zergpassing.

c. Also, sincein thehigh currents domain, the electric arc voltage actually remains constant,
the arc resistance incregseven when the current is decreasing. For a simple calculation, it
is preferred to choose, on the stationary characteristic of the arc, the minimurofvilee
resistance ,, corresponding to the maximum possible sleoxtuit current and to consider
this valueasconstant. With this electric arc resistance, whidess tharthe real value, the
result canbe calculaed In the case whe we obtain the fghest values of the tim&max
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meaninga threephase shottircuit at the terminals of the generator of 370 MVA, having
the pulsating component damping time consfant 0437 s,we canrecalculate this
constant, taking into account the aesistance, Wch has a value of 0.5 Then, we find
Taa = 0073 s, meaning that the time constanttlod pulsathg component is reduced
by 833%.

4. Modelling Transient Recovery Voltage(TRV) at Interruption of Short -Circuits Fed by Main
Transformer

Justafter the shortircuit current interruption by the generator cirduieaker(when the GCB has
been subjected at the metal contact terminals to high temperatures, reported to be 20,000rK, and
special types of arcs up to 50,000 K [92BD27], betweenits opened contacts arises the transient
recovery voltage (TRV) which constitutes the most important dieledesss after the electric arc
extinction [7,2528]. If the risingrate (RR) of TRV exceeds the rising rate of dielectric streragttoss
the op@& gap within the extinction chamber of the G@ig electric arc will rekindle (rstrike) and this
time the electric arc exergy will be entirely used in a mechdyidaktructive process determined by
the electrodynamics forceSincethe magnitude andhape of the TRV occurring across the generator
circuit-breaker are critical parameters in the recovering gap after the cun@rnnztis papewe model,
for the case of the faults fed by the main sipptransformerthe equivalent configuration&ith
operational impedances, for the TRV calculation, taking into account the main transformer parameters,
on the basis of the symmetrical components method. This study focuses on this fault location because th
transformeifed-fault currents can be very higimee the full energy of the power system feeds the faults.

The dielectric strength within the extinction chamber of the citggker should increasga rate
higher than the TRV otherwise the electric arc may-s&ike. The circudbreaker capability in
interrupting the new arc is strongly affected since thefijad space between the two electrodes has
already an important conductivity and this time the electric arc exergidvbeuentirely used in a
destructive process.

Although the mechanical disconnection of the three phases is performed simultaneously, because o
the currents angle phase, the arcs extinction on the phases cannot be simultaneous. It is switching, firs
thearc on the phassoits current is passing first through zero. Therefore, the TRV on the three phases
are different, even in the same thpaease fault interruption. Mooger, the TRV occurring across the
generator circuit breaker depends both on the facdtion and on the fault nature. In the fravoek
of this paperwe determine the TRV when the shontcuits fed by the main transformer (MT) are
interrupted, using the operational symmetrical components method.

4.1. Symmetrical Components Method

Basially, any norsymmetrical thregphase system of currents or voltages can be decomposed
into two symmetrical thre@hase systems (of different sequences) and a systesinglephase
guantities[23,29]. The method application presumes lirigarhaving bee used together with the
symbolic representation, ia simplified complex, of the sinusoidal quantities. On basis of this
transformation, applied to the phase instantaneous quantities of apliase systemwe obtain
complex quantities (which legheir physical significance), namegdi ,0 coordinatesor instantaneous
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symmetrical components the paper we follow the same idea of transformation of phase instantaneous
guantities at the generatorcuit-breaker terminalsn the moments subsequent to its disconnection.
The TRV occurring across the generator circuit breaker is considered dr#yCatlike a damped
oscillation by high frequency &> 50 Hz), starting from zero. Consequently, it cambied that both
the TRVand the high frequency currents and voltages achieve the original function conditions.
Applying the operational calculus to the relations determined by the instantaneous symmetrical
components metheave obtain theoperational symmetrical componeritssc.) of the phase voltages
and current$23,28]. Moreover, the o.s.c. difie phase voltages and currénten the main transformer
sidegd are related by operational equatioinshe form:

Uwu(P)= Z (@)D (p) (21a)
Ue.(p)= Z.(P)Q-(p) (21b)
Uw(P)= Zo(P)Qo(p) (21c)

where z..(p), Z.(p) and z,(p) denoe the phase operational impedanced the MT in the

symmetrical regimes by positive, negative and zero sequences.

Applying the o.s.c. method, the operational image of the TRV occurring across the GB poles after the
current interruption can be determindtl.the phase current interruptiors imodelled by the current
injection ikd equal, butopposite to the eliminated ahehe operational image of the TRV occurring
across the generator breaker can be finally exprasseathematical form:

U« (P) = - 1«(P)Ze(P) (22)

where I(p) represents the operational image of the switched current,Zgpyl represents the
operational equivalent impedance across the generator circuit breaker.

The mehod is general, and is suitalfte applicationat the poles of any breaker, for any eliminated
fault type, if both the elements across it and the network configuration are known.

Further in the papewe determine the TRV when shaitcuits fed by the main transformer
are interrupted.

4.2. TransientRecovery Voltage (TRV) Configurations Modelling

The currents of shodircuits inK; (and interrupted by GB) are fed by the main transformer (MT).
The generator transformetaken into consideratiomave the windings connected by the configuration
Dyo. Consequently, the GB can be submitted tarkalated or grounded threghase and twghases
shortcircuits. In the paper, for illustrationwe analyze the insulated thrpbase and twphase
shortcircuits.

4.2.1 TRV Occurring at Insulated Thréghag ShortCircuit Disconnection

The TRV calculationconfiguration for the moment of the GB first phase opening is represented
in Figure 3.
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The current interruption has been considered as result of injection onfpbide current,=-j,,

under the restriction:

Uis = Uic (23
and the TRV occurred at the p#eA' is:

Ur = Wa- s (24)

Figure 3. First phase opening at insulatieephase shouircuit.
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Applying the o.s.c. method, the TRV operational equat&as orthe form:

321 (P)3BZ..(p)
32t+ (p)+ 3Zt(p)

U« (P)= 1 A(P) (29

Equation (25) allows the operational representation inréiga
When z.. (p)= z..(p)= z.(p), Equation (25) becomes:
U« (P)= 1,50 A(P)Z.(p) (26)

with the operational circuit correspondirggRigure4b.

Figure 4. Operational equivalent circuifa) TRV at insulated threphase shottircuit
disconnection with 7z, (p), z.(p) ; (b) TRV at insulated threphase shottircuit

disconnectiopwith 7., (p)= Z..(p)= Z:(p)-

(@) (b)
4.22. TRV Occurring at Insulated TwBhase Shoit€Circuit Disconnection

The TRV calculationconfiguration for the moment when the shoircuit has been ihinated is
represented in Figurg. It correspondss well to the second phase opening in the case of the insulated
threephase shottircuit disconnection.



