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Abstract-- The aim of this paper is to present a time domain
methodology to support the setting of transformer differential
protective relays. This methodology, which is implemented in
Scilab and ATP (Alternative Transients Program), uses concepts
related to reliability theory and to Monte Carlo methods. Four
different types of events were considered to illustrate the model
application, namely transformer energization, external faults,
internal bushings faults, and turn-to-ground faults. It is shown
that the crossblocking technique leads to the highest success rate
of the differential protection of a three-phase 41 MVA
138/34.5/13.8 kV power transformer during energization,
compared with the harmonic restraint and independent har monic
blocking techniques. The sensitivity of the relay adjustments to
the harmonic reference settings is also discussed. For the
simulation of turn-to-ground faults, the obtained results suggest
that the percentage restraint differential technique is not
sufficiently accurate for transformer protection. On the other
hand, a 100% réliability was obtained for the tests with external
and internal bushing faults. The implemented relay model was
validated through comparisons with data obtained from the
operation of an actual relay in the laboratory. This suggests that
the proposed methodology could be a useful tool for setting the
transformer differential protection.

Keywords. Transformer, differential protection, time domain
analysis, reliability, Monte Carlo M ethod.

I. INTRODUCTION

here are several functions available in digitalt@ctve

relays that are related to transient phenomenampbes
of this are schemes available in transformer difial
protective relays to detect inrush currents, ovetation, and
current transformer saturation. In spite of thig setting of
transformer differential protective relays is oftbased on
frequency domain studies, such as fault and povew f
analysis [1]. Functions related to electromagneéinsients are
usually set based on either manufacturer recomntienda
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generic studies made in the past, or staff expegieAlthough
consolidated, this kind of procedure is limitedtie sense that
it does not take into account particularities tinatome cases
may compromise the protection system performance.

In this paper, a new time domain methodology isppsed
to support the setting of transformer differentbtective
relays. In this methodology, which is implemented the
Scilab-ATP environment, concepts related to Réitgbi
Theory and to Monte Carlo methods are used to iigetfite
effectiveness of the differential protection of pow
transformers. To test the proposed methodologyrséeases
related to the following types of events were sated:
transformer energization, external faults, interfaishings
faults, and turn-to-ground faults. The validity dhe
implemented model was then verified by means of
comparisons with measurements performed with amahct
relay.

This paper is organized as follows. Section Il prgs the
basic concepts related to transformer differenpiadtection
and inrush current detection. Section Ill discugkesconcept
of reliability of the protection function, whoseauation is the
aim of this study. Section IV describes the propose
methodology, presenting both the modeling of theteswy
components and the formulation of the Monte Carkihod.
Section V presents results of application of thisthmdology
to a series of events related to a 41 MVA threeding
transformer. Section VI illustrates the relay modglidity by
comparing the obtained results with the performaaten
actual relay. Finally, Section VIl presents thedasions.

Il. TRANSFORMERDIFFERENTIAL PROTECTION

A. Basic Concepts

Differential protection is one of the most populach-
niques used for transformer protection becausts gimplicity
and efficiency. It is based on Kirchhoff's law, whi
enunciates that the sum of all currents flowing iatnode is
equal to zero. In other words, the current enteandevice
must be equal to the current leaving this devickeaman
internal fault occurs [1].

In a device witm branches, a differential currelgg can be
defined as in (1), wherd is the current flowing through
branchj. This differential current is also called operatio
current [2-4].
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B. Inrush Current Detection Techniques

Inrush currents are created during transformergiretion
because of the non-linearity of the transformeedads]. Such
currents present a rich harmonic content, which larused

When the protected device is a power transformieg, tfor detecting their occurrence and avoiding theomésation of

transformation ratio and the angular displacemenstnbe
compensated before (1) is calculated by the relHye
transformation ratio can be compensated by chantfireg
current transformers ratio and/or by changing maértap
settings [15]. Angular displacement can be compedsay
current transformer conections or by internal sgtisuch as
compensation matrices (only in digital relays) [Abwever, it
is usually impossible to compensate for all souraksrrors.
Some conditions, such as current transformer eantspower
transformer tap changes may produce a false diffiaite
current. To prevent misoperation, the differentiarent has to
be compared with another current which is propagido the
current flowing through the power transformer. Ttisrent is
called restraint current [2-4].

Each relay manufacturer proposes the use of areliffe
equation to calculate the restraint currggt Some examples
are as follows.

n Ii
|y = JZJ | [4] (2)
n
., = ,Z_‘i‘l | (2] 3)
o = maxQI ]‘) (3] (4)

Differential and restraint currents define an ofiera
characteristic such as that shown in Fig. 1. Is fharticular
case, the protection scheme is called percentagiaire
differential.
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Fig. 1. Percentage restraint differential chamstie

Despite the combined use bfs and |y some transient
phenomena can lead to false differential curremtd the

the differential relays designed to protect the @ow
transformer. In general, the third harmonic is ue#d because
it can be filtered out by delta-connected windings a
consequence, the second and fourth harmonics arallyus
preferred for inrush current detection [2-4].

Several different methods exist for detection ofugh
currents. One possibility is the use of the soechlharmonic
blocking technique. In this technique, the ratio sgfcond
and/or fourth harmonic in the differential currefiteach phase
is evaluated. If this ratio exceeds a preset vadublocking
signal is generated. So, the relay takes the decisi trip or
not to trip by combining the block signals of eaatase with
the operation signal generated by the differentiatection
function of each phase. There are several waysotdhis
combination:

. Independent blocking — the blocking signal of each
phase inhibits the operation signal of this phasly o
[2-4].

. Crossblocking — the blocking signal of any phase
inhibits all three operation units [2-4].

. 2-out-of-3 blocking — if two blocking signals are

generated, all three operation units are inhibiggd

. Average blocking — only one block signal is

generated based on the average of the harmoniergont
of all three phases [3].

Another technique used to detect inrush currentshés
harmonic restraint [4]. In this technique, the petage
restraint differential characteristic is changedoading with
the second and/or fourth harmonic content by thbtiath of a
constant, such as shown in equation (5) below.

lgif = SLP O o +C (5)

The constantc depends on the second and/or fourth
harmonic content. So, when the protected transforiae
energized, the percentage restraint differentiatatteristic is
offset, preventing the relay misoperation.

All foregoing techniques are used in this paper for
evaluating the performance of the differential pobion of a
power transformer.

M.
Reliability R of a device (or a system) is the probability of

RELIABILITY OF RELAY SETTINGS

consequent undesired operation of the protectiierse. One this device (or this system) to perform its intesh@enction for

of the most frequent examples of this are inrustrecs @ specified time under certain preset conditions [Ehe
during transformer energization. It is thereforeuieed that complementary of the reliabiliti? is the failure distribution
differential protection relays use some techniqaedetect function F.. 'Equation (6) shows the relationship between these
inrush currents and prevent misoperations. Somehege WO quantities.

technigues are described as follows.



R(t)=1-F(t) (6)

concepts of reliability. For this, a software wasitten in
Scilab [7] to implement a differential protectioglay for time

The failure distribution functionF expresses the totaldomain transient analyses. This software is alspasible for

number of failures expected in an initial populatwf devices
in a certain time. Another quantity called failurate, A,
expresses the frequency of occurrence of theserdail The
complementary ofl is the success raie Equation (7) shows
the relationship between these two quantities.
Pt)=1-A(t) )
The failure rate is a function of time and its mésnhous
time behavior is given by the bathtub curve showhig. 2-A.

However, there are other kinds of failure curveslaswn in
Figs. 2-B to 2-F [6].

Fig. 2. Different kinds of failure rate curves [6]

The initial part of the bathtub curve shown in FigA is
called “Infant Mortality”. It can be controlled by procedure
called “Burn-in”. In this procedure, all devicessaurned on
and remain in operation at the factory during aatertime.
So, all failures that are supposed to occur inb&ginning of
the device’s lifetime will occur before this devigees to the
final user.

The final part of the bathtub curve is relatedh®e wear out
failures. It can be controlled by the definitiontbe expected
lifetime of the device. So, curves B, E and F aagtipular
cases of the original bathtub curve A.

The aim of this paper is to evaluate the reliapibf the
transformer differential protection function duringertain
conditions. This consists basically in evaluatingsaftware
reliability. In this case, the commissioning testmy be
considered as a “Burn-in” procedure and the
Mortality” can be neglected. Since the lifetime tfe
differential function is related to the lifetime it$ settings, and
considering that no significant changes will ocdar the
system during the lifetime of the relay, such sgtiwill end
up being valid during a long time. In this cases thear-out
part of the bathtub can be neglected too. As aszprence, the
failure rate will follow curve E and can be consit constant.
If A is constant, then the reliability can be calcwatecording
to (8) [5].
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R(t)

IV. DEVELOPMENTS
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In this study, the differential protection of a paw
transformer is tested using the Monte Carlo metlaod

“Infant «

preparing input data cases for systematic simulatiocATP,
and for reading and analyzing the results obtamiger each
simulation. Details of the implemented models areery in
Section IV-A. A description of the Monte Carlo methused
in the simulations is given in Section IV-B.

A. Modeling of system components

1) System Equivalent

The system equivalent seen from the busbar at wihieh
transformer protection is analyzed was modeled wath
balanced three-phase voltage source behind an Rplexb
element represented in symmetrical componentsvahes of
the positive and zero sequence resistance ancineactised in
this study (see Table I) were obtained using trartstircuit
analysis software ANAFAS [8], which contains a cdete
and accurate description of entire Brazilian posyestem.

TABLE | — SYSTEM EQUIVALENT

R(pu) X(pu)
Positive Sequence 2.6288 9.3253
Zero Sequence 6.5806 20.648

2) Power transformer

The power transformer whose differential protectiisn
evaluated in this study is used at the high voltdig&ibution
system of COPEL, which is the major power utiliyngpany
operating in the state of Parand, south of Bréizit a three-
phase, 41 MVA, 138/34.5/13.8 kV power transformer,
supplied from the 138-kV side, which feeds disttidu
networks of 34.5 kV and 13.8 kV. Since its winding
configuration is Yg-ydA, zig-zag grounding transformers are
installed at the low voltage busbar to give a miee to
ground protective relays installed at this side.

The power transformer was modeled following the esam
principles used in the hybrid model available in FAT9].
However, the following simplifications and/or impements
were performed:

Since the studied phenomena usually do not contain
high-frequency components, capacitances and the
frequency dependence of the winding resistance were
neglected.

. The full coupling matrix [A] was used instead oéth
simplified matrix to take into account the diffecen
between zero sequence and positive sequence parame-
ters. The importance of this assumption is illusian
Table II, which shows a comparison between current
values obtained for a phase-to-ground fault atptfie
mary winding bushing using a traditional frequency
domain short-circuit analysis program (ANAFAS [8])
and ATP using both types of coupling matrix (fulida
simplified). Table Il shows that results obtaineten
the full coupling matrix is used are closer to tbat
tained by ANAFAS.



TABLE Il TABLE Il — PARAMETERS OF THEMODELED TRANSFORMER

CURRENTSCONTRIBUTIONS AT PRIMARY WINDING DURING A PHASE TO Primary Secondary Tertiary
GROUND FAULT V (kV) 138 34.5 13.8
Phase ANAFAS | ATP (Simplified [A]) ATP (full [A]) S (MVA) 41 41 41
Currents (A) Currents (A)| Error (%) Currents (A)| Error (% Conection Yg Yg D
A 679.1 420.6 38.07 678.6 0.07| R (pu) * 0.0065 0.0046 0.0064
B 679.1 420.6 38.07 678.5 0.09 X1 (pu) * 0.2662 -0.0236 0.1731
C 679.1 4215 37.93 679.0 0.01 X0 (pu) * 0.1336 -0.0023 0.0910
Phase Shift (°) - 0 30
. To simulate turn-to-ground faults, the order of thel Core loss (W) 21750

coupling matrix [A] was increased by splitting the (*)Power base =100 MVA
faulted winding in two.

. To extrapolate the excitation curve, a fitting tet
modified Forlich equation was done, such as in th
hybrid model [9]. However, to simplify the parantete
estimation process, the empty-space inductance v - ey S — o
neglected and the core was represented as a tapex ° T ;
As a consequence, the modified Forlich equation w ! ! !
written as shown in (9). Using thkei points that define 4
the excitation curve of the transformer, it is polesto
write the overdetermined system of equations (IBg
parameters, b andc in (9) and (10) can then be de-
termined in a least squares sense using
pseudoinverse method [11] as (11).

TABLE IV — EXCITATION CURVE
V(kV) 12.46 13.88 14.52 15.57
I(A) 1.04 1.2 2.17 7.46
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. The magnetization branch was modeled using the /
element 96 available in ATP [10]. To evaluate the \/ \
effect of hysteresis, the Hysteresis ATP routines wa
used.
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The parameters of the transformer model are ligtdthble Fig. 3. Comparison between oscillographic recoffotsioed (a) during a real
I1l. Details of the excitation curve are listedTiable IV. transformer energizgtion (gurrenFs in secondaryesfor a CT ratio of 600-5

To verify the transformer model, a comparison wasden A) and (b) through simulation using the proposessformer model.
between inrush currents measured during the eradigiz of
the power transformer evaluated in this study aadeots
calculated with its model. The results are showtriop 3. It
must be noted that the simulated case is not icsEntd the
condition in which the measurements were perfortrexcthuse
of the difficulty of evaluating both the circuit daker close
time and the residual flux of each phase. Howetke
magnitude and shape of the obtained currents argodd
agreement with measured data. This suggests that
simplifications adopted in the transformer modelerse
reasonable.

It is important to note that the aim of this studyto
develop a methodology to evaluate the reliabilify tbe
transformer differential protection function. If gessary, the
transformer model can be improved for future steidie

3) Zig-zag Grounding Transformers

The zig-zag grounding transformers used to prowide
round reference to the low-voltage side of theutited
transformer were modeled as a RL coupled element in
symmetrical components. The parameters are listetable
V. The positive sequence resistance and reactaece set
with a very large value (£ However, the zero sequence



resistance and
specifications.

TABLE V —PARAMETERS OF THE ZIGZAG TRANSFORMERS

R(ohms) X(ohms)
Positive Sequence 90 10
Zero Sequence 0.20 6.78

4) Differential Protection Relay

The digital protection relay implemented in Scilalbased
on a real digital relay that can use either harmoastraint,
independent blocking or crossblocking of second fmudth
harmonic for preventing undesired operation
transformer energization [4]. The implemented moazlds
output currents calculated in ATP using an integrastep of
100 us and performs the phasor estimation at aleamie of
64 points per 60 Hz cycle. So, the first procedexecuted by
the relay model function is the interpolation ot thurrent
input signal.

After interpolation, a low-pass filtering is donéttwa third
order Butterworth filter. The cutoff frequency wsst to 300
Hz because the relay model requires the fourth daien
component (240 Hz) of the signals. The filterechalgs sent
to a 1-cycle cosine filter with 64 samples per eyfdr phasor
estimation. The implemented cosine filter is simtathe one
described in [16]. Each estimated phasor is divigethe gain
of the low-pass filter at its respective frequency.

For calculating the differential and restraint eumis using
(1) and (2), respectively, it is necessary to azirtbe angular
displacement of the input currents. This is donagushe
compensation matrices defined in [4]. The diffei@nand
restraint currents are then compared following geration
characteristic similar to that shown at Fig. 4thé operating
region is reached, the pick-up signal is set tOtherwise, it is
set to 0. Then, this pick-up signal is integrated # the result
reaches 2 it generates the trip signal, such asrsio Fig. 4.
If the result of this integral becomes less tham zi is setted
to zero because it could not have a negative value.
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Fig. 4. Integration procedure used by the impleenélay model.
Thec constant in (5) is given by [4]

o= 100 100 (12)
PCT2 "2 pcTgq 94

where lgi, € lgirs are the second and the fourth harmonic

contents of the differential current. PCT2 and PGi¥éd the

during

reactance were set according COREference settings used by the relay. All relayirggg used in

this study are listed in Table VI.

TABLE VI — SETTINGS OF THERELAY MODEL

Settings Setting Description Valye
CTR1 [(Current transformer ratio of primary wind 60
CTR2 (Current transformer ratio of secondary wng 160
CTR3 [Current transformer ratio of tertiary windi 400
TAP1 [Tap value of primary windir 2.91
TAP2 [Tap value of secondary windi 4.36
TAP3 [Tap value of tertiary windir 4.36

W1CTC [Compensation matrix of primary windi 11

W2CTC [Compensation latrix of secondary winding 11

W3CTC [Compensation matrix of tertiary windi 0

087P [Minimmun differential currer 0.35
SLP1 [Slope of the first sectic 30
SLP2 [Slope of the second sect 60

IRS1 |Restraint current that divides first and secondice 6
U87P [Unrestrained differential element pickup cur 10
PCT2 [Reference percentage of second harmonic cc 20
PCT4 [Reference percentage of fourth harmonic col 10
HRSTR [Enables harmonic restraint techni Y
IHBL [Enables independent harmoniocking (if setted as| Y

‘N” the crossblocking method is ust

B. Monte Carlo Method

The behavior of a differential relay during a sfieci
phenomenon can be defined by a binary functigfi). This
function can be set to 1 if the relay operates grypand to
zero if it fails. However, the argument of this function is a
vector of random variables, which makes the MontgldC
Method particularly suitable for a systematic aselyof the
relay behavior and for an estimate of its relidyaili

In this study, the reliability of the differentidunction
performed by the relay model is calculated for fdifferent
events: transformer energization, external faditglts at the
transformer bushings, and turn-to-ground faultsr Each
event, it is possible to define a different set rahdom
variables that compose the arguments of vegapr For
instance, for an energization study, the vectBrcan be
represented as (13). The first element of thisoredefines the
closing time of the circuit breaker pole of the ghaA. The
second and the third elements define the differdreteveen
the closing time of the circuit breaker pole of ghad and
phases B and C, respectively. The last three elsnmiafine
the residual flux of the three phases. In (13).is the pre-
energization time ang..y is the peak magnetic flukl(a,b) is
a uniform random variable, in whiéhandb are the minimum
and maximum values, respectiveN(u, o) is normal random
variable with meam and standard deviatiam

2| NE) (13)
ne= = N(0,0)

73 || a0 (02)

N8| | @ow W (00)

78] | Gnax 0 (02)




After defining the random variables, the next stepto
proceed with the generation of the random numbsas will
be used at each simulation. To do this, the functjeand
available in Scilab is used [7].

After generating the random numbers, ATP data cards
created for each case by a Scilab routine, sudts asat file.
After this, the .bat file is automatically executpdrforming
the simulation and the .lis output file is readlobg the Scilab
routine. Then, the behavior of the differential tertion
function is evaluated for each case. The numbewreqtired
simulations is defined as follows: Since the fumetif is
binary, the mearn and varianced® of the estimator of its
performance can be calculated as (10) and (11pectisely
[12].

(14)

(15)

wherep is the rate of correct operations ani the number of
performed simulations. If the success fatef the differential
function is calculated as the rate of correct satiahsp, the

Finally, the value of the success rate is preseniéd its
error margin. In this study, a three standard dmviaerror
margin is used.

V. APPLICATION OF THEPROPOSEDMETHOD

To evaluate the proposed method, simulations were
performed for testing the reliability of the diféartial relay
protection of the power transformer described iati®a 1V-A
in four different conditions: transformer energiaat external
faults, faults at the transformer bushings, and-targround
faults. The obtained results are presented in thewing
sections. Details of the transformer and networksameters,
as well as the relay basic settings are present8édtion V.

A. Transformer energization

To evaluate the reliability of the relay protectiftenction
during transformer energization, simulations weegfqrmed
considering three different inrush detection teghes
discussed in Section 1l, namely harmonic restraint,
independent harmonic blocking, and harmonic cros#tihg.
Table VII lists the obtained results, where it li®wn that the
best technique to prevent undesired relay operatiaming
transformer energization is the crossblocking. Hawe this

failure rateA and reliabilityR can be calculated according taechnique may block the relay incorrectly when the

(7) and (8).

Following (15), there is a relationship between tinenber
of simulations needed and the standard deviatiorhus, for a
given standard deviation, the number of needed latinns
can be calculated as

D(l-2 p)

n=

(16)

However, the number of simulations depends of #te of
correct operations, and this rate changes at eaahiagion.
So, an iterative procedure was used to define theber of
simulations [13]. The sequence of operations usedhis

procedure is shown in Fig. 5.
Perform

Estimate the success
rate and calculate the
standard deviation

Another
simulation

Is the calculated standard
Deviation greater than the
specified value (0.01)?

—=

Fig. 5. lterative procedure that define the nundfesimulations

energization occurs under a phase-to-ground or aseto-
phase fault due to the characteristic behaviorhef hiealthy
phases [14].

TABLE VII
PREDICTED SUCCESSRATE FOR THREE DIFFERENTINRUSHDETECTION
TECHNIQUESIMPLEMENTED IN THERELAY MODEL (SEE DEFINITION OF
PARAMETERSHRSTRAND IHBL IN TABLE VI)

Technique HRSTR IHBL umberof | Success Ratg
simulations (%)
Harmonic Restrain Y Y 847 90.67+ 3.00
Independent N Y 2144 68.89+ 3.00
Harmonic Blocking|
Crossblocking N N 100 99.00+ 2.98

(*) The success rate is saturated in 100%.

The reliability of the harmonic restraint technictogether
with the independent harmonic blocking for differen
adjustments of second and fourth harmonic compsnéent
evaluated in Table VIII. According to Table Vllihd¢ best
results are obtained when the reference harmorte o&
second and fourth harmonic is set to 15% and 10%,
respectively. It also suggests that these valuesildhbe
adjusted as small as possible, taking into accthentimits of
the acquisition system (current transformers aayuaad relay
A/D converters resolution). However, additionaltselsave to
be performed to ensure that this set of parametilsnot
block the relay incorrectly during a fault conditiolt is also
worth noting that the use of the fourth harmoninteat seems
a very useful feature, although many relay manufacs do
not use it.



TABLE VIl
SUCCESS RATE OBTAINED USING DIFFERENT HARMONIC REFERICE SETTINGS
IN THE HARMONIC RESTRAINT TECHNIQUE(SEE DEFINITION OFPCT2AND

PCT4IN TABLE VI)
PCT2 PCT4 l\!umbgr of Success Rate (9
Simulations
20 15 1176 86.39+ 3.00
20 10 847 90.67+ 3.00
15 10 327 96.64+ 3.00

B. Turn-to-ground faults

Table 1X shows the success rate obtained for toHground
faults using two different minimum differential egs in a
percentage restraint differential protection scherre the
analysis, the same set of parameters listed ineT&blwas
considered, except for parameter O87P, which vafiieth
0.35 to 0.5. According to Table IX, a reductiorttie value of
the minimum differential current increases theatglity of the
differential function during turn-to-ground faultslowever, it
increases the risk of misoperation due to noisetha
secondary circuit of current transformers. Furthamem the
obtained values suggest that percentage restridfatedtial
protection is possibly not a good technique to ctetigrn-to-

ground faults.
TABLE IX
SUCCESSRATE OBTAINED USING DIFFERENTHARMONIC REFERENCE
SETTINGS IN A PERCENTAGE RESTRAINT DIFFERENTIAL PRGECTION SCHEME

(SEE DEFINITION OF PARAMETERO87PIN TABLE V)
087P Number of simulation Success Rate (%
0.35 1831 75.87+3.00
0.5 2116 69.61+ 3.00

It is important to point that the vector of randeariables
for turn-to-ground faults contains five elementatttiefine the
winding and the phase under fault, the percentag¢h®
winding in which the fault occur, the fault resista and its
time instant. So, during simulations mentioned @blE IX,
many different situations were evaluated.

C. External faults and faults in the internal birgs

For external faults and internal bushing faultg, tibtained
reliability was 100%. This was expected becausesfoamer
differential protection was designed taking intoca@amt
basically these two conditions. However, it is intpat to note
that this result could be different if the magnatiian branch of

the current transformers was taken into accountindur

modeling.

VI. COMPARISON WITHEXPERIMENTAL DATA

The Scilab routine stores all output files of caslessified
as unsuccessful in the form of .pl4 files. When gb#tings of
table VI were used, 847 cases of transformer eratigh were
performed, with 79 unsuccessful cases. To evaluhte
validity of the implemented relay model, the outgutrents
associated to such unsuccessful cases were ajpiied real
digital differential relay using a power system siator. In 67
out of these 79 cases a trip signal was sent byetag, which
was its expected behavior. This result shows thatrelay

model seems to be sufficiently accurate, althougprove-
ments could be made provided additional informationthe
relay algorithm were made available by its manufisst

VII.

This paper presents a time-domain methodology &uate
the reliability of a transformer protection diffatel function.
To account for the random nature of many factoed #ffect
the protection behavior, concepts related to thent®ldCarlo
method and reliability theory were used. The prepawiethod
seems promising in the sense that it gives to #s & more
precise idea of the expected behavior of the diffeal relay
under different conditions. Moreover, it allows theer to test
many different relay settings to choose the onat dhe more
adequate for a given application. Future studieth wwiore
detailed transformer and relay models, as well &k the
inclusion of current transformer models, are in doerse.

CONCLUSIONS
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