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Modeling and Simulation of the Power Transformer
Faults and Related Protective Relay Behavior

Mladen KezunovicSenior Member, IEEEand Yong Guo

_Abstract—The modeling of power transformer faults and its ap- A method to calculate the coupléd. parameters of the split
plication to performance evaluation of a commercial digital power  winding is proposed to simulate the turn-to-turn fault in [7].
transformer relay are the objective of this study. A new method Implementation of this method assumes detailed knowledge of

to build an EMTP/ATP power transformer model is proposed in th t f th indi truct Th i
this paper. Detailed modeling of the transformer relay is also dis- € parameters of the winding structure. These parameters are

cussed. The transient waveforms generated by ATP under different Very difficult to obtain from the transformer manufacturer.
operating conditions are utilized to evaluate the performance ofthe  In this study, a power system source is modeled by EMT-

transformer relay. The computer simulation results presented in  P/ATP (ATP is the royalty-free version of EMTP) first. Then
this paper are consistent with the laboratory test result obtained 5 ,a\v method to model the single phase transformer with 3
using an analog power system model. T . .
winding in this power system is explored. The least error squares
Index Terms—Analog power system model, digital relay mod- estimation method is applied to estimate the power transformer
eling, electromagnetic transients program, power transformer ,ameters. This information is used to simulate power trans-
modeling. former internal winding fault by utilizing EMTP [8]. The trans-
former studied is modeled as a couplBd. circuit, and these
I. INTRODUCTION parameters are estimated from the measurement using testing
n actual winding. This new model is verified by comparing
e EMTP/ATP simulation results and the waveforms recorded
m a power system model in a laboratory. The detailed mod-
eling of a current differential transformer relay is also discussed.
The main directions in the computer modeling for the stud € s!mu!ation fora spec_ial case, transformer turn-to-turn fault
/olving inrush current, is used to illustrate how the proposed

of the power transformer electromagnetic transients are sum ) . )
rized in [2]. The simulation results presented in [3] show thg&ansformermodellng benefits the power transformer protection
rformance evaluation. The conclusions are drawn at the end.

hysteresis does not add to the damping of the inrush curremt&
The eddy currents provide appropriate damping effects in the
simulation of transients as determined by the underlying phys- Il. M ODELING OF THE POWER SOURCES

ical phenomena, but the eddy current damping is insignificant = )
in the fast transient study [4]. Based on the above observation” digital power transformer protection system (WBZ-500)

the modeling of hysteresis losses and eddy currents is not cBﬁfs been in development since 1988 at Huazhong U_”‘Yers“_y of
sidered in the modeling of the power transformer in this papepci€ce and Technology (HUST), China, and now it is being
Degenefet al. used lumpedi-L-C circuit to represent trans- commermallze_d. The power system model in the Ele_ctrlcal
former winding [5]. This method requires knowledge on the d&0Wer Dynamic Laboratory (EPDL) at HUST was used in the
tails of the transformer construction to get these parameters, Afyélopment of WBZ-500. The one-line diagram of this test

these parameters are very difficult to estimate from an exterPypteEM s shown |n_F|g. 1. In this system, the power ”a”Sf‘?m?er
testing. consists of three single-phase power transformers. Its winding

In [6], a method to establish a multisection network model féonfigurationisy’/Y/A. There are two types of power sources:
study of high frequency transient behavior of the transform@P€ IS the so called the “infinite bus,” connected from the high
and machine winding is presented. The winding with equalKPIta_ge power system by a step-dqwn transformer; the other
divided sections is considered in this paper. That will make tfQ9€ IS @ 15 KVA synchronous machine.
number of sections be large if this method is used for simulatingOr the “infinite bus™ power source, type-51, 52, 53 cards

the small turn-to-turn fault of transformer. Another problem {87 EMTP/ATP can be used to model the equivalent internal
that only the single winding is studied in this paper. impedance of the infinite bus supplied by an ideal balanced three

phase voltage source. The sequence impedances are measured
as:

OMPUTER simulation of power systems and protectiv

re- lays eases the burden of relay testing and relay perf
mance evaluations. This new technology draws a lot of attenti
from industry, and is now becoming widely adopted [1].
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generator can be modeled adequately as an equivalent voltage
source<2”” behind subtransient inductances{ = 0.88 ) for
high speed relay testing.

After comparing the ATP simulation result and test waveform
recorded by a digital fault recorder (DFR) in EPDL, it is found
that the two models are fairly accurate in describing the transient
of these two power sources.

I1l. THE MODEL OF A SINGLE PHASE TRANSFORMER WITH PT, Generator
3 WINDINGS 200100

A method which only uses the test data measured externeﬂlg
. R 9. 1.
to estimate the parameters of the couplet network is pro-
posed in this paper. The implementation of this method is dis-

Reduced equivalent diagram of the EPDL system.

cussed in this section. I Weay
The three single phase transformer configuration is widely H I Ry i
| i i R ; igh Voltage side = | ' Low Voltage side
used in the high rating transformer. This single phase trans- il Fis
former can be represented B/and.L matrices, which in turn o
can be obtained from the excitation and short-circuittestdataby . fi .
means of the BCTRAN auxiliary program in EMTP/ATP [8]. T
In this caseR andL are 3 x 3 matrices: s T | Terary side
=
R, 0 0 Ly Mo My NS J e
R=|0 R, 0], L=|My Ly Moy
0 0 R, Ms, Msy Ls Fig. 2. Turn-to-ground fault.
whereR; and L; are the resistance and self inductance of the
7 T M12 IMPQ + Mq2 (6)

winding ¢, and;; is the mutual inductance between the wind-
ings¢ andj. In the BCTRAN, the magnetic asymmetry is not Mz = Mpz + My3. )
taken into account, sB and L are symmetrical matrices. ] ) ) )
OnceR and L matrices are calculated, two types of winding At first, let the low voltage and tertiary side be open to sim-
faults are considered: turn-to-ground and turn-to-turn. The priRlify this solution. However a circulating curred exists in

ciple of modeling these faults is to modif and L matrices theA windings even though the terminal currépt= 0. This
currentia can be solved from the differential equation of the

accordingly.
unfaulted phase.
A. The Turn-to-Ground Fault Mode Now apply a_turn—to_-ground .fault on the hig_h voltage side.
Assume the high voltage side has a turn-to-ground fal]ipe following differential equations can be derived:
shown in Fig. 2. Then this transformer can be described with di; di din
two 4 x 4R and L matrices: Ryiy + Ly — - + My d_tq tMp— - =0 ®)
rR, 0 0 0
0 R 0 0
R= g (2) . . .
0 0 Ry O . di diq din
[0 0 0 R Rytq + Lq G o Mg 5+ Mas 52 =0 (9)
[ Lp Mm Mp? Mp3
I My, L, Mp Mg 3)
My, My, Lo Mo diy dig dia
[ Ms, Mz, Ms Lj My, P My P Mas o (10)
where R, = (Np/(Np + Nyg))Ri, Ry = (N /(Np + Ng)) Ry
andN,, IV, are the number of turns of the subcpidndg. di di i
Since the self-inductance of a coil is proportional to the Rain + Ls A + My ke + My $q _ vs. (11)
number of turn squares in the low-frequency range, we further dt dt dt
get the following relation of, and L,: There are eight unknowns:,, Ly, M,g, Mz, My, M3,
I N2 Ms, iy, and we have six measurements: vy, io, vo, 43, v3,
L <_P> = k2 (4) plus two known resistanck,, 12,. All the eight unknowns can
Lq Ny be solved from these nonlinear differential equations. At first
From the consistency property [7], we can obtain that: We assume:

Ly =Ly, +2M,, + L, (5) My, = \/LyL, = kL,. (12)
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That is the leakage facter = 1 — (M2, /L,L,) is set to zero
first. From (4), (5), and (12), we can obtain:
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P
Low Voltage side

High Voltage side

— Ll
Le= (1+ k)2

L, =kL,. ;
Add (8) and (9) to solve, by using the trapezoid rule. After

iq 1S solved,M,; can be estimated from (9) by the least error

squares estimation technique. Then one can find the optimal

estimation ofM,,, by selecting:

% Tertiary side

Fig. 3. Turn-to-turn fault.

. x10° The estimation of leakage factor
end T
MPCP* = min
Pq 0<o<1
t=trault
: di, din di; *
Ryiq + Ly g + My, dt +Mqu at (13)

where,ts, 41 IS the beginning time of the fault, and,q is the
end time of the fault. After optimaM]?g’t is solved, the self-
inductance of subcojp andg can be solved from (4) and (5).
Accordingly we can solvé/;** and M (i = 2, 3) from (10)
and (11).

Inthe above procedure, the high voltage side is taken as an ex-
ample to illustrate how to estimate the parameters for the model
of the transformer winding fault. Actually for faults at other
sides and th&’/Y/Y or Y/A/A configuration, a similar es- _ .

. . . Fig. 4. Summation voltage versus leakage factor.
timation procedure can be performed to obtain all the elements
of the RL matrix.

15
Leakage factor

C. Modeling of the Sound Winding

B. The Turn-to-Turn Fault Mode The coupledR L branch model is applicable for turn-to-turn
fault simulation of a power transformer, but not for the modeling

After the parameters .Of th? t“m't‘"g“?””d configuration at% the nonlinear magnetic coil. This study is very much inter-
estimated, we can do this estimation again to ge_tthe other 9rqlfe d in how a large inrush current impacts the performance of
of parameters for the turn-to-ground configuration. From th?ﬁ?e digital relay. In EMTP/ATP, type-96 nonlinear reactor model
two groupsbofRLdp?rgngeters, the turnd-to-turn.fault Shown i as the ability to model the residual flux which is a very impor-
Fig. 3 can be modeled by two 5 xBandL matrices. tant variable in determining the inrush current.

Reference [7] gives t_he detail derivation for building these The configuration of the model used in this study is shown
two 5 x 5 K and L matrices based on the two turn-to-groung, gy 5 this model, the saturated nonlinear inductance is

fault4 x 4R andL m'atric.es, and itis .not rgpeatgd here agair\‘eplaced by type-96 element, and it is moved to the transformer
The proposed estimation method is verified first by a powgg ina parallel with the magnetizing resistey, .
transformer model presented in [8]. The leakage fatisispec-

ified as 0.40 aqd 0.0015 (the one from [7]). The summatioqv_ M ODELING OF THE POWER TRANSEORMERPROTECTION
voltage S(M,,,) is calculated from the range = 0-1.0, and SYSTEM
plotted in Fig. 4.

From this figure, it can be found that the estimated leakageHow to accurately model the relay has paramountimportance
factor (0.401) based on a coupliit]. transformer model is very In the relay performance evaluation. Since WBZ-500 was de-
close to the specified value (0.40) for the case 1. The estim¥gioped by one of the authors in EPDL at HUST, this relay is
of the leakage factor converges monotonously from both sideosen in the relay performance evaluation study. Both the hard-
for these two cases. This feature assures that one can finally\§ate and software of this relay modeled in MATLAB will be
the real leakage factor from any initial leakage factor. For tiiscussed in this section [9]. It should be pointed out that the
case 2, the optimal leakage factor is exactly the specified vaiigital relay modeling technique in this paper can also be used
0.0015. for modeling of other digital relays.

More cases have been simulated by changing the fault loca- _
tion and leakage factor. From the simulation results, it is fourft Hardware Modeling of WBZ-500 System
that this estimation method is very accurate. They all convergeThree microprocessors (V40 CPU, compatible with Intel
to the specified leakage factor from both sides. After the optim@0 186) perform the protection scheme individually. Two of
leakage factor is estimated, the further estimation for other ghem implement the differential protection, and the other one is
rameters is exactly as expected. for the back up protection.
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Fig. 6. Anti-aliasing filter schematic circuit.
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The effect of the conversion time should be considered in the
trip time module of the computer simulation.

B. Software Modeling of WBZ-500 System

In this paper, we focus on the study of the current differential
. . ) - protection, the primary protection of a power transformer. The
1) Isolation (Auxiliary) Transformers.The auxiliary trans protection schemes adopted in these two primary protection re-

formers are used to provide electrical isolation of the input ci ays comprise of two major parts discussed below.

cuit. The voltage transformers provide low voltage suitable for 1) Percentage Differential ProtectionThree straight lines

the electronic components of the relay. The currenttransform%? the trip boundary to discriminate the external fault from
are employed to drive resistive burdens to generate proportionﬁin

it In this studv. th i ¢ ¢ h b internal fault for both of the two primary relays. The 16
voltages. In this study, the auxiliary ranstormers have beeiy, o jiscrete Fourier algorithm is used to calculate the funda-
modeled as being linear, and this may limit the validity of th

results in SOMe CASes ental, second and fifth harmonic components. The square root
o o . _function is not available in the Intel 80 186 CPU instructi t.
2) Anti-Aliasing Filter: In WBZ-500 system, the sampling unction Is not avaflabe in the fnte instruction se

An approximation method is used in WBZ-500 to estimate the

rate is 16 points a cycle. The sampling frequency is 16 x 50 . . :
=800 Hz. It is necessary to design a filter in which #29 dB 'iallée;;etf:;vglt{]7%/i;eptable accuracy (its maximum related error

frequency is less than the Nyquist frequency (400 Hz). An active
anti-aliasing filter is used in the WBZ-500 system design. The F_ [orz v 552
schematic circuit is shown in Fig. 6. The first stage is a voltage YU =YY Y s L 3(3L+9) (15)
divider which is used to match the discrepancy of the CT’s and r r ] r r

the power transformer turn ratios. where,L = max(|Y;"|, [Y;7[), § = min(|Y,"|, [Y"]), and

Simulation program with integrated circuit emphasigsF’ vy are sine and cosine parts of the Fourier algorithm. In
(SPICE) is a powerful, general-purpose circuit analysis pri1® modeling of WBZ-500 system, this approximation method
gram that simulates analog circuits. It can be used to study if/ b€ adopted in order to closely model the algorithm used by
analog circuits behavior with high accuracy [10]. the protection relay. o _ .

After the SPICE simulation is performed, it is found that 2) Inrush and Overexcitation Restraint Protectioft:con-
the difference between the SPICE result and the one using f&S of the following functions:
ideal operational amplifier is negligible in the frequency range * Harmonic restraint function for the primary protection 1.
0-10000 Hz. This large frequency interval is good enough for ~ Two criteria are checked:

Fig. 5. Transformer sound winding model.

the digital protection application. The transfer functi®is) is 1) the second harmonic for inrush current restraint;
obtained after the ideal operational amplifier is used. After map- 2) the fifth harmonic for overexcitation restraint.
ping thes plane intoz plane by the bilinear transformation, two  « Mixed restraint function for the primary protection 2: the
vectorsa andb are obtained from the transfer functiéf(z): voltage restraint function plus volts-per-hertz protection
1 6 are adopted:
H(z) = B() = by —TQZ +_2 t bz —- (14) 1) Voltage restraint function for fast inrush current
Alz)  1taaz™l +agz™2 oo Farz identification:

MATLAB provides a functionfilter, to implement the above <V, trip circuit breakers
digital filter, and its frequency response characteristic is consis- { >V, go tosecond harmonic protection (16)
tent with the SPICE simulation result.

3) Analog-to-Digital Conversion:ln a computer simula- where V' is the magnitude of the faulted phase
tion, the signal source data is in a discrete form, and all the voltage,V; is the threshold.
signal samples are synchronized. This scheme is used in the ~ 2) Volts-per-hertz protection for overexcitation:
WBZ-500 relay A/D _conve_rsio_n board. In this study,_the time V* (< UF.,., trip circuit breakers
step of ENITP/ATP simulation is set to 0.25 ms, one fifth of the T { SUF.., overexcitation (17)
WBZ-500 system sampling period. This time step specification
of the EMTP/ATP simulation makes the modeling of A/D wherel’* and['* are per unit voltage and frequency
conversion very simple: The input signal to WBZ-500 system of the power systenil/ F.; is the setting value for
is extracted from the output waveform of the anti-aliasing filter overexcitation restraint, and usually it is set to 1.10.

every five points. The input samples are not converted to anThe two primary protection schemes are modeled by using
integer number, but directly fed to the protection algorithmMATLAB [9].
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V. VERIFICATION OF TRANSFORMERFAULT SIMULATION AND
DEMONSTRATION OF ITS USE IN THERELAY EVALUATION

The modeling of the power transformer in EPDL is verified
first by comparing ATP simulation result an digital fault re-
coder (DFR) data. The interaction between the ATP program
and relay model is also demonstrated during the simulation. Fi-
nally WBZ-500 differential protection is evaluated by the ATP
transient waveform. This provides a good example of how the
computer simulation benefits the performance evaluation of a

Three phase current waveform of tum-to-tum fault

3

Ihb in amps
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digital relay.
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A. Transient Verification for the ATP Representation of the

EPDL Power System Model
. . X Fig. 7. The comparison of ATP simulation and DFR result for turn-to-turn
1) The Simulation of the Transformer Winding Faulthe fagn (dashed |ine£ATp’ solid line—DFR).

turn-to-ground and turn-to-turn faults were applied in the high
voltage side of the power transformer to verify the modeling
technique proposed in this paper. The fault location shown in

Timeinms

The 3 phase inrush current waveform of high voltage side energization
T

T T

Fig. 3 is defined by: £ o
P
N, N, .
It — 60.7% 1 —39.3% %
Nptriq prg :

hb in amps
o

where N stands for the number of winding turns, and the sub-
script represents the subcoil of the winding.

Atfirst, two turn-to-ground faults are conducted betweety
andq in phased of the high voltage side. Both the low-voltage
and tertiary side are open circuits. The transient waveform is
recorded by DFR and used to estimate the leakage factor. The
estimation result is that = 0.0012 for r + ¢ short circuit fault,
_and 0.0011 for th_e subcajlshort circuit fault. This flat feature Fig. 8. The comparison of ATP simulation and DFR data for inrush current
is also observed in [7]. The ATP model for the turn-to-turn faultiashed line—ATP, solid line—DFR).
study is then established from these two tests.

Finally the subcoil» is shorted for the study of the he d . is al h F be d .
turn-to-turn fault. The ATP simulation results and DFR Wavé- e decaying rate is almost the same. For phsée decaying

forms are plotted in Fig. 7. From this figure, it can be observ%ge in the ATP simulation is a little slower than the DFR data. A
that the current waveform of ATP simulation matches the DF ttet_r ATP S'T“"?t'ém result may be achieved after more com-
recordings very well. A little difference exists in the faulte«P'na lons are tested.

phase voltage magnitude. The other two unfaulted phaseTheoretlcaI analysis shows that the maximum possible inrush

voltage waveforms match very well current occurs when the transformer is energized at zero voltage
This verification demonstrates that the splittig coupling (with voltage increasing in the positive direction) and a positive

network is a simple and valid ATP model for the turn—to-turﬁn"’lxirnum residual _qu>§ (70%. of the pe_ak residual flux in our
fault transient study. The flat feature of the leakage faetor case). The conclusion is verified for a single phase power trans-

which is about 0.0012 in this transformer, will be extended lfgrmer. It is observed that the peak value of the inrush current
the small turns winding fault ' reached 20 A in the first crest. Any deviation from either the

2) The Simulation of the Transformer Inrush Currerfter inception angle or the residual flux will reduce this peak value.

the system configuration is given, two groups of parameters w-m]'s ope.ratlng cond|.t|on for the maximum inrush gurrent wil

determine the inrush current: fault inception angle and residLPeﬁ used in the following relay performance evaluation.

flux. The inception angle can be obtained from the DFR data. ] o )

However for residual flux, it is very difficult to get it from the B- USe of the Transformer Fault Simulation in Evaluating

DFR data [11]. In this ATP simulation, all the three phase tran¥¢BZ-500 Differential Protection

former residual fluxes are coordinated to let the ATP simulation Since the transient waveform is available, it can be used to

result approach the DFR data. Because ofdheonfiguration evaluate the performance of different relay algorithms, check

in the tertiary side, any change for one phase residual flux wilie feasibility of different protection schemes, optimize the set-

affect all the three phase inrush currents. This property makesy of the relay for a specified system, etc. This section focuses

the setting of the residual flux very complicated. One set of thum the evaluation of WBZ-500 differential protection. The sim-

ATP simulation result is shown in Fig. 8. ulation for the turn-to-turn fault involving inrush current is used
It is noted that the magnitude of the ATP simulation inrushs an example to demonstrate the benefit of the computer sim-

current is close to the DFR data for phagtandC, especially ulation.
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This fault occurs when a turn-to-turn fault has existed in the
transformer winding before the transformer energization. This
case is one of the most challenging for the differential protection
design. It will determine how sensitive the relay can be in de-
tecting the turn-to-turn fault, and how fast the relay can correctly
detect this fault. Because of the physical limitation of the trans-
former structure in EPDL, eight is the smallest number of turns
for the turn-to-turn fault that can be considered. The number of
turns of the whole winding i&V,,+,+, = 466 turns. Eight turns
is about 1.7% of the whole winding.

Combining the turn-to-turn winding model in phaSewith

The scenario of pseudo closed loop simulation
T ™

o N & o

1ha Ihb Ihc in amps.

]
0

L

Iha Ih Ihc in amps
o N s o

A

A
8
8
gl
sk
g
g
g
&

6
other two sound phase transformer models allows one to form a g
three phase transformer model and evaluate the performance of £ Z
WBZ-500 for such a special case. The condition of maximum f.
possible inrush current in phaskis set to observe the perfor- -
mance of WBZ-500 for the turn-to-turn fault. The maximum ,
negative residual flux is specified to be in pha8eThe two L00
primary relays are evaluated under this rare condition. The sim- j§§f
ulation result shows that the possible maximum inrush current Toz

may slow down the trip speed. The major cause for this delay
comes from the coupling of the sound phase inrush current.
In the faulted phase, the transformer is unsaturated, and theiges. The operation of WBZ-500 for inrush current with 4 turns short circuit
is no inrush current generated except the components comig-
from the coupling of the tertiary side. This trip delay was also
observed in the differential protection study on another powgrthe steady state. Even after the inrush current has decayed to
transformer in EPDL [12]. the steady state excitation current, the WBZ-500 system can not
The differential current for this 1.7% turn-to-turn fault wassperate for this small fault current.
2.0 A (secondary value) in EPDL testing. This value is largely If the fault resistance is reduced from 0.02 to 0Q1the
affected by the fault resistance. If no fault resistance and indua8Z-500 system can successfully detect this fault with a sig-
tance are introduced in the short circuit, a numerical probletificant delay in operation as shown in Fig. 9.
will cause the ATP simulation to diverge. A small inductance Fig. 9(a) is the original ATP waveform of the high voltage
value (0.001?) is used here to prevent such divergence. Corgide three phase currents. Fig. 9(b) combined with the trip signal
paring with the impedance of self-inductance of the subcoilat the bottom of this figure reflects the response of WBZ-500
(1.24) this artificial inductance is very small. However the resystem, where the 1 stands for trip signal, and 0 for the no op-
sistance of the subcoil is 0.0069¢2. Obviously the impact of eration. Since the reclosing scheme is adopted, the new tran-
the contact resistance to conduct this turn-to-turn fault in EPQ¥ient waveform is shown in Fig. 9(b). Because the fault still ex-
can not be ignored. The steady state differential current will lxsts, the fault current shows up again after the circuit breakers
used as areference to determine the contact resistance. Wheaibaeclosed. The WBZ-500 relay will continue to process the
fault resistance is set to 0.0 the calculated differential cur- new transient waveform beginning with the reclosing moment.
rent in WBZ-500 simulation program is 1.978 A. This is veryrhis relay issues the trip signal again for the existing internal
close to the recorded WBZ-500 testing result of 2.0 A. In thiault. This sequence is achieved by running ATP three times ac-
following tests, 0.022 is used as the fault resistance default. cording to the relay response. Any circuit operation will change
The WBZ-500 system can successfully detect the eight tuni@ power system network. This operation is reflected after re-
short circuit fault, although the trip delay is observed in som&nning the ATP program. The modification of the switch card
cases. Because of the physical limitation of the winding struigr ATP program due to circuit breaker operation is achieved by
ture, there is no way to investigate the performance of WBZ-5@0program written in C.
for smaller turns short circuit in EPDL, such as four. Computer The first energization condition is the same as the above case,
simulation, however, can provide a tool to do this sensitivitgnd the maximum inrush current occurs in phds8urprisingly
study. the trip delay after reclosing with small inrush current is longer
The setting off;; will largely determine how many short cir- than the first energization with large inrush current. The cou-
cuit turns the relay can detect under the specified system opgling current from the tertiary side makes the prediction of the
ation conditions, such as source impedance, the magnitude aiptime very difficult.
phase angle of the power source, etc. In this stiliglyis set to The expected longer trip delay for turn-to-turn fault involving
1.0 A the inrush current was hard to capture in the EPDL evaluation
Reducing the number of short turns to four, the fault resifar WBZ-500 system. The computer simulation allows us to see
tance and inductance are set to be the same as in the above ¢ase the fault condition affects the performance of WBZ-500
After the computer simulation, it is found that the relay can nalystem. The above examples illustrate the ability of computer
operate for this fault. The fault phase current is about 0.65 $dmulation to evaluate the performance of WBZ-500 system
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under different operation conditions which may not be possible[4] ——, “Time domain modeling of eddy current effects for transformer
to conduct in the real power system the protection may serve, or

even in the analog power system laboratory evaluation.

The assistance of Prof. D. Chen and W. Chen of Huazhoﬁigé

(5]

VI. CONCLUSION

An EMTP/ATP model of a power transformer is estab- (6]
lished and verified by using test data. A new way of mod-
eling transformer faults is introduced, while accurately [7]
representing other transformer operating conditions (such
as inrush) as well. 8]
This power transformer modeling technique can be used in
representing power transformer transients, which is very[g]
important in testing and evaluating protective relays. It al-
lows generation of some difficult fault cases for the power{10]
transformer protection performance evaluation that ma)fll]
not be possible using any other known physical means.
The special case using a commercial digital power trans-
former relay (WBZ-500) modeled by MATLAB demon- 12
strates the ability and benefit of the computer simulation
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