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Idling and short-circuit analysis of a three-
phase power transformer represented by
a scheme with distributed parameters and
1 line scheme in the electrical network

ABSTRACT

Aims: The paper presents a simulation of a theoretical model of electromagnetic extreme
regimes, idling and short circuit, in a three-phase power transformer. The main goal of this
paper is to show in a quality way that the computer simulation of the obtained theoretical
model using the software package MATLAB Simulink confirms the possibility of analyzing
the extreme modes of transformers.

Methodology: To solve the problem of the presence of a transformer as an element of
power in the power system, the following are used: analytical methods in which the
transformer is presented as a network element - usually as a quadripole, numerical
programming that includes dynamic programming and independent variables, and combined
programming with integer values. In the process simulation on elements with given
parameters and frequency, a comparison of the substitution schemes used so far in the
theory of electric circuits is performed. The accuracy of these theoretical models can be
confirmed by voltage and current diagrams in the adapted software package MATLAB
Simulink.

Conclusion: The presented theoretical model and the applied algorithm in the simulation
are universal and can be used for different states in which a three-phase power transformer
can be found. Problems that occur in the analysis of transient processes in electrical
networks where the element is a transformer can be minimized using simulation methods.
Changing any parameter in the electrical circuit requires a new calculation of the condition of
the circuit from the very beginning due to the new initial conditions. Analytical methods
combined with the simulation method were used in the research of extreme regimes, such
as idling and short circuit. The verified simulation method realized using the adapted
MATLAB Simulink program had a three fold purpose: to serve the calculation and simulation
of quantities that can be obtained by testing or measuring, to establish the original algorithm
and to verify the proposed method. Also, this type of simulation can replace the idle and
short circuit test.

Keywords: Simulation, model, electrical network, three-phase power transformer, power line,
guadripole
1. INTRODUCTION

Preparation of computer programs in the method of organized modeling is called pre-
processing in the technical literature (formation of technical system models). Modeling is a
mathematical, graphic, IT and technical operation intended for analysis and evaluation of
various variants of electrical structure.

Processes in devices with complex geometry due to the content of a large number of sub-
areas with various electrical, magnetic and conductive properties are solved using network
methods whose modification is the final element method, FEM (Rica, Galerkina, etc.). The
essence of method is in testing approximations of solutions of differential equations with a
finite number of linear combinations of forms of basic functions [1]. The form of the base
function and criteria for calculating coefficients of linear combinations also defines a method
of finding a solution.
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There are cable lines in distribution network (underground lines with insulated conductors),
overhead lines with uninsulated (bare) conductors and overhead lines with insulated
conductors in small number of cases [2]. In the past, experiments or network analyzers have
been used to analyze transient processes in electrical networks containing power sources,
lines and power elements (transformers or arbitrary electrical loads) [3,4]. These procedures
were highly intricatein nature and without a real answer to influence of parameters of the
network elements on process character. Today, parameters given in the domain of
symmetric components are mainly used for calculation of line parameters [5-7].

In this paper, the 1 and T line scheme was used to determine the quadripole coefficients.
Behavior of a three-phase power transformer connected to an electric line represented by a
scheme with distributed parameters and a 'l scheme of lines in the electric network was also
analyzed. With help of the MATLAB Simulink software package, a simulation with short-
circuit and idle diagrams of a three-phase power transformer was presented.

2. OVERVIEW OF RELEVANT PAPERS

The beginning of transformers development is connected with appearance and transmission
of alternating current. The first transformers are result of work of a Russian engineer PN.
Jablokov, then L. Goulard and JD. Gibbsa, as well as SZ. de Ferrary and W. Stanley.

The theory of single-phase and three-phase machines and transformers was developed in
the first half of the XX century: AU. PA. Abeti [4], Bonbaek [8], Bergeron [9], Fitzgerald [10]
are just some of the names of hundreds of engineers and scientists who have published
papers in the field of machines and transformers. In the available literature, only the
fundamental harmonic is taken into account in analysis of normal and transient states, and
method of symmetrical components is most often used for the analysis [11]. However, new
contributions were made by Match [12] and Chapman [13], who in their works mainly
analyze normal stationary states with one frequency and classical transformer parameters.

In the early papers and books of the past 100 years, the majority of electricity quality issues
and parameters were not given much attention or consideration as the topic was not deemed
particularly significant. Today, most of applied transformers have high values of power and
voltage, which imposes problem of determining higher harmonics (not only the fundamental)
voltage and current and their distribution along the windings [14].

3. ANALYSIS OF THE NETWORK ELEMENT MODEL AS A QUADRIPOLES

Quadripoles are used in the theory of electric circuits to model elements such as lines,
transformers, powerful electrical receivers, etc. Transformers can be modeled as electrical
elements of electrical networks I, T, vice-versa I" or T schemes [15,16].

If the line element has distributed parameters, it is represented by a quadripoles model and
more easily considers the wave character of energy transfer through that part [17,18].
Voltages, currents and power flow at the inlet or outlet of line are determined from the
equivalent scheme. In a similar way, given the spatial distribution of coils that have defined
characteristics and dimensions in transformer windings, it is possible to consider the
transformer winding as a quadrilateral. Below is a quadrilateral model created for the
transformer winding. According to the method of Kirchhoff's rules for voltages in contours:

> M-z )=0 1)
and currents in the nodes:

>.(j)=o0 2)
and provided that in the outer part of the circuit current I; and voltage V; at the output and
current |, and voltage V, at the output they remain the same in amplitude and argument
beyond the ends 1-1' and 2-2' quadripoles, figure 1.a one can realize the transfiguration of
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the structure from a triangle to a star and vice versa within the nodes 1, 2, 1'=3(0), 2'=3(0)
and following relations, figure 1.b and 1.c:

_ Z1pZ31 _ Y23 7747 Z1Zy Y1+Yp+Y3
1= = v L1 =L+ Lo+ =
Z1p+Zy3+2Z31 Y12Y23 +Y23Y31 +Y31Y12 Z3 Y1Y>
YA YA Y Z-Z Yi+Ys +Y.
Z, = 12423 _ 31 \ Zpg=Zp+Z5+5258 - 1+tYo+ 3 (3)
Zip+Zp3+2Z31  Y12Y23 +Y23Y31 +Y31Y10 Zy YoY3
Zy = Z23Z31 Y12  Zay=Za+Zy+ Z3Z1 _Y1+Yp +Y3
Zip+Zp3+2Z31 Y12Yo3 +Y23Y31 +Y31Y12 Z, Y3Yq

Quadripole with current 1; and voltage V4 on the input and current |, and voltage V, on the

output is presented on the figure 1.a (the linear quadripole has no independent sources and
the circuit has no converted energy). Independent parameters of the internal structure are
immittances (impedances Z and/or admittance Y ). Quadripoles are used to analyze the
transmission of energy on lines [19]. A couple of ends (1-1') represents the entrance, and a
couple of ends (2-2') the quadripole output is reserved for the receiver connection. The
analysis of quadripoles determines the expressions that connect voltages, currents and
powers in selected branches between input and output quantities. An arbitrary quadripole
with two pairs of ends, figure 1.a, regardless of the internal structure is represented by M(A)
scheme, figure 1.b and 1.d and T(Y) scheme, figure 1.c and 1.e [2].

b) Delta (A) network ¢) Wye (Y) network
/ 2125125 4,

a) Z3 =Y, 35 Va3
Iy — 1
1h 22 3
A B
T 4 sz d) Pi (M) network e) Tee (T) network
c ¢ D o Iy =1 Z3|‘|5Y3r|2_./2 I — Ziy =Yy szzyzv_,/z
1 2 0

30) 3(0)

Fig. 1. a) Quadripole scheme, b) and d) M(A) scheme, c) and e) T(Y) sheme
For IN(A) scheme on figure 1.b and 1.d with impedance Z;q, Z,ry, Zzg (or agreeable

admittance Y47, Yorp, Yzp) following equations applied for:

% z
Voltage: V; = (Iz +—2Jz3H +V, = (1+ﬂ »+Zanly = AV, +Bl, (4)
Zon Zon

where: A=1+230L B =Zam1
211

Current: |, = Vi Vo +1, = !, 1, Zan 5+ 14230 I, =CV, +Dl, (5)
Z Zin Zon ZmZon Zin

where:C=( 1,1, Zsn J,D=(1+Zﬂ)
Zin  Zon Zinon Zin
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For T(Y) scheme on figure 1.c and l.e with impedance Z;, , Z,y, Zzy (Or ageable
admittance Yy, Yoy , Y3y ) we can write following equations for:

Current: Iy =1y +15 =1, + 2 22vl2 _ 1\, +(1+ZAJ|2 ~CV, +Dl, ©6)
3y Z3y Zzy
where: C :i, D =1+ZA,
Zzy Zzy
1 Zoy
V1=Zlyl1+22yl2 +V2 = Z—V2+ 1+Z— |2 ZlY +Zzy|2 +V2 =
Voltage: 2Y 3 (7

= (14— ;i)\/z +(Z].Y + ZZY +Z];AJ|2 = AV2 + B|2
3Y 3Y

where: A=1+2L_ B=2Zy +Zoy c A2y

Z3y Z3y
Based on the previous relations, it is shown that the two internal schemes differ only in
admittances Y7, Yorr, Yaq and Yy, Yoy, Yay .

There is a dependence between the coefficients of the quadripole A, B, C and D and in
both schemes AD-BC =1, which is checked by equation:

(1+Z3—HJ(1+ZﬂJ—z3H( t .1 J:l (8)
Zon Zin Zin Zom i

The coefficients can be determined by means of derived relations or experimentally from the
no-load or short-circuit test if the input and output ends of quadripole are accessible. This is
very important when the internal structure of quadripole is unknown [20]. In the continuation
of this paper, the influence of choice of the type of line scheme (distributed parameters and
M scheme) on values and shapes of the obtained currents and voltages was examined.

4. STATE OF ELECTRIC LINE PRESENTED BY SCHEME WITH DISTRIBUTED
PARAMETERS AND N SCHEME

Transmission lines are also shown as four-terminals with combined z- and y -parameters,

and its structure is 1 or T scheme. From these schemes we move on to the characteristics
that represent the mode of transmission described by the parameters of intrinsic or mutual
conductivity (admittances Yy ) or resistances (impedances z) [20-22].

The no-load test is performed under condition that the no-load voltage corresponds to rated
voltage of receiver at the ends 2-2' V, =V,, =V,,,, and a short circuit test to short circuit

current |, =l,g4 corresponds to rated current of receiver at the ends 2-2' when the
structure of a quadripole is a combination of Y, Z parameters: Z;q =Y, Zog =Yr,
Zaq = Zp, figure 2.a,b [6].

a) b) Pi (M) network

10— 12 I 1 %n=%n 51,

[ o) o o O o)

P R W A %
1 2 1 2

c D
° °
1 2
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Fig. 2. a) Quadripole scheme, b) M line scheme

As we have already said, a line is an element with distributed parameters, and the selected
model contains parameters (per unit length for total length). The unit longitudinal parameters
are: R=r-l, Ly =1,-1,G=g-land C=c-I.

Transformation from equations of finite differences into equations with integral-differential
form is possible [23]. The influence of the ferromagnetic material of the magnetic circuit and
the processes in it have not been the subject of attention here. All line parameters are linear,
so the principle of superposition can be applied.
If the line is presented as a circuit with concentrated parameters, the wave character of long
lines should be considered. The solution of the transient process in a single-phase line with
distributed parameters is:
Vl = Ch}/ol 'V2 +ZCSh}/OI . |2
|1=ishy0|-V2 +Ch}/0|'|2 (9)
ZC
where chy,, shy, are the coefficients of power distribution elements (lines, transformer...).

The parameters of the replacement scheme of long lines if the line is presented as a
guadripole are:

V;=A-V, +4/3B-1,
|1=(1/\/§bv2+D-|2

where are the coefficients of the quadripole A =chyy,l, B =Z.shy,l, C =Zish;/ol ,
C

(10)

D = chygl .
If the line introduces it self with 1 scheme and considers idle mode regime in 1 scheme at
the end of the line, then the following expressions are obtained:

V.
A =|—1‘|2:0 LV =Vo +Z0Y g Vs
1

|1=Y—Hvl+;vl=i Y T -V (12)
J3 1 V3 1+ ZnYn
3 ZH + —
Y
Vs, Yn 1 2
I, =—=1+2ZpxY Yg+—— |=—2Yg +ZY1 )V
1 \/5( IT H)( IT 1+ZHYHJ \/5( IT IT H) 2
For quadripole in idle mode presented with I scheme at the end of the line, we get:
Vi =A-V,
(12)
l;=C -V, /3

where: A =%\|2ZO =1+ZnYp, C=2Yy +ZYE.
1

If line is presented with I scheme and if short circuit mode in 'l scheme at the end of the line
is considered, following expressions are obtained:

Vi=+3:Zp -1y

1 1 V3Zl, 1+ZHYHJ (13)
Iy = —— V| =—+Yp |= = (1+ZYp )|
1 \/g l(zn H) \/g ( ZH ( HH) 2

Analog relations for quadripole in the short-circuit mode presented with 1 scheme at the end
of the line are:
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V;=+3-B-l,

l,=D-1, )
where: B=Zp, D=(1+ZyY)=A.
Relations that connect constants and parameters are:
chyol =A=1+ZYy, chy,l=D=(1+ZyYy)=A
(15)

Z.shygl =B =7y, Zishm _C =2y +ZnYR

C
It is natural that uncompensated transmission line is a symmetrical quadripole because it is
chyol =D =(1+Z Y )= A. From relations (15) values are easily determined for Zp;, Y,

1 line shemes:

z | hy,l
Zy =Zoshyol = [29shy,l = |29 shyl = 2ol 270" = 7, K4
Yo Yol Yol

14 | 14 t( Ij
JZoY
v ol 1 2 i ( Olj o¥o | 2 v 1Ky

2 Zeyol L2 ) zo/yoz(yolj °2

(16)

2
Correction coefficients Kg and K, which take into account the distribution of parameters
along the line (Ceneli coefficients) are:
Shyol 3 sh ZOYO -

Ks =ksZos =

Vol JZoYo -l
7ol I 17
th(;j th(quonoj (17)
Ky =kyZopg = =
Yol L7y
2 2 o'o
Nomograms for determining correction coefficients K5 and K, [1] are:
. _"3)
Kg =0l g -\ 2/ (18)
7ol 7ol
2

and are determined by first determining modulus and value argument Z,Y,,| 2 where Z, and
Y, are longitudinal impedances and admittances, and | length of energy transmission line.
Ks and K, are determined from the nomogram if the inequality condition is met

on0|2‘ <0.36 [2].
If the correction coefficients cannot be determined directly from the nomogram due to
ZoYol 2‘ > 0.36 the following procedure can be used:

ZYol =ZY =, JZ,Y, %z%\/ZY —y D=2y (19)

Correction coefficients for long lines 1[km] can be determined according to:
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_shyol  shWZY sh® sh2y 2shy-chy shy chy < Kg =Kg |/ 2Ch 2
_ _ _ _ = = sl =Ks,

Ks

Yol Nzy @ 2 2y v
w2 B 1 20)
Kg=—2 = 2 <Ky =Ky jj2o—=—
NZY NZY Ch\/ZY ' Ch\/ZY
2 2 2 2

From the realtion (20) it is clear that the correction coefficients of the parameters of the
replacement equivalent schemes of lines of 1000 [km] length are calculated by multiplying
two terms, each of which characterizes a line of length |1/ 2 and the modulus and complex-

valued argument can be specified |Z,Y! 2‘/ 4.

The complex value of the line constant A of length |, is determined as:

NZY NZY 4+ sh? NZY NZY 1
2 2 2 2

= 2ch? 1 A =2A% -1 (21)
where constant A can be determined from the nomogram.

A =chyZY =ch2 = ch?

/27~

4.1. Characteristics of 1 scheme of lines

According to the previously derived relations, it is possible to determine the parameters of
lines with distributed parameters or equivalent 1 scheme of lines. Calculation results are
presented in table 1.

Table1. Determination of lines parameters

l Zn =fm+Xn yp10™ = (g + jopgp 104 A=D, B=2y, C107
el by |

500 6.21+j134.2  0.014+j10.98 0.852 +j0.007  -0.051+j20.35
1000 8.68+j227.3  0.136+]23.87 0.454 +0.024  -0.372+j34.69

Marks in the table 1 are: rj active resistance, xp = jo-l;j reactance, gp; condunctance
b = jo-c susceptance.

A, B, C and D are parameters of the open circuit for they are determinedas relation of
voltage and current with opened output (current I, =0) or input (current |; =0) and are:

V. V.
A=|—ll‘|2:o =chyzyl,B =é‘|1:0 = Zshyzyl

V. 1 Vv @2
C =f‘|2:0 =Z_Sh\/5|- DZI_Z‘I]_:O =A=Ch\/§|
c 2

4.2. Replacement diagrams for lines and cables

In the theory of electrical circuits, the quadripole is defined by the diagram in figure 3 and the
equations:

U; =AU, +Bl,, I; =CU, +Dl, (23)
or matrix:

U, _|A BJUy (24)

I3} € Djly
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In line case coefficients A, B, C and D have the following values:
A=chyzZYl, B=2Z.shyZYIl, C=1/Z;sh,ZY|, D =A=ch,/ZY] (25)

z z

Fig. 3. Quadripole of T and IN shape that represents the line

Quadripole most frequently has the form of T or I scheme where coefficients A, B, C and
D can be easny determined. It can be descrlbed with equation system:

Z =B,Y =A+1/B,Z =A-1/C,Y =C (26)
. shy/ZY |
Z =ZI1Ysh gl:;lﬁ_lel_ZKl
ZY
(27)
__chyzvitt 1 T Ta <Y WZY /2 v
\/;/\Llsh zYl JziYy 2 Jzvia 2 °?
h thy/ZY / 2l
_OWEL D Zvinzv 2i-zi2TWEEL S 2y
1/ JZY¥shyzyl ZYsh Yl Zy /21 2
(28)

. shyzYl
Y =1/ yZ1YshyzYl =YIZVEE _yik, =YK,
ZY|

K1 and K, are the coefficients introduced in network analysis by Kennelly.

Correction factors that can be calculated by a relatively complex procedure are:
ch(a + jB) = chachjp + shashjs = chachp + shajshp

sh(a + jB) = shachjp +chashjp = sha cos § + jchasin (29)
o a(2k+1) © 2K
sha = Z—:a+a3 [ 3+...,cha = Z:—:1+ot2 /2
S (2K +2) 2k!

a and S depend on line parameters, a and S are small values and formulas for

calculations are obtained by Rudenberg's procedure.
The value of the coefficient K is:

SWZYL ) Jzv ZY|+(\/:')3 (30)

T

By introducing parameters 1 =/bxl , i.e. factor p=r/ X we get: Kq =1-22/6+ j,oﬂb2 /6.
The same procedure is used to derive the expression for K, and we get:

thyzvl/2 = 1 ;il—(\'gillz)g,K2=1—12/12—jp12/12 (31)
Y12 JzYii2| 2

9 =

In case the line does not produce reactive power q~0, ZYI = r+ JX = jAJ1-jp
then coefficients K; and K,:
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.SinA4/1— jp jtai1i-jp /2
, —, Ky == .
1= p 1-jp 12

Values K; and K, are developed in a series by p and an equation is obtained in which

they are correction factors:

1= (32)

Ky~sini/A—ipl2(cosi—sinil 1), Ky ~-9% ¢ | /2%’1‘1
Al2 cos“ A/ 2
Re{z' }: rl RefKy}—xI Im{Ky =l Re{K'r }— 1/ plm{Kl}]
|m{z' }: rlim{K, |+ xI Re{K, } = xI Re{K'X }+ pImi{K,}
Below are the line parameters with distributed parameters and I line scheme, as well as the
parameters of the three-phase power transformer SIMENS Yyn [24] that are used in
simulation.

(33)

(34)

5. PARAMETERS OF BOTH VARIANTS OF LINES AND TRANSFORMERS
5.1. Parameters of both lines types

In accordance with technical practice, the resistance and inductance of the coils in the per
unit system should be determined (p.u.).

For this simulation with frequency f =50 [Hz], both equivalent circuit schemes were used,
namely: circuit with distributed parameters and Il scheme line.

Identical parameters are used:

Same length (length=20 [km]),

Line 1 Distributed = Line 2Pi,

3 phase A, B, C: r1o =0.01273[Q/km], ry =0.2546 [Q/km],

Iy, =0.93377-10 3 [H/km], 1o =18.66-102 [H/km],
Crp =12.74-107% [F/km], co = 0.637-10° [F/km].

5.2. Transformer parameters

Transformer model in the MATLAB Simulink program package was implemented so that its
inputs are the source voltage vectors and the parameters of source and winding of
transformer, and the outputs are the flux vectors, magnetizing currents and variable unit
values of the primary and secondary voltages [1,25,26]. Simulation and analysis of behavior
of transformer in extreme regimes during transient process was carried out for no load and
short circuit, and consists of described simulation models of voltage and parameters of
source of lines and transformer.

Base valuesare rated power S, [VA], rated frequency f,[Hz], rated voltage V|, [V], effective

power value Vs, as well as:

i R R[] L[H]
R = n— ’ = ﬂ ’ R U)J=—"—F73 ] L U)=——""—F—
base Sh base 2nf n (p ) Rbase [Q] ( ) Lbase [H ]

The unit value of the active resistance of the magnetic circuit Ry, it is based on the

indicated power S, [VA] and the nominal winding voltage 1 [1,27]. Energy Block (PSB)

converts flux vectors p.u. and current vectors p.u. into standard units to be used in the
saturation model:

(D:(Dpuq)basev (Dpu =0/ Dpyee I:lpulbasev Ipu =1/ lpase
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where the base values of flux and current are those corresponding to the nominal voltage,
power and frequency.

Coil parameters 1 and 2: Nominal effective voltage value in [V], resistance and driving
inductance of the coil 1 in p.u.

In Linear Transformer Block, measured are: Coil voltage U;=U, = Upz(pu),

U, =Ug =Uy;(pu), Coil current Iy, Iyz, Magnetism current 1,4 and Flux @ .

Three-phase power transformer data SIMENS Yyn: (length, width, height
1140x800x1700[mm]), rated power S, =160[kVA], loses in iron Pg, =500[W], loses in

copper Py, =3.2[kKW], no-load current i, =1%, short circuit voltage u, =3,75%,

vZ2  10.52.10°

Vip =Vn1 =10.5[kV], Vs =Vpo = 0.4[kV], Rpase = o = ——————=689[Q)]
S, 160-10
Rpase 689
L = =—— =2.194[H].
base = o, 314 [H]

From the primary side of the short-circuit reactance is:
%VZ 3. 52.10°
X, _ W%V 3.7510.57-10 ~258[0]
100 S,, 100 160-.10°

The ratio of the number of turns of the primary and secondary windings is:

= _ 105 5 65p =46
U,, 0.230
The reactance and leakage inductance of the primary winding is:
Xk 25.8
X =—=——=129[Q
k1= 2 [Q]
X 12.9 .
Ly =L, =K =222~ 0,043 [H], Ly, =Lopy = Ly 0043 02
@ 314 Lpase 2.194
The magnetizing impedance is:
2 2416
Zo =Xy =V V' _ 10.5710 - =68.9 k)
V3.ig%lVy,  i0Sn 0.01-160-10
The magnetizing inductance on primary side is:
3
9. L .
Ly = Xm _ 68.9-10 =219.36 [H], Lypy = m =%;0.02
® 314 Lpase 2.194

The resistance of the primary winding is:
1Peun _ 1Pcun V2 - 1 3200

Ry =R, =Ry == = == 10.5%10°26.89 [Q
LTUP TR g2 T2 g2 I T 21602106 =
R 6.89
Ripu =Rapu =3 1 =g =001
base

6. SIMULATION MODEL, SIMULATION DIAGRAMS AND RESULTS

For the demonstration and verification of the new model and algorithm of transient
processes, a special program was adapted in MATLAB Simulink psbphaseline31.mdl [28].
The simulation of transient process has replaced the classical method (calculation and
measurement) and provides a picture of behavior of three-phase line which is equivalent to
distributed parameters or 1 scheme.

Based on the nominal data of transformer (nominal power, nominal voltages, transformer
coupling) and data obtained from short-circuit and no-load tests (short-circuit voltage, short-
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circuit loss power, no-load current, no-load loss power) electrical parameters of the
transformer can be calculated. In the scheme, both line variants were used: on the upper
part, line variant with distributed parameters, and on the lower part I'1 line scheme where the
energy transformer in both cases has the same parameters, figure 4.

A three-phase powered transformer with the following characteristics was used: ONAN, Yyn
160 [kVA] (10.5)/0.4 [kV] from the source 50 [Hz]. Parameters of winding 1 (pnmary)
10.5-10° Vrms, R=0.01 p.u., L=0.02 p.u., parameters of winding 2 (secondary): 0.4 10°
Vrms/sqrt(3), R=0.01 p.u., L=0.02 p.u., active losses in the magnetic circuit: Rm=100 p.u.
The input values corresponding to the dialog box are:

6.89 0.043
——=0.01p.u,, L1, =——=0.02p.u.
lpu =589 Pt hapu =502 P
A short circuit is simulated with the set secondary current:
3
. Sp __160-10 _232[A]

Jav, +3.04.10°

The parameters of the scheme elements are given in the figure 4 (line-SCOPY1,2
SCOPY9,10), and simulation diagrams of currents and voltages in figure 5 and 6.
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Fig. 4. Simulation scheme of extreme modes: a) idling, b) short circuit

Process simulation. The simulation consists of two parts: in the first part, a short circuit of a
three-phase power transformer is simulated, where the currents and voltages of the primary
set according to the nominal current are controlled. A short circuit was achieved on the
secondary, which was the goal of this part of the simulation. In the second part, the idling of
the three-phase power transformer is simulated. In that case, the secondary current is equal
to zero.

We can conclude that in this simulation, the process representing the extreme mode of the
transformer shows the influence of the characteristics of the selected transmission line
scheme. The process is influenced by the parameters of the source, the scheme of lines,
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primary and secondary and the parameters of the magnetic circuit of the transformer.
Although the forms of currents and voltages on the primary of the transformer are slightly
different, they can affect the sensitive equipment in the relay protection of the power
network.

The resulting forms of currents and voltages presented in figure 5 for a short circuit of a
three-phase power transformer simulated on line with distributed parameters and line with a
M scheme show that there is an insignificant difference in the levels and forms of the
currents, but also essential differences in the levels and forms of the voltage, due to the
significant presence of harmonics in voltages.

(L (- [B]x
&B LPP ABE D

0037 0098 0. TR 0. 0im

Time ]

Fig. 5. Current and voltage diagrams - short circuit of a three-phase power
transformer: line with distributed parameters and line with 1 scheme

In figure 6, where the idling of a three-phase power transformer on line with distributed
parameters and line with 1 scheme is simulated, a slight difference in the level and form of
currents and voltages, as well as a small presence of harmonics in currents and voltages.
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Fig. 6. Diagrams of currents and voltages - no-load operation of a three-phase power
transformer: line with distributed parameters and line with 1 scheme

The advantages of MATLAB are a large number of possible simulations, and the results of
those simulations, the shapes and characteristic values of the obtained diagrams of currents
and voltages in no-load and short-circuit verify the proposed method for modeling extreme
regimes on line with distributed parameters and I the wiring diagram to which the three-
phase power transformer is connected.

7. CONCLUSION

By applying computer simulation of dynamic behavior of power transformer in the software
package MATLAB Simulink psbphaseline31.mdl in transient processes, the reliability of the
theoretical model in extreme modes such as idling and short circuit of the transformer when
the three-phase line is replaced by an equivalent circuit with distributed parameter or with 1
scheme.

On the example of an electrical network in which the power transformer is in one variant
connected to a line with distributed parameters, and in the other to a line with 1 the scheme
with parameters of the same values shows that computer simulation can describe transient
processes in the electrical network in a quality way and thus enable better analysis of the
behavior of one of the power elements, in this case the power transformer.
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