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Abstract — The paper is presenting theoretical
analytical model and computer simulation of
electromagnetic transient process in a transformer.
Transformer parameters in a selected transitional
process have been analyzed. Theoretical model refers to
an energetic transformer with concentrated parameters
with consideration of parameters of mutual inductance
M. Simulation was performed on a personal computer
using the software program MATLAB SIMULINK. The
computer simulation confirmed the possibility of
transitional process analysis in transformer’s windings
with concentrated parameters.

Index Terms— Computer, Simulation, Transient
Process, Model, Transformer, Concentrated Parameters

I. Introduction

Transformer’s load causes a change in voltage. This
change is usually manifested as a decrease (down) of
voltage relative to the idle. The transformer should be
designed to withstand the possible tension throughout
its life. This paper describes changes in the transformer
during load changes through computer simulations that
indicate a failure or defect.

Computer simulation today presents one of the
leading methods for solving, describing, understanding
and analysis of complex dynamic systems in the fields
of technical sciences.

The MATLAB software is designed for solving
various mathematical and engineering problems Which
were modeled by the application of linear algebra and a
master computer where this simulation has been
performed, and that is why the simulation was
performed precisely in this software package.

Mathematical model of power transformer is
completely derived from the literature ™, and is based
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on the model derived in the software package
MATLAB and Simulink[™, The simulation’s goal of the
set theoretical models is to obtain relevant information
about the behavior of the power transformer in the
transition processes.

In the first example of a transformer of high power
and a second example of a transformer of low power it
has been shown that such a computer simulation in a
qualitative way can describe the transient processes and
by doing so a better analysis of their behavior can be
performed.

The remainder of this paper is organized as follows:
Section 2 gives a theoretical model of the transition
process in the ideal and the real transformer with linear
magnetic characteristics. Section 3 describes dynamic
changes in real power transformer in MATLAB
Simulink. It describes two simulations: Simulation 1-
Simulates idling of transformer. Secondary current is
equal to zero. Simulation was performed for the real
three-phase power transformer SIEMENS - ONAF /
ONAN.

Simulation 2- Simulates a short circuit and controls a
secondary current set to the rated current for the real
three-phase power transformer SIEMENS - ONAF.
Graphs fluxes, current magnetization and voltages on
the primary and the secondary are given at the end of
the simulation process. Conclusion and future work are
presented in the final section.

I1. Theoretical Model of Transient Process in
Transformer

The transformer consists of ferromagnetic circuit and
operates as electromagnetic connection of two electric
windings: 1. primary is connected to the source of
alternating current and 2. the secondary winding to
which electric loading is connected. The task of the
magnetic circuits is to create spatial distribution of
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2 Computer Simulation of Theoretical Model of Electromagnetic Transient Processes in Power Transformers

magnetic excitation forces and magnetic fluxes which
produce currents in winding at a circuit or strange
magnetic fields®l, The processes in a three-phase
transformer are equivalent to processes in single-phase
one if the influences of the other two phases are
considered according to assumptions as in the model of
an ideal and symmetric three-phase transformer, where
according to figure 1:
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Fig. 1: a) Three separated magnetic circuits and b) equivalent scheme
of transformer with concentrated parameters

1. Conductance of magnetic circuits for all three phases
areequal: A, =z = A, =1

2. Sum of magnetic excitation forces of three phases
equals to zero M 4 +M 5 +M 0 =0
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3. According to IV Maxwell equation divB=0 ,
¢;ﬁ+¢m+¢;£=o

Currents and voltages in windings can oscillate
propagation through coils if the winding includes; The
theory of wave spreading through coil’s threads covers
parameters of capacitance towards mass, winding
inductance, capacitances between adjacent coils, mutual
inductivity of one thread to another, reaction of primary
coil on secondary and vice versa, turbulent currents in
magnetic core , losses caused by hysteresis.

In the model, values of primary and secondary
winding are R, =R[Q], R, =R,[Q] and values of

inductance are L, = L,[H], L, = L,[H]

Rp=R1 p=‘:1 1; N N, L,=L, R =R
MW= . — - - —W o
' 5 75
a3
Vl Rm 3 L’u El | E2 V;?
l i l

Fig. 2: a) One equivalent scheme of three-phase transformer, with
Hysteresis curve

Nonlinear characteristic of magnet biasing, figure 2 is
dependence B = f(H_,) which has an hysteresis

form of a distorted rectangle and high values of
magnetic penetrability #z=dB/dH .

High values of magnetic penetrability x#=dB/dH
help to minimize influences of air gaps and magnetic
contours on which magnetic fluxes close.

Magnetic induction and strength of the fieldsB, H
have different values in different points of cross section
of the core. Values are variable due to three reasons:

a) due to the value change of cross section

b)due to the heterogeneity of magnetic domains
(ferromagnetic, gap filled with air, etc), and

c) due to the dissipation of magnetic fluxes between
adjacent coils.
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Computer Simulation of Theoretical Model of Electromagnetic Transient Processes in Power Transformers 3

Magnetic characteristics of magnetic circuits of
devices such are transformer, dependence B, = f (H),

differs from magnetic characteristics of material
B = f(H) due to following reasons ™

e Lengths of contours where magnetic fluxes close are
not equal, and there are also fluxes of dissipation.
Influence of unequal lengths of contours can be
lessened only by assumption that a magnetic circuit is
composed of elementary parts with the same
magnetic characteristics which are packed in order in
the direction of a planned contour.

¢ Inequalities of cross sections along contours of fluxes.

In calculations that influence, this can be lessened
with the usage of the smallest value of a cross section
S, along contours of the magnetic circuit.

o Influence of connections, cracks and presence of
magnetic gaps in the circuit filled with air along
contours of flux closures. According to the second of
Kirchhoff’s laws on magnetic circuits I:

ZHjIj :hFe.|+§.B§
j Ho ! @)
=MPS =H(l+9)

hge is the intensity of the field which acts as the
magnetic core, Bs =b=B- is the inductance value if
there is no dissipation in the gap on the cross section,
H - mean value or real value of field intensity which
acts on the cross section , H, - value of field intensity

which would exist on the cross section if gaps would
not exist.

:MPS zE:h +éE=h
1+6

Fe
| | p,

+H,, (2

Fe

where g, =B/ u,H is the relative value of magnetic
conductivity of a magnetic circuit, =B/ H is the
absolute value of magnetic penetrability of material,

| . . e

g= my is the magnetic penetrability in the form of a
| -

magnetic ri my circuit.

. N |
For magnetic circuits where —=mpz1, =6
1)

1 1 1
applies — = = += = 4, M 1
Me p 1 u+1

This procedure leads to the expression for differential
magnetic penetrability:

1 AH 1 1 1
— - Ll ©
Hge AB " pge ug My
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Differences in the process of magnetic biasing, which
occur on hysteresis curve.

Magnetic parameters must be determined on a
finished magnetic circuit which has its own geometric
shape and winding position.

According to the Faraday law, the electro motor force
of primary and secondary winding, u; and u, are

consequences of changes of fluxes:

1 1
®=—N—Jupdt=—N—Iuldt, (4)
po 10
1§ 1 |
@ =——[u,dt =——[u,dt, ®)
N, 3 N, 3

2.1 Theoretical Model Of A Transitional Process in
an Ideal Transformer with Linear
Magnetization Characteristic

uiz.p :Uiz.m Sin(a)'t_'_g) (6)

Voltage equations are:

u. — _P_ _S —
e TP gt de ™
di, di, di, M di,
i 8)
dt dt dt L, dt
Connection coefficient kgz M has the value
LpLs
M . . .
ke = ~1 if the fluxes include the winding of

[LoL

the primary and secondary are equal in value. In
approximate calculations, the following expressions

apply:
N N
Lp = Koy (Tl)zv ) Ls = HoHy (I_Z)ZV
)
N, N,

|2

\Y

M =L, L = uon,

M= L,L =puu, %v , (10)

|2

7 H . .
where g =47-10 7; 4y is the magnetic

penetrability of the air and core, N, N, are the

numbers of the primary and secondary coils and
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4 Computer Simulation of Theoretical Model of Electromagnetic Transient Processes in Power Transformers

V volume as the part of the space where the windings
are placed, figure 3. In the primary transformer circuit
active losses presented with resistance exist R, and in
the secondary circuit with resistance Rq, if the power
transformer is directly connected to voltage source:

di, di, .

Uizp —~ pd_tp_ME:Rp'lp' (11)
di di . 0

L,—=+M—-L4+R.i=0/—,

*dt ad  °°° ot (12)
di, di d i,

Reat "M "hge 0 (13)

In the secondary circuit of single-phase transformer,
three typical regimes can occur.

a) Idle operation:
. di,
Rs=w0=ig=0=uUs =-M T
b) Short circuit:

Substituting the values for derivative (di, /dt) in (6)
of the system of (9), the following is obtained:

MZ
L, L,

u, - L, - )%:[Rﬁ(%)z'?s]'ip (14)

From the first equation of the system of (6) is also:

di 1 . di
—~=—(, —Ri —-L,—~ 15
dt M( P PR dt) (19)

When the primary transformer is connected to
external electric circuit with a wvoltage source
Uiz.p =Uizm sin(@-t+6) and the parameters of the
circuit are Rj; , Lj; and the secondary transformer
winding is connected, loading with the parameters
Rioad + Lioag in the primary transformer are: total

active resistance Rpy =R, +Rj, , total inductance
Lps =Lp +Lj;, and in the secondary transformer the
active resistance is Rgz =Rg+Rygaq . and the total

inductance Lgy =Lg +Ljpsq While time constants gain
other values:

di di is Ly N R R +R
Ry=0=-L—2+M—S=0=S="S-_"2 AR I
dt dt ipb, M Np =L L +L
px p iz (16)
c) Loading on secondary is small value but is not Ry R +R.
s -~ T = =
equal to zero Us =lsZioad | Rs ~Zioad 0. i L, + Liad
oLy di di, R
Rs—>0:>|5z—3|pﬁ_—M—p——SlS
M Pdt L odt L
Uy, = Uy, st @£+ 8);
iy ~ im !——+—¢5‘ b—
| - |
I L) I D
-
d__ p M p= 3
< Pe— M > | =
! L) - =
q o = 3
d M, =
o—0— | =
| 1
—-—

Fig. 3: Electromagnetic connection of transformer winding with concentrated parameters

With strongly paired magnetic circuits, as in the
transformer here, the following applies: M 2 = kchpLS .

With these substitutions which refer to a new
connection coefficientk.y , effective inductance of the

Copyright © 2014 MECS

primary Lef p and the mutual inductance M and the

introduction of time constants to the primary circuit
7oz and the secondary circuit zgy is:
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M 2
ki =———, Ly, =(@—-kZ)L,;. 17)
LpsLss

For which an homogenous part according to
convolution theorem (8/ét < jw=p) applies to the
equation:

75 Ta (=K ") P* + (7, +75)p+1=0, (18)

Roots of characteristic
decrement D=0, are:

equation, when

_(sz +TSZ)i\/(TpZ +Tsz)2 _4szfsz(1_kc22)

,(19
T (49

Pi, =

and the decrement of the equation is greater than zero,
the roots are multiple and different:

Toslss a- kczz) p2 + (sz +74)Pp+1>0, (20)

The current of the primary is the sum of a free
component o and a forced component iy, of the

primary current:

. . . t t -
ip =ipsl +ippr = APl + AgeP2 i (21)

The forced component is created by the voltage of the
resource Ui p =Up sin(w-t+6) as well as the

harmonic function:
ippr =lpmsinf@ t+0-9,), (22

If the expression for the forced component ippr
substitutes in (19) values for I oy, , then ¢ shall be
determined:

Rising to the second power and then extracting of the
root of the left and right side of the last equation is
obtained:

L 75T A-K2)0" T 4 (1 4747 0
(23)

u. .
R'Z‘m VIt 720 sin(o-t+60+p)

pz

sin(o-t+0-9, -a)=

(sz +75)o

- R B=arcg(ryw), (24)
_TpZTsZ T Rex [

=arctg

(TpZ + TSZ)(O
1- Tpsler - kc22

| = Uizm i+ Tszzwz ) (26)

Ry -7y K2 T + (7 +7) @

(25)

@, = arctg > —arcly(r,m)’

pm
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In the moment of closing of both switches, figure 3
(in the circuit of primary and secondary) values are:
ip(0)=0 for is(0)=0 andup(0)=Uj, y sin(et).

From the (7) of the system we obtain the first
derivative:

di L
2| = ——=—u,(0)
dt ' =0 LpZLsz M2 P -
_ U, , (0) ’
Lpz(l_kczz

Integrating constants are determined from the
boundary conditions:

Ap+Ap+o-l, cos(@-4¢,)
_ uiz.p(o) ! (28)
LpZ (1_ kczz)

The value of the current i is obtained from the
differential equation:

d?i,
d2

TpsTlss (1 kcz

pz sz)d_ts+ls

M du . (29)
_ |z.p
" R.R ( dt )

px’ 'sX

For the homogenous part of differential equation the
same decrement applies:

Tosler (1_k022) p2 +(sz +74)p+1=0, (30)

The solution for the secondary current is the sum of
free and the forced component:

. . . t t -
is =isg +ispr =Be™ +BreP2 +igy, (31)
The forced component is defined by a time form:

Ipr = g SIN(@-t+60—0,), (32)

S|

If the expression for the forced component igy, is

substituted in for (34) the values for lqy, i ¢gwill be
determined:

a)MU 1
PE 52 \/[ pZTsE]' kz ]2+(Tp2+752)2a)2 . (33)
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(TpE + TSE)a)

o, = arctg
1-7,7s(1- ke )oo®

T
=, 34
5 (34)

Integrated constants are obtained from two conditions:
1. At the moment of closing of both switches (on the

primary and the secondary) the value isig(0)=0, and 2.

from (7) the first derivative is:

di, M di,

_ _ kczzuiz.p(o)
gl T L dt M _1k2)

L, dt ' = M@-k2

If there are no magnetic dissipations the values are:

1
ke =1, py=——————, pp =0, (36)
sz +Tgy
.. . .
=g+, =Ae™ +i @37
is = issl +ispr = Blem1t +i5D"’ (38)
For primary the values are:
| U, 7eylt 0’1l 39)
pm — )
LDZ \Il"‘(fpz +1'32)2
Lo 1+ (r, +75)°  Yl+ @il
775 U (0) .
Al = == = =1 pm Sln(9_¢p)
Ty +7s L . (41)
@, = arctg [(sz +Tsz)a)]
and for secondary the are values:
oM T 42)

| —_ 5%
sm pm
Lsz 1/1+ C()ZTSZZ

szz-sz uiz.p (O)

B, =- =l cos(0—9,), (43)
Ty +7Tg
T
Qs = arCtg [(TpZ +T25)a)]+51 (44)
1], (@ i
. T T

- A&— iz.p pZ ¥ sz =Sin2(9_¢7p),(45)
Ipm L,JZ Ty +7Tg

2
1 B _uiz.p(o) TpZTSZ |
2 1
12, M T 7

=cos’(0—p,), (46)

The values of transformer’s voltage are calculated of

the system of (9):

u, =u,=-M % (47)
di,
U, =u,=-M e (48)

In transformers of 10 <V, <110kV the voltages for

basic harmonic f =50[Hz] values of relation of winding
parameters are such an error of 0,1% occurs:

|Xy_ot|>4|R| =

Lo , (49)
0= (=)o = 4x314=1256 >>1
1+ 720’ . e (50)
I+(rp +75)0° Ty +7g
| _ Uiz.m z-PZTSE
R I A
: (51)
P TpZTSZ — Ipm Lpz
TpZ + TSZ Ulz.m
l‘Iiz.p (0) -
Al = Ipm[ U —S|n(9—(0p)], (52)
i _ I {e_TPEiTSZ[uiZ.p (0) Sln(a )]
P Uiz.m ¢p ! (53)
+sin(ot+60—-¢,)}
. T 57T,
sm — Ulz.m P < M = M | pm> (54)

Lpz (sz trg)o Ly Ly
T .
P =P, +E = sin(0—g¢,) =cos(@—¢,), (55)

uiz p(o) LpZ M
— X P 00s(d - ¢,)] (56
U M L cos(0 - ¢,)].(56)

iz.m )

Blzlpm[
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In the idle mode:

di
Ry =0/ Ly =00 =ig =0=>Ug =—M d_tp’ (57)

Uiz.m TPZ

- Lps \/1+(rp2a))2'

pm (58)
This value also presents the current of magnetization:

- - _TL uiz. (0) -
i =l =1, {e ™ [-=—-sin(0-¢,)]

+sin(ot+60—-¢,)}

» (59)

t

1w
u =Ml {—e ™[
T

S

Yz, (0) —sin(6-g¢, )]

—wcos(wt+6-4¢,)}

(60)

Value of flux from (5) is:
l t
q):——jusdt-, (61)
N2 0

In the short-circuit mode conditions are:

R —>0:>—Ls%+M %:o
dt dt (62)
IS LS ’
3_—:—
i, M
t
. —u,.(0)
i =1_{e =[=2-~—sin(@-
o = ll® Uy G0l
+sin(ot +60-4,)}
_ Lsz 7% Ulzp(o)_ . _ , 64
ls—lpmM{e [T sin(0—¢,)] (64)

izm

+sin(ot +6-4,)}

2.2 Calculation of The Transformer’s Para- Meters

The model of the transformer is accomplished, using
the software program MATLAB-SIMULINK in such a
way that its inputs are vectors of source voltage and
source parameters and windings of the transformer, and
outputs are vectors of flux, currents of magnetic biasing
and variable equations of voltage value of both primary
and secondary.

Copyright © 2014 MECS

Simulation and analysis of the transformer’s behavior
in transient processes was preformed in idle operation
and is consisted of the described simulation models of
voltages and source parameters and transformers along
with blocks which simulate voltages of the transformer.

In accordance with technical practice it is necessary
to determine resistance and inductance of windings in
the system per unit.

Base values are nominal output S,[VA], nominal
frequency f,[Hz], and nominal voltages V,[V] and
effective voltage value Vs which corresponds to
winding.

The base unit resistance, and base and unit
inductance which are used for each winding are:

2
Rbase = [Vn] hase — Rbase
S, 27,
R[Q L[H]
R(pu) = B (pu) = HHL

pu)=
Rbase[Q] Lbase[H ]
The unit value of active resistance of the magnetic
circuit Ry, is based on indicated power S, [VA] and on
the nominal voltage of the winding 1.

I1l. Transients in Transformers in MATLAB
SIMULINK

If the process is simulated with a residual flux phiO,
the second point of a saturation characteristic is on the
coordinate and corresponds to zero value of the current,
as shown on figure 4.b. The characteristic of saturation
is input with (i, phi) values per unit in the system, and
with start from couple (0,0). The Power Block (PSB)
converts vectors of flux p.u. and vectors of the current
I py into standard units which shall be used in the

model of saturation:

D=0,
=1,

pu "base?

base’q)pu :(I)/d)
1, =111 |

base

base

where the base values of flux and current have values
which correspond to nominal voltage, power and
frequency.

Nominal power and frequency: Nominal apparent
power Sy, [VA] and frequency f,, [Hz], of transformer.

Winding parameters 1: Nominal effective value of
voltage in [V] resistance and drive inductance of
winding 1 in p.u.. Winding parameters 2: Nominal
effective value of voltage in [\/] resistance and drive
inductance of winding 2 in p.u.. The characteristic of

1.J. Information Technology and Computer Science, 2014, 01, 1-12



8 Computer Simulation of Theoretical Model of Electromagnetic Transient Processes in Power Transformers

saturation-denoted as a flow/diagram of current pair
(p.u.)-flux (p.u.) which starts from the point (0,0).
Active losses in the core of magnetic circuit and initial
flux: Active losses of the power in the core which are
included into the resistance parameter Ry, in p.u.. For

example: Denoting loss of active power as 0,2% at
nominal voltage nominal value for R, =500 p.u. also

can be denoted as the initial flux phiO (p.u). The initial
flux has special importance in transformer feeding. If
phi0 is not denoted, the initial flux is automatically set
for simulation of a steady-state start.

The following has been measured: Voltages of
windinU, =U, =Uy,(pu.) .U, =U, =U,(pu.),

Currents of winding: Iy; . ln2 - Magnetizing

current: | pag . Flux: @ .

Outputs and inputs: One input, one output, or three
outputs (if they exist) instantly have the same polarity.
If on the input, with the third winding equaling 0 is
found, then in the block-set it is implemented in the
transformer with two windings and magnetic circuit and
the display shows an icon which symbolizes a
transformer.

Limitations: A winding on the icon can vary. A
variable winding is internally and directly connected to
the resistance in the circuit, and an invisible connection
has no influence on voltage and current measurement.
The flux saturation model does not include hysteresis,
figure 4.b. The circuit is available in the file
psbxfosaturable.mdl file.

3.1  Simulation No. 1

Simulation was performed on the real three-phase
power transformer SIMENS-ONAF/ONAN
(dimensions: length 7800 mm, width 3250 mm, height
6100 mm, transformer has fans which start to work at
higher loadings; oil flow depends only on siphon effect)
with the following information: connection Yy, current
of idle operation i3% =05%, voltage of short circuit
u,%=105% , voltages of primary and secondary

U, =U,, =7109kV] , Ups=Up =2124[kV] ,
S, =100[MVA], Pre =49[kW ], Peyn = 285[kW ],

Vip =Vig =123=(110£8%)[kV ], Vipg =Vppp =36,75[kV | .

From the primary side, the reactance of the short
circuit is:

ug%Vis 10 1232 .10°
100 S,, 100 100-10°

K= =15.13[Q]

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

Copyright © 2014 MECS

Von 36,75
Vi, 123

t = ——=0,2988=03

Reactance of the primary and secondary windings are:

Xy 1513

Xy =X =222~ 756[0

0= X B 87 gl
Xia = k2 =207 2088[0)

Dissipative inductances of primary and secondary are:

Xe1 756 _
=L, =7=m=0,024[H]

X2  0.68

Lo =Lyp ==5=27=0. 0022[H |

Impedance of magnetic biasing is:

Z ~X. = Vlnvln =V21n=
" ; \/§’i0%|nvln loSh

2,06
- LOG =30,26[kq]
0,005-100-10

Inductance on the primary side is:

_ _Xm _3026-10° _9636[H]
" e 314 ’

Resistance of transformer winding (primary and
secondary) is:

1P

R p Kk = 23|1n 23 SZ( 1”)
3
=1P°UZ” 1ﬁ 12852 1?21232106 0,2156[9]
2 82 " 210010
1P
R, =R, =R, ==t == (J3V,)" =
2 s 2k — 23|2n 23 Sz (\/_ ?-n)
l P
282 Vo
3
~ 128510 46 752 108 = 0,0104[0)]
~2100%10

2
Rpase = [VS”] =50.43Q

n

Rpase _ 50.43

Lbase = =

= 01606
24, 314
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A 123e3/ sqrt(3)
Dpae =—2 /2 = sqrt(2)=319\Wb
base 2, 5750 q () J-M]
S 100e6
| =N V2=—"___sqrt(2)=1983|A
base =y, 123e3/ sqrt(3) ar(2) Al
The three-phase  transformer 100 [MVA]
123/36.75 [kV ] is single-phase fed from the resource
50 [Hz]. Transformer: Nominal power 100e6,50 [Hz],
parameters of winding 1 (primary): 123e3 Vrms/sqrt(3),
R=0,00427p.u., L=0145p.u., parameters of winding

2 (secondary): 36.7e3. Active losses in the magnetic
circuit: 1000p.u. Characteristic of saturation: [0 0; 0 1.0;

1.0 1.22], residual flux = 0.6 p.u. is presented as a
partially linear curve of flux dependence from the
magnetization current

Input values which correspond to dialog box are:

AN

Elwetrical
Network

. e
s _“-’[E;}_' signal

YT Select phase A |
Prog mmrpl Able Source Valt tmlroglgd
¥ me 0% Valtige Source)

e allee =

g

Opena at i» 8 cyclng Jd T
and recloses at t«f cycles
100 MVA
- 7109/2124KV

Flux - Current
characteristio

0 o RE Ko s
| Flux {pu}

Fhux Visaop
Nultimeter - I | ragnetizaten (pu)
p—U UE) K. >
TFlux 'A Py

—b‘u UlLl}——V»H;,'

U2 transfo Vespu2

w2 transfo

0T U2 Transfo (pu)

a4 R OO DO SO

- 02156[0] _; 50497501
50.43]Q]
L, = 0024H] 01494pu.
17 0.1606[H ]
Tranaforer
— [—»f]
Broaker 5‘:: II"' E’z

Flux (pu)

| | |

i A 0O 1

|
L
=

(o
0006 001 COi6

B S j
0,016 0.01 0,006 0

Current (pu)
) No residual flux can be apecified

b) A reeldual M can be gpecifind belwsen pointe
Histeresis characteristic (fils “hyeterssis mat )

Fig. 4: a) Simulation of idle operation of transformer and b) characteristics of block saturation of saturated transformer

In this simulation process, figure 4 which presents a
regime of idle operation of a transformer shows the
influence of the characteristic of saturation and time
constants of a transformer. In that moment, the values
of the flux and magnetization current start to increase
which cause the increase of the voltage in the primary
and secondary, where the voltage on the secondary
transformer can have a higher unit value from the
voltage of primary transformer. During the process the
time constants of the primary and secondary as well as
the nonlinear characteristic of magnetic saturation have
the influence. The voltage of the secondary, due to this
influence, has a slight increase after a time period of
0,06 s and is permanently stable until the end of
simulation, figure 5.
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3.2  Simulation No. 2

Figure 6: It simulates the short circuit and only
controls the current of the secondary set to the nominal

current I'r'] :232[A] , for a real three-phase power

transformer SIMENS-ONAF (dimensions: length, width,
height 1140x800x1700 mm, transformer has fans which
start to work at higher loadings; oil flow depends only
on siphon-effect) with the following information:
connection Dy5, current of idle operation ig% =1%,

voltage of short circuit u,% =3,75% , voltages of
primary and secondary Upy=Up :10.5[kV] ,
Ups =Upp =230V] , S, =160[kVA] , Pg, =500W] ,
Pon =3200W] Vip =V =10.5[kV | ,
Vs =Vpp =0.4[kV |.
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Fig. 5: Results of simulation no. 1: Time flow of flux, magnetization 103
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m 1
W 314
From the primary side the reactance of short circuit is:
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Fig 6: Results of simulation no. 2: Short circuit is made by adjustment of loading in secondary Py = 3200[\N] which was the goal of this
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simulation
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Resistance of transformer’s primary winding:

1 I:)cun :1 I:)cunVZ _

Ri=Rp =Ry =3 In=
p 23'12n 2 Sr% "
23&10.52106 ~689[0]
21607108
V. > 1052 .10°
Rpase :[ n] = 3 :689[9]
Sn 16010
Rpase 689
L., —base _ 999 5 194ry
base 27Tfn 314 [ ]

For this simulation a three-phase transformer ONAN
was used, Dy5 160 [KVA], 12(10.5)/0.4 [kV ]is single-
phase fed from the resource 50 [Hz]. Transformer:
Nominal power 250e6,50 [Hz|. Parameters of winding 1
(primary): 10.5e3 Vrms, R=001 p.u., L=0,2 p.u.,
parameters of winding 2 (secondary): 0.4e3
Vrms/sgrt(3), active losses in the magnetic circuit:
50p.u. Characteristic of saturation: [0 0;0 1.0;1.0 1.22],
residual flux = 0.6 p.u.

Input values which correspond to dialog box are:

6.89[2]
Ripy = ———= =0.01pu.
1Y~ 6g9[q)] P4

0.043[H |
=A%~ 002pu.
1PU ™ 2.194[H] 00zpu

The short circuit was simulated with adjusted current
of secondary:

3
oo Sn | 1604107 ooy
J3v, 4/3-04-10°

IV. Conclusion

The application of a computer simulation of dynamic
behavior of a power transformer in the software
program MATLAB-SIMULINK at transient processes,
the validity of a given theoretical model in extreme
regimes as idle operation has been confirmed.

Measurement results a) in idle operation- time change
of the flux verifies the value of expression (61) time
flow of a current of magnetization verifies the value of
expression (59), and time flows of voltages of primary
and secondary relations (47) and (48) at b) short circuit
diagram verifies the value, figure 5.

In the first example of a transformer of high power
and a second example of a transformer of low power it

Copyright © 2014 MECS

has been shown that such a computer simulation in a
qualitative way can describe the transient processes and
by doing so a better analysis of their behavior can be
performed. This paper described dynamic changes in
real and ideal power transformer through MATLAB
Simulink, which indicates possible malfunction or
defect.
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