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Abstract 

     This paper investigates the saturable transformer from modeling and control 

point of view. After implementing the Simulink model of the three phase transformer   

simulation of a three  phase,  two-winding transformer is used  to examine the 

transformer under  two operating conditions.  

The first is the secondary terminal short circuited and the second is the 

secondary terminals connected to a non-unity power factor load  to verify the results 

obtained with those predicted from any analysis using the equivalent circuit. The 

graphical user interface is used for  modeling  transformer parameters, obtaining the 

results, check  the stability of the control system, the settling time, the Bode plot, 

Nyquist and Nicols chart  finally recording all currents, voltages and phase shift 

between them in the steady state condition, initial values of states variables for the 

nonlinear circuit  parameters. 
Keywords: Transformer, Mutual inductance, Magnetic coupling, Magnetic field, 

Saturation, Modeling, Control and Simulink. 

 النمذجة والسيطرة لمحولة في حالة الإشباع

 الخلاصة 

ناحية النمذجة والسيطرة  والتحميل وكذلك كيفيةة السةيطرة  نعمل محولة في حالة تشبع  م دراسةال هىذتفحص       
عمى مواصفات ىذه ألمحولو واىم عناصر السيطرة في الدائرة حيث انةو بدةد التمليةل الريالةي لممدةادتت التةي تملةل 

محولةةو ذات الةةلطث أطةةوار بممفةةين يةةتم البنةةات الكتمةةي باسةةتيدام برنةةامس السةةميولنك الةةذ  يسةةتيدم لفحةةص ن ةةاط عمةةل أل
ألمحولو تحت شروط مدينة ىي  أوت عندما يكون الطرف اللانو  لممحولة في حالة قصر ولانيةا عنةدما يكةون الممةف 

واحةةد واسةةتيطص النتةةائس التةةي تملةةل ن ةةام  تسةةاو  ت اللةةانو  مربةةوط حلةةى حمةةل يكةةون فيةةو عامةةل ألنوعيةةو ذو قيمةةة 
سةةةت رارية فةةةي الدمةةةل ووقةةةت ألإالسةةةيطرة الم مةةةو لممحولةةةة واسةةةتيراج اوشةةةكال التةةةي تولةةةي حالةةةة المحولةةةة مةةةن ناحيةةةة 

اتسةةت رار ومطئمةةة المت يةةرات عمةةى اودات وكةةذلك الةةدائرة المكافئةةة  مةةن ناحيةةة التيةةار والفولتيةةة والفةةي  الم ناطيسةةي 
ة الى ذلك استيدام مميزات الماتطب الكبيرة لدر  اوشكال  ل ر  مدرفة عمل عناصر السةيطرة وياصةة بالإلاف

بالنسبة لممفاتيي او ال اطع والتحميةل لكةل مت يةرات الةدائرة وفةي النيايةة تسةجيل كافةة التيةارات والفولتيةات وفةرو الطةور 
 يطية في الدائرة. اليرات غير لمت ابينيما في حالة اتست رار والحاتت اتبتدائية لكل  

اللحميااا والضاارس  النمذجااةا :المحولااةا الحاام الملباااداااللرابط الميناطيساايا الناايس الميناطيساايا الإشااباعاالدالة الكممااا 
 السميولنك.  و لممحولة. عناصر السيطرة

 

List of Abbreviations 

E1    Induced voltage in winding 1. 

E2    Induced voltage in winding 2. 

I1     Induced current in winding 1. 

I2     Induced current in winding 2. 

L11   The self inductance of winding 1. 

L12   The mutual inductance of w1 to 

          w2. 

L21   The mutual inductance of w2 to  

          w1. 

16 



Tikrit Journal of Eng. Sciences/Vol.17/No.1/March 2009, (16-27) 

 

 

 

 

L22   The self inductance of winding 2. 

N1     No. of turns of winding 1. 

N2     No. of turns of winding 2 

Pm     The mutual path of permeance 

λ1      Turn times the total flux linked in  

          winding 1 

λ2      Turn times the total flux linked in 

          winding 2 

Ф1    Total flux linked by each winding 

          for turn 

Ф11  The leakage flux component of  

          winding 1 

Ф12  The leakage flux component of 

          winding 1 to winding 2 

Фm    The mutual flux to both winding 

 

Introduction 

     Fundamental to any control system is 

the ability to measure the output of the 

system, and take the corrective action if 

its value deviates from some desired 

value. Different transformer models 

have been developed for steady state 

and transient analysis of power systems. 

Some of these models have nonlinear 

components to take into account the 

magnetic core saturation characteristics 

so that harmonic generation can be 

simulated
[1]

.  Juan A. Martinez et al.
[2]

  

presented a summary of the most 

important issues related to transformer 

modeling for simulation of low and 

mid-frequency transients. Stanley E. 

Zocholl et al.
 [3]

  presented a power 

transformer model to evaluate 

differential element performance and 

they also analyzed transformer 

energization, over excitation, external 

fault, and internal fault. A.K.S. 

Chaudhary et al.
 [4]

 listed some of the 

uses, advantages, disadvantages, and 

limitations of modeling of protection 

systems. This report includes some 

models of instrument transformers and 

the possible need to model instrument 

transformers. There are different 

approaches for transformer modeling 

and solutions: the matrix models use an 

impedance or admittance formulation 

relating terminal voltages and currents; 

the equivalent circuitry models often 

use simplified Tee circuit whose 

elements values are derived from test 

data; the duality based models account 

for  core  topology  and  the  connection 

between electric and magnetic circuits. 

Although the latter two model types  can 

also be presented in matrix format, they 

are easier to understand from a circuit 

point of view.   In electronic circuitry, 

new methods of circuit design have 

replaced some of the applications of 

transformers, but electronic technology 

has also developed new transformer 

designs and applications in it's simplest 

form. It consist of two inductive coils 

which are electrically separated but 

magnetically linked through a path of low 

reluctance
[5]

.  D.V. Otto et al.
[6]

 presented 

the
 
problem of transformer saturation in 

the DC-isolated Cuk converter and a 

novel open-loop damping technique is 

developed to control
 

transformer 

saturation.  Jiuping Pan  et al.
[7]

 proved 

that the current transformer (CT) 

saturation leads to inaccurate current 

measurement and, therefore, may cause 

malfunction of protective relays and 

control devices that use currents as input 

signals. They  introduced an efficient 

compensation algorithm capable of 

converting from a sampled current 

waveform that is distorted by CT 

saturation to a compensated or control 

current wave form. F. Islam et al.
 [8]

 used 

Artificial Neural Network (ANN) of 

parallel transformers for controlling 

secondary voltage in power system in a 

complex problem.  

      The two coils possess high mutual 

inductance. If one coil is connected to a 

source of alternating voltage, an 

alternating flux is setup in the laminated 

core, most of which is linked with the 

other coil in which it produces mutually, 

17 
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induced  e.m.f,  ( according to 

syFarada   Laws  of Electromagnetic  

dtMdIe / )
[9]

. If the second coil 

circuit is closed, a current flows in it 

and so electric energy is transferred  

(entirely magnetically) from the first 

coil to the second coil. The first coil, in 

which electric energy is fed from the ac 

supply means is called primary winding 

and the other from which energy is 

drawn out is called secondary 

winding
[10,11]

. The main uses of 

electrical transformers are for changing 

the magnitude of ac voltage, providing 

electrical isolation and matching the 

load impedance to the source they are 

formed by two or more sets of 

stationary windings which are 

magnetically coupled, often but not 

necessarily with a high permeability 

core to maximize the coupling by 

convention  . Transformers come in a 

range of sizes from a thumbnail-sized 

coupling transformer hidden inside a 

stage microphone to giga watt units 

used to interconnect large portions of 

national power grids, all operating with 

the same basic principles and with many 

similarities in their parts
[12,13,14]

. 

 
Model of  Two Winding Transformer 

Flux Linkage Equations  

    When leakage fluxes are included, as 

illustrated in Fig. (1), the total flux 

linked by each winding may be divided 

into two components, m , that is 

common to both windings, and a 

leakage flux component that links only 

the winding itself. In term of these flux 

components the total flux linked by 

each of the windings can be expressed 

as: 

m 111  ……….………….…(1) 

m 122 ……………………..(2) 

    As in an ideal transformer, the mutual 

flux , m  is established by the resultant 

mmf of the two windings acting around 

the same path of the core. Assuming that 

1N  turns of winding 1 effectively link 

both m  and the leakage flux , 11 , the 

flux linkage of winding 1, defined as the 

turn times the total flux linked, is: 
  

 mNN  111111 ……….( 3 ) 

    The right side of Eq. (3) can be 

expressed in terms of the winding 

currents by replacing the leakage and 

mutual fluxes by their respective mmfs 

and permeances. The leakage flux, 11  is 

created by the mmf of winding  1,  11iN ,  

over an effective path permeance of 11P , 

say . And the mutual flux, m ,  is 

created by the combined  mmf, 

2211 iNiN  .  

The resulting flux linkage equation for 

the two magnetically coupled winding , 

expressed in terms of the winding 

inductances , are: 
 

2121111 iLiL  …………..……….….(4)  

2221212 iLiL  ………………..…..(5) 

     The induced voltage in each winding 

is equal to the time rate of change of the 

winding's flux linkage, expression given 

in Eq.  4,  the induced voltage in winding 

1  is given by: 
 

dt

di
L

dt

di
L

dt

d
e 2

12
1

11
1

1 


………. .(6)  

     The voltage induced in winding 1 can 

also be expressed as: 

  
dt

iNNid
L

dt

di
Le m

2121
1

1
111

/
 …..(7) 

      Whether it is just for convenience 

of computation or out of necessity, as 

when the parameters are only measurable 

from one winding, often quantities of the 

other winding are referred to the side 

which has information available directly. 

18 
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This process of referring is equivalent to 

sealing the number of turns of one 

winding to be the same as that of the 

winding whose variables are to be 

retained explicitly. For instance, the 

current 122 / NiN  is the equivalent value 

of winding second current  that has been  

referred to a winding of 1N  turns, 

chosen to be the same as that of winding 

1. Denoting the referred value of 

)/( 122 NNi  by 2i  , Eq. 7  become: 

 211
1

111 ii
dt

d
L

dt

di
Le m  ….……..(8) 

       Similarly, the induced voltage of 

winding 2 may be written as 









 21

2

1
2

2
222 ii

N

N

dt

d
L

dt

di
Le m ….(9)  

    The voltage 2e  can also be referred to 

winding 1, or scaled to a fictitious 

winding of 1N  turns , using the relation 

given in Eq.8, Eq. 9 can be rewritten 

into the form: 
  

 211
2

122 ii
dt

d
L

dt

id
Le m




 ……... (10) 

      The terminal voltage of a winding is 

the sum of the induced voltage and the 

resistive drop in the winding. The 

terminal voltage  for winding 1 is given 

by:  

 211

1

11111111 ii
dt

d
L

dt

di
Lrieri m

 ………...(11)              

     Instead of writing a similar equation 

for the terminal voltage of winding 2, it  

will written it in terms of quantities 

referred to winding 1 first side
[15-18]. 

Equivalent Circuit Representation 

    The form of the voltage Eq. 11 

with the common 1Lm  term suggests 

the equivalent T-circuit shown in Fig. 

(3)  for the two-winding transformer. In 

Fig.(3), the prime denotes referred 

quantities of winding 2  to winding 1. 

For example, 1i  will by the equivalent 

current flowing in the winding having the 

same number of turns as winding 1, 

Equivalent in the sense that it will 

produce the same mmf, 22iN , in the 

common magnetic circuit shared with 

winding 1, that is 11iN  = 22iN . This is 

apparent from the ideal transformer part 

of the equivalent circuit. Similarly, the 

referred voltage, 2V   satisfies the ideal 

transformer relationship, 22 /VV   = 

21 / NN  in the practical transformer, 

unlike that in an ideal transformer, the 

core permeance or the mutual inductance 

is finite. To establish the mutual flux, a 

finite magnetizing current 21 ii  , flows 

in the equivalent magnetizing inductance 

on the winding 1 side 1Lm . 

    The value of circuit  parameters of 

winding 2 referred to winding 
  

2

2

2

1
2 r

N

N
r 








  …..……..……..…. (12) 

12

2

2

1
12 L

N

N
L 








 ………….....……(13) 

    If it is required  to include core losses 

by approximating them as losses 

proportional to the square of the flux 

density in the core, or the square of the 

internal voltage me  shown in Fig. 3, an 

appropriate core loss resistance could be 

connected across me , in parallel with the 

magnetizing inductance, 1mL . The 

resultant equivalent circuit would be the 

same as that derived from steady-state 

considerations in the standard electric 

machine. An arrangement will be 

described by which the voltage and flux 

linkage equations of two winding 

transformer can be implemented in a 

computer simulation. There is, of course, 

more than one way to implement a 

simulation of the transformer  even the 

same mathematical model is used.  For 

19 
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example , when using the simple model 

described  in the earlier section, we 

could implement a simulation using 

fluxes or currents as state variables. 

Note that the equivalent circuit 

representation of Fig. 3  has a cut set  of 

three inductors. Since their currents 

obey Kirchhooff´s  current law at the 

common node, all three inductor 

currents cannot be independent. The 

magnetizing branch current may be 

expressed in terms of the winding 

currents, 1i  and 2i , as shown.  In our 

case,  we will pick the total flux 

linkages of the two windings as the state 

variables. In terms of these two state 

variables, the voltage equations can be 

written as:                                                                                                                                                                                                   

dt

d
ri

b

1
111

1 



  ………………. (14)    

dt

d
ri

b

2
222

1 



 …………….....(15) 

Where 1 = 1b  ,  2 = 2b ,  and  

b   is the base frequency at which the 

reactances  are computed
[16,17,18]

.  
 

Incorporating Core Saturation into 

Simulation 

      Core saturation mainly affects 

the value of the mutual inductance and 

to a much lesser extent, the leakage 

inductance. Though small, the effects of 

saturation on the leakage reactances are 

rather complex and would require 

construction details of the transformer 

that are not generally available. In many 

dynamic simulations, the effect of core 

saturation may be assumed to be 

confined to the mutual flux, path. Core 

saturation behavior can be determined 

from just the open circuit magnetization 

curve of the transformer. With core 

losses ignored, the no load current is 

just the magnetizing current Further 

more, with only no load current flowing 

into winding 1,  the voltage drop across 

the series impedance,  111 Ljr  , is 

usually negligible compared to that 

across the large magnetizing reactance, 

p 11 mm L  . Since the secondary is 

open-circuited, 2i   will be zero, thus 

11 mmrmsrms IV   in the unsaturated 

region, the ratio of mrmsrms IV /1   is 

constant, but as the voltage level  rises 

above the knee of the open circuit curve, 

that ratio becomes smaller and smaller. 

Updated in the simulation using the 

product of the unsaturated value of the 

magnetizing inductance, 
unsat

m1 , the 

small voltage drop across the  111 jr    

can be neglected, thus mrmsrms EV 1 . 

When the excitation flux is sinusoidal the 

value of   will be positive in the first 

quadrant. The relation between m  and  

unsat

m  or  
sat

m  can be obtained from 

the open circuit magnetization curve of 

the transformer. 
   
Instantaneous Value Saturation Curve 

      The  open circuit magnetization 

curve of the transformer can be obtained 

from the results of an open circuit test. 

With 02 I , the applied sinusoidal 

voltage, 1V , to winding  s1  terminals is 

gradually raised from zero to slightly 

above it's rated value Usually, the 

measured  rms  value of winding  s2  

output voltage  and the measured  rms  

value of winding s1  excitation current  , 

that is 2V   vs , 1I , are plotted since all 

variables in our simulation model are 

referred to primary winding 1 and are of 

instantaneous rather than  rms  value. The 

correction for saturation,  should be 

expressed in term of the instantaneous 

variables referred to the primary winding. 

The measured open circuit secondary  

rms  voltage can easily be referred to the 

primary side using the turn ratio, that is : 

24 
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2

2

1
1 rms

oc
rms

oc V
N

N
V  …………….…(16) 

      The relation between the peak 

value of the primary winding flux 

linkage and the peak value of its 

magnetizing current can be obtained by 

the following the procedure. Beginning 

with the open circuit curve with  rms  

values referred to the side of the 

winding that will we use in the 

simulation and distinguishing the  rms  

values by upper case letters and the 

instantaneous values by lower case 

letters, mark on the  rms  open circuit 

curve. 
 

Simulation of Two Winding Transformer 

     The simulation of two winding 

transformer can be set up using the 

voltage input, current output model 

described earlier in this work. Core 

saturation can be handled using either a 

piece wise linear analytic approximation 

of the saturation curve, look up table 

between 
sat

m  and  . For example 

check the decay times of the dc offset in 

the input current or flux against the 

values of the time constant for the 

corresponding terminal condition on the 

secondary side, with saturation and 

without saturation. Compare the 

magnitude of the currents obtained from 

the simulation when it reaches steady 

state with those computed from steady 

state calculations. Energization of one 

phase of a three-phase 450 MVA, 

500/230 kV transformer on a 3000MVA 

source. The transformer parameters are 

as in  Fig. (5). 

     In order to comply with the 

industry practice, you must specify the 

resistance and inductance of the 

windings in per unit (p.u.). the values 

are based on the transformer rated 

power Pn in VA, nominal frequency fn 

in Hz, and nominal voltage Vn, in 

Vrms, of the corresponding winding. For 

each winding, the per unit resistance and 

inductance are defined as:  

baseR

R
upR

)(
).(


 …………..….…….(17) 

baseL

HL
upL

)(
).( …………………..…...(18)    

The base resistance and base inductance 

used for each winding are: 

n

n

base
p

v
R

2)(
 ………...……….…..…(19)

n

base

base
f

R
L

2
 ……………………..….(20)    

For the magnetization resistance Rm, the 

p.u. values are based on the transformer 

rated power and on nominal voltage of 

the winding 1. The saturation 

characteristic of the saturable transformer 

block is defined by a piece-wise linear 

relationship between the flux and the 

magnetization current as shown in Fig. 2 

and the simulation result as shown in Fig. 

8. Therefore, if you want to specify a 

residual flux phi0, the second point of the 

saturation characteristic should 

correspond to a zero current as shown on  

Fig. 2(b). The saturation characteristic is 

entered as (i, phi) pair values in per unit, 

starting with pair (0,0). The Power 

System Block set converts the vector of 

fluxes Φpu and the vector of currents Ipu 

into standard units to be used in 

saturation model of the saturable 

transformer block
 [16,17,18, 19,20,21]

 as shown 

in Fig. 4 and the complete results are 

portrayed in Figs[ 7,
 
 8 and 9]. 

 

Concept of the Control System 
In control engineering, the way in 

which the system outputs respond in 

changes to the system inputs(system 

response) is very important. The control 

system design engineer will attempt to 

evaluate the system response by 

determining the mathematical model of 

21 
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)21.....(....................
0

0

min

max














eifu

eifu
U

)22...(........................................*. uky 

the system transformer as shown in the 

above Equations
[22].

 
 

On-Off Control 

    One of the most adapted and 

simplest controllers is undoubtedly the 

on-off controller, where the control 

variable  can assume just two 

values,umax and  umin  depending on 

control error signal. Formally the 

control law is defined as follows : 

 

 

The control variable is set to its 

maximum value when the control error 

is positive and minimum when it is 

negative. Generally , minu =0 (off) and 

)(1max onu  . The main advantage of the 

on  off  controller is that a persistent 

oscillation of the process variable 

(around the set point) occured
[23]

. 

Implementing  a circuit breaker  are 

very important to control the circuit 

with non zero internal resistance. The 

operation of the breaker deals with two 

mode according to the state of the  

integrator which is another part of the 

control circuit of the transformer 

operation especially against the 

saturation windup through the 

controlling the  saturation upper limit 

and the saturation lower limit. Internal 

initial condition source and external 

initial condition source. Internal mode  

with (0.6 p.u) initial condition are used  

in this work  as shown in Fig. 8. The 

initial value of the flux depends upon 

the initial  condition of the integrator.       

The overloading protected against is a 

consequence of the differential between 

the volt-seconds supplied to the 

transformer core from one direction as 

opposed to the other direction, which 

differential, in turn, causes the flux level 

to integrate up the B-H loop resulting 

initially in unbalanced primary winding 

currents and ultimately in a premature 

saturation of the transformer core in one 

direction
[24]

.  A simulink logical signal is 

used to control breaker operation when 

the signal becomes zero the breaker 

opens and gradually closed with the 

increasing of the signal
 [25]. 

The switching 

circuit generates a control signal to 

control the switch and regulate the output 

of the power converter in response to the 

first signal. Because the pulse width of 

the flyback voltage is short at light load, 

the detection circuit is designed to 

produce a bias signal to help the flyback 

voltage detection
[26]

. The control circuit 

controls the peak value of the pulse 

current generated in the secondary coil of 

the high voltage controlling transformer 

by controlling the primary coil current of 

the high voltage controlling transformer 

according to the change of the high 

voltage output. Then, the control circuit 

attains the stabilization of the high 

voltage output by superimposing this 

pulse having the controlled peak value on 

the pulse in the primary coil of the 

flyback transformer so that the high 

voltage output level is kept constant
[27]

.       

Gain are another parameter  of 

controlling the operation of the 

transformer(1/[230e3/sqrt(3)*sqrt(2)/2/pi/

50] was the gain applied to the circuit 

with sample time of (-1) according to the 

formula  

  

 

Where k are the gain& u are the input. 

 

Conditional Integrator Control and 

Avoiding the Saturation 

      The most intuitive way of 

avoiding the integrator windup is to avoid 

the saturation of the control variable. 

This can be done by limiting or 

smoothing the set-point changes and/or 

by detuning the controller (by selecting a 

more sluggish controller). A classical 

22 
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effective methodology is the so-called 

conditional integration. It consists of 

switching off the integration (in other 

words, the error to be integrated is set to 

zero) when certain condition is verified. 

For this reason, this method is also 

called integrator clamping. The 

following options can be implemented: 

 The integral term is limited to a   

predefined value. 

 The integration is stopped when the 

error is greater than a predefined 

threshold, namely, when the process 

variable value is far from the set 

point value. 

 The integration is stopped when the 

control variable saturates, when (u = 

u'). 

 The integration is stopped when the 

control variable saturates and the 

control error and the control 

variable have the same sign (when 

u*e > 0)
[1,28,29]

. 

 

Stability Checking 

     In this section  we presented 

different kinds of graphs that were used 

to represent the frequency response of a 

system: Nyquist, Bode, and Nichols 

plots. The critical point for closed loop 

stability was shown to be the (-1,0) 

point on the Nyquist plot . The (-1,0) 

point has a phase angle of (-180) and a 

magnitude of unity or a log modulus of 

0 decibels. The stability limit on Bode 

and Nichols plots is therefore the (0 dB, 

- 180) point. At the limit of closed loop 

stability 

L (magnitude) = 0 dB and Ө = - 180 

The system is closed loop stable if: 

L <  0 dB ,Ө(phase)  at = - 180  

Ө > -180         a t   L = 0 d B 

      Fig. (9) illustrates all the control 

Figures (step response (normalized))  

impulse  response (normalized), Bode 

plot, zero/pole configuration, Nyquist 

and Nichols plot). Keep in mind that we 

are talking about closed loop stability 

and that we are studying it by making 

frequency response plots of the total open 

loop system transfer function. These log 

modulus and phase angle plots are for the 

open loop system. 

 

Results and Discussion 

    Simulink/Matlab isused to 

simulate the operation of three phase 

transformer. The main difficulty in 

modeling transformers is the variety of 

transformer connections and the resultant 

phase shift effects. The phase shift effects 

must be simulated because they are an 

important means of harmonic mitigation.  

Experience shows that the best approach 

is to model transformers as coupled 

windings that have no predetermined 

connection forms
[31]

. As in Fig. (2), over 

voltage drives the peak operation point of 

the transformer excitation characteristics 

up to saturation region so that more 

harmonics are generated also, harmonic 

amplitudes increase with respect to 

excitation voltage. In this case, the 

magnetizing current of over excitation is 

often symmetrical. Transformers may 

generate harmonics under rated operation 

condition (rated voltage, no DC bias). 

Fig. (8) is a typical excitation currents, 

voltages and flux  wave forms of phase A 

of a three phase transformer. It can be 

seen that, except for fundamental 

component, 3rd and 5th harmonics 

dominate the current.  

A symmetrical variation of the 

flux produces a symmetrical current 

variation between Imax and +Imax, 

resulting in a symmetrical hysteresis loop 

whose shape and area depend on the 

value of max flux. The trajectory starts 

from initial condition of the controller 

(residue) which must lie on the vertical 

axis inside the major loop. You can 

specify this initial flux value phi0, or it is 

automatically adjusted so that the 

simulation starts in steady state
[30]

.  As 

shown in  Fig.(7) for the settling time 
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within 2% and rise time from 2% to 

90% criteria.   Fig. (9) shows that the 

setting time is 0.071 sec, the poles and 

zeros configuration of the system lies in 

the left hand side of the S-plane which  

means that the system is stable for 

values of all parameters  included. This 

is quite obvious in step, impulse 

because the steady state error between 

the input and the output has small value 

(≈0). 

 

Conclusions 

1. The time of switching (0.04 sec) can 

be changed by adjusting the phase 

angle. 

2. The initial condition of the integrator 

play a vital role in adjusting the 

residual flux hence control the 

transformer operation.  

3. Presence of a dc component by 

including a dc offset in the 

sinusoidal        input excitation                      

4. The leakage flux is produced when 

the m.m.f.  due to primary ampere-

turns existing between points.                                                                         

5. At no load and light loads the 

primary and secondary ampere-turns 

are small, hence leakage fluxes are 

negligible.                                                      

6.  The terminal voltage of a winding is 

the sum of the induced voltage and 

the resistive drop in the winding. 

7.  Determining a control action based 

on the onset of core saturation; and 

implementing the control action to 

control the magnetizing current in 

the transformer. 
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        Fig. (1) Magnetic coupling of  two           Fig.(2) Piece wise saturation curve 

                      winding transformer 

 

 

 

 

 

 

 

 

 

 

 

 
     Fig.(3) Equivalent current of  two                     Fig. (4)  Simulink block set of the    

                 winding transformer                                            complete work 

 

       Fig.(5) Parameters values of the                   Fig. (6) Analysis tools and simulation                 

               Circuit shown in Fig 4                                              type GUI 

2e
 

2i

 

1e
 

12  

11
 

   i1  

26 



Tikrit Journal of Eng. Sciences/Vol.17/No.1/March 2009, (16-27) 

 

 

 

 

0 0.1 0.2 0.3 0.4 0.5
-2000

0

2000

Ib: 5.55 Ohms 0.221 H 

0 0.1 0.2 0.3 0.4 0.5

-2

0

2

x 10
5Uw2    : 150 MVA 288.7:132.8 kV transformer

0 0.1 0.2 0.3 0.4 0.5

-2000

0

2000

Iw1: 150 MVA 288.7:132.8 kV transformer

0 0.1 0.2 0.3 0.4 0.5

-2000

0

2000

Iexc: 150 MVA 288.7:132.8 kV transformer

0 0.1 0.2 0.3 0.4 0.5

-2000

0

2000

Imag: 150 MVA 288.7:132.8 kV transformer

0 0.1 0.2 0.3 0.4 0.5

-2000

0

2000

Flux: 150 MVA 288.7:132.8 kV transformer

   

     Fig.(7) Hysteresis curve of the         Fig. (8) Results of the saturable transformer     

                magnetization core                                           (Multimeter plots) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9)   Control System response for the linear time invariant utility (LTI viewer) 
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