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Abstract -This  paper is investigate   the modelling of three phase ,two level inverter connected to three 
phase induction motor .This system divided  to  two parts , system control (inverter frequency ) and three 
phase induction motor .  The modelling of this systems  are  built up by  Method of Interconnected 
Subsystem decomposition of a that are coupled by means of dependent voltage and current sources. Such 
an approach ensured high adaptability in  reliability of the work models in conjunction with worthy 
precision of calculation. The model reflected the mean coupling with basic properties of real machines 
and enables to calculate transient and steady-state responses as well as to evaluate components of energy 
losses in the system, adopting the programs (C++ and C builder) explore the optimization case from the 
systems ,when the varying leakage inductance in rotor windings, then  the losses  in both rotor and stator 
in induction motor have deferent variation so its impacted  of  the current displacement in  rotor winding.  
Several of calculations are done for different numbers of pole to estimate suitable coefficient of load 
parameters. 

Keywords:- Mathematical model, three phase  IM- two level inverter, Interconnected Subsystem , C ++ and 
C builder language. 

I. INTRODUCTION 

Mathematical driving model of the system with IM are commonly used to simplify  and improve investigation 
and mending of electromechanical structure . Obviously, main time for the system developed, archived great 
tension, depends on model completeness and agreement with real machine characteristics.  

Modelling of AC machines analysing   in C++ and C builder  ,taking in account  design and operation features 
of the machines such as multiphase windings, iron saturation, energy losses, including stray load losses, high 
frequency losses in IM, and losses in SC. In same cases defects of the models mentioned above result in 
inconsistency of results as to, for instance, starting characteristics, assessment of machine efficiency. At the 
same time as it is seen from publications [1] - [3] evaluation of energy losses is of great importance.  

The model figure 1 described is built up due decomposition of complex systems into sub circuits interconnected 
via dependent voltage and current sources [4]-[6].  
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Figure 1 sub scheme of the system with two-level inverter with induction motor drive. 

II. MATHEMATICAL ANALYSIS FOR THREE PHASE TWO LEVEL INVERTER WITH INDUCTION MOTOR IM   

The  model of  inverter connected to  three-phase induction motor has handle real parameters (rated power 
500KW and suppled voltage 380) etc. Computer models of The mathematical analysis system is dividing into 
sub circuit, interconnected dependent voltage , and current sources. As a result represented sub circuit shown in 
Fig 2 

 
Figure 2 Dividing sub scheme of the system with two-level inverter with induction motor drive. 

A further transformation circuits shown in figure 3. 

 
Figure 3 transformation schemes 

The removal from the EMF phases AB and zero sequence components of the VSI shown in equations (1, 2) 
below. 
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A continue transformation circuits shown in figure 4. 

 
Figure 4 Removal from the EMF phases IM and zero sequence components of the VSI 

Other identification parameter gradjualy such the EMF phase of network shown in equation 3 below 
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The derivatives current power supply shown in equation 4 below. 
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So the derivatives phase currents rectifier shown in equation 5 below. 
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The currents in the arms AB of the bridge shown in  equation 6. 

  .1

,

3 vnvnn

vnvnn

iki

iki






                                                                                                             (6) 

AB bridge rectified current shown in equation (7) below. 

.321 vvvvd iiii                                                                                                              (7) 

The current  protection circuit shown in equation 8. 

zczz Ruki /                                                                                                                            (8) 

The currents in the bridge arms VSI shown in equation 9. 

  nininninin ikiiki   1, 3                                                                                            .(9) 

The input current of the transistor bridge VSI shown in equation 10. 

.321 iiiid iiii                                                                                                                   (10) 

The current of capacitor shown in equation 11. 
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Such the derivatives the load phase currents shown in equation 12. 
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These equations mentioned above present the mathematical inverter model behaver through operating system. 

III. INDUCTION MOTOR WITH AN ARBITRARY NUMBER THREE-PHASE WINDINGS AND SQUIRREL CAGE. [10] 

The mathematical expiration of the induction machines(IM) are mainly consisted with 
semiconductors ,converters (inverter frequency) in such systems phase voltages and currents of the stator 
winding machines may have significant alteration As the number of decrease-pate in energy losses in the rotor 
phase of the harmonic structure of higher spatial-decisive. The multiphase structure is particularly impact high 
speed machines, in which the weight and volume of active elements is relatively small. Then there is a 
problematic issue to reduce the surface energy losses in the rotor. That’s cause increasing in the stator phase 
numbers windings to reduce the energy loss in the rotor of the higher harmonic components. The growth of 
numbers of phases reduced also the energy losses in the rotor side of the high rotation (3Ph) harmonics 
components. The other options are multiphase constructions could particularly active in high-speed machines, 
The machine windings are mutually phase-shifted by the ratio of 60 e. deg. to the number of windings. The zero 
point of the windings is withdrawn so the rotor is short-circuited and the asynchronous machine is configured 
similarly to the description of synchronous machines in separating it into a sub circuit  interconnected through a 
dependent sources of voltage and current, as shown in fig.3. Directions of currents and voltages had taken in IM 
machine (for generator mode).The stator windings are presented in the following phase axes notation n - phase 
number (n = 1, 2, 3); m - number of winding (m = 1, .. M), M - the number of three-phase windings, Unm - phase 
voltage, Inm - phase currents. The sub circuit’s stator windings as dependent sources considered EMF phase 
enm)Due to the magnetic flux in the gap), and the mutual induction electromotive force along paths Esnm 
scattering phases, Taken into account the phase inductance L and active resistance r1. Esnm EMF and inductance 
L are determined using the following parameters: L - the inductance of the phase dispersion in a symmetric 
mode, all the windings, ls1 - inductance of phase scattering in a symmetric mode, a three-phase winding (other - 
open), and l0 - zero sequence inductance. The three-phase machines L = l. If the zero point of the three-phase 
windings is isolated, then l0 inductance can be taken as such, ls1. Rotary contours described in mutually 
perpendicular axes d and q, not under example, ls1. Rotary outlines described in mutually perpendicular axes d 
and q, not under the rotor Vision. The rotor sub circuits loops on axes d and q as dependent sources incorporated 
currents Id and Iq reaction anchor. It takes into account the magnetizing inductance lm, resistance circuit 
magnetization rm, rotor winding leakage inductance ls2 and active rotor winding resistance r2. On fig.3 direction 
indicated current and voltage sources, and the directions of the axes d and q axes α and β, the rotational direction 
of the rotor with the frequency ω, τ the angle of rotation of the rotor d axis relative to the axis α. 

In which the weight and volume of actual elements is relatively small, and there is a problem of reducing the 
dissipating energy l in the rotor. The mathematical description of 3-phase machine  with  multi-phase IM  
machine . The following inductance is shown in equation 13. 

sms llL  12 , )( 1ssma llMl  , 3/)( 0 lllb                                                 .(13) 

Also the coefficients are shown in equations (14, 15, 16 and 17). 
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For sub circuits, derivatives of the stator currents windings are presented in  18. 
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When lst - stabilizing inductance. 
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Mutual effect the phases in the ways of the scattering and the currents of the armature reaction are determined 
by using the following variables from Derivatives of currents in αβ0 – frame shown in equation 19,20,21,and 22. 
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EMF mutual inductance of stator windings in the leakages path are shown in equation 23.  
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Where-  )( 1ssma llMl  , 3/)( 0 lllb      zero-sequence inductance. 

The currents of armature reaction of the two orthogonal axes α and β shown in equations 24,25. 

nm
n

nm

M

m

ic
M

i 



3

113

2


                                                                                                       (24) 

nm
n

nm

M

m

is
M

i 



3

113

2


                                                                                                      .(25) 

Armature reaction current along the rotational coordinate    d and q shown in equations 26, 27 
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Derivatives reaction armature currents beside the axes d and q shown in equation 28,29 
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The currents of rotor loops in  axes d and q are determined from the following equations 30,31 
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Where aqqq iii 2  

Projections of EMF in the axis d- q induction  motor shown in equations 32,33.: 
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The transformation of EMF from d-q axis to the axes α and β shown in equations below 34, 35.  
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The EMF Phase produced by magnetizing flux shown in equation 36. 
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The electromagnetic rotating torque of machine shown in equation 37 
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Rotational speed bipolar machines at the moment of inertia J is determined by an electromagnetic torque M EM 
and the opposing torque on the shaft Mc (torque of the prime mover for a generator or resistance point for the 
motor ) shown in equation 38. 
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If the losses of steel, mechanical and additional energy losses are taken into account before the additional 
torque-resistance of the machine shaft, instead the equations shown below 39, 40, and 41 
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Where Mmech –rotational torque conditioned mechanical energy losses in nominal mode, Mcmn-rotational torque 

due to energy losses in the steel in nominal mode, n -rated speed rad/s, Iam – magnetizing current and Iamn-
nominal value of magnetizing current. In accordance with (38) , the shaft torque due to mechanical losses is 
proportional to the square of the speed. And the torque due to losses in the steel, the magnetizing current is 
proportional to the second power and frequency1.3 degree rotation. Equation (38) can be converted to equation 
39. 
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Where   Pmech- mechanical power  in rated operation, 
 cmnP

Losses power in steel in rated mode ,and 

magnetizing current equal  
,22

aq adad iii 
 and In this case  rotational frequency of the bipolar machine 

at the moment of inertia J are determined by an electromagnetic torque Mem, counteracting torque on the shaft 
Mc (torque of the prime mover for a generator or resistance point for the motor ) and torque Mp losses shown in 
equation 41. 

 peмс MMM
Jdt

d


1

                                                                                       (41) 

The multi-pole machines MeM  and ω are determined based on the number of pole pairs. 

IV MODULATION SYSTEM CONTROL AND CALCULATION TRANSIENT AND STEADY STATE 

REGION. 

The modeling system is interconnected sub circuit with induction motor to calculate transient and steady state 
by using software packages C++ Builder and visual C++ Language.  Taking Effect of current displacement in 
the rotor winding of the rated power of motor is 500 kW and rated voltage 380V. Several calculations for the 
different numbers of pole in the rotor (3-5) are improved for resistance 1.3, and 1.2 Inductance. Get the value of 
starting torque and the nominal stator current same procedure through the equation (42), and 43.Models of VSI 
for reference load power motor of 500 KW and voltage 380 . 
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To highlight mathematical divine of the system  inverter frequency feeding induction motor  to characteristics, 
calculation of rated  operation regine  of inverter frequency  (control system) and induction motor  was 
implemented for The frequency of the reference voltages  of 1 kHz. The  table (1)  represents input 
data(parameter system ) and table 2  input data of control system 

TABLE I Input data 

No All parameters of motor and driver 

Name Symbol Value  

1 The number of bridges  NumM  1 

2 Three-phase windings of motor  M_obm  1 

3 The number of branches in the rotor   M_rot  4 

4 EMF sources   Ei  380. 

5 The inductance of the source H Li  0.00001 

6 Active source of resistance, Ohm   Ri 0.0001 

7 The capacity of the capacitor bank,   C  0.008 

8  The resistance of the capacitor bank, Ohm    Rc 0.0001 0.0001 

9  The resistance of the protective resistor, Ohm    Rz   5000. 

10  Leakage inductance phase reactor, H    Ldr  0.0000000001 

11  mutual Inductance mutual  of induction phase reactor, H    Ldrm  0.0000000001 

12  The resistance of the phase throttle Ohm   Rdr  0.000000 

13  The specified module temperature, c  Tmod  100. 

14  Multiplicity of dynamic losses   Kd   1.35 

15  The time constant of the loss of the filter, with Tdin   Tdin 0.2 

16  Lost count?   CalcD  1. 

17  The magnetic coupling in phase choke coil on the other?   DrPhIn  0. 

18  The nominal angular frequency of Voltage.   . SM, rad / s .  182,841 

19  Rated power factor   cn  0.839 

20  Nominal active power SM, kW .  pdn . 500. 

21  Rated operating voltage linear cm, vdn   661. 

22 Rated slip of IM snom  0.0125 

23   Efficiency of IM    KPD  0.94149 

24   Moment of inertia (reduced to the stator frequency), kg * 
m * m  

Jd 50. 

25 inductance. phase scattering at work of all the windings, 
pu  

  LsM  0.06664 

26  Inductance. scattering phases in the one coil pu.    Ls1   0.06664 

27  Inductance. rotor leakage, pu.   Lr2  0.0005 

28  Inductance residual, pu   Lo 0.06664 

29  Magnetizing inductance (sat.), Pu   Lm  2.0 
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30  The resistance of the stator phases, pu   R1  0.0165 

31  The resistance of the rotor phase, pu   R2  2.173 

32  The resistance circuit magnetization pu   Rm1  78.3 

33  Resistance ext. circuit pu   Rm2  78.3 

34  Mechanical losses in steel and additional kW   Wmex  0.4 

35  The initial position of the rotor, c.   Tau  0. 

36  The initial speed, pu  Omega. 0. 

37  Inductance. rotor leakage, pu.   Lr2  0.0105 

38  The resistance of the rotor phase, pu   R2  0.4346 

39  Inductance. rotor leakage, pu.   Lr2  0.0025 

40  The resistance of the rotor phase, pu   R2  0.08692 

41  Inductance. rotor leakage, pu. |   Lr2  0.0125 

42  The resistance of the rotor phase, pu  R2  0.01738 

43  The specified speed, pu.   Oz  1. 

Also  the Table (2) represented input data for control system.  

Table (2)  Input data for control system 

No All parameters of motor and driver 

Name Symbol Value 

1 The frequency of the reference voltages, Hz Fop 1000. 

2 Rated load frequency  voltage, rad / s f1 29.1 

3 The lower limit frequency IM, Hz f1mn. 1. 

4 The upper limit frequency of IM, Hz f1mx 30. 

5 The main component. Voltage control  in nominal mode, pu Uy1n 1.0273 

6 Limit 1 harmonic control voltage , pu Uymx 1.0273 

7 initial excitation time ,s Tnw 0.5 

8 Voltage  frequency. control. with initial excitation, Hz Fnw 1.1 

9 Time 100% change in frequency of the input signal, Toz 3.0 

10 The time constant of a given frequency filter, s To1 0.2 

11 the rectified voltage filter time constant, s Tu 0.1 

12 The extent of the frequency corrections (0 to 1) at Voltage. KUd 0.5 

13 The maximum allowable rectified voltage, V Ucmx 1500. 

Consuming the parameters in Table (3) below of leakages inductance in rotor for induction motor relies 
improvement in the losses values 

Table (3)  rotor leakage inductances 

No.of case Leakage flux in 
Phase A  

Leakage flux in 
Phase B 

Leakage flux 
in Phase C 

Units 

Case1 Ls2 0.0125 0.0105, 0.0025 Pu 

Case2 Ls2 0.015 0.003 0.0126 Pu 

Case3 Ls2 0.2 0.24 0.288 Pu 

 

 

 

 

 

 

ISSN (Print)    : 2319-8613 
ISSN (Online) : 0975-4024 Ahmed Ibrahim Jaber Alzubaydy / International Journal of Engineering and Technology (IJET)

DOI: 10.21817/ijet/2017/v9i4/170904090 Vol 9 No 4 Aug-Sep 2017 2997



V. ALGORITHM CALCULATIONS PROGRAMS 

Figure 4 shows the flowchart programming for calculation and solution equation by using C++ and visual C++ 
[8]. 

 
Figure 4 Algorithm calculations programs 

The results in tables 4,5 and 6 show the losses variation with different leakage inductance value of the 
rotor ,when the variation range is shown in table 3. Figure 5,6,7,8,9 and 10 represent the values of capacitor 
voltage, phase voltage  , three phase currents ,electromagnetic torque and voltage control (modulation signal  for 
carrier frequency 1 KHz). 

Table (4)  Harmonic analysis when Lr2 0.0125, 0.0105, 0.0025 pu  

Name Value/Units 

Input capacitor voltage  377.693 V 

Stator copper losses 17.724 KW 

Rotor copper losses 15.524 KW 

Stator iron losses 1.449 KW 

Rotor iron losses Iron losses 1.449 KW 
 

 
Figure 5 Schemes of characteristics voltage and current (Uad11, Urc1, Imb , Imdd ,and Imqq) 
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Figure 6 Characteristic current ,torque and voltage (Iad11, Iad21, Iad31 , Med% ,  Uyo1 ,Uop  and O2) 

Table(5)  Harmonic analysis when Lr2 0.015,0.003  and 0.o126. pu  

Name Value/Units 

Input capacitor voltage  388.761 V 

Stator copper losses 17.766 KW 

Rotor copper losses 16.065KW 

Stator iron losses 1.486 KW 

Rotor iron losses Iron losses 1.486KW 

 
Figure 7 Schemes of characteristics voltage and current (Uad11, Urc1, Imb , Imdd ,and Imqq) Lr2 0.015, 0.003, 0.0126. pu  

 
Figure 8 Characteristic , torque current and voltage of SC  (Iad11, Iad21, Iad31 , Med% ,  Uyo1 ,Uop  and O2) 
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Table (6)  Harmonic analysis.  0.2 ,0.24 and 0.28 pu 

Name Value/Units 

Input capacitor voltage  377.95 V 

Stator copper losses 8.725 KW 

Rotor copper losses 118.181KW 

Stator iron losses 2.151 KW 

Rotor iron losses Iron losses 2.151KW 

 
Figur9 Schemes of characteristics voltage and current (Uad11, Urc1, Imb , Imdd ,and Imqq)  

 
Figure 10 Schemes of characteristics  torque voltage and current (Uad11, Urc1, Imb , Imdd ,and Imqq)  0.2, 0.24,0.288 

VI CONCLUSION 

THE BUILT UP MODEL (MATHEMATICAL DRIVING MODEL) AND THE THREE-STAGE, A TWO-LEVEL INVERTER 

DESIGN IS DONE BY INTERCONNECTED MODEL AND C++, C BUILDER FOR THE CALCULATION OF TRANSIENT OR 

STEADY- STATE REGION PROVIDING SUITABLE DATA. THE IMPACT OF THE CURRENT DISTRIBUTION IN THE 

ROTOR TO START BEING USED IN BUILDING THE MODEL PROVED TRUE FOR EVALUATING THE CHARACTERISTICS 

OF LOSSES BY PWM WITH HIGH FREQUENCY (1000)HZ  BY INCREASING LEAKAGE FLUX OF ROTOR WINDING 

AND STATOR  INCREASE  THE COPPER LOSSES FOR THERE MORE THE HEATING OF MACHINE AND THEN 

INSTANTLY THE STEEL LOSSES WILL GROWTH IT CAN BE USED IN REAL-TIME MODE WITH THE HELP OF 

PERSONAL COMPUTERS. THE SYSTEM IS DESIGNED FOR IGBT TRANSISTOR MODULES TO PROCESSORS BASED 

AND BASED ON THE USE OF MATHEMATICAL MODELS TO CONTROL SYSTEM. AS A RESULT THE LOSSES HAS 

BEEN MINIMIZED TO UP TO (5-10%)OF TOTAL LOSSES .FURTHERMORE IT CAN BE REDUCED THE HARMONICS OF 

THE INVERTER BY USING HIGH RETE FREQUENCY. 
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