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Abstract—Analytical expressions of the current and angular 

errors, as well as the frequency characteristics of an induction 
converter describing the relation with its structural parameters, the 
core and winding characteristics are obtained. Based on estimation of 
the dependences obtained, a mathematical problem of parametric 
optimization is formulated which can successfully be used for 
investigating and diagnosing an induction converter. 
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I. INTRODUCTION 

HE minimum error and the mass, the minimum sizes, the 
cost, the maximum operation reliability, the simplest 

structure from the standpoint of the adaptability to 
manufacture, the high maintenance qualities are the main 
requirements set to the induction converters [1]. 

It is obvious that no converter can simultaneously meet all 
the requirements mentioned above at the same time.  

The induction converter quality mainly depends on the 
following factors [2]-[4]:  
- an error conditioned by the dependence of the 

magnetizing field operating at the given moment not only 
on the existing, but also on the previous states of the 
magnetic circuit material [5]; 

- the current and angular errors; 
- the frequency response of the induction converter; 
- the converter mass.  

Taking into consideration the factors mentioned above, the 
problem of optimizing the induction converter comes to the 
determination of the optimal structural parameters of the 
converter providing the minimum conversion errors at 
minimum mass and sizes.  

Investigations of the known methods for the induction 
converter optimization mainly do not take into account the 
specific properties of the magnetic system of the converter. 
That is why; optimizing the structural parameters of the 
induction converter satisfying a number of optimization 
criteria simultaneously is an important problem [1], [6].  
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Statement of the Problem 

The goal of the work is the theoretical and experimental 
investigation of the induction converter characteristics and the 
formulation of the optimization problem taking into account 
the structural parameters of the converter. 

 II. INVESTIGATING THE MAIN CHARACTERISTICS OF THE 

CONVERTER AND SELECTING THE QUALITY CRITERIA 

As the quality of the induction converter depends on the 
conversion error, a need for a comprehensive investigation of 
the change character of that error arises depending on the 
structural parameters. For that purpose, analytical 
dependences of the current and angular errors and the 
frequency response are obtained by us describing the relation 
with its structural parameters, and taking into account the non-
uniform distribution of magnetic induction along the average 
length of the magnetic circuit [7], as well as the presence of 
technological clearances.  

The determination of the angular and current errors, the 
amplitude-frequency and the phase-frequency characteristics 
of the converter has been carried out according to the 
equivalent circuit diagram as shown in Fig. 1. 
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Fig. 1 Equivalent circuit diagram of the induction current 

 
The current and angular errors of the converter describing 

the relation with its structural parameters, the core, the 
winding, and loading characteristics are as follows: 
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The following notations are used in the formulae: 1I  - the 

current of primary winding, '
HU  – the introduced loading 

voltage, '
2R  - the introduced active resistance of scattering, L  

- the winding inductance, LS - the leakage inductance, 11, xR   

- the active and reactive specific resistances respectively on 
the parts of the magnetic circuit under windings, 22 , xR   - 

the active and reactive specific resistances on the parts of the 
magnetic circuit free from windings, 3 - the clearance length, 

w  -the winding length,   - the average length of the 

magnetic circuit.  
The importance of investigating the frequency response for 

an induction converter is conditioned by the fact that the 
converter consists of complex resistances  '

2
'
s C L ,L , and its 

resonance frequency is 
 

LCfr
'
221  . 

 
To select adequate parameters of the converter providing its 

normal operation in a certain range of frequencies, it is 
necessary to investigate the frequency characteristics. 

In the same way, based on Fig. 1 analytical dependences for 
amplitude-frequency f , and phase-frequency    

characteristics are obtained:  
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From the obtained expressions, it follows that the character 

of these values depends on the steel material of the magnetic 
circuit, its structural parameters, and the winding data of the 
induction converter, and each of these parameters has a 
different, often opposite influence.  

Fig. 2 shows the character of change  , I  depending on 

the magnetic circuit steel material properties, and the number 
of turns. It is obvious that the increase in the permeability of 
the magnetic circuit steel material leads to an increase in the 
absolute value of the current error, and a decrease in the 
angular error. 
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Fig. 2 Dependences of angular and current errors on the magnetic 

circuit steel material, and the number of the winding turns 
 
The increase in the magnetic circuit steel material 

permeability at low frequencies leads to a decrease in the 
amplitude-frequency error and the phase shift, and at high 
frequencies – to their increase (Figs. 3, 4). 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:8, No:8, 2014

1321

 

 

0

0,01

0,02

50 100 150 200

014,0r

01,0r

250

f

,f Hz

 

Fig. 3 Dependences of the amplitude-frequency response on the 
magnetic circuit steel material 
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Fig. 4 Dependences of the phase-frequency characteristic on the 
magnetic circuit steel material 

 
Fig. 5 shows that along with the magnetic circuit section, 

the absolute value of the current error decreases, whereas the 
value of the angular error first decreases up to certain 
dimensions of the magnetic circuit section, and later increases. 
At the same time, the magnetic circuit mass increases 

abruptly.  
 

 

Fig. 5 Dependences of the angular and current errors and the 
converter mass on the magnetic circuit section 

 
The investigation of the dependence  , I , М on the 

diameter of the winding wire at other fixed parameters 
 constconstSconst w   ,,  shows that along with the 

increase in the winding wire diameter, the angular error 
decreases regardless of the number of turns, however, the 

absolute value of the current error at a small number of turns 
(up to 5000) decreases, and at a large number of turns, the 
increase in the diameter of the winding wire leads to the 
increase in the absolute value of the current error (Fig. 6). At 
the same time, the converter mass grows.  

  

 
Fig. 6 Dependences of the angular and current errors and the 

converter mass on the winding wire diameter 
 
The analysis of particular criteria of the angular, current, 

amplitude-frequency errors, phase-frequency characteristic, 
and the converter weight shows that they are interrelated and 
discrepant.  

The interrelation and discrepancy of the mentioned 
particular criteria do not allow determining their minimum 
values in the optimization process simultaneously. It is also 
impossible to select the criteria of optimality which, to a great 
extent, characterize the properties of the converter, and which 
could be admitted as a quality criterion. Based on what is 
mentioned above, we propose the approach of generalized 
quality criteria.  

III. MATHEMATICAL FORMULATION OF THE PROBLEM OF 

OPTIMIZING THE STRUCTURAL PARAMETERS OF AN INDUCTION 

CONVERTER 

To form the efficiency function, the optimality criteria 
largely characterizing the converter properties are selected. 
The efficiency function is formed from the angular and current 
errors. Particular criteria, such as the mass and the frequency 
characteristics are formulated in the form of restrictions.  

Among the parameters of the converter whose values can be 
changed in the optimization process in a certain range, the 
most constructive ones are the winding length ( w ), the 

number of the winding turns (W2), the diameter of the winding 

wire (d), the average length of the magnetic circuit (  ), and 

the magnetic circuit section (S).  
Taking into consideration what is mentioned above; the 

mathematical recording of the optimization problem and the 
structural parameters of the induction converter takes the 
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where SdWx w ,,,, 2  ; 21,  are the weight 

coefficients, 121  ; 
jxx

j
  ,  – the lower and upper 

limiting values for the j-th structural parameter, Imin  ,min - 

the minimum values   и  , dfddM   ,,  - the admissible 

mass, the admissible phase shift, and the amplitude-frequency 
error respectively.  

IV. CONCLUSION 

The obtained analytical dependences for the angular and 
current errors allow revealing their interrelation with the 
structural parameters, thus creating prerequisites for 
formulating the optimization problem.  

The proposed algorithm of the converter structural 
parameter optimization can be used to investigate and design 
an induction converter. 

The analytical relationships of the angular and current 
inaccuracy and the frequency response describing the link 
with its structural parameters are obtained in which the non-
uniform distribution of magnetic induction along the average 
length of the magnetic circuit and the presence of 
technological gap are taken into account.  
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