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В статье приведена модель нового электромагнитного сигнального преобразователя 

величины реактивной мощности электроэнергии, учитывающего особенности тока трех-
фазных сетей, отличающихся друг от друга величиной и фазами. 
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There are given model of new electromagnetic signal transducer of the value of reactive 

power of electricity, to account the features of the current of three-phases nets, which differ 
from each other’s in value and phases in the paper.  

Key words: three-phase current, electrical networks, electromagnetic converters, reactive 
current component. 

 
During monitoring and controlling of the processes of transmission and distri-

bution electricity and power from three-phases nets are important accuracy and com-
monality primary transducer elements and devices. Incorrect operations and im-
proper signals about conversion of primary values and parameters of the energy and 
power three-phases current associated with losses indicators of energy and resource 
in electrical power systems. 

Classical single-phase current transformers using currently in electrical nets 
for monitoring and control values and parameters of the reactive component of elec-
tric energy and power, do not take for account of mutual influence of magnetic flux 
fields generated by currents of three-phases power supply systems. They do not pro-
vide necessary accuracy, especially when three-phases primary current have unbal-
ance, do not have sufficient community, covering only sizes and parameters of the 
electric and magnetic circuits, because distribution of the magnetic signal conversion 
systems have nonlinearity and heterogeneous distributed parameters [1]. 

Research dates of the classic single-phase primary electromagnetic transduc-
ers not provided enough accurate and simultaneous information on the values and 
parameters of reactive electric energy and power of three-phases nets. On the deter-
mining above, become necessary to develop a new electromagnetic signal transducer 
of the value of reactive power of electricity, to account the features of the current of 
three-phases nets, which differ from each other’s in value and phases [2]. 
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The equivalent circuit of magnetic circuit of the electromagnetic transducers 
of three-phase current shown in fig. 1, which formed for account the assumption of 
the magnetic permeability of steel, when entire range of induction is constant ( = 
const). Flux, closes at the outer surface of the outer cylindrical magnetic core, can 
be neglected. 

 
Fig. 1. The equivalent circuit of the magnetic circuit  

of the electromagnetic transducers of three-phases current 
 
For simplify the calculation of magnetic circuit of the electromagnetic 

transducer of three-phases currents used parametric structural diagrams (PSD). 
Fig. 1, which are based for the construction of PSD, the following designations: 
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-  complex reactive magnetic re-

sistance of the air clearance; 
жс ZZZ    - a general resistance fully integrated in the flow path 

is closed through the inertial element; 
жс ZZ    ,   - full complex resistance respectively movable core - the iner-

tial element and working backlashes; 
111 μμ, C, LR  and 222 μμ , C, LR  - respectively, resistances, capacitance and 

inductance of the magnetic circuit portions, respectively before and after the mov-
able core; 
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 - the capacity of the magnetic working air clearance; 

 QjI    - an integrated current of magnetic circuit. 
PSD of magnetic circuit made on the basis of the equivalent circuit, shown in 

fig. 2. 
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To determine the analytical expression of magnetic currents 1I and 2I  
PSD - magnetic circuit for each elementary-level relationship between the mag-
netic current and voltage, and then by successive substitutions will find the desired 
current. Should begin with the value, which need to define, i.e.: 

      , 11
1

1
1

1
1 





 UU

Z
U

Z
I S                       (1) 

 

 , 11т1111 SSSSS IIZIZU                          (2) 
 

 , 21  IIZIZU                                 (3) 
 

 , 11
1

т
т1

т
тл Sв UU

Z
U

Z
I 





                           (4) 

 

 , 11
2

2
2

2
2 





 UU

Z
U

Z
I S                             (5) 

 

 , т22222  IIZIZU SSSS                            (6) 
 

 . 11
2

т
т2

т
2т Sв UU

Z
U

Z
I 





                            (7) 

When substituting define and magnetic currents 1I  and 2I . At the same 
time, assume that 0т Z .  

 
 

Fig. 2. PSD of the magnetic circuit of electromagnetic transducers 
During research of the electromagnetic transducer not considered an active 

and inductive resistance of the magnetic circuit, i.e. 0R , 0  LX L . Ex-
pressions magnetic rigidity and magnetic containers for consideration of the mag-
netic circuit are as follows: 
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of transmission cleaners, where kb  - the width of the x-axis. 

 
 

Fig. 3. Curves and specific magnetic resistance 
of the magnetic permeability of steel from induction 

 
During research of electromagnetic converters used three-phases current 

ferromagnetic material, sometimes leads a sharp increase in labor induction in the 
chain to the point, where one can not neglect the nonlinear dependence )(HfB 
Accounting effect of non-linearity )(HfB   of the dependence of effective value 
of magnetic flux from the voltage coordinates section under consideration using 
the curve )(м Bf , where м  - the specific resistance of the magnetic steel. 

Depending on the r  ge, which changes in the magnetic induction of the 
electromagnetic transducer section ferromagnetic phase current, one can substi-
tute a particular approximating function, according to fig. 3 [3]. 

In the article considered each of cases of determinate resistance: 
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1. Induction of the magnetic steel in the cross section of the electromagnetic 
transducer phase current within a range of (1). This case is a most common in 
practice. In this case  

)1(a                                                          (8) 
2. Induction of the magnetic steel in cross section of the electromagnetic of 

three-phases AC inverter is changed within the range (2). In this case, the mag-
netic core is saturated and poorly fitting function can be written as 

.)2(
B

a
                                                          (9) 

3. Induction of sectional steel of electromagnetic transducer of phase of 
current varies within the range (3). In this range, the magnetic system is operating 
in a highly saturated state. The expression is inserted next approximating function: 

.2
)3( Ba                                                     (10) 

4. Induction of the magnetic steel in cross section of the electromagnetic trans-
ducer phase current varies within a range (4). This range is typical for magnetic cores 
made of a material with a different non-linearity in the initial section. It is approxi-
mated by the dependence   on the induction of the expression of this range 

./)4()4( Bba                                              (11) 
5. Induction of the magnetic steel in the cross section of the electromagnetic 

transducer phase current varies within the range (5). It is quite rare for a range of the 
electromagnetic transducer of three-phase current, nevertheless represents a definite 
theoretical interest. The approximating function on this range was chosen mainly, 
because of the conditions of integrability of the resulting analytical differential equa-
tion has the form 
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Fig. 4 shows the curve of change of magnetic flux for cases where the in-
duction of the magnetic steel section in the electromagnetic transducer three-
phase current changes within the allowable range.  

The maximum value of the induction chosen equal ТlB   0,2 , which cor-
responds from magnetic flux VbQ  100,11 5

0


 . Other values used in the calcu-
lation are respectively: 
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Fig. 4. The curves of change of the magnetic flux along the magnetic circuit: 
solid line – estimated; the dotted line – pilot 

 
As shown from results of research of the influence of non-linearity of the 

magnetization curve for the primary flow distribution in a magnetic circuit elec-
tromagnetic transducer of three-phases current ranges identified characteristic 
changes in the magnetic induction. As a result of research for each band proposed 
approximate functions as )(Bf . The maximum difference between calcu-
lated and experimental dates equal 14.5% [4]. 
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