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В данной статье предложена методика расчета оптимальных параметров магнитной си-
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In this article proposed methodology of calculating of optimal parame-ters of magnetic 

system of the electromagnetic transducers of three-phases current with parallel rods. 
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In practice often need to dipcide a solve of problems as to find optimal 

structural and magnetic parameters of electromagnetic transducers of three-phases 
current, with characteristics (for example, error) must have a minimum value. In 
this case, as a rule, in addition alley for input values, sets overall dimensions of 
electromagnetics transducer of three-phases current. Thus, the task: for given val-
ues of the operating range and the overall dimensions of the sensor design dimen-
sions of the individual units on which possible obtain maximum consideration 
characteristics, such as a sensitivity. 

In this article proposed methodology of calculating of optimal parameters 
of magnetic system of the electromagnetic transducers of three-phases current 
with foal parallel rods, which geometric dimensions shown in fig. 1 [1]. 

On the bases of the given dimensions of magnetic system, necessary to cal-
culate a parameters of magnetic system, which let to obtain: first, maximum pos-
sibles working magnetic flux, and, secondly, desired degree of variability of the 
working magnetic voltage between of rods of magnetic cores (area of locations 
for measuring winding).  

To obtain of maximum working magnetic flux for given values of ampere-
winds of the measure winding can be minimum value of the scattering coefficient 
of the magnetic field. The degree of variability of the magnetic operating voltage 
along the length of the parallel magnetic rods of electromagnetic transducer of 
three-phases current (for the locations of measuring winding) can be defined as 
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Fig. 1. The magnetic system of electromagnetic transducer: 1, 2, 3 and 4 – measuring  
secondary windings; 5 – insulation plate; 6, 7, 8 and 9 – four rods and 10 a common mag-

netic base; 11 – core; 12 (phase A), 13 (phase B) 
and 14 (phase C) – the primary windings 

 
From equation (1) and graphics (fig.2) shows )( fU   that U  – depends 

in the air cleans  (fig. 2). Therefore, to find minimum of error for each chart is 
quite a challenge and its solution is necessary to consider a optimization. 

For define to optimization criterion and restrictions need structural dimen-
sions of the magnetic system. The sensitivitis of the electromagnetic transducers 
depends on the phases current sK , which should be taken as a criterion in the first 
stage of optimization. Since a significant change in the magnetic voltage in the 
working area of the magnetic system – one of the main reasons for the low accu-
racy of electromagnetic transducer of three-phases current, the optimization crite-
rion of the second step need to select up U  for a reduction of errors (often suffi-
cient condition %5U ) values. 

Generally, index optimization will be written as: 
 

) ,( YXII i  .                                                                                (2) 
 

Here, vector  nXXXX  ..., , , 21  - the constructive size and design pa-
rameters of magnetic system, which not have subject to optimization procedure, 
vector  mXYYY  ..., , , 21 , which iY  - the design dimensions and parameters of 
the magnetic system, defining the optimization process: i.e.  and  . 

Thus, after the optimization procedure results dimensions and parameters 
should be minimized, sK  and U  while maintaining other desired characteristics 
within specified requirements. At the same time in the design dimensions and pa-
rameters imposed constraints, that are dependent on the application. In particular, for 
magnetic system with parallel rods can be applied the following linear constraints: 

mm 34 102105    ,  
 42 105,110   , 

 2101  з . 
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Fig. 2. Dependence of the degree of volatility of all working voltage  
of the magnetic permeability of steel 

 
Optimality criterion, according to equation (2) is a nonlinear function of the 

design parameters of magnetic system of the electromagnetic current transducers. 
On the basis, above criteria of optimization provide error reduction in the con-

version of electrical current in the magnetic pull in magnetic circuit of the current 
transformation of the electromagnetic transducer. The equations of the static charac-
teristic of elementary transformation of the electric current in magnetic structure of 
the electromagnetic voltage current converter is described as follows: 
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Given impact of sources of error equation (2) is as follows: 
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where UIэ
K

 - coefficient of interchain link between the primary electric 
current I and magnetic intensity (magneto motive force) Uμ, 

UI э
K  - a deviation 

from the predetermined number of turns, which is almost equal to zero; эI  - 
current of the excitation coil - a primary electrical network with errors. 

If primary current electrical current unstabilized, additive some error, i.e. 
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and absented from temperature error multiplicative, error component is will 
equal to zero. Substitute (4) to (5), and neglecting the second any receive. 
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The relative error is determinate from the formula 
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For the component эUI IK
э




 affected from external field. In production 

areas with high-voltage installations external magnetic field for 10–5 – 0,510–4 
Tesla [2]. This area can be induce in the windings of the electromagnetic current 
transducer e.m.f which equal 

,2 0 mВfwSe   
where 0S  – area of winding;  
   mВ  – amplitude of magnetic induction of external field. 
Well known [3], what in the magnetic flux density of the electromagnetic 

current transformers ranging from 0.01 to 1 Tesla. The proportion of external mag-
netic fields in absence of electromagnetic screen (0.005 – 0.05)%. When the screen-
ing body electromagnetic transducer current magnetic induction field inside the 
screen is determined as: 

)2/2(
эк

 f
meBB  , 

where in   ,  - respectively and electrical resistance of the material. 
The share of external magnetic fields of two magnitude reduced by screen-

ing or differential circuits of electromagnetic current transducer [1]. Therefore, 
we can neglect the effect of errors on the external magnetic field. 

Another component of the error, a part of the equation (7) is determined 
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According to [2], the distribution of elemental electromagnetic conversion 
error which equal: 
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When used a constant current, error is negligible, and the voltage stabiliza-
tion current is determined by equation: 

)1(
мед ээ II . 

As the results of practical research, for the case of aluminum wire, as the 
field of windings of the electromagnetic current transducer ( -14  101,0 grad ) 

error 
 UI Δэ  of 0.015% will change at 100С of temperature [3]. 
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В работе приведена методика и расчет сверхнормативно потребленной реактивной 

мощности электрических нагрузок на примере ООО «Чиназ». Приведен расчет дополни-
тельных затрат. 

Ключевые слова: трехфазный ток, электрические сети, электромагнитные преоб-
разователи, реактивный компонент тока. 

 
The paper presents a method and calculation of excess reactive power consumption of elec-

trical loads on the example of "Chinaz". The calculation of additional costs is given.  
Keywords: three-phase current, electrical networks, electromagnetic converters, reactive 

current component. 
 
Электрическая энергия, вырабатываемая электрическими станциями, 

передается в электрическую сеть потребителей одновременно в виде актив-
ной и реактивной мощности. Часть потребителей из сети используют чисто 
активную мощность (электрические лампы накаливания, нагревательные 
приборы, печи сопротивления), при этом ток совпадает по фазе с приложен-
ным напряжением. Другая часть потребителей, при наличии в цепи индук-
тивного сопротивления, в процессе работы потребляет не только активную, 
но и реактивную мощность, необходимую для создания электромагнитных 
полей (электродвигатели, сварочные и силовые трансформаторы) [1–2]. 

При подключении к электрической сети активно-индуктивной 
нагрузки ток I  отстаёт от напряжения U на угол сдвига  . Косинус этого 
угла (cos  ) называется коэффициентом мощности. Электроприёмники с та-
кой нагрузкой потребляют как активную P , так и реактивную Q мощность. 

Коэффициент реактивной мощности 
P
Qtg  . 

Прохождение в электрических сетях реактивных токов обусловливает 
добавочные потери активной мощности в линиях, трансформаторах, генера-


