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UDC 621.317.714  
  

RESOURCE-SAVING CONVERTERS FOR NONDESTRODUCTIVE  

CURRENT CONVERSION IN CONTROL AND CONTROL SYSTEMS IN  

AGRICULTURAL POWER ENGINEERING 
 

A.M. Plakhtiev, G.A. Gaziev
 
, Ya.A. Meliboev, O. Ch. Donierov,  
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Мақолада биз таклиф қилган вариантлардан бирини ишлаб чиқиш 

натижалари кўрсатилган, контактсиз ресурсларни тежайдиган 

магнетомодуляция юқори сезгирлиги контактсиз юқори оқим ўтказгичлари, 

уларнинг конструктив ривожланиши натижалари кўрсатилган. Маълум 

бўлганлардан фарқли ўлароқ, ишлаб чиқилган конверторнинг аниқлиги ва 

сезгирлиги, технологик дизайни ва таннархи билан кичик вазн ва ўлчамлари 

оптималлашганлиги кўрсатилган. Ўлчаш хатолиги 6 фоиздан ошмайдиган 

ресурс тежовчи контактсиз магнетомодуляцион конверторларининг статик 

характеристикалари кўриб чиқилади. 
 

В работе показаны результаты разработки одного из вариантов, пред-

ложенных нами, универсальных бесконтактных ресурсосберегающих магни-

томодуляционных преобразователей больших токов повышенной чувствитель-

ности, приводятся результаты их конструктивной разработки. Показано, что 

разработанный преобразователь, в отличие от известных, имеет повышенные 

точность и чувствительность, технологичную конструкцию, малые массу и 

габариты при низкой стоимости. Рассмотрены статические характеристики 

ресурсосберегающих бесконтактных магнитомодуляционных преобразовате-

лей, погрешность которых не превышает 6 процентов.  

 

In the work shows the results of the development of one of the options proposed 

by us, universal non-contact resource-saving magnetomodulation non-contact high-

current transducers of high sensitivity, the results of their constructive development 

are presented. It is shown that the developed converter, in contrast to the known ones, 

has increased accuracy and sensitivity, technological design and small weight and 

dimensions with low cost. The static characteristics of resource-saving contactless 

magnetomodulation converters are considered, the calculation error of which does 

not exceed 6 percent.  
 

In the electric power industry, powerful electrical consumers are widely used, in 

which large electrical installations are used, in the operation of monitoring and control 

systems of which large direct currents (LDC) are used, which, in turn, must be con-

trolled [1].   

It was revealed that the instability of the current control systems, the presence of 

additional resistances due to the oxidation of contacts lead to a decrease in the perfor-

mance of electrical installations, to downtime, and large voltage drops on the shunts 

lead to unjustified power losses [2].  

As a result of the analysis of the conducted studies, an urgent need was revealed 

at many industrial enterprises and in farms in the irrigated agriculture zone of Uzbeki-
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stan for non-destructive contactless control of LDC with a value from 100 A to 30 kA 

using both portable and stationary measuring transducers with an error of 1-3% , using 

in some cases multi-range, as well as with a flexible integrating circuit, non-

destructive testing transducers LDC.
 

The ever-growing requirements for the elements and technical means of moni-

toring and control systems in the electric power industry, railway transport, as well as 

water and agriculture have led to the development of energy-saving contactless mag-

netomodulation converters of large direct currents (MСС) with detachable integrating 

circuits, allowing without violating the structural and circuit integrity of the device 

wrap around the conductors with the convertible MСС [3-11]. 

As a result of the analysis of the places of non-destructive non-contact control 

of high currents, the main requirements for the MСС were revealed [3]. These include: 

high accuracy, reliability, sensitivity, low weight, dimensions, material consumption 

and cost, manufacturability of design, absence of errors from the influence of external 

magnetic fields, return conductor with current, displacement of the conductor with 

current from the center of the integrating circuit, ferromagnetic masses, no consump-

tion energy from the measured circuit, the ability to work in an aggressive environ-

ment, explosion safety, as well as the absence of a galvanic connection between the 

controlled direct current and the measuring circuit and the presence in some cases of 

the possibility of fixed regulation of the sensitivity of the MСС in a wide controlled 

range and the manufacture of the MBP as portable or stationary. 

We have developed a number of universal resource-saving converters for non-

destructive current conversion (NDС), which allow without breaking the circuit to 

convert both direct and alternating large currents in various monitoring and control 

systems, in which the tasks are solved by using special designs of detachable closed 

magnetic circuits with transverse and longitudinally distributed magnetic parameters 

and increased path length of the working magnetic flux over steel. They differ from 

the known ones in an extended controlled range with small dimensions and weight, 

increased accuracy, simplicity and manufacturability of the design with low material 

consumption and cost, multi-range of the converter, as well as the possibility of con-

tactless control of constant rectified, pulsating and pulse currents, 

Consider the most typical design developed NDС, its features and static charac-

teristics. 

Fig. 1 shows the developed NDС control and management systems. It is devel-

oped on the basis of the contactless wide-range current transducers [13] and is distin-

guished by increased sensitivity and an extended range of converted currents. NDС 

contains a detachable closed magnetic circuit 1, consisting of two identical halves 2 

and 3, each of which, in turn, consists of separate ferromagnetic elements made in the 

form of trapezoids with the same gaps between them. Each ferromagnetic element has 

two through holes, through each of which a modulation winding is wound, consisting 

of sections 4 and 5. Sections 4 and 5 are connected in series and according to. A 

measuring winding 6 is wound over the modulation winding between the through 

holes. All measuring windings are connected in series and closed to a measuring 

device, and the modulation windings are also connected in series and connected to a 

stable AC source (not shown in Fig. 1). In order to freely wrap around the bus 8 with 
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controlled current, the closed magnetic circuit 1 is made detachable. It is placed in an 

insulating case 7. The series connection between modulation windings 4 and 5 in the 

presence of alternating current in them and the arrangement of the measuring windings 

6 in the intervals between the through holes in the ferromagnetic elements allowed 

carry out longitudinal modulation of the magnetic resistance of the magnetic circuit on 

the path of the working flow created by a controlled direct current, and induce an EMF 

in the measuring windings 6, depending on the converted direct current. Designed by 

MBPT can also control alternating current. In this case, there should be no alternating 

current in sections 4 and 5 of the modulation winding. 

Expansion of the upper limit of the controlled direct current in the developed 

design MBPT is carried out by increasing the length of the working magnetic flux 

along the steel of the elements of the magnetic circuit and the inclusion of transverse 

and longitudinal air gaps in its path, that is, the implementation of a split magnetic 

circuit with longitudinally distributed magnetic parameters.  

For testing BPT with a detachable magnetic circuit NDС cover the bus 8. Due 

to the modulation ampere-turns, the split magnetic circuit is in a saturated state during 

each half-cycle of the supply voltage. In this case, the permeability of the magnetic 

circuit for the longitudinal field created by the controlled current decreases sharply. At 

the moment when the modulation current passes through zero, the magnetic core 

permeability rises to the initial value. Therefore, with the stability of the modulation 

ampere turns, an EMF of double frequency will be induced in the measuring winding, 

proportional to the controlled current. 

 With the mutual movement of halves 2 and 3 of the detachable magnetic circuit 

MBPT the size of the gaps between the trapezoids changes, leading to a change in the 

whole of the magnetic resistance of the magnetic circuit in the path of the working 

magnetic flux created by the controlled direct current. This leads to a change in the 

limits of the controlled current, i.e. allows you to do NDС multidimensional. 

 
Fig.1. Resource-saving magnitomodulating converter for non-destructive conversion 

of currents 

 

To analyze the main characteristics of the NDС and its calculation, it is neces-

sary to express the static characteristics of the NDС. It was obtained for the average 

value of the output EMF in the form 

срЕ


бE
  )(2

M
HHarctgHHarctgаrсtgH xMxx  . 

Here Eb is the base value of the output EMF, equal to бЕ Swа и1 , 

 хН   - the value of the measured quantity, equal to 
их НаН 2 , 

 МН  - the value of the magnitude of excitation, equal to 2аНМ  Nm~, 
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S - section of two halves of the element involved in hovering EMF in the meas-

uring winding having a total number turns w and angular frequency ω. 

Here, in turn, the field strength from the excitation current is 

H ~ = Hm~ tsin . 

Where Нm ~ =
ср

m

l

wI ~~  , 

where Hm~, Im~ are the amplitude values of the field strength and current excite-

ment;  w~  - the number of turns of the NDС excitation winding;  lср- is the average 

length of the excitation field strength line element of the MBE.  

 The output EMF of the MBPT in fractional values is 


б

срд

Е

Е
E 1   )(2

M
HHarctgHHarctgаrсtgH xMxx  . 

  
Fig. 2. Family of static characteristics of NDС 

 

The resulting expression is a static characteristic of the NDС, showing the de-

pendence of Ed = f (Hx, Hvm). Here, the use of an intermediate variable Hx as a convert-

ed value is justified by the fact that the output EMF of the MBCC is an unambiguous 

function of Hx at a given value of HM, and, on the other hand, Hx carries complete 

information about the value of the converted current Ii, the steel grade used in the 

magnetic circuit. The last expression was used to calculate the family of static charac-

teristics of the NDС. The calculation results for different HM and Hx are shown in Fig. 

2. The value of the magnitude of the excitation of the NM corresponds to a certain 

maximum value of the measured value Нхм. In this case, the maxima of Нхм with an 

increase in HM, are shifted towards an increase in Нх. Experiments have shown. 

Thus, developed universal resource-saving converters for non-destructive con-

version of currents, allowing without breaking the circuit to convert both direct and 

alternating large currents in various monitoring and control systems. They differ from 

the known ones in an extended controlled range with small dimensions and weight, 

increased accuracy, simplicity and manufacturability of the design with low material 

consumption and cost, multi-range of the converter. Received statically characteristics 

of the developed by non-contact magnetic modulation converters. Shown, that the 

value of the excitation value corresponds to a certain maximum value of the measured 

value. In this case, the maxima of the measured value with an increase in the excita-

tion value are shifted towards the increase in the measured value. The discrepancy 
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between the experimentally and theoretically obtained static characteristics of the 

converter does not exceed 6 percent. 
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