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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,
D.Sh. Norholboyev

Maxonaoa 6uz maxnugh Kurean apuAHmMIAPOAH OUPUHU UWAAO YUKUUL
Hamudicanapu Kypcamunea, KOHMAKmMcu3  pecypciaphu mesicatiouean
MACHEMOMOOYAAYUSL IOKOPU Ce32Upauct KOHMAKMCU3 10KOPU OKUM VIMKA32UYIapU,
VAAPHUHE KOHCMPYKMUG DPUBONCIAHUWY  HAmMudicalapu Kypcamunean. Mavaym
Oyneannapoan ¢hapkiu yiapok, uwnab YuKuieaH KOHEEPMOPHUHE AHUKIUSU 84
ceszupaue, MeXHOA02UK OU3AUHU 64 MAHHAPXU OUIAH KUYUK GA3H 84 VIUAMAAPU
onmumaniaweanauey  Kypcamunean. Yuuaw xamoaueu 6 @ouzdan owmaiiouean
pecypc medcoguu KOHMAKMCU3 MAZHeMOMOOYIAYUOH KOHGEPMOPIAAPUHUHE CIATIUK
Xapaxmepucmuxaiapu Kypuod yuKuiaou.

B pabome noxazanvi pesyromamul paspabomxu 00HO20 U3 6apPUANHMO8, NPeo-
JIOJCEHHBIX HAMU, YHUBEPCATbHLIX OECKOHMAKMHBIX Pecypcocoepecaouux MazHu-
MOMOOYTAYUOHHBIX npeobpazogameiel DOAbUUX MOKO8 NOBbIUEHHOL YY8CMEUmenib-
HOCMU, NPUBOOSMCS Pe3YbIampl UX KOHCMPYKmMusHou paspabomxu. Iloxazano, umo
paspabomannviii npeodpazosamenv, 6 OMauYUe Om U3BECMHLIX, UMEem NOBbIUUEHHbIE
MOYHOCMb U YYBCMEUMENbHOCb, MEXHONO0SUUHYI0 KOHCMPYKYUI, MAJlble MAccy U
2abapumyul npu HU3KOU cmoumocmu. Paccmompenvl cmamuueckue Xapakmepucmuxu
pecypcocbepecaloumux OECKOHMAKMHBIX MASHUMOMOOVIAYUOHHBIX Npeodpasosame-
Jletl, nocpeutHoCms KOMopbix He npegviuiaem 6 npoyeHmos.

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 (MCC) with detachable integrating
circuits, allowing without violating the structural and circuit integrity of the device
wrap around the conductors with the convertible MCC [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 MCC 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 MCC 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 (NDC), 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 NDC, its features and static charac-
teristics.

Fig. 1 shows the developed NDC 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. NDC
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 NDC 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 NDC multidimensional.

1 2 3 4 s 6 4

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

To analyze the main characteristics of the NDC and its calculation, it is neces-
sary to express the static characteristics of the NDC. It was obtained for the average
value of the output EMF in the form

E = Eo |2aretgH, —arctg(H, - H,, )-arcig(H, +H )|.
T

cp
Here E, is the base value of the output EMF, equal to E, = oa,w,S,

H_ -the value of the measured quantity, equal to H =a,H
H,, - the value of the magnitude of excitation, equal to /,, = a, Nn-,
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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 .
Here, in turn, the field strength from the excitation current is
H~=Hp-sinawt.
W

(.
Where Hy, ~ = ,
Icp
where H,-, I,,- are the amplitude values of the field strength and current excite-
ment; w- - the number of turns of the NDC excitation winding; |- is the average
length of the excitation field strength line element of the MBE.
The output EMF of the MBPT in fractional values is
0 ECP -1
E° = R |2aretgH, —arctg(H, - H,, )-arcig(H, +H )|.
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Fig. 2. Family of static characteristics of NDC

The resulting expression is a static characteristic of the NDC, showing the de-
pendence of E4 = f (H,, H.m). Here, the use of an intermediate variable H, as a convert-
ed value is justified by the fact that the output EMF of the MBCC is an unambiguous
function of H, at a given value of Hy, and, on the other hand, Hy carries complete
information about the value of the converted current li, the steel grade used in the
magnetic circuit. The last expression was used to calculate the family of static charac-
teristics of the NDC. The calculation results for different Hy and Hy 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 H,,. In this case, the maxima of H,, with an
increase in Hy, are shifted towards an increase in H,. 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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