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ABSTRACT. Modeling of transfom王ng circuits of sensors with d王stributed parameters gave

POSSibility research input values as electrical c皿ent, VOltage and ets・ and output signals as electrieal

VOltage of the basjs of using sensitive clemcnts. In article collcct results modeling and research

transfoming circuit ofprimary sensors with distributed magnetic parameters.

The primary electromagnet sensors with dist軸ed parameters (magnetic core, air gaps,

繭rically conductive mater融, dielectrics - aS an insulating plate’etC.) ofcontroI systems have a

Very d肺erent geometrica- configuration and structure. As weIl as distributed character

(nonsymmetrical and nonlinear values) of transfoming primary circuit to secondary voltage and
three-dimensionality structure construction of sensor elements of on volume of signal from sensor

and controI systems (C皿ent and voltage) of electrical circ串s clear that modeling and calculating

them in餌a d珊cult task. In this artide carried out model主ng and research oftransfomation circuit,

SPlitting them into separate components and simple elementary parts based on replacing it with a

three-dimensional electric circuit of subs軸ion - a graph model of transfoming circuits ofprimary

SenSOrS [l,2].

The research oriented on stage ofanalysis and modeling of elements' constructions on basis of

graph mode上representation of princip!es of transfomation of distributed parameters of electrical

Physical value as prlmary SenSOrS OfcontroI systems. Tl-e SOlution ofproblem ofmodeling principles

Of operation of sensors of cuITent in graph models is reduced to the procedure for transfoming the

initial graph consisting node, Value壷oming I3了Pnmary Current to Uつ2 -SeCOndary voltage - the

OutPut electrical signal.

The graph model characterizes value of participates in the process of transfomation of

electromagnetic current and voltage sensors, and reflect the nature of the funetional relationship

between the values and parameters of the transfomation circuit and elements. Design of the circuits

for clcctromagnetic current and voltage sensors’the numbcr of which continuously increases as ncw

Physic technical e睨cts are used in them’raises the problem oftheir systematization and selection of
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OPtimal quantities and parameters of the transfomation and circuit that meets the req皿ementS Of a

modem controI system [3,4].

The methods for modeling and calculating of circuits of transfomation sensors and

measurement systems of current and voltages of labors sensors’are Very apProXimate and do not

always a11ow for the peculia融es of transfoming of signa岨om sensors [4-7].

Based on the magnetic circuits of the transfomation sensors and measurement systems of

CuFTent and voltages with distributed parameters, the algo軸m for constructing the model of

transfomation elements工he magnetic system or circuit回is explained, Sjnce the structure, Shape and

geometric dimensions, aS Well as magnetic materials of the magnetic circuit, reflect the essence of

the magnetic circuits of the transfomation electromagnetic current and voltage sensors.

On the basis of this research, the real physical transfomation circuit of current and voltage

SenSOrS, is rep]aced by an equjvalent model wjth longitudinal]y, tranSVerSely and vertically distributed

ParameterS Or a mOdel’rePreSented in three-dimensional coordinate system (i, j, k).

珊e parameters and values ofmodel are detemined on the basis ofgeometric dimensions and

taking into account uniトspec描c distributed parameters of sensors.

Then rcsistances of clementary sections of cquivalcnt modcI of transfomation circuit are

detemined from equations [5- 1 1 ]:

R侶J,后=R出直△X′,

〃0伸,后= n鮎らk△YOj ,

〃1用,んこ」㌦,産△Xl々,

Where: AY′二X/N,△XOj = XO/M, △Xlk = Xl/K- elementaryparts circ証;

者XO, Xl - 1ength oftransfomation sites;

X- longitudinal length of sectjons;

XO - Vertical length ofsections;

X仁tranSVerSe length;

母M L - number ofdjviding sections.

The algorithm ofmodeling of circuit ofprimary electromagnet sensors of c皿ent is represented

in following steps:

l ・ Complex circuit of the transformation of sensors wi11 bc divided to elcmentary parts (taking

into account magnetic circuit, air gaps’additional cores’and scattering fluxes) according to p血ciple

Ofmagnetic flux constant at each section ofconversion chain.

2. The preliminary distribution of the magnet moving force (m.m・f) and magnetic flux along

SeCtions of circuit defined.

A preljminary distribution ofmagnetic jnduction in sections i andj, Where there is an a重r gap lS

defined as fol萱ows:

Bらjこ
卒J〃0両

午ノ
(4)

Where @。一magnetic fluxes in sections of circuit; J左ノand朋用are magnetic conductivities ofi

andj-th sections of circuit.

When prlmary C皿ent flow through current circuit - Primary winding ofelectromagnetic sensor

五言s set, then m.m.fin magnetic circuit is defined as follows:

阜ノこI弧耽B,

Wherc:温- number of fums ofcurrent conductor - field winding.

IMSS’19 Sakarya Unjversity - Sakarya/Turkey, 9-1 1 September 2019, PP. 831-837

/ (5)

・832・

ぶ
音
山
喜
喜
音
軸
い
り
S
喜
葛
細
い
り

白
、
ほ
、
絡
、



Siddikov et aL Research OfTransforming Circuits Of Electromagnets Sensor With D...

The magnetic flux is detemined as follows:

年j二刀0畑j(阜j 〇年.j十,)・

3. The complex conductivity ofeach longitudinal j, j-th section will defined as:

J70柄=Lらj =Z∴ =g用-j生j,

(6)

(7)

Where Z川= R川+ JXH言S COmPlex magnetic resistance ofJ, j-th section.

4. For the considered magnetic section of transmission circuit: R佃=功i,, /F。一aCtive

magnetic resistance重Parameter Of L j-th section, Characterizing property of magnetization of

magnetic material under influence ofapplied force; X用= dy,, / S” - reaCtive magnetic resistance

Of j' j-th section, Characterizing loss of magnetizing force on eddy c皿entS and hysteresis; PR“ and

伊仙reSPeCtively, SPeCific reactive and reactive magnetic resistances of irth section of magnetic

Circuit, detemined depending on magnetic induction and magnetic characteristics; length of J, j-th

SeCtion of magnetic circuit of transfomation.

When ”-th scgment ofcircuit is an alr gaP, then its active magnctic conductivity deteminc as

no〆誹・J二心告　　　(8)

Where; try - PartS Of magnetic circuit; is magnetic constant of air. If ‘子th segment is a scattering

SeCtion, then detemine magnetic conductivity‥

〃0両= gみ。申　　　　　　　　　　　　　(9)

Where specific magnetic conductivity ofthe scattering’Obtained from structure and analytical`y from

known relationships.

5・ The field ofgraph model ofdesignated nodal points will taking put into account their m血al

amangement.

6. Comection each pair ofnode points graph model constructjons between each other by two

OPPOSitely directed arcs according to desjgnated nodes ofinitial design of transfomation circuits of

electromagnetic current sensors.

7. For each arc ofobtained nodal subgraphs, Will assigned a complex transfer equal to ratio of

COmPlex conductivity of elementary region between nodes of initial system under consideration to

COmPlex conductivity of node to which arc ofgraph mode=s directed as:

T,j膏=
乃∑′,ノ十朋∑。

(10)

8. The field of graph model points corresponding to given quantities (Primary electric current)

and these polntS Will be considered as nodes ofgraph model oftransfomation circuit sensors We put

9. Comection nodes 4j With arcs corresponding to complex materials of nodes of section on

Which source will be located in form ofmodel.

In case, When nodes of connecting influenclng quantities - fluxes. through coe餓cients of

relationships between values of electric and magnetic value, for this cases communication means as

a parameter between magnetic flux and m.m.f ofcircuit ofsensors detemined as follows: /
- for model node F叫is detemined on basis of the interchain coupling coe鮪cient between

electric and magnetic circuits. The input value at point F引Will detemined fron next equal:

珊e input value at the point早川二桁I。 ;
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Where R川=

伊仙・a・b’‾1　左
; q =坐一里セ
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阜1一㌦2

R川十R量刑

阜1二㌦2

萄量一生2

R州

こ0

一缶2・G,二0

阜1〇㌦2一㌦2・Gl・R伸二0

阜2
阜2
重十Gl ・R川

田圃

(12)

(13)

(14)

(15)

are the resistance and conductivity of the sections of the

transformation circuits.

血fig. 1 given the graphs of change flux and m.m.f on long血dinal scctions oftransformation

Signal ofcjrcuit ofsensors.
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Fig. 1 The graphs ofchange flux and m.mf o皿Iong血dinal sections oftransfomation signal

Ofcircuit oft sensors where‥ a - graph ofchanging ofm・m烏nd b -graPh ofchanging of flux

血fig. 2 and 3 presents the electromagnet sensors with distributed parameters, that transforming

in real time ofthe values ofthe electrical network and the results oftheir practical resea血s [10-12].

Fig. 2・ Electromagnets sensors with distributed parameters:

a)- the sensor on AC, b) the sensor on DC
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Fig.3 Results of research

a)- from sensor ofAC, b) - from sensor ofDC

CONCLUSION

l. Motivated, that using flat measunng windings in sensors of primary current to secondary

VOltage as sensmg element, ProVides unified out signal with parameters: VOltage - 20 V, Current - /00

mA.

2. Installed, that value out voltages U刑′ depends on degree ofperpendicular and uniformities

Of crossmg magnetic now area flat measumg windings, OPtima- resistances and conductivities

COmPlex portioned area and structures of magnetic circujt of sensors.

3. The entropy maCCuraCy Of sensors of the pnmary current to secondary voltage does not

exceed O,2%%.

4. Practically on the basis of results of research detemined’tha=otal reliability combined

COntrOI system source of electrical power of power systems on the base of intelligent sensors and

measurement systems of current to voltage with flat measunng windings foms, best value equal to

O,96.
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