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DETERMINATION OF RESIDUAL RESOURCE OF MEASURING CURRENT
TRANSFORMERS USING FUZZY SIMULATION

The article analyzes the damage of the main elements of current measuring transformers (CMT) and proposes a
mathematical model of the residual life of CMT obtained by fuzzy modeling using Matlab software.
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BU3HAYEHHS 3AJIMIIIKOBOI'O PECYPCY BUMIPIOBAJIBHUX
TPAHC®OPMATOPIB CTPYMY 3 BUKOPUCTAHHSAM HEUITKOI'O MOAEJIIOBAHHSA

Possumok npomucaosocmi 8 YKpaiHi 6 ocmaHHIi poKu 06YMOBAIE 36iNbUWEHHS CNONCUBAHHS e/leKmpu4Hoi eHepeii ma, sk
HACAI00K, 3pOCMAHH HABAHMAMCEHHSI HA efeKmpoeHepzemuuHe 06/4A0HAHHS. Y moll Jce 4ac eeauka KiabKicmb SUMIPHEA/NIbHUX
mpaxcopmamopis, sKi € 8axcaAuUBUM 0641A0OHAHHSIM eJeKmpoeHep2emuKU, eKCnAyamynmscs 3 nepesuljeHHsM npu3Ha4eHo20 pecypcy.
ilicHo, napk sumiprosasbHUx mpaHcgopmamopis e Ykpaini Ha 50% - 60% ckaadascss 3 makozo 061adHaHHS. I, He3gadxcarouu Ha nocmiliHe
36i1bWeHHs1 sumpam, wo 8udinsAmMbCsi HA OHOB/EHHS NAPKY eHep2emu4H020 06/1a0HAHHS, HA CbO20OHIWHIL OeHb ICMOomHo 3MiHUMU YO
cumyayilo He edasocs. 3 iHwozo 60Ky, 6azamo ¢axisyie sid3Hauaromv, WO 3aMIHIO8AMU MPAHCHOPMAmMOp nicaAsi 3aKiHYeHHs U020
NpU3Ha¥eHo2o0 pecypcy Hatvacmiule Us8ASEMbCS HeAOYiAbHO. 3a MUHYAI poKu 6y/1a nposedeHa 8eauka poboma no cmeopeHH memodie
diazHocmuku mpaHcgopmamopHozo 06/1a0HAHHS, Wo 003601510Mb NPU KOMNAEKCHOMY iX 3acmocy8aHHi adeKkeamHo oyiHumu mexHivHuil
cmau o6cmedicysanozo 06'ekma 3 HadiliHicmio, wo docsizae 98%.

OdHak, He3zeascarwuu Ha ye, Kiabkicmb mpaHchopmamopis, "donpayvbogyioms” do 8i0mM08 uepe3 mepMmoximiuHe cmapiHHs
meepdoi i3045Yii, ckaadae 3a pisHumu dacepeaamu 8id 7% do 20%, mo6mo npuyuHoro sidmosu 8id 80% do 93% mpanchopmamopis € piHi
cgoevacHo He guseseHi deexkmu. Jlana cumyayis o6ymosseHa HUu3bkow eekmugHicmio mpaduyitinoi cxemu diazHocmuku. Omoice,
docaidiceHHs ma po3po6Ka cy4acHux cucmemu 0iazHOCMY8aHHS 8UCOKOBO1bIMHO20 00/1A0HAHHS € AKMYA/IbHO 340 ayero.

Tak, 30kpema, 8 cmammi 00CAIOHCEHO MONHCAUBICMb BUKOPUCMAHHS Memodie Helipo-Heuimkozo Modea8aHHs 6 3adaui
BU3HAYEHHS Koe@diyieHmy 3a2d/bHO20 3AAUWKOB020 pecypcy 6UMIPHBAIbHUX MpaHcgopmamopie cmpymy 8 ymo8ax HenogHomu
no4amkoeux 0aHux.

Katouosi caoea: sumiprosanbHull mpaHcopmamop cmpymy, 3aAUUKOBUL pecypc, MameMamuyHe Mo0eal08aHH s, HelpoHHI
Mepedici.

Introduction

A sign of today is the transition from centralized to decentralized electricity supply. In particular, in recent
years there has been a noticeable tendency to increase the installed capacity of generating power plants running on
renewable energy sources [1-5]. Such stations are installed in electrical distribution networks designed under the
conditions of centralized power supply [6—10]. In turn, a number of scientific works of domestic scientists have
shown that such stations can affect the quality of electricity and be one of the reasons for their failure [11]. For
example, as the frequency increases, the current in the winding will decrease, so the appearance of low-frequency
harmonics in the current at the voltage of the transformer (less than 50 Hz) can lead to an increase in current that
significantly exceeds the maximum allowable limits (under certain conditions) can damage the transformer winding
[11-13]. The current control systems of current measuring transformers (CMT) use known mathematical models of
CMT in their calculations, but these models have a significant disadvantage - they cannot determine and take into
account the functional relationships between many of their controlled diagnostic parameters simultaneously, in one
mathematical model. The problem is complicated by the incompleteness of the initial data, when some of the
parameters are known at the time of calculation, for example, due to the need for additional research. Fuzzy
modeling is a very constructive technology for establishing such connections. This modeling allows to obtain more
reliable results compared to the results of existing diagnostic systems. If as a result of the analysis of the data
provided by representatives of shop of repair of CMT, from literature sources or according to isolation service, etc.
the information on some reasons of removal in repair of high-voltage oil-filled (with paper-oil isolation of condenser
type) CMT will be collected, such data can be arranged, for example, as shown in table 1 for CMT 35 kV [14-17].

1Determination of the total residual life of the current transformer

The results of comprehensive studies of the damage of current transformers are shown in Table 1. In Table
1, under the controlled diagnostic parameter we understand the parameter, the deviation of which from the norm
contributed to the removal of CMT for repair or was taken into account when removing CMT for repair. As
diagnostic parameters in table 1 are given: parameters that characterize the state of the paper-oil insulation, the state
of the parts of the PTS, which are responsible for sealing the CMT, the state of the pressure compensator.

Parameters that characterize the state of paper-oil insulation [13]: W - moisture content in transformer oil
CMT, Cx - capacity of paper-oil insulation, R - active resistance of paper-oil insulation, tg (&) - tangent of the
dielectric loss angle in paper -oil insulation, P, - a constant decrease in pressure in the CMT, which is due to the
presence of places leakage of transformer oil, P, - fluctuations in the pressure in the CMT when the ambient
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temperature changes, which are due to damage to the bellows CMT, T - increase in excess temperature in the upper
part of the CMT due to the defect of the coupling unit of the pressure compensator, T, - increase in temperature in
the area of the measuring terminal, Ts - total heating of the inlet tire, for example, due to deterioration of insulation
parameters of the CMT, T, with typesetting upper tires, due to disturbances in the circulation of transformer oil in
the CMT, CADG (chromatographic analysis of gases dissolved in oil) - excessive change in the content of dissolved
gases in the transformer oil CMT or excessive change in the ratio of dissolved in the transformer oil CMT gases.
After analyzing the data in Table 1 and the literature, we created a diagram that shows the dependent or independent
influence of diagnostic parameters on the coefficient of the total residual resource of the CMT (Fig. 1) [18-20].

With the help of computer mathematics - MATLAB system it is possible to create a mathematical model of
the residual life factor of the current transformer, using which to edit the previously created probabilistic sample of
educational data which can further obtain an analytical dependence of the residual life factor of the current
transformer on diagnostic parameters in the form of polynomial.

The coefficient of residual resource k; on the i-th diagnostic parameters:

X,

il,lim

-X.
_ il,cur
ki] -

X,

it tim ~ Xil,initial
where Xiijim - the limit normative value of the ilth diagnostic parameter, Xiicr - the value of the ilth
diagnostic parameter at the time of control, Xj nitial - the initial value of the il1th diagnostic parameter (at the time of

commissioning of new equipment or after repair), il - diagnostic parameter.

Table 1
Reasons for the conclusion of the repair of transformers
Number of repaired CMT
CMT element Diagnostic parameter that haye an excess value of
the diagnostic parameter
Designation The name of the parameter units %
Cx capacity of paper and oil insulation 2 1
w moisture content 8 5
R active insulation resistance of primary 2 1
Paper and oil and secondary CMT windings
insulation 1g(5) the tangent of the dielectric loss angle in 14 10
the paper-oil insulation
T3 heating of the CMT tire near the 3 1
hardware inputs
CADG according to the results of chemical 32 15
Transformer oil analysis of gases dissolved in

transformer oil
increase in excess temperature in the
Hardware input T, contact part of the CMT input due to a 5 5
contact defect in the hardware input
constant decrease of pressure in CMT
P which is caused by leakage of 65 55
transformer oil
fluctuations in the value of the pressure
in the CMT when the temperature
changes (daily pressure fluctuations in

Porcelain tires P2 the CMT, etc.) of the environment, 3 i

which are due to damage to the bellows

of the CMT

Ty heating of the upper part of the tire 3 1

(above the connection) in the CMT, due

to disturbances in the circulation of
transformer oil in the CMT

Pins of a T, temperature rise in the area of the 3 3

terminal knot terminal node (outputs of the secondary

of secondary windings)
windings
Total 140 100
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Fig. 1. Block diagram of the model of the coefficient of the residual resource of CMT
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The probability of deviations of the controlled parameter from the maximum allowable normalized value of
this parameter:

Yz
p T =
mZ
where y_ - the number of deviations of the controlled parameter from the maximum allowable normalized value

of this parameter, which were detected by the control T -th diagnostic, m; - the total number of detected deviations
of the controlled diagnostic parameters from their maximum allowable normalized values.
Therefore, the coefficient of the total residual resource of the CMT is determined by the expression:

k!a!‘re: = kl/l;'w ' k}é’R ’ ka? ' k{?(g([:)) ’ kﬁ}“ ' kgjgg ’ kl’p]m ’ [1-[(1-kTI ) ' p[mr.p.TI + (1 - kT4 ) ’ ppar.p,“ + (1 - kPZ ) ' ppwtp.PZ j”p“" e : k—?zﬁ (1 )

where  kw, kg, kcx, kg9, k13, k capc, kpi, ko, kri, krs, kp2 — known at the time of calculation of the values of the
coefficients of the residual resource, respectively, by parameters W, R, Cx, tg(9), T3, CADG, P;, T>, T1, T4, P2 ; pw,
PR, PCw Die(s, P13, Pcapg, pri, pr2 — probability of deviations of values of diagnostic parameters from maximum
admissible normalized values taking into account the total number of deviations of all diagnostic parameters;
DPparp.Tl, P parp.T2 Pparp.p2 — probabilities of deviations of values of diagnostic parameters from maximum admissible
normalized values taking into account the total number of deviations of diagnostic parameters of only a parallel part
of the scheme; prorsrprrirep — the probability of deviation of the values of diagnostic parameters from the
maximum allowable normalized values for the generalized (parallel part of the scheme) block (in the sequential part
of the scheme) taking into account the total number of deviations of diagnostic parameters. Yes, according to table.
2: pr=0,05 r.u., pcx=0,01 r.u., pie=0,1 r.u., pr3=0,01 r.u., p capc =0,15 r.u., pp;=0,55 r.u., pr>=0,03 r.u., pr; =0,05
ra., prs =0,01 ru., pp> =0,03 r.u., pparp.ri = pri/( pri+pr2tpez) = 0,55 raw, p parp. 14 = pro/( pritpr2tprz) = 0,11 rau,
P parp.p2 = pr/( pritpr2tprs) = 0,33 ru., protarr.rirar2 = pritpr2tpr2=0,09 r.u.

The theory of fuzzy sets was created a long time ago, but it began to be actively applied in our time. Its
advantages are that it operates with fuzzy inputs, the connections between which are not known in advance, their
accuracy and veracity are not always known. Part of the calculation results are shown in table 2.

Table 2
The results of calculations of the coefficient of residual resource of the CMT
Diagnostic parameter Coefficient of

kw, ke, kex, kig(s, krs, kcap, ke1, kr, kri, kr4, kp2, residual resource
7. 7. 7. 7. 7. 7. r.u.. r.u. r.u. 7. 7. of the CMT

0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 1 1 1 1 1 1 1

0 1 1 1 1 1 1 1 1 1 1 0
0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,93 0,930063

1 1 1 1 1 0,07 0,93 1 1 1 1 0,644808
0,2 0,5 0,3 0,4 0,7 0,5 0,5 0,2 0,4 0,3 0,8 0,446311
0,5 0,3 0,4 0,3 0,4 0,7 0,5 0,5 0,3 0,4 0,6 0,492952

1 1 1 1 1 1 1 1 1 0,92 0,08 0,924798

The full table contains 3012 combinations of the options considered diagnostic parameters and
corresponding values of total residual life of MTC data were used as training data in modeling system of computer
mathematics MATLAB. The Fuzzy Logic Toolbox was used for this purpose. Using the ANFIS Editor. The
structure of the obtained neural network using the method of subclustering is shown in Fig. 2.
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Fig. 2. Structure of Anfis-network of the CMT

From fig. 2 shows that during the formation of the structure of the neuro-fuzzy CMT model, eleven inputs
and one output of this model were specified. Each of the eleven entrances has four terms. That is, each set of
possible values of input parameters of the model is conventionally divided into four subsets: "normal" values of the
input parameter, "slight deviations" of the input parameter, "pre-emergency" values of the input parameter,
"emergency" values of the input parameter. The degree to which each value of the input parameter belongs to the set
of values corresponding to this parameter is determined by the Gaussian membership function. The model is
designed to find the numerical value of the coefficient of the total residual resource of the CMT, so it has one
output. This numerical value is found by solving a linear equation that describes the dependence of the coefficient of
the total residual resource of the CMT on the input parameters.

Next we teach the model. Training involves 30 epochs. A sign of termination of training is the invariance
of the root mean square error of training. The standard error of training, which lasted 30 epochs, is equal to 0.011
r.u. The obtained neuro-fuzzy model allows to determine the value of the coefficient of the total residual resource of
the CMT depending on the values of the input parameters - the coefficients of residual resources for each of the
controlled diagnostic parameters. Thus, if each of the coefficients of the residual life of the diagnostic parameters
will be equal to 0.5 r.u., the coefficient of the total residual resource is equal to 0.64 r.u., if each of the coefficients
of the residual life of the diagnostic parameters will be equal to 1 r.u., then the coefficient of the total residual
resource is equal to 1.01 r.u. The complexity of the dependences of the output parameter of the developed model on
the set of input parameters is confirmed by the graphs of the surfaces of these dependences, which are shown in
Fig. 3, 4.
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Fig. 3. Dependence of the residual resource of CMT on kw and kr
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Fig. 4. Dependence of the residual resource of CMT on kw and k cape
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Conclusions
Despite the complexity of the dependencies, which are shown in Fig. 3, 4 mathematical model of the
coefficient of residual resource CMT can be used to program a fuzzy controller in order to create a device for rapid
determination of the state of CMT by analyzing the value of the coefficient of residual CMT.
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