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AHHOTan VA

[Toxaszatern HagexHOCTM ¥ 3PPEKTUBHOCTM PabOThl  IIEKTPUUIECKUX
CTaHLMUV, IONCTAaHUUV W 3JIeKTPUYECKMX CeTel OIIPeHesIAiOTC ypOBHEM
HaJeXXHOCTN paboOTbl OCHOBHOIO 3JIEKTPOTeXHWYECKOro o0opymoBaHMs, B
YacTHOCTM CWIOBBIX TpaHcdopmaTtopoB m aBToTpaHcdopmaTopos. I[losTomy
KparHe BaXXHO 00ecTieuynTh MOHWUTOPWHI, IIPEXIe BCEero, IS OIpeesIeHNs
TeXHUYECKOI'0 COCTOSIHMSA CTOJIb BaKHBIX JIEMEHTOB M HPUHATUSA PelIeHUl O
JaJIbHeVIIIIeV CTpaTervi JeaTe/IbHOCT.

KiroueBnie cj10Ba

MOHWUTOPVIHI, TexXHUYecKoe COCTOSIHIIE TpaHcOpMaTOpoOB 171
aBTOTpaHCPOPMATOPOB, 2JIeKTPOOOOpyIOBaHe.

Annotation

Indicators of reliability and efficiency of operation of power plants, substations
and electrical networks are determined by the level of operational reliability of the
main electrical equipment, in particular power transformers and autotransformers.
Therefore, it is most important to provide monitoring to determine the technical
condition and make decisions on the strategy for the further operation of such
critical elements in the first place.

Keywords

monitoring, technical condition of the transformer and autotransformer,
electrical equipment.

The technical condition of a power transformer and autotransformer is
characterized by a large number of condition parameters (signs) x;, the values of
which can be obtained using both standard measuring instruments and by
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conducting additional tests on operating or disconnected equipment. With a large
number of state parameters x;, the task of constructing a fuzzy knowledge base of
an information system representing a set of statements about the cause-and-effect
relationships “state parameter - technical condition class” becomes difficult.

In [2, 3] for electrical equipment, input variables xi are classified into groups
and a hierarchical multi-level knowledge base is formed, consisting of nested fuzzy

knowledge bases of lower dimensionality.
KoHCTPpYKTHBHAA CXeMa MACAsHOro rpancopmaropa
>

16 7 2 3

1 BBIXJIONHas TpyoOa, 2 — raszosoe pene; 3 ssoa HH; 4— Beon BH, 5— obOMoOTKH BhICLIECTIO
M HHM3LIEro HanpsaxKeHuii. 6 PaaHaropbl CHCTEMb! OXJIAYKAEHNA, 7 — MarHuTONnpoBoa; 8— KpaH
ANA CANBA Macna, Y — renexkka ¢ karkamu. /0 — 8ak; // — yCTpoiiCTBO peryanpoBaHns
Hanpaxenmsa noa Harpyskoii (PITH), /2 — vepmocudonnsiii punsrp; /3 —ao3ayxo-
ocywmimnrens: /4 vKasareib yPOBHA macna; /5— pacumpurens; /6 — coennHuTelbHasg TPpyOKa

Fig. 1 shows the developed hierarchical structural diagram of fuzzy logical
inference on the technical condition and decision-making on the strategy for further
operation of a power oil transformer and autotransformer.

Information on the condition of a transformer and autotransformer, grouped
by types of measurements and tests [4], has the following structure:

1. Chromatographic analysis of dissolved gases (CADG). xi1,...x17-
respectively, the concentration of hydrogen (Hz), methane (CHs), acetylene (C2H>),
ethylene (CoHa), ethane (C2Hs), carbon monoxide (CO), carbon dioxide (CO»).

2. Physicochemical analysis of oil. x21,..x27- respectively minimum breakdown

min

voltage (Unp ); dielectric loss tangent (tgdm); acid number (KOH), flash point (Tscn),
gas content (C;), presence of particles and mechanical impurities (Cun), humidity
(w).

3. Measurements to determine the state of solid insulation. x31,.. .X35-
respectively, the tangent of the dielectric loss angle (tgo), the insulation resistance of
the windings (Reo,R15), the insulation capacitance (Cus), the concentration of furans
(Co).

4. Measurements in the no-load experiment. x41 - no-load current (Ixx), x42- no-
load losses (APxx).

5. Tests to measure short-circuit resistance. x41 - short-circuit resistance zx.
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6. Measuring winding resistance to direct current. x61 - winding resistance to
direct current.

7. Other types of measurements and tests x71 - X

Having the results of each type of tests and measurements of the transformer
using a certain set of features and the corresponding knowledge base Xj (j = 1,m), it
is possible to assess the technical condition of the transformer and assign it to a
certain class of states (normal, or faulty with a defect of a certain type), assessed
based on the results of this type of tests or measurements.
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