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L. Skrupskaya, A. Oliinyk, M. Polyakov
THE METHOD OF FAILURE PREDICTION
IN THE HIGH VOLTAGE TRANSFORMER EQUIPMENT
BASED ON THE METRIC CLASSIFICATION
OF DIAGNOSTIC FEATURES' TRENDS

The process of diagnosing of high-voltage transformers has been analized. The
problem of measurements clustering of transformers' diagnostic features has
been solved. The method which is based on the metric classification and allows
predicting the residual life of the high-voltage transformer equipment has
been proposed. An experimental study of the proposed method which
confirmed its effectiveness in practice has been performed.
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Introduction

Early identification of trends for faults in the high-voltage equip-
ment helps to prevent progressing of defects; to carry out repair right
in time; to reduce maintenance costs. Unlike the diagnosis "in fact”,
forecasting lets eventually predict the faults occurrence, even if there
were appeared no significant deviations of controlled parameters from
their certified values.

As the rule, the faults progress goes gradually and continuously
at standard modes and it is getting faster in case of the emergency mode
[1]. The current transformer residual life prediction methods are known,
e.g. [2]. Those methods do not provide early faults detection and they
cannot be used to predict the residual life for a long period of time.
Thereby the effectiveness of the faults progress preventing measures is
reduced. Therefore, it is actual and important to predict equipment fail-
ure according to diagnosis data at the earliest stages until the fault is
not turned into its critical state.

The failures prediction in the high voltage transformer equip-
ment is based on the mathematical model for the metric data classifica-
tion [3-6], that allows producing the learning systems. It enables to in-
crease the effectiveness of diagnosing the high-voltage equipment. This
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paper proposes a method which is based on the calculations. It lets pre-

dict the failures in the high voltage transformer equipment basing on
the fact of a given number of diagnostic features.
1. Problem definition of forecasting faults
in high voltage transformer equipment

For diagnosing the database with the results of measurements
will be used. Measurements are provided for some analogue groups of
equipment. The state of this equipment is known according to the scale
"functional - refusal” at the time of measurement. Let the database has
a plethora of those sets (1):

D=(nt,xY), (1)

where n is object’'s number, n=1 N; tis relative discrete measurement

time, t=0,Ty ; X is measurement vector of results sizing |; Yy is object’s
state, y=0 is “refuse”, y=1 is “serviceable”; N is database objects

number. To convert discrete time to the analogue time the following
formula is used: t, =t,, +tA, where t,, — the time when the 1°* meas-

urement occurs for this object; A is range of time between two meas-
urements.

Then basing on the given multitude D (1) the model M =M (D)

should be constructed. It lets execute diagnosis (to specify the output
value y) of the HV equipment state according to the set of its character-
istics. For the equipment that is accepted as serviceable the model lets
specify the residual life service.

The task of the paper is to work out the method of faults fore-
casting for HV transformer equipment, that allows forecasting at the
earlier stages of faults progressing.

2. Method of faults prediction in the high voltage transformer
equipment on the basis of metric classification

To specify the transformer state Ty basing on the metric classifi-

cation [3] the model should be built M =M(D). It is a set of geometric

center points for the classes. In the D base there are specified the ob-
jects, that are accepted as refusal. Then their parameters should be
united in the moment T4to the kpclass. Objects measurements are united

to the k; classes, that are accepted as serviceable for t[J[0,Ty]. Parame-

ters for objects that were taken at the previous time should be united to

ISSN 1562-9945 45



2 (91) 2014 «CucreMHBIE TeXHOJIOTHI »
the kpi, Kopars Ksar classes etc. These measurements were taken at the

moment of timeTy —1 for the ky; class, Ty —2 for the k,p class. Meaning

of i-th coordinate (i =ZL_I), that is the center of £Ek-th class Cik
(k=12..,K) should be specified according to the formula (2):

cf == >{x}, 2)
Ny is the number of measurement in the set D (1) that is related
to the kclass; X is the meaning of i-th parameter for j-th sample of the

object related to the kclass.
Having calculated the coordinates of classes centers set

ctc?,..ck, ck :{Clk,Cé< ,...,CKI } the relation of the samples T, to
some classes {12...,K} can be specified for any sample that is out of the

D (1) set, basing on the input meanings ixlq,xzq,...,xqu} in their near-

ness to centers Cl,C2 ,...,CK .

Different metrics could be used [5, 6]:
— Euclidean metric:

R(Tq’ck):\/Nzx(Xiq _Cik)z; (3)

i=1
— Hamming metric:

; (4)

— Maximum value of the distances of every coordinate:

R(Tq,Ck)=:\l§x,l‘xiq -ck

RIT ,Ck = max ‘x- —-Cck ; 5
(q ) i=12..N, iq i ( )
— Minimum value of the distances of every coordinate:
R(T,,C¥)=  min ‘x- —c-k‘. (6)
(q ) =12 N, 0

Depending on the distance R(Tq,Ck) then the relating of trans-

former occurs to the k class, that is situated at the least distance
R(Tq,Ck):

k(Tq): argmin R(Tq,Ck), (7
k=12...K
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where argmin is the function, that specifies the number of the k&
k=12...K

class according to the minimal distance R('I'q ,Ck).
There could be situations when the results for a transformer will
be situated at the same distance to different classes (e.g., Kjar & Kpat)-

In this case the following measures should be taken:

— in order to reduce the potential losses because of the wrong de-
cision ( to accept the sample as serviceable set in the case when it should
be accepted as refusal) the transformer T, should be relates to the Ky

class with geometric center Ck, that is closer to the Kkyclass
(Rcko,Cha J< Rk, chom ));

— to specify the sample Tq as a part of koat class, that contains
more numbers of samples in the set D (Npy=apnt > N pk=pat )-

As the result of making the choice whether the equipment should
belong to kg class (refusal) or k; class (serviceable). At the making deci-
sion K=Ky transformer is considered as the one, that his time to the

fault is not less aAt, where a is a value that is equal to the intervals
number At before transformer fault. If the value aAt is less than mini-
mum acceptable time of waiting t,,, (aAt <t ), the measures of trans-
former diagnosis should be provided [7—9].

There is depicted the graphical interpretation of the lot of sam-
ples, that corresponds to different Kg,Ka,Kopt »--Kant, Ky classes in the 2D

space of normalized X;,X, curves in the fig 1. There are shown classes,

where y=0, i.e. the fault equipment is fixed and y=1 equipment is

processed as serviceable with the different grade of serviceability.

On the fig.1 there is shown possible case for gradual transfer
from serviceable state (y=1; k=k;, k=Kkon, k=kp) to the fault
state(y =0; k =kp).

Thus, the proposed method of predicting failure in the high volt-
age transformer equipment on the basis of metric classification involves
the creation of a diagnostic model by splitting the original set (equip-

ment parameters) on classes depending on the time before the fault
event, as well as the calculation of the geometric center of each class.
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Calculating the coordinates distance for measured parameters of diag-

nosed transformer to the centers of model classes it is possible to deter-

mine the closest class and therefore, the residual life of the transformer.
X, A

1

F.
»

0 1 X

Figure 1 — Graphical interpretation of deviating X;,X, curves meanings

at the gradual transfer of samples (transformers) from serviceable state
(y=1) to the fault state (y=0)
3. Experiments and results

For the experiments the proposed method of predicting failure in
the high voltage transformer equipment on the basis of metric classifi-
cation program was implemented with the measuring current transform-
ers. On the basis of this method and software, the task of state diagnos-
ing of paper-oil insulation for measuring current transformers TOKH-
330 was solved. The transformers were in service of ITAO "ITOK Huen-
posHepro .

As the input parameters there were chosen the next parameters
in order to construct the diagnosis model M =M (D)[10]:

— dielectric loss tangent of basic insulation at the operating volt-

age’ X]_;
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— basic insulation capacitance deviation from the rated value, X5;
— the temperature of the ambient air, X3.

The part of the measurements results set D (1) is listed in the ta-
ble 1, where Y =1 is serviceable transformer state, Y =0 is fault (“re-
fusal”) state.

Table 1
The part of the transformer measurements results set using for the
diagnosis model M =M (D)

Meas- Trans- Parameters values
urement | former Y k class
number | number . X2 X
1 1 0,460 | 0,937 | 0,563 1 Kaat
10 3 0,440 | 0,644 | 0,781 1 Kaat
15 1 0,767 | 0,286 | 0,500 0 Ko
18 1 0,574 | 0,928 | 0,332 0 Ko
34 6 0,499 | 0,880 | 0,767 1 Kat
45 8 0,490 | 0,933 | 0,900 1 Kt
47 8 0,468 | 0,882 | 0,333 1 Kont
6 1 0,478 | 0,955 | 0,643 1 Kont
71 11 |0,407| 0,877 | 0,964 1 Ky
91 13 10,233| 0,962 | 0,435 1 Ky
183 15 |0,609| 1,0 1,0 0 Ko

The measurements of transformers were taken with the average
time of At =3 months. The task was to build the model M =M (D)that

will let specify the trends for faults appearance before tpog, =9 months

of their appearance and complete operation refusal of transformer.

Therefore the set of measurement D (columnsX;, Xy, X3, Y in the ta-

ble 1) was divided into the kg,k; classes corresponding to the time be-

t
= _Prodn :§:3for the class ( Kat,KoprsKang)s

fore fault event, and into C
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corresponding to the states of gradual transfers from serviceable state

to the refusal state.
After the classes splitting (transfer D - D') the next specifica-
tion of center classes have been specified according to the formula (2).
Results of centers splitting are listed in the table 2.
Table 2
Classes’ centers

Classes center coordinates meanings Cik
Class k
X X2 X3
Ko 0,5222 0,8551 0,5159
Knt 0,4880 0,8505 0,7462
Kot 0,4696 0,8491 0,7257
Kant 0,4595 0,8580 0,6268
Ky 0,4341 0,8661 0,7683

Then every measurement of transformer T; was corresponded to
the Kk =Kg,Kar,KopntsKane, Ky classes in accordance with input parameters xq,

Xy, X3 and their nearness R(Tj ,Ck) to the classes centers, using Euclid-

ean metric (3) and the formula (7). Error E of the constructed model
M =M (D)was calculated as a relation of wrong classified transformers

Ngr to their common number Np in the set D that are shown in the ta-
ble 1:

E=—0" =~ = 0p49. (8)

To check the model adequacy M =M (D) its usage for the Digg
data was executed. Those data do not belong to the D set. Wherein the
number of transformer measurements for Digset was Np =134 un.
Error Eiy of the model M =M (D)was calculated in the following way,
calculated for the D data.

E - Nerrtest 12
test — - 134
Drest

It is clear that error Ei.qfor the given Dy is a little bit greater

= 0089. (9)

than E, calculated for the data D. Both characteristics meanings E &
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Eiestare in the range of allowable error of 10%, that allows making deci-

sion that it is expedient to use the proposed method in practice. Fur-
thermore all cases of wrong classification have to do with the case of
processing serviceable transformers as the faulty ones. That is not so
significant than the case of processing the faulty transformer as ser-
viceable one.

Conclusion

In this paper the problem of forecasting the actual failures in
high voltage transformer equipment was solved.

Scientific novelty lies in the fact that there was developed a
method of predicting failures in high voltage transformer equipment on
the basis of metric classification, which involves splitting the original
set on classes of the characteristics of transformers depending on the
time before their failure, the calculation of the geometric center coordi-
nates for each of the classes in the space of normalized characteristics.
Belonging diagnosed transformer to one of these classes was determined
by the coordinates of its minimum deviation of the current characteris-
tics of the coordinates of the centers of classes. Transformer belonging
to a particular class of the proposed model was characterizes its residual
life, with an accuracy that depends on the characteristics of the meas-
urement interval used to construct the model. This allows you to iden-
tify faults occurring at the initial stages.

The practical value of these results is that the developed software
that implements the proposed method and solved the practical problem
of diagnosing the state for paper-oil insulation measuring current trans-
formers.
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