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Reasoning of additional diagnostic parameters for electric insulation diagnostics by
absorption methods

The aim of this work is to analyze the inadequacies of the diagnostic parameters, in particular the absorption and polarization
coefficients, which are manifested in their integral character and dependence on the ratio of values of several elements of the
equivalent scheme of insulation replacement. This article contains the results of theoretical investigation of the extreme nature
of the absorption diagnostic parameters, which leads to unambiguity of the diagnostics procedure. The ways of partial
adjustment of this unambiguity have been proposed. Methodology. To determine the extremality of the absorption coefficients
depending on the absorption time, absorption capacity and resistance, as well as the leakage resistance, the usual method of
investigating the functions was used, detailed calculations have been obtained by using MATLAB software. Results. Has been
shown that the ambiguity of diagnostic results is caused by the contradiction of the integral character of the diagnostic
parameters and the local character of the isolation failures, in particular breakdown, by ambiguous dependence of the
diagnostic parameters on the values of the elements of the insulation replacement scheme and the extremal nature of the
diagnostic parameters. Based on the general expression describing all currently used absorption coefficients, it is shown that
they all have an extremum, the value of which depends on the parameters of the insulation substitution scheme and the time
interval between the measurements of the absorption current. The dependence of the extreme value of the absorption and
polarization coefficients on the parameters of the insulation substitution scheme has been established. Has been shown that to
eliminate the ambiguity caused by the extremity of the absorption coefficients, it is necessary to introduce additional diagnostic
parameters, such as the ratio of leakage resistance to absorption resistance, as well as the critical value of the absorption time
constant. Originality. The detailed analysis of the reasons of ambiguity of electric insulation technical diagnostics by
absorption methods has been carried out. A method for eliminating the ambiguity caused by the extremity of the absorption
coefficients has been proposed. Practical significance. To eliminate the ambiguity caused by the extremity of the absorption
coefficients, additional diagnostic parameters are proposed — the ratio of leakage resistance to the absorption resistance and
critical values of the absorption time constant. The applying of these parameters with the absorption coefficients will more
adequately assess the technical condition of insulation. References 15, tables 2, figures 4.

Key words: non-destructive insulation diagnostics, absorption methods of insulation diagnostics, diagnostic parameters of
insulation, dielectric absorption ratio, absorption index, polarization index.

B cmammi npedcmasneno pezynomamu ananizy eKCmpemMaibHO20 Xapakmepy i 3yMOG1eHOi HUM HeOOHO3HAYHOCHI 3aNedCHOC
abcopbyitinux xoegiyicumis 6i0 cmanoi wacy abcopoyii, a maKoxc 3aAeHCHOCMI iX 3HAUEeHb 8I0 8IOHOUIEHHS HACKPI3HO20 ONOpY
i3onayii 0o it abcopbyiiinozo onopy. Po3paxosano maxcumanvhi sHavenHs Koegiyienmis abcopoyii i nonapusayii, a maxosc cmanoi
uacy abcopbyii, wjo eionosioac im, 01 pi3HUX 3HAYEHb BGIOHOWEHHS 6Ka3anux euwe onopis. OOIPYHMOAHA MOICTUBICHDL
BUKOPUCMAHHA  GIOHOWEHHS HACKPI3HO20 I abcopbyitinoco onopie ma abcopbyitinoi cmanoi uyacy 6 sSKOCMI 000aAmMKOBUX
OIACHOCMUYHUX napamempie OAs YCYHEeHHsI HEOOHO3HAYHOCMI, N06 S13aH0l 3 eKcmpeManvHicmio Koe@hiyienmie abcopoyii i
noaspuzayii. bion. 15, Tabn. 2, puc. 4.

Kniouosi cnosa: HepyiiHiBHI MeTOAM AiarHOCTYBAaHHS eJeKTPUYHOI i30.1suii, aGcopOuiliHi MeToan aiarHocTyBaHHs i30.1s1ii,
niarHocTHYHI mapameTpH i3oasuii, emuicHuii i omiunmii koedinienTn adcopouii, kKoedinienTu adcopoOuii i monsspusamii.

B cmamve npedcmaenenvt pesynomamel AHAIU3A  IKCMPEMATbHO20 XApAKmepa u O0OYCIO6IEHHOU UM HEOOHOZHAYHOCMU
3a6UCUMOCIU AOCOPOYUOHHBIX KOIDHUYUEHMOE Om NOCMOSHHOU 8peMeHU abcopOyul U 3a8UCUMOCIU UX 3HAYEHUL OM OMHOUIEHUS!
CKBO3HO20 ~CONPOMUGICHUS. U0MAYUU K ee  abCOpOYyuoHHOMY CcOnpomueieHuio. Paccuumanvl MaxcumanbHvle 3HAYEHUs.
K03ghpuyuenmos abcopbyuu u noaAPU3AYUY, A MAKICe NOCMOSHHBIX 8PEMeHU abcopOyuu, Komopwvle COOMEemCmeyiom um, OJis
PA3IUYHBIX 3HAYEHU OMHOWIEHUS] YKA3AHHbIX eblule conpomugnenui. OOOCHO8AHA B03MONCHOCHb UCNONb30BAHUS ONMHOUEHUS
CKB03H020 U AOCOPOYUOHHO20 CONpOMUBNEHU U abCOPOYUOHHOU NOCMOAHHOU 6peMeHU 6 Kayecmee OONOTHUMENbHbIX
OUACHOCMUYECKUX Napamempos OJisi YCMPAaHeHus HeOOHO3HAYHOCMU, CEA3AHHOU C HAIUdueM MaKCuMymos Kodpguyuenmos
abcopbyuu u nonapusayuu. bubn. 15, Tadn. 2, puc. 4.

Kniouegvie cnoea: HepaspylIalOlide MeTOAbI THATHOCTHPOBAHHUS JJIEKTPUYECKOH H30JSUUH, aGCOPOLHOHHBIE MeETOIbI
JMATHOCTUPOBAHUS M30JSIUM, IHATHOCTHYECKHE MNapaMeTpbl H30JSINMH, €MKOCTHONH M OMHYecKMii KO03(UIHEHTHI
adcopouum, K03(ppunueHTH AGCOPOUUM U MOJIAPH3ALMH.

Introduction. To ensure efficient and trouble-free
operation of electrical engineering and electrical power
equipment, periodic or continuous monitoring of its
technical condition is carried out using destructive and
non-destructive electrical methods of control and testing.
Non-destructive  methods  include the use of
electrophysical and dielectric characteristics, their
dependencies on the intensity of the electric field and
external factors or their relative values at different values
of the parameters of the active factors.

To assess the technical condition of electrical
insulation in practice they often use the results of its non-

destructive diagnosis by the values of electrical resistance
of insulation and the characteristics of the absorption
current flowing through the insulation when connected to
DC voltage. These methods are based on the generalized
equivalent dielectric circuit (Fig. 1).

The advantages of the generalized equivalent circuit
of inhomogeneous dielectric include transparency of
interpretation of the physical content of its elements, their
direct connection with physical processes in insulation of
inhomogeneous  dielectrics  which  determine its
performance properties and durability.
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The elements of the generalized equivalent dielectric
circuit include:

e geometric capacitance C, which reflects the
capacitance associated with the rapid processes of
electronic and ionic polarization;

o through resistance R,, i.e. the steady value of the
resistance of the dielectric to the flow of direct current;

e absorption capacitance C, which is responsible for
the slow processes of migratory polarization due to the
accumulation of free charges within the dielectric regions
with different electrophysical properties or in the
electrode regions;

e absorption resistance R, which is introduced to
correctly reflect the inertial properties of migratory
polarization.

R,

1
| I

Fig. 1. Generalized equivalent insulation circuit and elements
of the measurement circuit

In addition, Fig. 1 shows the circuit elements:

e R, — limiting resistance which is introduced into the
measuring circuit to form the exponential charge current
of the geometric capacitance;

e R, — resistance of the sensor to measure the voltage
that corresponds to the absorption current through the
dielectric.

In order for them not to affect the diagnostic results,
the resistance value of these resistors must be
significantly less than the resistance value of the dielectric
leakage.

In the general case, the inhomogeneous dielectric’s
circuit may contain several C, — R, circuits corresponding
to the absorption processes with time constants of
different types of migratory polarization. Note that the
relaxation polarization when using the absorption and
polarization coefficients is not taken into account because
the moments of time at which the absorption current is
measured to calculate the values of these parameters
significantly exceed the time constants of relaxation
processes.

Review of the state of absorption methods for
diagnosing electrical insulation. Absorption diagnostic
methods are recommended as normative for diagnosing
insulation of transformers, synchronous generators,
compensators, collector exciters and AC motors [1].
Modern scientific research of absorption methods and
their use relate to diagnosing the insulation condition of
rotating electric machines [2, 3], low-voltage and high-
voltage cables [4-7], power transformers [8-10].

In technical diagnostics, two types of absorption
coefficients are used — ohmic and capacitive coefficients,
as well as coefficients determined by the ratio of

absorption current values at different points in time, the
method of restored voltage and its modern varieties, and
nonlinearity of absorption and restored voltage
characteristics.

The ohmic absorption coefficient is equal to the ratio
of the values of the absorption current or effective
insulation resistance, measured after 15 and 60 s for
currents or after 60 and 15 s for resistances:

1+ Ry exp(— @)
T

i R
ico  Ris 1+ exp(-——)
Ra Ta

In addition to the ohmic absorption coefficient, they
now use the polarization coefficient k, with the values of
the absorption current reference time of 60 and 600 s, the
dielectric absorption ratio R3y/R;s and the polarization
index R4y/R3, the dielectric discharge coefficient, and the
insulation state coefficient determined by the two, taken
at the initial section of the absorption current at 0.06 and
0.1 s, the charge of the geometric capacitance and the
time interval between samples:

_ 0,06 ~f0,1 _ 0,06 ~lo.1
At-qq 0,049,

ci

The capacitive absorption coefficient is determined
by the ratio of the maximum value of the restored voltage
U,max to the charging voltage Uy:

k, = U’ max _ Ca ) )
Uy Cu+Cq

Restored voltage occurs on the insulation, if after a
full charge it is disconnected from the voltage source,
short-circuited for a short period of time to discharge the
geometric capacity, and then allow the absorption tank to
charge geometric one, the voltage on which will increase
from zero to maximum, and then fall to zero due to the
discharge due to the through resistance.

A variation of the capacitive absorption coefficient
is the dispersion coefficient, which is determined by
charging the insulation capacitance with a short
rectangular pulse of duration 7; of voltage U, and
measuring the voltage U, on it after disconnection from
the voltage source after a time interval 7, >> 7; when the
introduced charge is redistributed between the geometric
and absorption capacitances:

UO ngl_kc.

D= =_&
UO - Ud Ca kc

The use of capacitive and ohmic absorption
coefficients to assess the state of electrical insulation has
significant disadvantages: first, they are integral
characteristics of insulation; secondly, they are
determined by the ratio of the values of several elements
of the equivalent dielectric circuit; third, they do not give
a complete picture of the processes of insulation
degradation. Let's consider these issues in more detail.

As follows from (1), the values of the absorption
coefficient depend on the ratio of through resistance and
absorption resistance and on the absorption constant time
which are integral indicators because they are averaged
over the entire volume of insulation. Therefore, this
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criterion can be used only to assess the general condition
of the insulation, such as more or less uniform moisture or
caused by its aging general deterioration of
electrophysical characteristics and an increase in the
probability of failure.

In addition, all coefficients determined by the ratio
of the two values of the absorption current, as will be
shown below, are extreme values and their criteria can be
inherent in both wet and aged insulation and
homogeneous insulation, in which absorption processes
are very weak.

The capacitive coefficient according to (2) is
characterized by the ratio of geometric and absorption
capacitances, which are also integral characteristics of
insulation, partially characterizes the heterogeneity of
insulation and its growth during aging. However, it in
general does not provide information on the nature of the
resistivity distribution and resistive components of the
equivalent circuit, which are responsible for thermal aging
and thermal breakdown of the dielectric, and also gives an
idea only of the intensity of volume migration or near-
electrode  polarizations  without  specifying its
characteristics, such as time constant of migratory
polarization. In addition, the value U,,,/Uy will depend
on the ratio R,/R, because this ratio determines the
voltage that can occur on the parallel through resistance
R, the geometric capacity C,, and therefore the capacitive
absorption coefficient will be only the limit value for the
ratio Uma/Up.

Further improvements of absorption methods based
on restored voltage are actively considered in the
literature for the purpose of more adequate technical
diagnostics of electrical insulation [11-13]. When using
the method of restored voltage, as diagnostic parameters
of insulation it is proposed to use the ratio of the
maximum value of the restored voltage to the charging
one, the initial rate of increase of the restored voltage, the
time of reaching the maximum value of the restored
voltage, the maximum value of the restored voltage, the
coefficients of nonlinearity of the restored voltage, the
time constant of the self-discharge, but in this article the
method of recharged voltage will not be considered.

Taken into account the prevalence of absorption
methods, most modern domestic and foreign
megohmmeters allow not only to measure the insulation
resistance, but also automatically calculate the absorption
coefficient and record data to calculate the polarization
coefficient. Even more detailed processing of the
absorption curve, including the method of recharge
voltage, is offered in specialized diagnostic systems.

However, it should be noted that with various
proposals for the selection of diagnostic procedures and
parameters and fairly intensive publication of the results of
the use of absorption methods for diagnostic purposes in
domestic and foreign literature, quite serious problems
remain the choice of good condition when using appropriate
diagnostic parameters and interpretation of processes
occurring in isolation, based on changes in specific
diagnostic parameters over time, and at the same time the
results obtained to assess the state of electrical insulation.

The main factor that significantly reduces the
prognostic potential of absorption methods is the

irreparable contradiction between the integral nature of
diagnostic parameters and the local nature of the
breakdown, as a catastrophic process of insulation failure.
Absorption methods can give an idea of the general state
of insulation due to thermal aging and other processes that
lead to the deterioration of the general state of insulation,
but they are not effective for predicting breakdown. The
possibility of breakdown is determined by the
characteristics of the insulation in a very limited volume,
which is hundreds of thousands of parts of the total
volume, and therefore the value of the integral
characteristics is not affected.

Promising in the improvement of absorption
methods are works in which methods of determining the
individual values of the parameters of the equivalent
insulation substitution circuit are considered [14], but
they also do not solve this problem. In addition, the
diagnostic parameters are transient in time, which leads
to additional errors in their use to determine the
technical condition [15].

In addition, even the patterns of change of diagnostic
parameters depending on the values of the parameters of
the equivalent insulation circuit have not been
systematically studied, although this dependence leads to
ambiguity of technical condition criteria and reduces their
prognostic ability. As an example, we can cite the
extremity of the absorption and polarization coefficients,
which, as shown below, will be close to unity also in
highly humid and almost homogeneous insulation.
Therefore, there is a need to eliminate this ambiguity.

The goal of this article is to study the extremity of
ohmic absorption coefficients and to substantiate
additional diagnostic parameters to eliminate the
ambiguity of absorption and polarization coefficients
associated with the presence of a maximum in the
dependencies of these coefficients on the absorption time
constant.

Analysis of the extremity of the absorption
coefficients. We will perform this analysis using a
generalized equivalent circuit of an inhomogeneous
dielectric (see Fig. 1), which is the basis of absorption
methods for diagnosing electrical insulation.

According to the definition, ohmic absorption
coefficients, i.e. absorption coefficients, polarization,
dielectric absorption ratio and polarization index, are
equal to the ratio of the insulation resistances of the
product, measured after time equal to ¢ and f, after
applying a constant voltage [1]:

1+ R—”exp _h
Rl‘l Ra Tq
ky=—-= (3)

R R '
2 14 TMexp _h
Ra Ta

where 7, = C,-R, is the absorption time constant.

We show that all absorption coefficients determined
by the ratio of the two values of the absorption current are
extreme values and their criteria can be inherent in both
wet or aged insulation and homogeneous insulation, in
which the absorption processes are very weak.

Consider in general form expression (3), which
characterizes the absorption coefficients of insulation,
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denoting x = R,/R,, and perform its study on extremes,
using as independent variables the ratio of the through
resistance to the absorption x and the time constant of the
absorption process 7,. The derivative with respect to x of
the expression for the absorption coefficient is equal to

) !
exp| — = |—-exp| - —
dka _ Ta Ta

dx ’ @

even (-]

a _‘a a Ta a

dky _ 7

t t t H+t
2xexp{— 2) + —zzx2 exp(— 1772

According to (4), the extremum condition dk,/dx =0
is satisfied only when x —oc, i.e. at R, /R, —>oc.

From this it follows that dk, /dx is an increasing
function from 1 with saturation by function R, at
R, = const, or a similar function of the ratio R, /R, and has
a one-sided maximum at infinity, the value of which
depends on the absorption constant 7, and the moments of
reference time of the absorption current ¢, and ¢,.

For the derivative with respect to 7, we have:

t t t L+t
——lzxexp S ——lzxzexp -T2
T, Ty T4 Tq

dr

Extreme condition dk, /dx = 0 gives two
possibilities. The first one is 7,mx = % and R, /R, —>oc.

t2 exp(—

This equation after simplification has the form

/) l
t exp| — +lhHxexp| —
Ta max Ta max ﬁ

=x=
=1 R,

Thus, each coefficient, which is determined by the
ratio of two values of the absorption current, according to
(5) has a maximum, the position of which is determined
by the values of the absorption time constant 7y, i.¢. the
product of absorption resistance R, and capacitance C,,
through resistance to absorption one ratio R, /R,, as well
as the timing of the values of the absorption current #; and
t,. The position of the maximum will affect the values of
the diagnostic parameters at this point and lead to a
change in the set of values of the parameters of the
equivalent circuit, which correspond to the critical value
of the diagnostic parameter, which complicates the
interpretation of insulation control results.

Analysis of the influence of substitution circuit
parameters on absorption coefficients. Let us consider
in more detail the influence of the parameters of the
generalized equivalent insulation circuit on the absorption
coefficients on the example of the absorption and
polarization coefficients.

In the normative literature [1] when evaluating the
insulation humidity of electrical engineering and electrical
power equipment, as the critical value of the ohmic
absorption coefficient k, = 1.3 is often taken. If %, is less,
the insulation is considered wet. In the general case, the
critical values of k, can be in the range of 1.2 — 1.6. Note
that the accepted interpretation of k, as a criterion for
wetting the material is not entirely accurate due to the
significant dependence of its value on C,, R, and the
absorption constant.

Indeed, the ambiguity in the interpretation of
diagnostic results is due to the fact that the dependence of
the absorption coefficient has a maximum not only on the
absorption constant, but also separately from the
absorption capacitance at a constant value of absorption

)

t h+t
2 j+t2x exp[— -2 j—tl exp(—
Tamax Tamax

[oed-1))

Under such conditions, the insulation cannot be defective,
given that C, < C, and has a finite value. Another option

t H+t
1 J_tl exp(—g]:o
Tamax Tamax

resistance, and from the absorption resistance at a
constant value of absorption capacitance. Therefore, we
note that almost no attention is paid: for homogeneous
insulation with non-blocking electrodes, the absorption
capacitance C,, and hence the absorption time constant z,,
must be close to zero, and the absorption coefficient £,
according to (1) will be close to 1. That is, both for an
ideal dielectric when the absorption time constant is close
to zero due to a small value of the absorption capacitance,
and for a significantly humidified dielectric when a small
value of the absorption constant is due to a small value of
the absorption resistance, the absorption coefficient
k, = 1. This means that the absorption coefficient
dependence on the absorption constant is extreme, which
is indeed the case, as shown in Fig. 2. As can be seen
from Fig. 2, in the region of small values of 7, there is a
rather sharp decrease in the absorption coefficient with
decreasing 7,, and with increasing 7, after the maximum —
its gradual decline.
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Fig. 2. Dependence of the absorption coefficient on the
absorption time constant and the ratio of through resistance to
absorption one. The contours for the values of the absorption

coefficient 1.2 — 1.6 are shown (bottom to top)
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The absorption coefficient k, at 7, = const has a
constant value, as shown by the calculation, only at a
certain ratio of R, and absorption characteristics. As an
example Fig. 2 shows a cross section of the graph by
planes k, = [1.2; 1.3; 1.4; 1.5; 1.6] which corresponds to
the values of k, which are taken as a criterion in assessing
the insulation of electrical engineering and electrical
power equipment.

The extreme values of k, and time constants
corresponding to them are given in Table 1. The
maximum absorption coefficient &, depending on 7, takes
place at a given ratio R, /R, in the range 7, = 7.5 — 33.5 s.
Two values of the absorption time constant z, correspond
to the same value of £k, outside the maximum at
R, /R, = const. For example, at the ratio R, /R, = 1 critical
value k, = 1.3 correspond to the values 7, = 13.1 s and
7, = 59 s, and at R, /R, =10 — values 7, = 4.25 s and
7, =152s.

Table 1
Parameter| R,/R,|0,0001| 0,001 | 0,01 0,1 1 10 | 100 | 1000
32,44 132,345 31,46 |125,88|16,27(10,42| 7,49

k. Tomao S| 32,44
kamax | 1 [1,0005{1,0047|1,0465| 1,42 | 3,98 |18,78|102,09
TS| 234 | 234 | 230 | 226 | 190 | 125 | 65,5| 55

komax | 1 |1,0007( 1,007 | 1,07 | 1,66 | 6,64 |362,9| 2841

Calculations at different ratios of through and
absorption resistances show that the value of the time
constant 7,, which corresponds to the maximum value of
k,, is almost constant at R, /R, <1 and gradually decreases
at R, /R,>1, when the absorption coefficient begins to
increase markedly. As for the polarization coefficient £,
all the qualitative regularities that take place for the
absorption coefficient are preserved, but the quantitative
characteristics are shifted towards larger values (Table 1).
For both coefficients, the maximum value of the
coefficients goes to infinity at R, /R, —oc and zero z,.
At the same time, when the value of R, /R, is zero, the
maximum value of the absorption coefficient takes place
at 7, = 32.46 s, and for the polarization coefficient £, at
7,=234s.

Depending on the through resistance, the absorption
coefficient increases monotonically with saturation from 1
to exp((t, — #©)/7,), where t; and #, are the time of
resistance measurement after voltage application, with
increasing through resistance to infinity. It should be
borne in mind that exp((t, — #)/7,) at t, — #; = const
exponentially decreases with increasing z,, and therefore
the saturation level &, will be quite different at different
absorption resistances, which is shown in Fig. 3, where
the maximum value of the absorption coefficient can
reach 60 at small ratios R, /R, and t, — t; = 60 s.
Theoretically, at larger values of the difference ¢, — ¢, the
maximum value of the absorption coefficient can reach
several hundred.

The critical ratio of leakage resistance to absorption
resistance occurs at certain values of the absorption
constant (Fig. 4), which are also a function of the
resistance ratio R, /R,. Note that the maximum values of
the absorption time constant 7.y, for the polarization
coefficient are much larger compared to its values for the
absorption coefficient in the same range of values R, /R,.

amax

2 45 4 95 0 05 1 15 2 25 3
log (R/R,)
Fig. 3. Dependence of the maximum value of the absorption
coefficient k,, on 1g(R,/R,) at values of a difference of
moments of time of measurement of absorption current
t,—t:0.1, 10, 20, 30, 40, 50, 60 s (bottom to top)

1000

800 1

o
8
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N
8

20 40 60 80 100
R/R,
Fig. 4. The values of the absorption constant z,,,,, corresponding
to the extremum of the absorption coefficient (bottom),

when ¢, = 30 and #, = 120 s, as well as for the polarization
coefficient (upper curve) depending on R, /R,

Thus, the results of the simulation carried out
confirm the ambiguity of the ohmic absorption coefficient
and the polarization coefficient as diagnostic parameters.
The ambiguity of the dependence of the absorption
coefficients on 7, and the dependence of their values on
the ratio of resistances R, /R, leads to the impossibility of
unambiguous interpretation of the results because the
same value of k, can correspond to material with
satisfactory properties and material with low resistance
levels. Small values of 7, are possible both at small values
of C, characteristic of a qualitative homogeneous
material, and at small values of R, which correspond to
the large microdefectivity of individual regions of this
material.

For large values of 7, which occur at large C, and
R,, the interpretation is the opposite — the material is very
inhomogeneous, but not very defective. In addition to this
ambiguity, it should also be taken into account that at the
same constant value of 7, increase in C, and
corresponding decrease in R, are responsible for
deterioration of material properties, and decrease in C,
and increase in R, — improvement, and without separate
definition of these parameters it is impossible to answer,
in which direction the properties of the material change.
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These considerations confirm that the absorption
coefficients are quite contradictory and difficult to
interpret the results obtained in the process of technical
diagnosis of insulation and that they can be effective if
used to diagnose this type of insulation of this
manufacturer after preliminary tests.

Introduction of an additional diagnostic
parameter to eliminate the ambiguity of the
absorption coefficients. To increase the diagnostic
capacity of the absorption coefficients, which is limited
by the presence of a maximum depending on their
absorption time constant, it is possible to use an
additional diagnostic parameter, in particular the limit
value of the ratio (R, /R,)c-

As follows from Fig. 2, there is the smallest value of
the ratio (R, /R,)., with a further decrease of which the
absorption coefficient will have a value only less than the
criterion at any values of the absorption constant. To find
the limit values of the ratio (R, /R,). it is necessary to
substitute in (3) the criterion value of the absorption
coefficient, which will give the equation of the cross
section profile corresponding to this value, find the value
of the absorption constant

Tamin = —2—1L_ (6)

amin >
n| Kal2
h

corresponding to the minimum absorption coefficient
depending on the resistance ratio R, /R,, and then
calculate (R, /R,).,, substituting 7,,,;, in the equation:

R k,—1
(R_nJ = a . (D
a/er exp[_ tlj _ ka exp(_ tzJ
Tamin Tamin

Calculated by (6), (7) the limit values of the ratio
(R/R,). for different values of the absorption and
polarization coefficients, and the corresponding values of
the absorption time constants corresponding to these
values of the coefficients are given in Table 2.

Table 2

The values of
the absorption | 1,1 | 1,2 13|14 (1,5(1,6]1,7|1,8]1,9] 2,0
coefficient

i (R,/Ry) | 0,22 0,45 10,6910,95(1,21(1,49(1,77(2,06|2,36| 2,67
Tamin, S | 30,4 | 28,7 127,3|26,1|25,1(24,2|23,5(22,8|22,2|21,64
, (R,/R,) 10,145(0,29310,44|0,60(0,75(0,91{1,07(1,23|1,39| 1,55
Tamin S | 225 | 217 |210(205(199 (195|191 (187|183 | 180

If we use the limits values of the absorption or
polarization coefficients and the ratio (R,/R,).- at the same
time, the ambiguity of the diagnosis associated with the
presence of a maximum in the absorption coefficients will
be overcome.

We also give formulas for determining the limit
values of the ratio (R, /R,). depending on the values of
the absorption constant that do not correspond to the
minimum.

For an absorption coefficient equal to 1.3, at
20 s < 1, < 100 s for the limit values (R, /R,)., we can
write a linearized equation

R
(—"j =0,29+0,0141-7,, ®)
cr

a
and for the polarization coefficient equal to 2 in the region
185 s <7, <1250 s accordingly
{ﬁJ =0,215+0,00103-7, . ©)
aser

If the value obtained in the diagnostic test (R, /R,).,
is less than that calculated by (8), (9), the technical
condition of the insulation is not satisfactory.

Note that in this case both (R, /R,).,, and 7, should be
used as diagnostic parameters. The proposed additional
diagnostic parameters are auxiliary, used to eliminate the
ambiguity of the main criterion of the absorption or
polarization coefficient, and can be applied to the most
commonly used critical values of the absorption
coefficient k, = 1.3 and the polarization coefficient k, = 2.
For larger values of the absorption coefficients, it is
possible to calculate (R, /R,)., and 7, by the same
formulas, but they will correspond to the slightly
underestimated limit values of the absorption coefficients.

Conclusions.

It is shown that the absorption and polarization
coefficients are extreme functions of the ratio of through
and absorption resistances, absorption constant time, as
well as absorption capacitance and resistance separately,
which reduces their prognostic capacity and leads to
ambiguous interpretation of diagnostic results.

The possibility of introducing an additional
diagnostic parameter, which is the ratio of through and
absorption resistances (R, /R,)., in the minimum line of
intersection of the dependence k,(z,, R, /R,) with the
plane k, = const, to eliminate the ambiguity associated
with the extremity of absorption coefficients, is justified.
The limit values of the ratio of through and absorption
resistances (R, /R,).. for absorption and polarization
coefficients in the range of values from 1.1 to 2 is
calculated. When obtaining in the process of diagnosing
insulation values of the ratio R, /R, less than the limit
ones, at any values of absorption constant insulation
state will be unsatisfactory.

Formulas for calculating the critical values of the
R, /R, ratio at the values of the absorption time constant in
the range of 20 < 7, < 100 for k, = 1.3 and 85 <, <1250
for the polarization coefficient k, = 2 are proposed, which
together can also be used as auxiliary diagnostic
parameters for these values of the absorption coefficients.
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