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ABSTRACT

The third part of the article is a continuation of the previ-
ous part and examines the data of Soviet scientists on the
dependence of the electrical strength of insulation of pow-
er transformers on time in historical development. Where
possible, the scatter values of breakdown voltage and/or
partial discharge initiation voltage have been extracted
from the publications under consideration for data col-
lection to optimize insulation design and possible future
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formers. The article is intended for young transformer en-
gineers and for teaching transformers to undergraduate
and postgraduate students in universities.
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Volt-time curves of oil-filled
power transformer insulation

Survey of 100 years of research - Part lli

7. Other works by Morozova's
team

Of the dozens of papers by Morozovas
team, we singled out only those that con-
tained information of interest to us about
the VTC and the scatter of experimental
data.

7.1. Scatter of breakdown voltage
gradients for different oil gap sizes

In [8], Morozova (Panov died three years
before the article was published) gives
two figures with experimental data on
the effect on the dielectric strength of the
width of the oil gap closest to the winding
S. The experiments were carried out on
models similar to Figs. 2 and 7a. The gap
was formed using a piercing rail or gaskets
resting on the cylinder. The gaskets were
of three types. For each gap size and each
type of formation, 9 to 14 experiments
were carried out.

Fig. 14 shows curves with plotted exper-
imental points of the dependence of the
breakdown field intensity of 50 Hz on the
gap width.

By extracting and processing the data
from Fig. 14, we obtained the statistics
shown in Table 2.
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Figure 14. Dependence of the breakdown voltage gradient of the oil duct adjacent to the
winding on its width (middle of winding). Alternating voltage, one-minute-long application

Table 2. The coefficients of variation of the breakdown gradient of the oil duct adjacent to the winding of 50 Hz

Oil duct width, mm Number of points, N Mean/kV CV%
6 3 89.7 8.9
10 4 89.8 8.8
16 8 74.6 9.3
20 4 59.5 15.0
22 4 69.8 15.4
24 5 55.8 14.1
28 8 71.8 16.0
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CV% is in the range of 3 - 10.4 and has a By extracting and processing the data
. . from Fig. 15, we obtained the statistics

noticeable but weaker tendency to increase shown in Table 3.

the scatter with an increasing channel com- A ollows from this table. VG is in the

pared toa VOItage of 50 Hz range of 3 - 10.4 and has a noticeable but

weaker tendency to increase the scatter

with an increasing channel compared to
As follows from this table, CV% is in the ~ Fig. 15 shows curves with plotted ex- a voltage of 50 Hz. However, the trends
range of 8.8 - 9.3 for 6-16 mm gapsand al-  perimental points of the dependence of indicated in Tables 2 and 3 may be un-
most twice as much for large gaps (CV% = the breakdown field intensity of impulse reliable due to the very small number of
15 - 16 for 20-28 mm gaps). 1.5/40 ps on the gap width. points.

7.2. The volt-second characteristic
of the insulating structure “lead -

plane” acc. to Danishina & Morozova

Enp, kB/cM The volt-second characteristics of indi-

280 vidual parts of the insulation are influ-

\ & enced by the degree of field uniformity,

260 and therefore, the gaps between taps and

\ e o 8 S grounded parts, between the input screen

240 a\ <) O and the tank wall, etc. they, may not be the

o X ° é same as for the main insulation of trans-

220 tl\ o) formers. In the work of Danishina and

2 N \'\._ 8 Morozova, the volt-second characteristic

200 ‘\U 8 of the insulating structure lead-plane was

S e studied in the time range from a lightning

180 - s impulse to a one-minute power frequen-

o cy voltage [9]. The work is pleasantly dif-

160 HLU\ ferent from previous publications by VEI

140 employees in that it contains statistics on

5 10 15 20 S, MM the scatter of breakdown voltage (number

of experimental points, average values,

coefficients of variation) and gives the

Figure 15. Dependence of the breakdown voltage gradient of the oil duct adjacent to the average (not minimum) breakdown volt-
winding on its width (middle of winding). Impulse 1.5/40 us age values.

The volt-second characteristics of individual parts of the insulation are
influenced by the degree of field uniformity

Table 3. The coefficients of variation of breakdown voltage gradient of the oil duct adjacent to the winding on its width (middle of winding). Impulse
1.5/40 ps

Oil duct width, mm Number of points, N Mean/kV CV%
6 3 226 3.8
10 4 236 3.0
16 4 238 6.2
18 4 199 6.1
24 3 167 5.1
30 7 245 10.4
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The test results show that with impulses of all types, the breakdown
of the insulation of models occurs without its preparation by partial

discharges

The studies were carried out on models
of leads with a circular cross-section
with a diameter of 20 mm. The lead
was insulated with a varnished cloth,
cable, or crepe paper 18 mm thick per
side. The distance between the tap and
the grounded plane was assumed to be
40 mm. Experiments were done with
and without a gap fixed with wooden
planks. The models reflect a certain
group of possible real designs of taps in
transformers. The models underwent
technological processing correspond-
ing to the processing of transformers
tilled with oil under vacuum.

The models were tested with a light-
ning impulse of 1.2/50 us, switch-
ing impulses of various durations:
170/1200, 400/3300, 800/14000 ps and
at one-minute power frequency voltage.
The voltage of spark discharges in the
oil gap between the insulated lead and
the plane, which sometimes left traces
in the form of branched shoots on the
surface of the lead insulation, resulting
from the evaporation of oil impregnat-
ing the insulating material, was taken as
a criterion that determines the electri-
cal strength of the model under all types
of impact.

The test results show that with impulses
of all types, the breakdown of the in-
sulation of models occurs without its
preparation by partial discharges. How-
ever, when tested with an industrial fre-
quency voltage, the breakdown begins
with the appearance of a high-intensity
PD (= 5-107 C). These PDs, which are
an oil gap breakdown, damage one or
two layers of cable (crepe) paper or
varnished fabric. The voltage at which
these PDs occurred was noted as dam-
aging. The interval between damaging
and breakdown voltage was 15%.

Table 4 shows the results of testing the
models.

As follows from Table 4, the coefti-
cients of variation are in the range of
(5.6-20.3)%. The switching impulse of
170/1200 ps has the greatest scatter:
CV% =(15.5-20.3).

www.transformers-magazine.com

When constructing the volt-second
characteristic, the authors combined the
results for models with and without fix-
ing wooden planks into one group be-
cause statistical processing showed that
the difference was random in nature.
Also, on this basis, the results for leads
insulated with paper and varnished
cloth are combined into one group.

Fig. 16 shows the dependence of the
impulse ratio on the duration of ex-

posure in the range of 50 ps - 1 min.
The curve is plotted from the aver-
age values of voltage and impulse
ratio.

The analysis of Fig. 16 shows that the
volt-second characteristic of the lead-
plane differs from that of the main insu-
lation, with a smaller time dependence
in the region from 10 to 100 ps and a
much larger one in the region from 100
to 10000 ps. This characteristic can be

When constructing the volt-second charac-
teristic, the authors combined the results
for models with and without fixing wooden
planks into one group

Table 4. Test results of insulation models acc. to Danishina & Morozova

JlakoTkaus Ge3 | JlakoTKaHe C KabenpHas
XapakrepHc-
JAepeBAHHBIX ZHepeBAHHBIMH bymara 6e3
Bosneftcraie n:'mpﬁﬁ dukcHpyolWHX | dHUKCHpYOWUM | DHKCUpYIOLIMX
= TUTAHOK W TUTaHKaMH TUTAHOK
YHCIO ONBITOB - - 7
U , KB - - 641
HmMnynsc m::'cf% _ _ 5.6
1,2/50 Mkc 2 ;
Enmltp, xB/cm - - 124
Umm'q,, KB - - 641
YHcno onsiToB 14 7 12
Mt Ump’cp, KB 607 708 656
170/1200 MKe o, % 15,5 20,3 16,8
E“mcp, kB/cm 117 136 126
Unpw_cp, KB 607 708 656
YHcno onemoB 11 - =
U , KB 428 - -
MAsIYALC o % 12,3 - -
440/3300 Mkc 2 %
E osp.cpr KB/CM 82,4 - -
Unm_cp, KB 428 - -
Yucno onsiToB - - 10
Hmmynsc Unosp.cp» KB - - 460
800/14000 o, % - - 6
MKC
Enow-cp’ kB/cm B - 88,5
Unpoﬁ.cp‘ KB - - 460
6 Yucno onbiToB 10 8 9
IHOMH-
HYTINGE [}, 235 235 22
Bo3gelcTBHe o, % 11 - 8,75
Hanpsxe-
amem 50 Mt E osp.cpr KB/CM 45 45 42,7
Unm_cp, kB 267,5 270,5 -
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Figure 16. Volt-second characteristic of the lead-plane acc. to Danishina & Morozova
® - are the values of the momentum coefficients calculated from the damaging voltage;

O - the same for breakdown voltage

Danishina & Morozova's important numeri-
cal information on the scatter of the break-
down voltage and the fact that this scatter
is the largest in the region of switching im-

pulses

divided into three areas: 10 - 100, 100 -
10000 s and 10000 ps - 1 min.

The first area (10-100 ps) is charac-
terized by a relatively small (about 6%)
breakdown voltage drop and scatter
(CV%= 6). Breakdown voltage drop, ap-
parently, is explained by a purely statisti-

cal increase in the breakdown probabili-
ty with increasing time.

In the second region (100-10000 ps), a
more significant (about 30%) decrease in
electrical strength and a significant in-
crease in the scatter (CV% = 12-20) are
noted. The latter can be explained by the

Figure 17. The design of the lead model acc. to Marushchenko & Danishina
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fact that, in inhomogeneous fields with
switching impulses, breakdown can de-
velop according to two different mech-
anisms.

In the third section (10,000 pus—1 min),
the breakdown voltage decrease some-
what slows down, which is again associ-
ated with the probabilistic nature of in-
sulation breakdown. Scatter in this area
also decreases (CV% = 8-11).

Let us note Danishina & Morozovas im-
portant numerical information on the
scatter of the breakdown voltage (Table 4)
and the fact that this scatter is the largest
in the region of switching impulses.

7.3. The volt-second characteristic
“lead - plane” acc. to Marushchenko
& Danishina [10]

To obtain the volt-second characteristic,
the models are presented in Fig. 17. The
lead insulation was crepe paper.

Two types of models were studied: in
one case, the branch insulation was 20
mm thick on each side (25 models),
while in the other case, it was 10 mm
thick (15 models). After insulation, the
models were subjected to thermal vac-
uum treatment according to standard

Two types of models
were studied: in one
case, the branch in-
sulation was 20 mm
thick on each side (25
models), while in the
other case, it was 10
mm thick (15 models)
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Figure 18. Volt-second characteristic of the lead - plane acc. to Marushchenko & Danishina

technological processes used by manu-
facturers of >220 kV transformers. The
models were tested on a special stand for
long-term testing in the mode of simul-
taneous exposure to electric and thermal
alternating fields, causing gas and mois-
ture exchange processes in the paper-oil
insulation of the leads. That is, the test
conditions were close to the conditions
of real operation.

The 40 models were tested at AS test volt-
age for 1 min - 100 h. The voltage of the
occurrence of a high-intensity PD (about
107 C), leading to damage to the solid
insulation or to a complete breakdown
of the model, was selected as a criterion.
An analysis of the results showed that,
in the entire time range, PDs 107 C ap-
pear without preliminary weak PDs. The
breakdown mechanism is most likely
associated with the formation of com-
positions (bridges) in the oil gap from
impurities present in the oil and is of a
statistical nature. Therefore, to construct
a generalized volt-second characteristic,
all data for the two types of models were
combined into one common sample. For
this, the voltage of the occurrence of a
PD (or breakdown) was presented in rel-
ative units.

Fig. 18 shows the volt-second character-
istic with confidence limits 0,1. The low-
er limit of the interval with a 90% proba-
bility describes the minimum damaging
stresses of the investigated insulating
structure lead-plane.

VTC in Fig. 18 extrapolated to 25 years.
The validity of this extrapolation is con-
firmed by extending the tests, first up to

www.transformers-magazine.com

Up to 25 years, the electrical strength of the
models is determined by the formation of
bridges from impurities in oil, and there are
no processes of gas formation under the
action of an electric field

1000 h, and then even further so that the
resulting total (practically continuous)
duration of testing of the models was
7500 h. The authors consider it proven
that up to 25 years, the electrical strength
of the models is determined by the for-
mation of bridges from impurities in oil,
and there are no processes of gas forma-
tion under the action of an electric field,
as well as a PD of more than 100 pC. We
emphasize this important statement by
Marushchenko & Danishina.

7.4. Distribution laws and
coefficients of variation of
breakdown voltages of oil gaps
greater than 100 - 150 mm [11]

Antonov, the author [11], studied large
oil gaps (more than 100-150 mm) with-
out barriers (or with a small number
of them) in order to test the effect of
a “stressed” volume on their dielectric
strength. “Stressed” volume is that part of
the volume of oil in the gap in which the
tension is greater than or equal to 90%
of the maximum intensity on the elec-
trodes. The volume of the gap of 2.4 mm,
formed by standard electrodes and equal
to 0.05 cm®, was taken as a unit. For larg-
er gaps, flat electrodes with a diameter of
50 mm (volume of 5 cm?) and 250 mm

(volume of 70 cm?®) with a distance be-
tween them of 2.5 and 3.5 mm were used.

The rounding of the edges of the elec-
trodes was carried out in such a way as
to avoid breakdown at the edge. When
examining the electrodes after the ex-
periments, it was established that traces
of breakdowns were scattered over their
entire surface. Moreover, they were prac-
tically absent on the rounded edge. The
tests were carried out in a transparent
organic glass tank with a capacity of 40
litres. The oil was purified from mechani-
cal impurities and water and subjected to
vacuum drying, its moisture content was
15-25 g/t, and the content of mechanical
impurities was no more than 10 g/t.

The studies were carried out at one-min-
ute power frequency voltage, lightning
(1,2/50 ps) and switching (150/800 ps)
impulses. Table 5 shows the test results.
As follows from the table, the change in
the coefficients of variation of the break-
down voltage with an increase in the
volume of oil between the electrodes is
practically not established, and they lie
in the range of 3-9%.

When calculating the breakdown volt-
age distribution function, Antonov test-
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The studies were carried out at one-minute power frequency voltage,
lightning (1,2/50 ps) and switching (150/800 ps) impulses

ed two hypotheses: the distribution of
experimental data corresponds to the
normal law or the Weibull law. It turned
out that for all examined intervals with
“tense” volumes (0.05, 5 and 170 cm®) un-
der the influence of lightning and switch-
ing impulses, the Weibull distribution is
preferred. For power frequency voltage,
the Weibull distribution turned out to be
preferable only for a volume of 0.05 cm’
and for volumes of 5 and 170 cm’ - the
normal law.

7.5. The coefficients of variation of
breakdown intensity of transformer
oil: Decreased scatter with
increasing oil volume

Morozova & Antonov, the authors [12],
studied the effect of oil volume on the
dielectric strength of gaps with differ-

ent electrodes. This publication is one
of the rare cases where the authors have
provided detailed statistics of their ex-
periments. Tables 6 and 7 show the geo-
metric characteristics of the electrode
devices that were used in the study and
the results of the experiments. Two types
of oils were used in the experiments (I
and II).

The 26 coethcients of variation from Ta-
bles 6 and 7 are within (1.38 - 11.4)%. In
this case, no dependence on the type of
electrode devices and the distance be-
tween the electrodes is visible. Only one
coefficient value equal to 18% (fourth
line of Table 7) inexplicably falls outside
these limits.

Further research by the authors is of
interest to verify the accuracy of the se-

lected value of the stressed oil volume.
Previously, many researchers accepted
the volume of oil limited by the electrode
and the equigradient surface, the inten-
sity of which was 90% of the maximum
intensity on the electrode surface. Mo-
rozova & Antonov investigated the area
of dispersion of traces of discharges on
electrodes “ball-plane” with a ball di-
ameter of 62.5, 25 and 5 mm. The balls
were previously carefully polished. Up
to 50 experiments were carried out on
each device. After tests were conducted
on the surface of the electrodes, the po-
sition of traces of discharge damage to
the surface was determined. Traces of
90-94% of breakdowns were found. All
of them turned out to lie inside a region
bound by a circle, the intensity of which
is 80-82% of the highest value on the
lectrode.

Morozova & Antonov studied the effect of oil volume on the dielectric
strength of gaps with different electrodes and published the publication
with detailed statistics of their experiments

Table 5. Oil gaps test results acc. to Antonov

Maremarnyeckoe CpenHekBanpaTuyec-
Bo3zeiicTaue 061’%1‘4’ Yucno OXHUIaHUe KOE OTKJIOHEHME
- OO Iy «B | E, xB/mv| % KB/MM

1,2/50 Mxc 51 182 75,8 3,65 2.77
150/800 mxc 0,05 50 124,2 51,75 2,97 1,54
50 T 50 56 23,1 5,87 1,37
1,2/50 Mxc 51 127,3 50,92 9,2 4,71
150/800 Mkc 5 50 106,4 42,56 4,0 1,72
50 T'u 50 64,5 25,8 6,21 4,01
1,2/50 mxc 51 149,3 42,67 6,20 2,64
150/800 Mkc 170 64 108,2 30,85 2,77 8,98
50 I'u 50 54,2 15,5 4,42 0,69
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Table 6. Oil test results in different electrode devices acc. to Morozova & Antonov

XapakTepHCTHKH 3JEKTPORHBIX BepxHui
YCTpOHCTB Cr npenen
= peansia | Cpenxe- :
o | K20 wroom: | | Keo.| 2
Hoe Henonb3o- | AKTHBHaS Paccron- Hanps- Yucno | Yacrocrs Has THYHOC UHCHT HHTep-
ycTpoitcT- aarin rowans | HWe Mexmy| KeHHBIH onuToB | Mpo6oA | HanpsXeH| OTKNOHe- | BAPHALIHH v
BO 3nexTpona ANEKTPO- obbem -HOCTb, HHE g, , %
nons ’ 3 (nocro-
oM pamu, cM | macna, cM E, kB/mM|  KB/MM BEpHOCTD
0,95 %)
Lap 21 5 34,60 2,74 7,91 3,76
AT 0,261 0,3 10 0,02 13 10 33,65 1,67 7,49 2,53
poM Smm —
LIOCKOCTE 8 50 37,97 2,30 6,05 4,14
Juck-auck
AUaMETPOM 21 5 22,40 1,93 8,60 3,75
‘gx’grf 1,0 1,58 2,5 4 2% 10 23,23 2,30 9,90 3,13
AEHHBMH 24 50 25,40 1,15 4,53 1,59
KpasAsMH
JAHCK-AUCK
AxaMeTpoM 17 5 13,80 1,90 1,38 2,70
2ie 1,0 433,5 3,5 151 9 10 1,48 0,86 6,75 1,47
nxpyT.- » » L " L) » r
TeHHbIMG 6 50 15,75 0,86 5,46 1,80
KpasMH
Mnockocts—
IUIOCKOCTh 49 5 7,48 1,41 1,89 1,71
(320x350 Mm) 1,0 1120 8 900 24 10 7,74 0,88 1,4 1,16
C 3aKpYrACH- 13 10 8,73 0,43 4,90 0,65
HbIMH KPasMH
MnockocTs—
IUIOCKOCTD
(320x350 ) | 1,0 1120 16 1800 o 3 o ol H1o
C 3AKpYTACH- ! 50 5,79 0,38 40 0,73
HBIMH KPasAMH
Llap
NHAMETPOM _
1000 MM — 0,944 50 1096 10 10 6,76 0,34 5,00 0,56
I10CKOCTD
Table 7. Type | oil test results with varying electrode spacing acc. to Morozova & Antonov
O6beM CpenHeKBaIpaTHYHOE Bepxuwuil
Macna, Cpeanss OTK/IOHEHHE Hipenen
Paccros- Nuamerp | Koapduun- | yanpawen- Cpennee | npobiBHas AOREO TR
HHE Mexay apa CHT HOCTB B Yucno npobHBHOe | HarnpaxeH- IIPOI‘O
aneKkTpo- | (UMAMHAEpa),| WCMOMB30- KOTOROAL ONEITOB HanpsKe- HOCTB ¥
JaMH, cM M BaHHA 1oNA Bmp: HHe, KB JnekTpona, KBjua & uma:g;f
08E 1y, cM> KB/mmM HocTsI0 0,95
47 1000 (wap) 0,949 1096 10 -280 6,27 0,40 6,27 0,66
500 (wap) 0,887 377 10 278 6,26 0,45 7,25 0,74
250 (wap) 0,786 88 10 284 7,21 0,64 9,00 1,06
62,5 (wap) 0,448 17/20 26 210 9,38 1,63 18,00 2,15
50 800
(unAnHap) 0,95 7797 10 211 4,42 0,28 6,30 0,46
800
(LMIHHAD C 0,96 7797 7 222 4,60 0,29 6,30 -
MOKPLITHEM)
1000 (uap) 0,887 3186 11 552 6,21 0,326 5,30 0,52
500 (wap) 0,787 643 7 507 6,45 0,47 7,30 0,90
250 (wap) 0,630 235 10 454 7,20 0,52 7,35 0,86
(o 62,5 (wap) 0,264 24 22 304 11,51 1,01 8,80 1,37
800 .
GiiinEip) 0,930 19394 10 320 3,50 0,15 4,30 0,215
800
(uwtHHIp © 0,930 19394 10 337 3,63 0,154 4,20 -
MOKPHTHEM)
150 i 0,895 29891 10 380 2,84 = = S
(wAnHHAp) ? . |
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Many researchers accepted the volume of
oil limited by the electrode and the equi-
gradient surface, the intensity of which was
90% of the maximum intensity on the elec-

trode surface

One of the results of these experiments is
the significant dependence of the scatter
of strength on the stressed (80%) oil vol-
ume (Fig. 19).

Conclusion to Parts Il and Il

1. The work of Panov, a leading figure
in the field of insulation of power trans-
formers, formed the basis for the creation
of reliable 3-220 kV Soviet transformers.

2. Research by the VEI team in the
post-Panov era, under the leadership of
Morozova and Lokhanin, formed the ba-
sis for the requirements for insulation of
HV and EHV transformers in accordance
with GOST 1516.1-76, and subsequent-
ly for transformers with insulation levels

below the standard. All transformers, 330
kV and above, were designed and man-
ufactured in Zaporizhzhia. Many years
of experience in operating both groups
of transformers have proven their high
reliability. In particular, the reliability of
transformers with an insulation level be-
low GOST has been demonstrated by suc-
cessful operation:

a) more than 25 years (at that time, the
standard service life) of an experimental
group of single-phase transformers of 135
MVA, 500 kV at the Volzhskaya HPP; b)
four groups of similar transformers at the
Volgograd HPP; ¢) autotransformers 167
MVA, 500/220 kV at substations Tash-
kent, Novo-Donbas, Chimkent, Kustanai,
Armavir; d) three-phase transformers of

o, KB/MM

\

he

N

2\
1

==

O

0
100 101 102
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Figure 19. Dependence of the standard deviation o of the breakdown intensity
E10% on the stressed (80%) oil volume acc. to Morozova & Antonov
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210 MVA, 500 kV at the Bratskaya HPP;
e) three-phase transformers of 660 MVA,
500 kV at the Ragun HPP; f) autotrans-
formers of 667 MVA, 1150 kV.

All this indicates large (but unknown)
insulation safety margins and encourages
prospects for optimizing transformers by
removing excess reserves.

3. Important conclusions for optimizing
the main insulation design is the under-
standing that:

a) breakdown of the insulation when en-
tering into the middle of the winding and
at the end of the winding with long-term
(up to 1000 h) AC voltage is recorded as
a powerful PD (1-5) -10'7 C, which is not
prepared by a low-intensity PD (Morozo-
va);

b) up to 25 years, the electrical strength
of the insulation is determined by the
formation of bridges from impurities in
oil, and there are no processes of gas for-
mation under the influence of an electric
field, as well as a PD of more than 100 pC
(Marushchenko & Danishina).

4. We note the following important in-
formation about the scatter values of the
breakdown voltage of transformer insula-
tion:

- For inhomogeneous fields, the devia-
tions of the breakdown voltages of trans-
former oil (45 kV /2.5 mm at a tempera-
ture of 15-20°C) from the average values
at distances of more than 25 mm are less
than 5%; for relatively homogeneous
fields, the scatter is significant and varies
depending on the degree of field homoge-
neity (Panov);

- The coefhicients of variation of break-
down voltages of transformer insulation
models are (2.9-4.4)% (Panov, see Table 1);

- The switching impulse of 170/1200 ps
has the largest scatter of breakdown volt-
ages for the “lead-to-plane” design (Dan-
ishina & Morozova, see Table 4);

- The breakdown voltage distribution of
large oil gaps (more than 100-150 mm)
under the influence of lightning and
switching pulses (150/800 us) obeys the
Weibull law. For power frequency voltage,
the Weibull distribution turned out to be
preferable only for a stressed 90% oil vol-
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ume of 0.05 cm?® and for volumes of 5 and
170 cm?® - the normal law (Antonov).

- The scatter of the breakdown intensity
of transformer oil significantly (2-3 times)
decreases with an increase in the stressed
80% oil volume in the range from 10 to
10° cm?® (Morozova & Antonov);

This information, together with the data
in Tables 1-7 and Fig. 19 is sent to our data
box, which will be analyzed in the last part
of the article.
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