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Foreword

It is a great honour for me to welcome participants of the International Scientific
Colloquium on High Voltage Engineering organized under shelter of Excellencies of
Visegrad’s Group countries, Messrs. General Consul of Czech Republic, Jozef Byrtus,
General Consul of Magyar Republic, Gydrgy Varga, and Ambassador of Polish Republic Jan
Komornicki.

We are glad that except scientists and educationists from V-4 our colleagues from
Austria, Germany and Russia accepted our invitation also. In the course of such important
opportunity it is convenient to look back to history and mention some notices about genesis
and existence of organizer.

The Joint Laboratory of High Voltage Engineering was established in 1975 as a
common work place of Technical University Electrotechnical Faculty and East Slovak Power
Engineering Factories. Results of branch the applied and basic research have had a great
influence on education process at faculty. International conferences on high voltage
engineering have gained a respect of scientific and education community. After 1991, when
Department of High Voltage Engineering was established, the cooperation with notable
education and industry institutions have became more intensive.

Scientific research and education activities are now orientated to electro-physical
phenomena in high voltage engineering, diagnostics of hv and uhv equipments, overvoltage
protection not only in power engineering but in computer systems too. Branch of ecology is
covered by electron-ion technology and electromagnetic compactibility. There is not surprise
that part of themes mentioned above are contents of this proceedings.

The scientific colloquium is organized in the frame of 50-th anniversary of Technical
University establishment. Organization committee of the colloquium thanks authors for their
serious works and grace to scientific activities hold by us.

In conclusion we thank sponsors contributed to successful agenda of the scientific
colloquium. There are Vychodoslovenskd energetika, a.s. Koice, Dopravny podnik mesta
Kogice, as., EN-Centrum, s.r.o. Praha, SEPS, a.s. Bratislava, TEHO s.r.0. Kogice, Konex
Elektro s.r.0. Kosice, BSH s.r.o. Michalovce, , Tepléareti Kosice,a.s., EneCon s.r.o.Kosice.
Kind thanks to Municipality of Kogice for information materials about our town. In the end let
me allow thanks go to Technical University of Koice and Faculty of Electrical Engineering
and Informatics for their comprehensive support of the colloquium.

"

p Karol Marton
Kosice, 3 June 2002 (Chairman, International Advisory Committee)
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THE FAILURE RATE AND PROCEDURES OF INSPECTION
OF POWER TRANSFORMERS IN RUSSIA

Dolin A.P., Smekalov V.V., Pershina N.F., Degtyarev S.A. — Technoservis-Electro,
Moscow, Russia

Almost half of all transformers of 110 kV and higher voltage level installed in Russia are
in operation 25 years and longer. Their replacement by the new ones is technically and eco-
nomically impossible and unreasonable. Considerable part of such transformer may be used

| for further operation. Thus the problem of their service life time prolongation is of big impor-

- tance. The paper is devoted to assessment of transformer technical condition especially for
long time used transformers.

1. Introduction.

At present the power industry of Russia includes about 20000 units of operating power
transformers, autotransformers and shunt reactors (herein after referred to as transformers) of
110 kV and higher voltage level. The service duration of more than 40% of these transformers
exceeds 25 years. The replacement of all of them is unreasonable neither economically nor
technically. The actual service life of many transformers essentially exceed 25 years and it is
- possible to extend their service the required operational reliability being ensured.

Such reliability can be realized only if there is a possibility of a trustworthy definition
of the equipment technical state.

The problem of old transformer condition estimation is considered below in this paper.

2. Results of the transformer failure analysis.

The results of transformer failure analysis carried out by the authors on the base of
-~ available statements of 110 kV and higher level and 63 MVA and higher capacity transform-
CIS as well as the data extracted from [1,2] have shown that the most important transformer
ilures result from bushings, windings and tap changers. Transformers practically don’t fail
fUe 1o the defects in magnetic cores.. Based on the data provided in [2] a rather high percent
Ot failures is related to the improper actions of the operating service and repair personnel.

3. Transformer complex inspection.
’ One of the most important components of the transformer future operational safety
rovement is an impartial assessment of their state and a real transfer from the system of
Modically carried out repairs depending on the specified calendar time interval of trans-

°T Service to the repairs depending on their actual state. In Russia the later concept is
1l normative documents [3, 4].



It is universally recognized that such a concept can be realized only if there is a possi-
bility of a trustworthy definition of the equipment technical state, including the definitions
made in the course of such equipment complex inspection.

A complex diagnostic inspection allows to evaluated the state of transformer as a whole
and its components:

1) Rigid insulation (moistening, dirtying, destruction).

2) Magnetic system (core compressing, component to tant insulation demage, etc.).

3) Windings (levels clamming and fustoning deformations).

4) Transformer oil.

5) Systems of oil cooling, treatment and protection.

6) Bushings.

7) Voltage regulators and contact system.

A typical inspection program specified in Table 1 herein below includes a rather wide

set of both traditional and non-traditional diagnostics procedures.

Table 1
Transformer complex inspection program
Procedures of inspection, testing and Components
measurements 2 |3 [4 (516 7

1. Evaluation of the most probable damage points based
on the similar type transformer defects analysis

2. Analysis of transformed modes of operation, opera-
tional and maintenance documentation, the results of
measurements and tests

+ e+ i+ T

+
.
+
&
+
e
+

3. Visual inspection. + |+ |+
4. Oil chromatographic analysis (DGA + |+ + |+ |+
5. 0Oil chemical analysis + |+ + |+ |+ |+
6. Definition of oil humidity at various temperatures and |, &l B e
modes of transformer 0 eration
1 Deﬁmiiqn ot: avallgl:)iht_y anfi Fractional composition of | 1} s b Ji I
mechanical impurities 1 oil
8. Definition of antioxidizing additive content in oil + |+ |+
9. Definition_of oil residual stabili + |+ |+
10. Oil infra-red spectrosco; g | o + |+ |+
11. Definition of furan derivatives content in oil + +
12. tgd and oil conductivity measurement at various tem- | i e &
eratures
13. Analysis of silica gel from thermosy- | . L
hon filters

14. Measurement of insulation characteristics of windings

and bushings at various temperatures and voltage lev- | + |t

els, for various zones inclusive
15. Definition of rigid insulation humidity based on.a

“paper-0il” equilibrium and on the measured values + 4|

of insulation characteristics
16. Measurement of partial discharges (PD)* + |+ + |
17. Transformer infra-red ima ing* + T |+ 1
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18. peCtl()Il +
8 I anstormer acoustic ins + + +
9.V lb[atloﬂ control Of tranSme]eI tallk 5 oil pumps and
COOllllg Sy stem fanS
20- OSCIHO laph leCOld of low voltage ulses
2 i P!
1 S]l()lt circuit impedance measurement il
22. Mea = ses, at nomi-
easurement of current and no-load 105 S, nomi
23. M
nt of extension t
easurement of oil volume in the 1 n tank at
24 I\‘Iﬂﬂsuleuleﬂt of oil pressure 1 the b 1, vario
Ic 1n ushi gsat arious
Calculatlo!l Of bushlﬂgs lnsulatlon eIECtl 1C stlength o+
2(). VICaSu]e[IlEHt of d[IeCt current resistance of wmdmgs
and contact resistance at var 10US pos ns o &
p 10. ap
2 . M ot on-load
g 2
7 akin, a circle dl.a ram and OSCIHOgralIl f n-|
8. IV{CH.SUJC Q. phﬂse C p
ments of urrents oil of ump and fan
- CDﬂIpIEX aﬂa]ysis Oi the results Ob[ﬂlﬂed + o+ + + I - +
el I P!
ns marked P ed for two ]]1()de 0 ope! ax1IT 2
S rati
nspections r with * are etfoml on: maximum load

2. The nu
mbers 1-7 corre
spond to above i
mentioned com
ponents.

The autho ;
: rs have in thei ;
' transformer n their possession the i :
s of capacit: inspection result
Y ran, s of more than tw
o hundred

. ge from 6.3
and Belgium and installed in Variou;ociiOOO MVA manufactured in Russia, Ukraine

a. The total servi mati )

; rvice of al > climatic regions of Russi

kot: th.em refer to large mOSStf70% of the inspected transforrgers Zssw’ Belarus and Yugo
Dstic inspections transformers (> 100 MV ). The samm xceeds 25 years. About

have shown that it i |
v : arized r
u%?sgﬁmem e ]j; 1rseposs1ble to continue operation zi’u'j!tﬂs;f ;Ofl_fllplex
> the remaining transft o ek o
d not ex 1ning transformers require ei S .
e - sform ither an overhaul 9 k.
R p econditioning (23% i s |
o g o), or simply more fr o oo
€
e loi ;osr;l; igen;}al comments based on theqi:;z;teth e
s v _ 10n results,
st i , experience seriou idificatic
o o s, e o ) s.humldlﬁcatmn. Such
b i t(r) : ?gld e ges missing the drying system
¢ t ansform ime.
. oal‘ i insu}ﬂﬁgrs;lave sh.me deposits on insulation ¢
e L n destruction, metal fines fi o Ll
o e es from faulty oil pumps and fi
ers installed in the vicinit §

ants v

m : to i :
ay have slime deposits caused chemical, metallurgical and some other pro

by the emissions from such plants
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5. Old LTC, oil i
, oil col ;
e oling and protection systems usually require rather si
6. Paper insulati s snplese
tion of : o
safety i Sy respectﬂitzrt{?mfomer.s with operated 25-30 years
ot bmpadi Gpis. v tl s mechanical strength and polymeri ;as a rule, still have a
tion, practicall y restored. The transformers wi tization degree. Such pape
o i, al‘efnot subject to rejection with a natural ageing of paper in F{ T
) umber of inspecti i e e
operation: no load and rrrl’ag:l(‘)lﬂls‘nhlswd LA G L ST
rfnagnetic system can be diagnosec:(l) al\)d‘ ;I'h; defects related to the formati?l(l) disf Yot
B hen e s s est of all namely b : of faulted loops i
" : y by co ps in
trated on an example of ir:;fnsfodrmer operation. Efﬁciencyy of Sch e oF fhie resulis ohined
a-red imaging of autotransformer 250 ﬁ;zmgznson can be illus-
0/150 kV .

he transformer
b-on windings)

a)
Fig.1. Slime intl
(a—on active part,

It is seen in fig.3 that tem, 5

at the tank w : Tperatures registered by 1 -
load operatioer:enfoszeer.nrggrh&ghef in the case of on-t;ﬁ;:;::ja;zgs(flﬁ J ARG X P A FR
~ vealed. The chomatographic a:m'lfal'{Sforme_r opening up yoke bealr:)n zr than in the casct of fio-
ppm) increase of ethane (C,H )YSlS of thls.transformer showed onl Uf’tacz 10 frame was re-
ppm). The above mentionedzdeéf concentration in comparison with)’,:nconadesable (52-67
 partial discharges, vibration, etc ect could not be revealed by the oth;rsglgon‘:able level (50
paEaes : e.g. acoustic,

mer bushings used over 25 years require substitution or repair
bushings are often humidifield. Their insulation characteristics
deteriorates gra tion of rubber makes good conditions for colloid compounds
formation and residue appearance on porcelain and insulation surfaces in nongermetic and
germetic bushings. If transformer mode of operation is changed a process of moisture adsorp-
tion by a residue may be initiated resulted in the appearance of conductive areas with possi-
ble insulation flash-over. The resi ss is a spontaneous one and it is rather

difficult to forecast it. The diagnos possible only by indirect indications
f gases in oil, d ftgd of bushing main insulation). It

(increase of oil tgd, appearance o
makes their revealing rather difficult.

4. Faulted loops which are often found in
heating, increased gas emission and formation O
spreading beyond the arc burning area can result in semi
insulation of both windings and bushings (Fig.2) and in cre

3. The majority of transfor
Nongermetic

with opening up-
dually. A destruc

due formation proce
tics of such defects is
ecrease 0

magnetic system structural elements lead to over
¢ carbon at spark and arc discharges. Carbon
conducting deposit formation on the

for flash-overs.

ation of conditions
5

g 1g. 3. Infra-r ed 11)11a er examination results of auto orme; 0 MVA 330/150 kV
Fi . . .
ted ( f totransformer 25
under load 8.) aﬂd U-ndel no-load (b) modes Ofopel‘a i '
tion

But in som
e other cases th
. It may be d s these and some other i ;
i emonstrate b pHICT inspection
hl'l-;ner . An increased gas co rf’ct:he e;.(ample of inspection of Steg}ith%%s were adequate
gh temperature OVﬂFheatingn:f?nip was fixed in this transfol,t.ﬂc}i~ anc{i) _SAVA 220 kV
ents revealed so ecting the rigid insulati it was assumed
coustic examinati me pulses which were identi ion took place there The P
nation she LTS ntified as disch : : e PD
g ones created by mei‘gsd the availability of areas of an i dm i g
our in fig. 4, a). The Over;ZSS with signal frequency of 30-40 ka:Ied acoustic activity,
ated areas were revealed by lR'imagle (imarked with yel-
nspection (fig. 4

2N0sis: loss of ti
tie studs i :
tuds had . insulation. Afte
ze . oL r the transform . ;
ro insulation relatively to the magnetsifso er opening up it was found out
core.

a)
Fig. 2. Carbon depos

a - spark discharges point in the area of the transpo

bushing located above

bushing surface ]
rcelain cap ©

it formation on
b - carbon covered po

rtation bolt;
the discharge area.

4. No-load losses of old transformers, a3 a rule, increase due to the magnetic core P
between the laminations.

ing-out and loss of insulation
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NEW TRANSFORMER REPAIR TECHNOLOGY
OF WASHING WITH OIL CONTAINING SPECIAL ADDITIVES

Dolin A.P., Smekalov V.V., Smekalov S.V., Tarmogin P.V. — Technoservis-Electro,
Moscow, Russia

The actual service life of many transformers essentially exceeds 25 years and it is possible
to extend their service life the required operational reliability being ensured. New transformer
repair technology f washing with oil containing special additives is considered.

1. Introduction.

At present the power industry of Russia includes about 20000 units of operating power
transformers, autotransformers and shunt reactors (herein after referred to as transformers) of
110 kV and higher voltage level. The service duration of more than 40% of these transformers
- exceeds 25 years[1] The problem of transformer condition estimation in Russia is considered
in another paper [2]. Measures to prolong transformer service life are discussed and a new
 transformer repair technology of washing with oil containing special additives is considered
below in this paper.

It must be noted that transformers with a long service life, as a rule, experience serious
‘humidification. Such humidification can be caused by air ingress through some leakages
‘missing the drying system as well as by a destruction of a rigid insulation, etc.

) (8] actmst cila and l]]fra'red \maget (b) 1ﬂSp3C
'lllts f 1 ( ) tions

Fig. & Res of step-up transfo

finition of the trans-
. ity of trustworthy df" e & to
ffie alicchve neceSS:;){th a long service time) it 18 reasonable

sions ;
conclﬂ .o into accoun -
{r;tate (especially for transforme

g rs demonstrated that ap-

: s ctions.
fonncrtcomplex d‘agm:‘u;;;zgfions of more then ZS‘Oh;rlf:l iflgnrr::trictions and only 2% ‘_"3: Rather often the old transformers have slime deposits on insulation caused by the
e The results of suc can be operated further on w1t‘th r an overhaul (15%) or rather 1n oducts of oil ageing, rigid insulation destruction, metal fines from faulty oil pumps and
2 ately 30% of them aining transformers require et e; more frequent control of some e silica gel fractions from thermosiphon filters [1.2].
pwmm pstitution- The rem reconditioning (23%), or simply Old transformers installed in the vicinity to chemical, metallurgical and some other pro-
ire Suam and not expensive fuction plants may have slime deposits caused by the emissions from such plants.
Slguﬁ:ters (30%) A55uil 1 Old LTC, oil cooling and protection systems usually require rather simple measures to
i S €s hem
s apature B.N.Neklepaev, K.M.Antxpov, el re them.
Refigel]‘;?\’.l\‘;:;in, Yu‘N-I%;:;’e:rl\ggrila‘jggé KV voltage level failures in the cO ] A il skl
56%'1‘3}’1“5”' ; owekri t::a;;msii, Ne 9,2001 PP ).V P. Shamko. Failure rate. Assessment 0 - Prior to the discussion of the matters regarding the old transformer repair it is expedi-
M. sion (Elektn?hes gmaynov,V.V.Smeka—!ov, P b £ 10 clarify the authors' position in respect to their thesis stating that the use of the tradi-
ope™® 2] A.P.Dolin, V. “\ransformers. (Energetic, Ne 6, 2 1 operation in Russian Federat! ol technolgies for the repair of old transformers can be unfavourable for their condition:
anll repair of Owe{e:tﬁc station and network tethggalgg 6. PP 159. 58 ‘ Firs?ly, ‘the effect of hi.gh temperatures and high vacuum results in paper partial loss of
stat® i3l Rules of the Ch  ition. Moskow, SPQ ORGRES, Moskow, ENAS, 1998. PP 22 Olymerization degree. This leads to a decrease in paper mechanical strength as well as to a
34.20.501‘95' a S-trms of the electrical equipment testing. - 8¢ of its remaining service life.
4 Scope and no econdly, drying of old insulation in order to reach moisture content levels of less than

(the level specified for new transformers) results in the increase of paper brittleness.
the‘ dynamic effects in the process of the transformer further operation this can lead to
ling off with subsequent break-down or flash-over.
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o Thirdly, pressing of winding up to the manufacturer levels can result long operated in

paper insulation damage as well.
¢ Fourthly, drying of old insulation
ening of insulation characteristics dug t0 dirt
formers often fail just after they are repaired.
o Fifthly, ifa transformer is contaminated by carbon formed in the course of arc burning
in the short circuited electric 100ps, the use of a closed-loop washing system with filters of 3
pm min does not allow to remove finely dispersed carbon which spreads from the point of its
formation along the whole tank and contaminates the insulation. This results in @ deterioration

of the insulation characteristics.
In accordance with the authors' opinion, the repair proce

each transformer and to inc
mination shall precede the transformer T

1. A complex di agnostic exal
the results of such examination a technically substantiated scope of repair works and the re-

quired technology shall be developed. In particular, the replacement Of reconstruction of some
equipment (e.g bushing, check yalves, etc.), drying, regeneration of replacement of trans-
former oil, method of drying and restoration of winding insulation characteristics. A ScOpe of

the required completing materials and consumables is assessed (valves, protection enclosure,
silica gel, "lonol”, ce and the other required documentation are

etc.), a plan of work performan
prepared.

5 Onthe eve of the repair works beginning 2 mobile phy
if required, electrical laboratory shall be provided in the
equipment shall be installed at the repair site: process equipment for rigging, drying, regen-
eration and degassing of oil, oil heaters, units of sorbent drying and preparation, devices for

the transformer active part washing.

transformer open
menclature documentatio
ters mentioned above.
cated levels in particular.

n of transformer individual units. In particular, the repl
ty valve, transformer provision with a film system of oi
cially in the areas where the emissions of chemical and metallurgical prod

place, replacement of old type bushings by the new ones, etc.
siderable time period.

oils and sorbents. This work requires con
ment but also fresh oils from oil storages. As a rule,
degassing but in a number of cases also oil reg

ing may results in wors-

without its preliminary clean
Such trans-

"haking" on the insulation surface.

dures should be individual for

lude several stages:
epair works. Based on

ysical & chemical laboratory and,
production plant. The following

s performance shall be in accor-
but taking into account with the
gs and magnetic core up to

ing up and repair work
n requirements
Pressing of windin

3. Rigging works,
dance with typical 10
revised process parame

50-60% of their prefabri
acement of an X

4. Reconstructio
haust pipe for a safe

5. Preparation of

Not only spent oils require treat
treatment means drying, cleaning,
using silica gel.

If oil was used fo n can be ineffective from the econ®

r a long time its regeneratio
viewpoint or difficult technically viewpoint. However, as the experience shows, oil 0

grade produced out of high quality oils of Baku origin (e.g.
cties even after 40-50 years of operation. After treatment the dielectric P
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Table 1

i istics
insulation characteris
TDG-40500/110 insu L
Transformes Insulation characteristics reduced t:]
20°C at the following measuremen

Moisture
content, %o

Measurements

Prior to repatr

After repair
Designations: HV:

- high voltage;

ization degrees
Mechanical condition classes and polymenzatwn 2|
of transformer TDG-40500/110 rig

Insulation type

Barrier

Additional insglation
of taps in point Qf
upper beech fixation

No doubt, the technology described above does not guarantee a complete renovation
of old insulation. Nevertheless, in a number of cases it helps to improve by 15-20% the me-
chanical strength of insulation showing signs of considerable destruction as well as to im-
prove rather effectively the insulation indices.

In such a way, the obtained results confirm the possibility to extend the service life of
paper insulation and, as a result, in many cases the service life of the transformers.
Summing up it worth saying that the complex inspection cost is less than 1% of the

transformer cost and the cost of the most complicated repair — not more than 10%.

Conclusions

1. A new repair technology of insulation washing with oil containing special additives al-
lows to improved considerably the insulation characteristics of transformer windings as well
as to increase the insulation mechanical strength in case of paper significant destruction as a
result of cellulose crystal structure improvement.

2.0ptimum selection of repair conditions (concentration of additives, vacuum level, inter-
vals between washing operations, vacuum processing and heating) allows to restore the trans-
formers with 35-45-year service time. Such repairs ensure the possibility of transformer ser-

vice life extension.
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