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Abstract

The aim of this paper is the study of various parameters
affecting  the  ageing  of  transformer  oil  in  distribution
transformers of 20/0.4 kV. Fifty (50) samples of oil were
taken from such transformers. The transformers function in
the major Athens area, Greece. Parameters, such as breakdown
strength, oil color, humidity, interfacial tension and tanδ
were taken into account. Transformer ageing and lifetime are
strictly related to the rate of ageing of the whole insulat-
ing system, and mainly of the oil. 

Absence of transpiring system with silica gel has as a
result  the  increase  of  oil  humidity.  The  lengthy  use  of
transformers under heavy load, and consequently under high
temperatures, is a main factor for oil ageing and oxidation.
Especially in the last few years, the increased loads re-
quired by the transformers  which have to do also with the
climatic changes, have as a result the additional stressing
of the oil. Various arcs, resulting from short circuits in
the network, have as a consequence the production of gases
and sludge. Such gases and sludge influence in a negative
way the insulating properties of the oil as well as its rate
of ageing. The role of silica gel is stressed. 
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Introduction

Transformer oil is a most
important component in trans-
formers [1]. Transformer oil
ageing  has  been  studied  as
well  as  the  parameters  and
factors  influencing  its  be-
havior  under  a  variety  of
stresses  (electrical,  ther-
mal, etc.) [2]-[5]. Faults in
power and distribution trans-
formers are rare (of the or-
der of 1% - 2% per year), but
when  they  occur,  they  have
very  serious  technical  and
economic  consequences.  They
may  even  lead  to  dangerous
situations for human life and
the environment. Main factors
affecting the acceleration of
ageing of the insulation of a
transformer are humidity, high
temperature, oxidation and the
acidity of its oil. The role
of chemical byproducts of the
transformer insulation is al-
so  very  important  for  its
ageing.  There  is  no  single
measurement  able  to  give  a
whole picture of the state of
a transformer. It must be no-
ted that the variety of the
diagnostic methods used, does
not have as an aim the pre-
diction of the useful remain-
ing lifetime of the insula-
tion, but it tries to reveal
the increasing probability of
faults and the corresponding
decrease  of  the  insulation
reliability. Needless to say,
that reduced reliability im-
plies also reduced remaining

insulation lifetime. 

With this in mind, in the
context of the present paper,
diagnostic methods were used
in order to study the state
of  distribution  transformers
of the major Athens area. The
transformers investigated we-
re 20/0.4 kV. The whole work
was carried with the aid of
Public Power Company (PPC) of
Greece, and more specifically
with  the  aid  of  PPC  Trans-
former Division. Oil was ta-
ken  from 50  distribution
transformers. 

Diagnostic Methods

Warning  signs  about  the
state of a transformer are,
among others, a big increase
of  partial  discharges  (>>
2500 pC), a visible deterio-
ration because of foreign me-
tallic and carbon particles,
the presence of humidity in
the solid insulation about 3-
4  %  and  the  presence  of
sludge. 

Several diagnostic methods
were used in order to see the
quality  of  the  transformers
in question.  The characteri-
zation of the oil color (DIN
51517 – ASTM D155) was per-
formed  through  a  device
(chromometer) including stan-
dard  glass  disks  and  two
glass jars with lid. The con-
trol  of  dielectric  strength
was  measured  by  a  typical
Foster  test  cell,  according
to IEC 156/95 (Fig. 1). 
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The control of humidity in
the  oil  was  measured  by  a
Metrohm – 684 KF Coulometer,
which  consisted  of  a  glass
container with a stirrer ti-
tration in which the reagent
from container storage is ad-
ded. The device is fully au-
tomated and once the experi-
menter gives the settings, it

measures the moisture content
of the oil. The measurements
were  performed  according  to
IEC 814. The control of in-
terfacial tension (ASTM D971
–  91)  was  performed  via  a
tensimeter,  which  gives  the
value in dynes per centimeter
in a direct reading (Fig. 2).

Fig. 1: Device for the measurement of dielectric strength
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The device that performed
measurements of tanδ and of
resistivity, is the BAUR-DTL
fully  automated  device  for
measuring  dielectric  losses
of oils. Such a system has a
fully  automated  process  for
measuring  dielectric  loss,
relative  dielectric  constant
and resistivity. The measure-
ments were performed with a

system  counting  tanδ  values
with  maximum  accuracy  from
0.00001 to 4.0, measured ac-
cording to IEC 247.

It is true that no single
diagnostic  method  can  give
full  information  as  to  the
state of a transformer. The
aforementioned  methods  may
give a better picture of its
state.

Fig. 2: Tensimeter Cenco du Nouy
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Experimental Results

The  sampling  was  performed
with due care, and according
to general standard practice,
i.e.  during  sampling  there
must not be any dust and hu-
midity in the nearby space,
the  sampling  cells  must  be
clean and dry and they  must
be  washed with oil from the
transformer  which  is  to  be
checked, the samples  must be
protected from light and they
must be taken while the oil
is  hot  but  due  time  should
pass before the various par-
ticles settle down. Sampling
was done from the bottom of
the  transformers.  The  glass
cells used for oil sampling
were big enough so that they
contained  enough  oil  volume
for  additional  measurements,
if needed. No measurement was
performed based on only one
value or sample. All results
must be verified with addi-
tional  samples  and  measure-
ments. Color measurements of
the oil sam-ples were based
on specifi-cation DIN 51517 –
ASTM D155 (Fig. 3). Dielec-
tric  strength  measurements
were  based  on  specification
IEC 156/95. Humidity measure-
ments were based on specifi-
cation  IEC  814.  Interfacial
tension measurements were ba-
sed  on  specification  ASTM
D971-91. Loss factor measure-
ments were based on specifi-
cation IEC 247. 

Transformer oil is charac-

terized as good, if its color
is  not  dark,  its  breakdown
voltage more than 40 kV, its
humidity  less  than  10  ppm,
its resistivity more than 3
GΩ·m,  its  loss  factor  0.1,
its interfacial tension more
than 28 mN/m. It is accept-
able if its breakdown voltage
is between 30 to 40 kV, its
humidity  between  10  and  25
ppm, its resistivity between
0.2 and 3 GΩ·m, its loss fac-
tor between 0.1 and 0.5, its
interfacial  tension  between
22 and 28 mN/m. In the case
of  an  acceptable  oil,  sam-
plings should be carried out
more frequently, and the con-
tent in foreign particles and
contained  water  should  be
controlled. If the breakdown
voltage and humidity are near
the  limit  values,  then  the
oil  should  be  filtered  and
cleaned. An oil is poor when
its color is dark (the dark
color  is  an  indication  of
pollution  or  ageing),  its
breakdown  voltage  less  than
30 kV (in this case the oil
should be replaced or thor-
oughly cleaned), its humidity
more than 25 ppm (in such a
case  the  oil  should  be  re-
placed  or  thoroughly  clea-
ned),  its  resistivity  less
than 0.2 GΩ·m, its loss fac-
tor more than 0.5, its inter-
facial tension less than 22
mN/m  (in  this  case  a  check
should be carried out for the
presence of sludge). 
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Generally it is suggested
that in case one of the pa-
rameters mentioned (color, di-
electric  strength,  humidity,
interfacial tension, loss fa-
ctor, resistivity) is accept-
able,  a  more  frequent  sam-
pling should be done in order
to  better  monitor  the  oil
quality. In the case any of
the  mentioned  parameters  is
poor, cleaning or replacement
of the oil is suggested. In
any case, it is good to con-
trol all parameters concerned
in order to have a clear pic-
ture of the state of the oil.

From  the  50  oil  samples
investigated  (taken  from  50
distribution transformers), 3
of them showed breakdown vol-
tage lower than 30 kV (i.e.
percentage of  6%), 45 sam-
ples indicated humidity high-

er than 25 ppm (i.e. percent-
age 90%), 28 samples presen-
ted  interfacial  tension  lo-
wer than 15 dynes/cm (percen-
tage 56%), whereas 44 samples
showed a color higher than 1
1/2  (percentage  88%)  (Fig.
4).  It was evident from the
data – mentioned in detail in
[6] – that the more the number
of years in service, the more
the  number  of  samples  with
lower  dielectric  strength.
This is due to the fact that
with the years there is also
an  increase  of  humidity  in
oil as well as an increase of
the  oxidation  byproducts.
Trans  formers  which  are  in
cities or in urban localities
do not usually suffer light-
ning  strokes,  consequently
the only stresses come from
switching  overvoltages and/or
some high currents. 

Fig. 3: Chromometer Hellige Comparator

FUNKTECHNIKPLUS # JOURNAL v1—58 ISSUE 4 — YEAR 1



PARAMETERS AFFECTING THE LIFETIME OF TRANSFORMER OIL IN DISTRIBUTION

Fig. 4: Typical glass colored disc

As the years pass by, hu-
midity increases because fluc-
tuations in temperature cause
an increase of humidity en-
tering the main oil volume.
In  distribution  transformers
having silica gel, the latter
looses its absorbing property
with an increasing number of
years in service. Consequently
silica gel should be replaced
at regular intervals. The in-
creasing number of years in
service  infuences  also  the
oil oxidation. Oxidation by-
products in turn affect tanδ.
The loss factor, however, is
not influenced from the exis-
tence of humidity in the sam-
ples and for this reason is
not a criterion for its exis-

tence. Interfacial tension is
reduced  with  the  years  in
service. This is due to the
increasing quantity of humid-
ity as well as to the bypro-
ducts of oxidation. There is,
however, a number of samples
with rather reduced interfa-
cial  tension  although  the
number  of  years  in  service
was not that big. This may be
due to the quality of the oil
used or to the fact that it
contained only a small quan-
tity  of  anti-oxidants.  Fi-
nally, the oil color changes
with the years in service. A
change of color may also be
due to the overcharging of a
transformer. 
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Discussion

In this work, sampling from
50 transformers of 20/0.4 kV
was carried out. Sampling and
measurements  were  performed
as suggested by the various
international  specifications
[7]. All transformers were in
the  major  Athens  area.  It
should be noted that the trans-
formers were not all from the
same manufacturer. There were
transformers from various ma-
nufacturers, both from Gree-
ce and abroad. This is one of
the complications of the Greek
Electricity  System  and  cer-
tainly, this fact hinders any
thought for a statistical ap-
proach. In case of poor oil
color, this may be a symptom
of humidity. Poor oil dielec-
tric strength may imply that
the oil should be cleaned or
replaced. If the humidity le-
vel is high, the oil has to
be  again  either  cleaned  or
replaced. If the interfacial
tension of oil is acceptable,
this means that a control for
the possible presence of by-
products  may  be  performed.
Acceptable values of oil re-
sistivity  may  be  tolerated.
In most cases, tanδ was good.
The parameters which changed
most were the color, the oil
dielectric strength, the lev-
els of humidity and the oil
interfacial tension. From the
above, it is evident that one
cannot pronounce any verdict

on  the  quality  of  a  trans-
former oil based on only one
parameter.

It is evident from the re-
sults that there was absence
of a transpiring system with
silica gel in most investi-
gated transformers. This ab-
sence  has  as  a  result  that
the  humidity  of  the  atmos-
phere is in contact with the
oil.  The  functioning  of  a
transformer under heavy load,
and  consequently  its  func-
tioning at high temperatures,
results in an acceleration of
its ageing. High temperatures
cause oxidation of the oil.
In addition to that, in the
last years, increased loads –
as a consequence of climatic
changes  (such  as  increased
temperature  and  humidity)  –
are required and they result
in the stressing of the oil.
Arcs, because of short cir-
cuits, create gaseous byprod-
ucts and sludge. The latter
influence in a negative way
the  dielectric  strength  of
the oil. Another point which
should be considered is that,
with  the  continuing  effort
from the side of the manufac-
turers for the reduction in
the size of the transformers,
the oil tends to be more eas-
ily thermally stressed. This
results  in  an  accelerated
rate of rise in temperature
and  an  accelerated  rate  in
its ageing.
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Generally  speaking,  the
frequent  oil  sampling  helps
in  pointing  out  potential
trouble spots in the network.
It goes without say that, as
in this paper, a variety of
measurements may give a bet-
ter  picture  of  the  actual
state of the transformers ra-
ther  than  isolated  measure-
ments or measurements confi-
ned only on a single quantity
(e.g.  dielectric  strength).
Ageing is a complex process
and, as is well known, a va-
riety of factors play a role.
Ageing factors contribute not
only  to  the  ageing  of  the
oil, but they may also inter-
act among themselves, render-
ing  thus  the  prediction  of
lifetime even more difficult
[8], [9]. Breakdown of trans-
former oil is also a complex
phenomenon  determined  mostly
by  the  operating  conditions
[10].

As a way out of the vari-
ous problems with transformer
ageing,  the  construction  of
additional substations is pro-
posed. This will reduce the
load of each transformer. Need-
less to say that, the contin-
uous  checking  of  the  whole
distribution network and the
requirement from the manufac-
turers to observe all the in-
ternational norms and speci-
fications, are necessary con-
ditions  for  the  good  func-
tioning of the whole system.

Special  attention  should
be paid to the way one gets
the  oil  samples.  Sampling
should be done with due care
and care should be taken in
order  not for the sample to
contain  water.  The  samples
should  be  taken  from  the
transformers when the oil is
still warm. Foreign particles
should be allowed to settle
at the bottom, so that no un-
due influence can be recorded
in the various measurements.

In  the  case  the  results
are contradictory, one has to
repeat the sampling and the
corresponding  measurements.
It is true that the manufac-
turers, try to reduce the pro-
duction  cost  of  the  trans-
formers and their respective
materials by reducing the si-
ze of the transformers. This
on one hand has as a result
the possibly higher break-down
strength of the oil, on the
other hand, however, has as a
result the faster increase of
the oil temperature, and con-
sequently  the  faster  ageing
and stressing of the mechani-
cal parts of the transformer.
Anyhow, a better maintenance
of the distribution transfor-
mers  should  be  followed  as
well as the placing of more
transformers of larger power
in  localities  with  an  in-
creasing load demand.

The discussion as well as
the conclusions of  the  pre-
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sent paper are in line with
previously  published  work
[11],  [12].  Such  work  was
carried  out  on  transformers
of 20/0.4 kV as well as of
150/20 kV. A statistical ap-
proach cannot be offered for
the  time  being,  as  it  was
done  before  [13],  for  the
reasons given above.

It is to be hoped that the
next steps in our work will
be  a  classification  of  the
distribution transformers ac-
cording to manufacturer, ac-
cording to their power (kVA)
and according to the previous
history (which includes years
in service, all faults, short
-circuits, lightning strokes,
switching  operations  etc.).
Thereafter, an effort will be
made  in  order  to  statisti-
cally analyze the data.

Concluding, it is fitting
to note that the present pa-
per does not claim any origi-
nality regarding any new di-
agnostic techniques. This pa-
per is an application of al-
ready existing and well known
specifications. It is a con-
tinuation of an effort star-
ted  few  years  ago,  as  men-
tioned in [7], [11], [12]. In
this respect, the present pa-
per presents new results, al-
though the methods used are
the same as in [6], [7], [11],
[12].  In  other  words,  this
paper presents the state of
transformer oil in some  dis-

tribution  transformers  of  a
given area at a given moment
in time. Needless to say that
continuous  monitoring  is
necessary in order to check
and  confirm  the  transformer
oil quality. Continuous moni-
toring, however, is often not
enough. If possible, it should
go together with fault dete-
ction, namely partial dischar-
ge (PD) detection. PD dete-
ction can help preventing a
defect from developing into a
fault, e.g. a short circuit
[14], [15], [16]. Nevertheless,
condition monitoring as pre-
sented here, should be done
on a regular basis.

Conclusion

Transformers of 20/0.4 kV
from  the  major  Athens  area
were investigated. Various pa-
rameters (oil color, dielec-
tric strength, humidity, in-
terfacial  tension,  tanδ  and
resistivity) of the oil were
studied with standard methods
based on international speci-
fications. No verdict on trans-
former oil quality can be ba-
sed on only one parameter. A
multitude  of  parameters  is
needed in order to pronounce
a correct verdict on oil qua-
lity. The continuous control
and monitoring of the distri-
bution transformers is neces-
sary in order to avoid prob-
lematic situations. The role
of silica gel is  emphasized.
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Silica gel should be used in
all transformers, so that hu-
midity can be absorbed. The
quantity of humidity increases

with the number of years in
service, consequently, distri-
bution transformers should be
checked at regular intervals.
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