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Condition Assessment of Power Transformers Using Loss
Tangent M easurements

M.A.R.M. Fernando

Abstract: Mineral oil, cellulose paper and pressboard are the main insulation materials in a power
transformer. During service, increase of moisture, as the by-products ageing and increases the risk
of insulation failure. This paper presents the possibility to use loss tangent (or power factor) and
capacitance (tan8 and C) measurements as an estimate of the 'wetness' of aged transformer insulation.
Firstly oil, paper and pressboard samples were aged under laboratory conditions and their tanS and
dielectric constant (er) values were measured. Applying the tan5 and er obtained onto a transformer
insulation model, the tanS and C of transformer were calculated and the effects of insulation geometry,
moisture content (MC) of pressboard, oil conductivity (cioi) and insulation tem perature under test were
established. It was found that tanS and C values of a transformer strongly depended on its insulation
geometry and the temperature. If the temperature is fixed, the change of tanS value of a transformer
can be a direct measure of moisture in pressboard for 'wet' and 'extremely wet' conditions. For a 'dry’
transformer, the aociioil value is needed as an additional known parameter in order to estim ate accurately
the moisture in pressboard.
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1. Introduction

equilibrium curves [5,6]. In the field, electrical

tests carried out during regular maintenance/

Power transformers are considered as one of test period also provide information about the
the most vital and costly apparatus in power "w etness" of transformer insulation. Out of
system networks. The usual 'design life' of a different electrical tests, attention has recently
power transformer is expected to be 25-40 years. been paid on frequency domain spectroscopy
However, relying on condition assessment and (FDS) due to its noise effectiveness over the
residual life estim ation, the utilities are keen on time domain measurements [7,8], FDS measures
continuously operating the transformers over tan8 or complex capacitance in the frequency
their designed lifetime without reliability and range between ImHz to 1kHz. Since the most
safety being compromised. Power transformers prominent information about the moisture is
usually have insulation systems which consistof mainly available at low frequencies, completion
oil, paper and pressboard, and the deterioration of one FDS measurement usually takes several
of the insulation is one of the main factor to hours out of the regular maintenance period
determine the Ilifespan of the transformer. of the transformer if the test is extended to
Temperature, moisture and oxygen are the main below ImHz. While the transformer is being
ageing factors. M oisture in particular, is the main tested in the field, it naturally cools down. The
cause for weakening cellulose solid insulation continuous temperature reduction could cause
and shortening the lifetime of transformer. It is w ater diffusions as well as change of spectrum.
suggested that the moisture content should be These changes in transformer insulation affect
maintained below 2.0% in the paper insulation in on the FDS results due to long testing time.

order to provide good electrical and mechanical

strength for a transformer to have a longer On the other hand, the loss tangent and

lifetime [1;. capacitance (tanS and C) measurements at 50Hz,

Tests are commonly wused today [2-4] to

assess the "wetness" condition of transformer Eng. (Dr.) M.A.R.M Fernando, C. Eng., MIE(Sri Lanka),
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insulation can then be achieved using moisture

taken regularly to laboratory for measuring the

moisture content in oil, and indirect estimation
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