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Abstract: In this joint project between five companies and two universities an algorithm 
for the evaluation of the condition and operational risk of aged power transformers was 
developed. In the first stage the operational dates and results of oil analysis 
investigations as well as maintenance measures of about 70 selected transformers were 
collected in a standardized scheme. These data were the basis for the further analysis of 
the technical condition. The oil analysis results according to IEC 60422 (chemical 
physical parameters) as well as IEC 60599 (dissolved gas analysis) were evaluated and 
interpreted automatically.  
 
In a second stage a diagnosis program for onsite measurements at most of the selected 
transformers was developed. For the diagnosis of the solid insulation system the winding 
resistance and winding insulation was measured and the polarization and depolarization 
current (PDC), frequency domain spectroscopy (FDS) and frequency response analysis 
(FRA) was applied. The tap changer and the bushings were tested with a resonance 
system. At the tank a visual inspection was done. At some transformers actual oil 
samples were taken and analysed by chemical parameters, DGA and furan analysis. All 
diagnosis and test results were evaluated and collected in the evaluation algorithm.  
 
At one transformer an end of life inspection was done in the site of a transformer 
manufacturer after a full diagnostic program onsite. The results of the diagnostic 
measurement onsite and the results of the inspection after opening the transformer 
corresponded excellent.  
 
The developed algorithm enables a view to the condition of each transformer and a 
comparison of the whole fleet. The operational risk of each transformer component is 
evaluated by bar graphs. If there were any critical components found recommendations 
for maintenance measures were worked out. The aim of this algorithm was to collect the 
operational history with the focus to find the actual condition and the operational risk of 
each transformer. 
 

 
1 INTRODUCTION 

Power Transformers are critical and capital-
intensive assets for utilities and industry. Due to 
the increasing pressure to reduce costs, the 
utilities and industry is forced to keep old power 
transformers in operation as long as possible. With 
the advancing age of transformers it is very 
important to know the condition of the transformer. 
The evaluation of the reliability of power 
transformers is essential.  

A set of modern diagnostic methods is available 
and applied for oil filled power transformers. 
Defects in transformers can be caused by 
mechanical, thermal and dielectric stresses either 
individually or in conjunction. It must be taken into 
account that the majority of the diagnostic methods 
are sensitive to all three fundamental stresses 
acting on the transformer. Therefore, the general 
interpretations including the localization of faults 

can be problematic. The experience and 
interpretation capabilities of transformer experts 
are crucial for a successful diagnosis. 

Depending on the diagnostic method the 
measurements will be arranged during operation or 
during short time de-energization (usually several 
hours). If any extensive fault was located by the 
diagnosis measurements the failed unit is normally 
transported to the repair workshop where the 
required space and equipment is available. Also 
the cost and risk of such a heavy transport has to 
be considered. For the save operation of power 
transformers the maintenance strategy is 
significant. Within this project the results of 
diagnostic measurements in different utilities and 
companies were investigated and strategic 
measurements to determine the condition power 
transformers were applied. The focus was laid on 
service aged power transformers.  
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aged from electrical or thermal exposition. 
Additionally the insulation resistance (IR) between 
HV bushings and tank as well as between HV and 
MV bushings gives information about the condition 
of oil and paper between the windings. The 
moisture in paper can be measured in a good 
accuracy by dielectric methods of FDS or PDC. For 
the dielectric measurements the transformer has to 
be disconnected from the grid. The furans can be 
additionally measured from the oil samples by 
HPLC equipment. The 2FAL is an integral value 
over the whole insulation system, for this reason it 
gives an average condition over the paper 
strength. To determine the residual paper strength 
at critical parts of the insulation system paper 
samples have to be extracted by dissembling the 
active part of the transformer. This procedure is 
very expensive and therefore applied only in rare 
cases. 

 

Figure 7: Paper Analysis module  

The module for the evaluation of the other 
transformer components consists of the bushing, 
load tap changer and tank observation, as shown 
in figure 8. Basis was the operational dates of this 
equipment: e.g. age, type of construction, used 
insulation materials, duration of exposition, general 
condition, results from visual inspection. 
Additionally results from diagnostic measurements 
were collected and evaluated. For example at the 
bushings the loss factor over frequency is 
measured to detect moisture in the insulation 
system or the capacitance to find short circuits 
between layers. At OLTC the dynamic resistance, 
the contact resistance and the switching intervals 
were measured during the inspection. 

 

Figure 8: Transformer Components Analysis 
Module 

5 EVALUATION OF TRANSFORMER 
COMPONENTS AND RISK ASSESSMENT 

For the analysis of the transformer components oil, 
paper, bushings, OLTC and tank benchmarks were 
calculated from described modules. In recent 
publications this procedure is described as health 
index method [5-9]. In this project the condition 
spectrum varies between following marks: an 
excellent (new) condition is described by one, a 
good condition with two, service aged by three, a 
poor condition by four and an unsatisfactory 
condition with five. Each benchmark consists of 
several parameters. As example the oil condition is 
determined by the results of oil module CPA and 
DGA as well as the insulation resistance 
measurement.  

One example of an evaluation is shown in figure 9, 
where the oil is in a service aged, the paper in a 
good condition. The bushings were ok but aged, 
the OLTC is also aged but shows no defects and 
finally the tank has to be serviced due to high 
pollution and light degree of corrosion. The 
operational risk of this transformer is classified 
medium, this means that this transformer has a 
save operation up to the next service interval, but it 
is recommended to apply oil analysis in a minimum 
of one year for the DGA and three years for the 
CPA. The paper shows now aging. The oil has light 
lacks due to a high content of moisture. By drying 
the oil this defect can be eliminated with small 
expenses. Finally it can be summarized that this 
transformer can be operated the next 3 to 5 years 
with a low risk of insulation failure and probability 
of an outage. 
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