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Abstract--- It is known that aging of OLTC contacts is the 

main reason for the failure of power transformer. It is seen 

that OLTC is passed through several aging mechanisms in 

its life. It is important to understand the aging mechanism to 

develop any method like DRM for condition assessment of 

OLTC. The life of OLTC contacts includes clean contacts, 

contacts with an oil film layer and contacts with cocking. 

Here it is shown that DRM method is very sensitive to aged 

change over selector contact of an OLTC. 
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I. INTRODUCTION 

Condition assessments are important to determine when and 

which maintenance is necessary on the tap changer. There 

are several online and offline methods for condition 

assessment of OLTC. This paper concentrates on offline 

condition assessment method using DRM.  

II. OLTC FAILURE 

OLTC is the only movable part in the transformer, therefore 

it suffers from various aging mechanism. Due to switching 

arc, insulation oil in the tap changer becomes dirty and 

weakening its insulation properties. Electrical treeing can be 

occur with the supporting resin bonded paper cylinder and 

insulating drive shaft. More aging effects are caused by the 

switching arcs that wear of the arcing contacts.  

Long term aging effect is very important aging 

mechanism on the changeover selector and the tap selector. 

This occurs when the OLTC is motionless. The starting of 

the long term aging is with the formation of thin layer oil. 

This film is less conductive, which is built from the organic 

components in the transformer oil bond to silver or copper 

oxide and sulphide that is formed on the stator blocks [2]. It 

will not cause tap changer failure directly, but this increased 

contact resistance due to oil film layer will caused cocking 

at places where the load current flows. 

 
Fig. 1: The on-load tap changer model used for laboratory 

experiments. This hand-driven one-phase tap changer is 

connected in series with a transformer. 

A typical damage of course tap selector contacts 

due to the long term aging effect is shown in figure 1.   

Due to high temperatures, high load current, 

infrequent movement and low contact pressure this long 

term effect is accelerated. The change over selector is prone 

to the long term effect due to its infrequent movement. 

However, the changeover selector is not accessible during 

normal maintenance, so condition assessment methods are 

necessary. 

III. DYNAMIC RESISTANCE MEASUREMENT 

Dynamic resistance measurement is used as a method to 

diagnose the contact condition of on-load tap changers 

offline. This method is able to detect many types of defects 

or deterioration of change-over selector contacts and arcing 

switch contacts without accessing these contacts. A DC 

current is injected into the transformer and flows through the 

tap changer. The measurement reads the flow of current 

through the tap changer during its operation. Since DRM 

measures the OLTC while it is moving through its entire 

taps, the measurement is done without static impedance. 

Therefore this resistance measurement is dynamic.  Test 

setup of Dynamic Resistance Measurement with OLTC in 

delta connected winding. Three measurements need to be 

performed for phase U-V, V-W and U-W. A short circuit 

connection of secondary winding provides a path for the test 

current. DRM use this fast response to detect increased 

contact resistance. This method is originally used for circuit 

breaker analysis. Omicron cpc 100 kit is used for the 

measurement dynamic resistance of OLTC contacts. 

IV. CONTACT DEGRADATION 

An OLTC has sets of contacts that switch different currents 

at different recovery voltages. For example, the main 

contacts of the arcing switch are designed to transfer the 

load current to the transition contacts. The arcing contacts of 

the arcing switch are designed to break the load current and 

the circulating current. In contrast, the contacts of the tap 

selector and the change-over selector are not designed to 

switch current. Therefore these sets of contacts wear 

differently. Change-over selector contacts (including tap 

selector contacts) do not wear as fast as arcing switch 

contacts that wear due to the switching of load currents. 

These contacts will not switch significant currents, but can 

show pitting of the contacts and the development of 

pyrolytic carbon. This contact degradation is not due to the 

arcs caused by switching the current but by a long term 

overheating process. 

Usually, the contacts of the change-over selector 

are infrequently used and can be motionless for long 

periods. This activates the second degradation mechanism of 

change-over selector contacts: a long-term aging effect on 

contacts under oil henceforth referred to as the ‘long-term 
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effect’. The long-term effect is the most common 

degradation mechanism on the change-over selector. 

Three basic stages of the long-term effect can be 

distinguished and are shown in Figure 2. 

 
Fig. 2: Stages of contacts life 

 Clean contact A.

 
Fig. 3: Ripple per tap change position 

A new OLTC that is with less aged has clean 

contact. It will not provide any addition resistance during 

the measurement of dynamic resistance. The ripple and 

slope of such contacts are shown in the figure 3 and 4. The 

test has been start with the lowest tap to the highest tap and 

back to the lowest tap. As all the contacts are clean there is 

no more deviation in ripple and slope value. 

 
Fig. 4: Slope per tap change position 

 Deposition of contaminant B.

It is discussed that long term effect is start with the 

deposition of contaminated oil on the contact. For this 

experiment the OLTC is used in which this layer is found 

when opening for maintenance. Temperature is increased for 

accelerate the growth rate. This growth rate of oil film under 

shell diala insulation oil on copper contacts is  

 
Where s is the thickness of the oil film layer in A0, 

Ɵ0 is the contact surface temperature in 0c and t the 

duration of the aging test in hours [1]. During the several 

dynamic resistance measurements it is seen that this layer of 

oil film is not measurable with this method.  

 
Fig. 5: Ripple per tap change position 

The disruption decrease during the experiment due 

to the wiping effect of the contacts: the oil film layer is 

damaged and good contacts are restored again. The DRM 

result with such contact is shown in the figure 5 and 6. As 

the contact no 7 has oil layer on it, it provide high value 

during the lower tap to higher tap measurement but during 

the higher tap to lower tap measurement there is no such 

ripple and slop value, because that layer has been broken 

due to wiping effect. 

 
Fig. 6: Slope per tap change position 

 Cocking C.

Cocking is occur when the oil film layer is grows. As the 

carbon increases the resistance and acts as heat insulator the 

cocking is accelerate. Oil cracking occurs at local 

temperature above 300 0c. Catastrophic condition can thus 

be produced when the contact temperature rises above 300 
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0c, but even a rise in oil temperature near the contact to 

above 100-105 0c can be enough to cause enough defects. 

Precise measurement of the hot spot temperature is a 

complicated procedure, but the voltage drop over the contact 

can be used to calculate the temperature rise. The result of 

the DRM for OLTC containing contact with cocking is 

given in figure 7 and 8. Due to the degraded contact ripple 

has higher value and dip slope is there. Here it can be seen 

that the contact no 7 of the phase B is under the cocking 

effect.   

 
Fig. 7: Ripple per tap changer position 

 
Fig. 8: Slope per tap changer position 

 Contact wear D.

Arcing contacts with degraded contact has a small 

difference of the contact timing. Current breaks earlier by 

worn contact but transition resistor use a little longer time. 

So the wear contact will have higher ripple and dip slope, 

when transition resistor have higher ripple and lesser slope. 

So the degraded contact can be detected with the use of 

dynamic resistance measurement method. The condition of 

the transition resistance can also be assessed by DRM. 

V. CONCLUSION 

The following points are concluded from the paper. 

 Contact degradation can be describe by different 

mechanism. 

 Dynamic resistance measurement can provide more 

information than static resistance measurement. 

 Thin oil layer is not is not measure through DRM while 

cocking is measurable. 

 Current Break earlier by worn contact but transition 

resistor use a little longer. 

 DRM is indeed effective for assessing the long term 

effect on the tap changer contacts. 
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