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 SUMMARY  

The transformer bushing is one of the important elements ensuring connection between 

transformer and electrical network and reliable isolation between winding’s lead and tank. The 

number of transformer’s failures associated with bushing explosion is very high (26%) (Figure 1) 

[1].   

  

  

  

  

  

  

  

  

  

  

  

  

  

 

Figure 1. Failure Location of substation transformer where Fire or Explosion occurred 

 

The explosion of a bushing, as a rule, leads to a fire on transformer. In addition, during the 

explosion of porcelain bushings pieces are scattered in different directions for tens of meters. 

These pieces can cause personal injury and damage to equipment in the explosion zone. The 

flame from the fire leads to damage of protective walls, breakage of bushings on the transformer 

and insulators of neighboring equipment, cables and metal constructions, burning of oil. The fire 

is formed as a result of ignition by the breakdown electric arc in the oil-impregnated paper of 

bushing and leakage of oil from tank. This article describes the reason for the bushing’s 

explosion, which is based on the post mortem analysis of the damaged bushing, and considers 

the possible influence of electrical transient over-voltages caused the switching in electrical 

network. Results of analysis of the damaged bushing are also discussed. 
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1. Introduction 

 

Increasingly popular are bushings of resin-impregnated paper (RIP) type with composite shield. 

However, in operation there are a large number of oil-impregnated (OIP) bushings with 

porcelain casing at the age of more than 10 years. The service life of these bushings is 

determined by the condition of insulation and oil. To determine their condition, it is necessary to 

perform a set of tests and inspections. As a rule, periodic checks and measurements are made but 

the most effective is to monitor the capacitance current flowing through the main internal 

insulation, dielectric dissipation factor (DDF) or tgδ1 and capacitance C1, partial discharges 

(PD), dissolved gas analysis (DGA) of oil. As rule periodic measurements include: measurement 

of tgδ1 and capacitance C1 of insulation between conductor and tap measurement; tgδ2 and 

capacitance C2 of insulation between tap measurement and flange.  Timely detection of changes 

in the measured parameters makes it possible to replace the bushing and thereby prevent its 

explosion from internal electric breakdown. The possibility of restoration and further operation 

of the bushing is assessed based on the results of its testing. The results obtained are compared 

with results of factory measurements and the results of previous periodic measurements and the 

degree of their variation is estimated. This method does not give full information concerning 

technical condition of the bushing [2]. Typically, tgδ of insulation for new bushings does not 

exceed 0.4%, so increasing it by 20-30% may indicate an initial stage of deterioration of the 

insulation condition. A decrease in the capacitance can be caused by oil leakage from the 

bushing and an increase - probability the electrical breakdown of the insulation layer/s. The 

relation to the results of the measurements of insulation part C2 must not be indifferent. In the 

case of the penultimate screen is connected to potential tap and last screen - to the inner part of 

the flange, the value of C2 is many times higher than C1, and, as a rule, tgδ2 value is comparable 

to the value of tgδ1. In the case where the capacitance C2 is formed between the flange and the 

last screen connected to the test tap, it includes a layer of oil-impregnated paper and an oil layer, 

then the capacitance C2 commensurate with the capacitance C1. The value of tgδ2 depends on 

the condition of oil-paper insulation of last layer and also on condition of oil into bushing. The 

limit value (5%) of tgδ2 is recommended by the standard [3] is overestimated and reduces the 

significance of this parameter, and the possibility of not appraising the possible problem in 

bushing. 

In case if these parameters were changed, then there is the need to sample the oil from the 

bushing for DGA. Even if there are no significant changes in the values of these parameters, it is 

desirable to perform DGA after 10 years of operation. A plan for further procedures and 

measurements should be based on the measurement results. Periodic checking of the temperature 

on the outer surface of the porcelain casing by a thermo-vision camera in the infra-red range is 

unlikely to reveal an internal problem, but it allows us to detect deterioration of the outer contact 

connection and contamination of the insulator surface due to the appearance of a corona causing 

local heating. The presence of the electrical corona on the porcelain casing is best determined by 

a camera in the ultra violet (UV) range. The deterioration of the condition the contact connection 

to the winding lead into tank can be detected by the results of the DGA of the oil from the 

transformer tank and the subsequent measurement of the winding resistance. 

 

2. Explosion of the  400 kV Bushing in a Single-Phase 167 MVA Autotransformer 

 

After 20 years of normal operation, an explosion occurred in the 400 kV bushing leading to the 

fire of autotransformer (Figure 2). The explosion was caused by a breakdown of the main 
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internal insulation in the upper part of the bushing between the central of aluminum tube with 

inner copper rod (conductor) and the flange (Figure 3). The arc melted a part of the flange up 

opening the hole and this led to the initial leakage of oil from the cover of tank and ignition of 

oil. A high temperature arc caused the combustion of oil and oil-impregnated paper in the 

bushing. Rapid decomposition of insulating materials inside the bushing led to a sharp increase 

in the pressure of the gases formed. Under the influence of high temperature and high pressure 

the bushing porcelain exploded, its fragments were scattered in different directions for tens of 

meters. This and the high temperature of the flame led to the destruction of the other 

autotransformer bushings and the consequent intense leakage of oil from the tank and ignition of 

oil. The absence of a device to automatically close the pipeline between the tank and the 

conservator contributed to the continued flow of oil into the fire zone. The burning oil flowing 

along the tank burned the painting of the tank and radiators, electric cabinet, fans and all 

peripheral equipment and devices. In addition, high-voltage cables connected to 

 the bushings of the tertiary winding and arresters were damage. 

 

 

 

 

 

 
 

   

 

 

Figure 2. The autotransformer after fire                                       Figure 3. The breakdown of the  

                                                                                                                 bushing   insulation core                                                                                                          

 

The resistance of the tank and radiators to the effect of fire ensured that oil was not leaking from 

the tank, which did not lead to the ignition of the active part of the autotransformer (Figure 4). 
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Due to the high temperature effect on the cover of the tank, the other components, e.g., wire, 

sensors, insulating parts, top part of the diverter switch were damaged. 
 

            
 

Figure 4. The active part of the autotransformer after fire 
 

 

       3.    Post Mortem Analysis of the Bushing 
 

As a result of the explosion of the bushing, the porcelain casing collapsed into pieces. The oil-

impregnated paper and oil were burned under the influence of flame and aluminum parts (inner 

tube, foil screens and bushing‘s flange) were melted (melting temperature of aluminum 660 
o
C). 

Under the influence of an electric arc, the copper rod was partially melted and the crater formed, 

and under the action of mechanical forces the copper rod exploded in this place. 

The bottom part of the bushing, which was not exposed to the flame, was removed. This part was 

cut in the longitudinal and transverse directions. Through visual inspection and us of borescope 

and microscope, a number of tracks were found from the action of micro arcs on the copper rod 

and on the inner surface of the aluminum tube (Figure 5). At the top of the bushing, the rod 

conductor and the tube serving as a base for the paper insulation have a common contact. At the 

bottom of the bushing there is no contact between these parts.  

 

 
 

 

 

 

 

 

 

 

 

 

Figure 5. The tracks on the bottom part of copper rod and on the inner surface of the aluminum 

tube 
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       4.  Discussion 

 

Based on the results of the inspection, it can be assumed that under the influence of overvoltage 

arising in the network and in the substation where the autotransformer is installed, micro arcs 

arise between the rod and the tube. Since there is a scatter of these tracks along almost the entire 

length of the rod and the tube, the probability of occurrence of micro arcs and their location is 

random and depends on many factors: the amplitude of the wave (transient overvoltage) and its 

time characteristics, electrical parameters of the autotransformer and electrical devices (arrester, 

cable or air lines, switchgears and disconnectors, etc.) attached to it. Periodic checks of tgδ/C, 

thermo-vision and corona detection did not reveal any changes. It can be assumed that the place 

of burning of the tube was caused by the influence of multiple over-voltages which led to a 

change in the configuration of the outer part of the tube and, as a consequence, to a change in the 

strength of the electrical field in the first layer of insulation. Further breakdown occurred on the 

basis of the domino principle, which resulted in a complete breakdown between the tube/rod and 

the flange of the bushing. 
 
 

3. Conclusion 

 

When designing a bushing, it is necessary to take into account the possible effects of over-

voltages which lead to partial breakdowns between the conductor rod and the inner tube. 

Monitoring of partial discharges, transient over-voltages and DGA can promptly detect serious 

problems inside the bushing and thereby prevent the explosion. 

The presence of automatic oil shut off valve between the conservator and the tank can 

significantly reduce the consequences of explosion and fire on the transformer. 
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