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Abstract. Transformer failure investigation is important to obtain necessary actions which prevent similar 
failure from happening in the future. An investigation was conducted upon the failure of a transformer in 
Indonesia which damaged substation apparatuses nearby. To determine possible cause of the failure, the 
investigation was performed by doing visual inspection after failure, further analysis on related historical 
assessment result data and simulation using related nameplate and actual configuration. Most historical 
assessment result data showed no early failure indication of the transformer, while sweep frequency 
response analysis (SFRA) test result showed severe deformation on both primary and secondary winding. A 
simulation using Transient Analysis Program for internal short circuit between winding and ground was 
conducted and the output waveform was identical to Digital Fault Recorder (DFR) waveform data during 
transformer failure. Therefore, the possible cause of transformer failure was internal arcing on primary 
winding to ground which could not be interrupted by the protection system. According to visual inspection 
after failure, the possible cause of protection system malfunction was accidental open circuit in Current 
Transformer (CT) secondary circuit which damaged whole CT wiring. 

1 Introduction  
In power system, transformer holds important role to 
maintain power delivery and voltage stability across 
transmission network. Routine assessment data analysis 
and evaluation on previously recorded fault are 
necessary to monitor the condition of the transformer 
and to take required action to maintain performance and 
reliability of the transformer itself. Further analysis can 
be performed toward routine maintenance test such as 
tan delta, Polarization Index (PI), Dissolved Gasses 
Analysis (DGA) etc. [1]. Along with routine assessment 
data, Sweep Frequency Response Analysis (SFRA) has 
provided valuable information regarding transformer’s 
internal characteristic such as core, windings or 
termination [2-7].  

In 2017, a transformer in Indonesia experienced 
sudden failure resulting collateral damage to another 
apparatus which were electronically connected to the 
transformer, such as transformer bay marshalling kiosk, 
high voltage arrester on the secondary side of the 
transformer, 150 kV Current Transformer (CT) on the 
primary side of the transformer and also relay panel on 
control room. Field data evaluation and related 
simulation was conducted to investigate the possible 
cause of the failure. 

2 Methodology  

The collected field data consist of visual inspection after 
failure, historical transformer assessment data and 
Digital Fault Recorder (DFR) data. Historical 

transformer assessment data was analyzed using related 
standard, while visual inspection and DFR data were 
analyzed to generate related fault model in 
Electromagnetic Transient Program which could 
represent the possible cause of the transformer failure. 
The transformer parameters used in simulation was 
adjusted and configured accordingly according to 
transformer nameplate and actual configuration in order 
to provide reliable result. The result of the simulation 
was analyzed and compared with DFR data to determine 
the possible cause of the failure.  

3 Field data evaluation 

3.1 Visual inspection of damaged apparatus  

As explained in introduction, several apparatus was 
severely damaged during the fault. Therefore, individual 
visual inspection was performed to obtain valuable 
information needed for the analysis. The specification of 
the transformer according to the nameplate was shown in 
Table 1. The neutral side of the transformer was 
connected to 29 Ω Neutral Grounding Resistor (NGR). 
During visual inspection on the transformer, it was found 
that both primary and secondary bushing were shattered 
(Fig. 1). Visible white smoke was spotted flowing out 
from bushing turret which indicated the presence of hot 
spot inside the tank. For safety reason, further visual 
inspection such as climb up inspection was cancelled. As 
shown in Fig. 1, transformer tank was deformed which 
indicated the increase of internal pressure. 
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Table 1. Specification of the transformer. 

 

 

Fig. 1. Transformer condition after failure. 

Marshalling kiosk of the transformer bay had burning 
mark on terminal 1 – 100. The most severe damage 
could be seen on terminal 82 as shown in Fig. 2. 
According to the wiring diagram, terminal 82 was 
connected to 150 kV CT on the primary side of the 
transformer. 

 

Fig. 2. Transformer condition after failure. 

Further visual inspection on 150 kV CT on the 
primary side of transformer revealed arcing mark on 
CT’s core terminal cover (Fig. 3). All of the core 

terminal was burnt and some of them were melted as 
shown in Fig. 3. 

 

Fig. 3. 150 kV CT terminal cover and core terminal condition. 

High voltage lightning arrester on secondary side of 
the transformer had several-ruptured sheath and 
damaged counter as shown in Fig. 4. 

 
Fig. 4. Arresters on secondary and primary side of the 
transformer condition. 

Visual inspection on relay panel of transformer bay 
showed arcing mark on the wall side (Fig. 5). Further 
investigation revealed that the arcing mark on the wall 
side was located next to 150 kV CT module rack. 

 

Fig. 5. Transformer bay relay panel condition. 

3.2 Visual inspection of damaged apparatus  

Historical transformer assessment data used in the 
evaluation were insulation resistance test result, tan delta 
test result and SFRA test result. Both insulation 
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resistance test and tan delta test were performed in 2015 
and 2017, while SFRA test was performed in 2015. The 
result of insulation resistance test was shown in Table 2. 
The polarization index of all test mode still above 
standard range 1.11-1.3 [1], hence the insulation of the 
transformer before failure was still in good condition. 
Note that the insulation between primary and earth and 
also between primary and tertiary had the lowest PI 
value, 1.44. 

Table 2. Insulation resistance test result. 

 

The result of transformer tan delta test was shown in 
Table 3. According to the reference, the maximum value 
of power dissipation is 0.5% [1]. Noted that almost all 
the tan delta value of transformer bellows 0.5%, hence 
the transformer winding insulation before failure was in 
good condition. 

Table 3. Transformer Tan Delta test result. 

 

The result of transformer bushing tan delta test was 
shown in Table 4. According to the reference, the 
maximum value of power dissipation is 0.5% [1]. Noted 
that almost all the tan delta value of transformer bellows 
0.5%, hence the transformer bushing insulation before 
failure was in good condition. 

Table 4. Bushing Tan Delta test result. 

 

SFRA test result showed severe deformation of 
primary and secondary winding as shown in Fig. 6 and 
Fig. 7. According to the reference, the frequency region 
for interaction between winding ranges between 2 kHz 
and 20 kHz while the frequency region for winding 
structure ranges between 20 kHz and 1 MHz [5]. For 
both region, the SFRA result for each phase was 
different one to another on primary and secondary 
winding. 

 

Fig. 6. SFRA result for primary winding (Phase R =grey, phase 
S=yellow and phase T=brown). 

 

Fig. 7. SFRA result for secondary winding (Phase r=green, 
phase s=blue and phase t=red). 

Severe deformation on winding structure might 
indicate any clearance change or shift between primary 
and secondary winding and also between each winding 
toward transformer tank. This clearance shift affected the 
insulation strength resulting in possible insulation 
breakdown bellow the proposed design. 

3.3 Historical fault data of the transformer  

Previous fault on the transformer and the transmission 
line connected to the transformer could generate fault 
current which gave mechanical stress toward transformer 
winding [7-9]. Based on the fault data in 6 transmission 
line and the substation itself from 2016-2017, there were 
11 faults which mostly consist of transmission line fault 
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with distance relay attenuation. Those faults might 
contribute insulation degradation of the transformer. 

3.4 Digital fault recorder data 

The voltage and current waveform on the primary side of 
the transformer during the fault were shown in Fig. 8 and 
Fig. 9. 

 
Fig. 8. Voltage waveform record during fault (Phase R=red, 
phase S=green and phase T=blue). 

 

Fig. 9. Current waveform record during fault (Phase R=red, 
phase S=green and phase T=blue). 

4 Modelling and simulation 
Based on SFRA test result, the deformation on both 
primary and secondary windings were detected. The 
deformation could indicate winding position shift which 
might lead to possible short circuit from transformer 
winding to ground due to higher insulation stress. The 
possibility of phase to ground fault was supported with 
the DFR waveform pattern where the voltage of one 
phase was declining (phase R) and all the current 
waveform had the same phase angle. Deformed tank also 
served as an evidence of sudden pressure increase inside 
the transformer tank which might be caused by internal 
arcing. Simulation model for internal phase to ground 
fault on either primary winding or secondary winding 
was generated using Electromagnetic Transient Program 
as shown in Fig. 10. Note that the simulation used two 
150 kV transmission lines to represent the actual 
configuration of the substation. 

 
Fig. 10. Simulation model for phase to ground fault on 
transformer winding. 

The voltage and current waveform for phase to 
ground fault simulation on primary winding (phase R) 
was shown in Fig. 11 and Fig. 12, while the voltage and 
current waveform for phase to ground fault simulation 
on low voltage winding (phase R) was shown in Fig. 13 
and Fig 14. Based on the simulation result, ground fault 
on primary winding gave identical voltage and current 
waveform with the recorded waveform data of DFR. 

 
Fig. 11. Voltage waveform for phase to ground fault on 
primary winding (Phase R=red, phase S=green and phase 
T=blue). 

 
Fig. 12. Current waveform for phase to ground fault on 
primary winding (Phase R=red, phase S=green and phase 
T=blue). 
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Fig. 13. Voltage waveform for phase to ground fault on 
secondary winding (Phase R=red, phase S=green and phase 
T=blue). 

 
Fig. 14. Current waveform for phase to ground fault on 
secondary winding (Phase R=red, phase S=green and phase 
T=blue). 

5 Discussion 
Based on recorded fault data from 2016-2017, there were 
total 11 faults happened on the transmission line which 
connected to the transformer. High magnitude current 
generated by the fault gave mechanical stress to the 
winding of the transformer, hence the insulation between 
windings or between winding and tank would be 
compromised due to structural shift inside the 
transformer. The winding structure shift due to previous 
fault on the transformer was proven in SFRA test result 
as shown in Fig. 6 and Fig. 7. The compromised 
insulation inside the transformer might increase the 
possibility of phase to phase or even phase to ground 
short circuit. Since the simulation waveform result in 
Fig. 11 and Fig. 12 was identical to the DFR record, it’s 
predicted that the possible cause of transformer failure 
was internal arcing on phase R of primary winding (150 
kV). According to the reference [10-14], internal arcing 
during fault could deform transformer tank which was 
similar to what happened in Fig. 1. Internal arcing 
vaporized the oil which increased the volume of 
flammable gasses inside the transformer. 

The most damaged terminal in transformer bay 
marshalling kiosk was terminal 82 which connected to 

the wiring of phase R 150 kV CT. The 150 kV CT had 3 
core and the third core was shorted using wire for future 
instalment of Bus Protection. Judging the arcing mark on 
CT terminal cover (Fig. 3), there’s a possibility that the 
wire used for shorting the redundant third core was loose 
which accidently made the CT become open circuit. 
Open circuited CT created very high voltage difference 
between CT terminal to ground, resulting electrical arc 
on CT terminal and also on terminal 82 in marshalling 
kiosk. The burning on terminal 82 damaged the other 
terminal above it. Terminal 76-79 on marshalling kiosk 
was dedicated for phase S and phase T 150 kV CT 
wiring, therefore the burning on terminal 82 also created 
open circuit in phase S and phase T 150 kV CT. Arcing 
from 150 kV CT wiring to ground created voltage 
transfer which initiated short circuit between control 
cable in relay panel inside the control room to the 
ground. The arcing damaged whole CT wiring and rack 
which result in complete malfunction of transformer 
protection system. Malfunctioned protection system 
could not interrupt internal arcing fault on phase R 
winding, which created prolong arc resulting rapid 
increase of transformer oil pressure. Rapid increase of 
oil pressure might rupture the tank and shatter the lead 
bushing. Shattered bushing caused short circuit between 
high voltage lead with the tank which caught transformer 
on fire. The flame damaged the arrester next to the 
transformer as shown in Fig. 4. 

6 Conclusion 
The possible cause of transformer failure was internal 
arcing in phase R of primary winding which could not be 
interrupted by protection system. The malfunction of the 
protection system was caused by damaged 150 kV CT 
wiring due to accidental open circuit on CT core. 
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