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Background 
A 100 MVA Auto-transformer (Figure 1) has been 
monitored for 2 years with TOTUS including 9 gas DGA, 
Partial Discharges (PD) and Bushing monitoring. 
TOTUS has the unique capabilities to detect PD from the 
bushings automatically rejecting the noise and identifying 
if the source of discharge is in the Main Tank or in the 
Bushings (Figure 3).

Event
In March 2021 the transformer load had an increase 
and for almost 1 week it remained at high level causing 
an increase of the oil temperature.
The levels of CO and CO2 monitored by the TOTUS 
system increased with the oil temperature, however still 
within acceptable limits.
After a few days of exposure at higher temperature, 
bushings A2 and C2 on the secondary side (69kV) 
started to show a slow increase of the relative Power 
Factor (Tan Delta) as well as a step increase of the 
Partial Discharge activity (Figure 1).
One week later both load and temperature had a 
temporary decrease causing an attenuation of the 
PD activity repetition rate. However, the degradation 
mechanism was still active and persisted, causing the 
Power Factor to raise in both bushings.
A first alarm on PD was triggered followed by a second 
alarm on the Power Factor in both bushings.

Action
The utility decided to de-energize the transformer and 
perform the offline test. The results confirmed that the 
2 bushings had abnormal Power Factor, equal to 3% 
and 1.8% respectively. The bushings were planned for 
immediate replacement.

69 kV bushing Offline  30/06/2021

Capacitance pF Power Factor %

A1 350.8 0.241

B1 343.5 0.266

C1 345.8 0.272

A2 313.8 3.085

B2 331.4 0.269

C2 331.9 1.793

Asia Pacific Utility replaces 2 69 kV bushings 
thanks to TOTUS online monitoring

Evidence: Increase of PowerFactor and Partial Discharges in the bushing following  
a temperature increase 

Action: 2 bushing replaced after offline tests confirmed online results

Figure 1. Camlin bushing sensor installed at the bushing test tap 
to detect both Partial Discharges and changes in Capacitance 
and Power Factor

TOTUS was able to trigger 
an alarm and save 2 bushings 
in the same transformer



Figure 3: Hourly PD evolution in bushings A2 
and C2 on LV side, correlated with Tandelta 
Increase and Decrease over the time, before 
switching the transformer off.

PD were a clear early detector of the failure, being active well 
before Power Factor could reach critical values
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Figure 2: PD trend in all bushings (Top left) 
showing a step increase only in bushings 
A2 and C2 together with the slow Tandelta 
increase (Top right ) in the same bushings. 
Both phenomena are correlated to the Top 
Oil increase (Bottom)


