
TOTUS Online monitoring prevents in-service 
of 345kV bushing in North America
Evidence: An arcing event was recorded in conjunction with a capacitance  

increase in the same bushing 
Action: DGA test of bushing oil confirmed the arcing activity, leading 

to immediate bushing replacement 

Background 
TOTUS Bushing and PD monitoring was installed in 2018 on 
504 MVA three-phase transformer in North America. 

The TOTUS bushing monitoring system is a continuous online 
monitoring system which monitors bushing leakage current and 
partial discharges continuously, summarises the data hourly, 
and stores to digital record which is remotely accessible.

TOTUS unique features include the capability to 
automatically reject noise, separate PD in bushings from 
those in the main tank plus detecting intermittent Arcing 
activities that can be correlated with other parameters 
such as bushing capacitance, load and temperature.

Figure 1. Capacitance increase in bushing H2 and  
high energy event recorded at the same time

Event
During normal operation, a sudden step increase of the 
capacitance (C1) in bushing H2 was detected by the 
monitoring system; estimating a capacitance change in the 
order of 2.9%, which suggested a possible a short circuit 
between two bushing capacitive layers.

With a detailed examination of the data, it was observed 
that the PD monitoring system recorded an Arcing event 
at the same instant as a capacitance increase in the H2 
bushing. Figure 1 shows the recorded capacitance and PD 
data. The arcing event (also referred to as High Energy 
Event in TOTUS Software) was characterised by impulses 
with significant magnitude (60 V peak-peak) and very low 
repetition rate at only 6 pulses per second. Because the 
breakdown event was only very brief, continuous online 

monitoring is necessary to detect these events and correlate 
them to capacitance change. This same phenomenon has 
been detected by TOTUS in other defective bushings.

Action 
This phenomenon involving a capacitance change at the 
same instant as high energy events, has been observed in 
other defective OIP bushings. Given the suspicion of failed 
capacitive layers in the bushing, the utility elected take an 
oil sample of the bushings and found elevated levels of 
gassing in the bushing. 

Key Points 
•   The magnitude of the capacitance increase, and the partial 

discharges were so small that if they were only considered 
individually and separately, they would not raise much concern.

•   The combination of the two small deviations/anomalies 
occurring at the same time, plus the experience from 
TOTUS having correlated these phenomena, and the failure 
mechanism in other bushings, suggested the choice of the 
DGA oil sampling as confirmation test.

•   It should be noted that DGA on bushings is not a routine 
test under the utility’s general policies and it is carried out 
only in very exceptional cases.

OFFLINE DGA results for H1 
and H2 bushings

2012 2014 

H2 20 85

CH4 8 167

C2H2 <2 21

C2H4 <2 645

C2H6 14 65

CO 75 714

CO2 1.460 2.790

N2 51.800 84.300

O2 7.490 29.600

TDCG 117 1697

TDG% 6,07 11,79

Table 1. Offline DGA results  
for bushings H1 and H2

Figure 2. Bushing tap adaptor 
for Partial Discharge and bushing 
monitoring
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