
One of the earliest indicators that high 
voltage electrical assets are beginning 
to degrade is the presence of partial 
discharges. IEC60270 defines partial 
discharge as a localized electrical 
discharge that only partially bridges 
the insulation between conductors, 
and which can or cannot occur 
adjacent to a conductor. Partial 
discharges can take several forms:

1.	 Void discharges occur in 
defects in the solid insulation.  
The discharges occur because 
the breakdown strength of 
the void is much lower than 
the breakdown strength of 
the solid insulation around 
it.  Void discharges typically 
occur in cables, bushings, and 
transformers. Void discharges 
can be highly destructive to 
insulation and in time will 
typically result in complete 
failure of the insulation.  

2.	 Surface discharges occur along 
the surface of insulation rather 
than in voids in the insulation.  
Repeated surface discharges 
will often result in surface 
tracking which is easily seen 
by the eye.  Surface discharges 
can occur in air insulated 
switchgear, on the external 
weather sheds of insulators and 
bushings, and in motors and 
generators. Surface discharges 
can significantly increase 
in the presence of surface 
contamination, humidity, fog, 
and light rain.  

3.	 Corona discharges occur when 
the air surrounding a conductor 
carrying high voltage becomes 
ionized allowing the charge 
to continuously bleed off the 
conductor into the air. Corona 
often radiates from sharp 
surfaces or irregularities on the 
surface of the conductor.

4.	 Arcing discharges are 
prolonged electrical discharges 
produced by the electrical 
breakdown of a gas. Plasma 
is an example produced when 
current flows through air, or any 
other normally non-conductive 
medium.
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Figure 1: Dynamic Ratings Comprehensive Transformer Monitoring System

Figure 2: Bushing and Partial Discharge Sensor Installed on a GSU

Since the analysis 
identified that the 
discharges were
coming from outside
the transformer, 
Dynamic Ratings 
recommended that
the customer scan
the high voltage
yard with a corona 
camera.

Partial discharges (PDs) can pose 
a significant threat to high voltage 
electrical equipment. Partial 
Discharge is also typically the first 
indicator that an electrical asset 
is degrading. If left undetected or 
if corrective actions are not taken, 
partial discharges can lead to 
costly electrical failures. Thankfully, 
technologies exist which allow the 
detection of partial discharges in 
energized electrical equipment. PD 
cannot be measured directly, however, 
its energy by-products such as 
electrical transients, electromagnetic 
emissions, sound, light, and heat

can be measured. Of these, the 
monitoring of electrical transients 
(i.e. electrical partial discharge 
monitoring) is the easiest and 
most cost effective to implement 
continuously online. Electrical partial 
discharge monitoring also offers the 
ability to utilize a single sensor for 
both bushing monitoring as well as 
online partial discharge monitoring.

As part of a comprehensive online 
monitoring program, an electrical 
utility installed key gas DGA, bushing 
and partial discharge monitoring on 
their generator step up transformers.  
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Partial Discharge 
is typically the first 
indicator that an 
electrical asset
is degrading.



Figure 3: Trend of the partial discharge intensity 

Figure 3: Trend of the partial discharge intensity 

Figure 5: Corona camera image of the transformer HV SF6 breaker

Using the corona camera, the 
customer was able to identify multiple 
sources of partial discharges. The 
most concerning problem was an 
issue that was identified with the 
bushings on the high voltage SF6 
breaker protecting the transformer. 
Large amounts of partial discharge 
were eminating from the bushing cap 
and a visual inspection of the bushing 
cap identified corrosion problems 
on this bushing as well as 12 other 
GCB bushings in the plant. As a result 
of the partial discharge monitoring 
and the follow up corona camera 
inspections, the customer contacted 
the breaker manufacturer to perform 
a visual inspection of the HV gas 

receiving alarms due to high levels 
of partial discharge intensity. Partial 
discharge intensity is an estimate of 
the energy of the partial discharge.  
The trend chart shown in figure 3, 
shows that the partial discharge 
intensity from all sensors was 
acceptable except for periodic spikes 
associated with activity on channel 
2 of the monitor which exceeded the 
warning and alarm thresholds.

Since the analysis identified that the 
discharges were coming from outside 
the transformer, Dynamic Ratings 
recommended that the customer 
scan the high voltage yard with a 
corona camera.

circuit breakers. The manufacturer 
has recommended the replacement 
of 12 bushings on the GCB’s 
protecting the transformers.  

Online condition monitoring of high 
voltage electrical equipment is an 
effective way to identify degrading 
electrical assets at an early stage.  
Utilizing a comprehensive approach 
allows utilities to implement 
technologies to identify and prevent 
nearly all failure modes typically 
found in their high voltage electrical 
assets. While technologies like 
DGA and online bushing monitoring 
have been used for years to identify 
degrading high voltage electrical 

The bushing and PD system 
consisted of sensors installed in the 
test taps of the high voltage bushings, 
Rogowski coils installed around the 
porcelain skirt closest to the bushing 
flange, and coupling capacitors 
connected to the bolted connections 
of the flexible links connected to the 
LV bushings. Coupling capacitors 
were used to monitor the LV winding 
of the transformer since the LV 
bushings did not have test taps. 
Pictures of the monitoring system 
and sensor installations are provided 
in figures 1 and 2.

Shortly after the monitor was 
installed, the customer began 

assets, implementation of online 
partial discharge monitoring is 
not as common. However, since 
partial discharge is typically the first 
indicator that an electrical asset is 
degrading, it makes sense to include 
partial discharge monitoring as part 
of a comprehensive approach to 
monitoring your high voltage assets.

Online condition 
monitoring of high 
voltage electrical 
equipment is an 
effective way to
identify degrading 
electrical assets
at an early stage. 
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