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Arcing is more common than we would like to believe, even in 
new installations. Detecting these defects can be challenging, 
particularly at an early stage. Not one inspection technique, 

can on its own, detect and localise every defect.
Selecting the most appropriate method requires that inspectors 

understand the nature of the defect and the signs and signals available 
to be detected. The next logical step is to have the right technology 
available to pinpoint their location.

Discover the technologies and inspection techniques that should 
become mandatory for all electrical maintenance personnel to not 
only reduce the risk of arc flash exposure, but also enhance the overall 
reliability of the electrical system.

This article discusses simple and practical solutions available for 
reducing arc flash-related injuries or death - the obvious ‘front runner’ 
in the ‘risk’ department, and rightly so. But how far down the list do 
‘loss of electrical assets’ and ‘unplanned downtime’ appear? Let us 
be proactive and look at a ‘win win’ situation which will reduce the 
risk of all three.

Logic would say that finding and treating the cause is more 
important than the symptom.Without downplaying the role that arc 
suits play, or the role of other essential Personal Protective Equip-
ment (PPE) - my question is - if an arc suit is the last line of defence, 
then what is the first? 

Should there not be more interest in technologies that play a dual 
role – perhaps technologies that were originally intended as reliability 
enhancement tools, pointing out electrical defects at their earliest 
stages? It just so happens that the by-product of these technologies 
is... reduced risk of arc flash. Seems like a winner… and should hope-
fully seem so to any practical thinker in a maintenance management 
position. These ‘win win’ technologies are already being used suc-
cessfully in South Africa everyday.

This is not to suggest that the technologies discussed in this 
article will eliminate every instance of arc flash – and therefore PPE 
remains critical. There is also no ‘crystal ball’ which will predict the 
exact moment a flashover will occur. There is no perfect technology 
that can be relied on in all instances. We can however do the best with 
technologies already available, to protect those exposed.

What are we dealing with?

To understand the versatility of the technologies about to be intro-
duced, let us first look more closely at the common discharge types 

which could, in all likelihood, lead to arc exposure. We will investigate 
the signs and signals available making them detectable, identify the 
environments in which they are most likely to develop and lastly look 
at the basket of technologies at your disposal to aid in their detection.

As we all know, arcing, by definition, is the transfer of electrical 
energy from a conductor to another object that conducts electricity. 
Arcing generates a violent crackling sound and is accompanied by 
intense heat. This means that arcing can be detected in the sound 
spectrum, and also thermographically detected as the increase in 
temperature rises above the normal operating temperature. In ad-
dition, arcing also generates ultraviolet (UV) light. Arcing is a clear 
indication of system degradation and imminent failure.

Corona is an atomic reaction which causes ionisation of the air 
due to the movement of electrons. Corona produces corrosive gases 
as it splits the oxygen and nitrogen molecules in the air to form 
ozone and nitrous oxides which result in the breakdown and wear of 
insulation, which can lead to an arc if left unattended. The presence 
of Corona discharge is often identified by the unmistakable smell of 
the Ozone gas produced. Corona discharge is a specific subset of 
partial discharge (PD). It is an indication of elevated stress. Corona 
only shows up at around 4,4 kV and above at sea level (lower volt-
ages at high altitudes). 

Tracking is current flow along a surface facilitated by conduction 
through dust or dirt. It is another form of partial discharge. A tracking 
path forms a fault in the insulator.

Corona and tracking produce heat on a microscopic scale and 
therefore, contrary to popular belief, they do not generate any no-
ticeable change in temperature. Corona does however generate UV 
light. Tracking, is reportedly not always detectable using UV cameras. 
One thing we do know with certainty is that tracking and arcing 
are often precursors to fires, explosions and catastrophic failure of 
electrical plant.

Signs and signals

PD and arcing give off an array of signs and signals which are avail-
able to be detected.

The most commonly employed and relied upon is Infrared (IR). 
Infrared images visually detect a ‘hot spot’, a point that appears hotter 
in relation to the area around it. All surfaces emit energy, the differ-
ence between a cold or hot surface is the degree to which energy has 
been absorbed or emitted. If the surface absorbs more energy than it 
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radiates, it is ‘seen’ as cold and appears as blue and green or black. 
If however the surface emits more energy than it absorbs, it is ‘seen’ 
as hot and appears as white, yellow, orange and red depending on 
chosen palettes. Although IR technologies are most common, they 
too have their limitations.

The audible sound spectrum (human hearing) is generally 
considered to lie between 20 Hz and 20 000 Hz (20 kHz). Below the 
audible spectrum we have infrasound. Everything above the audible 
spectrum is ultrasound. These may also be referred to as infrasonic 
or ultrasonic sound respectively. 

PD and arcing will produce ultrasonic sound signals generated by 
friction from molecular vibrations set up by ionisation and gaseous 
friction arising from the sudden expansion of the gas caused by the 
intense, but very localised, heat of the discharge.

As opposed to low frequency sound, ultrasound in the frequen-
cies of interest to us may be considered to only propagate in straight 
lines. This characteristic is extremely valuable because it means 
that an ultrasound source can be pinpointed with great accuracy. 
The small wavelength means that ultrasound can escape from very 
small apertures. 

The high rate of attenuation can be useful by confining the sound 
to localised areas of interest, limiting the influence of interference 
from elsewhere.

Signals are however generated at a wide range of frequencies, 
sometimes above the range available to an ultrasonic detector, which 
is typically ‘tuned’ in to the frequency range best suited for detecting 
friction, the essence of that which is being detected. Radio frequency 
signals will also be produced. The PD may be taking place within an 
insulation structure, meaning that in certain situations, an ultrasonic 
detector will not be sufficient because no airborne ultrasound is 
produced.

PD events in switchgear have wavelengths that are similar in size 
to the physical size of the switchgear which means that the PD events 
will travel more like microwaves than lumped circuit electrical signals. 
The occurrence of PD within the equipment induces a voltage on the 
inner surface of the earthed housing. 

PD and arcing also produce UV which is a form of electromagnetic 
radiation with a wavelength shorter than that of visible light. It is so 
named because the spectrum consists of electromagnetic waves with 
frequencies higher than those that humans identify as the colour 
violet. Although Corona cameras are available, they require line of 
sight and therefore are of no value in enclosed switchgear cubicles.

Where are they commonly found?

Insulation materials in terminations, joints, cables and connected 
equipment will deteriorate differently over time. In some cases 
deterioration can progress to the point where breakdown occurs 
prematurely and this creates an arc flash risk. This applies to:
• Terminations: Commonly the weakest link in the electrical chain 

with the highest defect rate found during online condition assess-
ment of electrical plant. The most common defect is discharge 
between phases due to spacing limitations in tri core unshielded 
leads, incorrect spacing and application of the semi conductive 
materials in single core terminations. 

• Joints: Manufacturer specifications must be followed and care 
taken during the installation of joints. The common defect is 
discharges in the joint due to voids, small cuts in the insulation, 
incorrect semi conductive application and incorrect earth tension 
springs creating hot spots.

• Switchgear: Switchgear insulation is not tolerant of discharge so is 
designed to be PD-free, but ageing and contamination can cause 
PD which then leads to an arc when it finally fails completely. 

Technologies

Application of our current understanding of these defects, coupled 
with years spent in the field, has permitted the identification of 
technologies to make these defects less evasive. There is a basket of 
tools which, when used as complementary technologies, achieves 
the objectives set out earlier in this article.

Online cable assessment

This passive, non-intrusive online method relies on electrical measure-
ment and analysis of radio frequency cable insulation ageing signals 
which are emitted from the cable whilst it is in normal service. A 
non-contact U-shaped sensor is placed over the cable at convenient 
exposed locations. The cable signals are filtered, measured, processed 
and digitised employing a modified spectrum analyser. The acquired 
data, with detailed information about the cable and operating environ-
ment, is sent to an independent laboratory for analysis. The measuring 
bandwidth extends from 100 kHz to 300 MHz – with the data analysed 
in both the time and frequency domain. Since cable accessories such 
as terminations and joints, as well as connected equipment, are in 
the circuit at the same time that cable data is acquired, information 

Abbreviations

IR – Infrared
PD – Partial Discharge
PPE - Personal Protective Equipment
RF – Radio Frequency
TEV – Transient Earth Voltage
UV – Ultraviolet
VSD – Variable Speed Drive



E+C  SPOT ON • September 2013

is simultaneously obtained about the condition status of these other 
system and plant components (terminations, transformers, motors, 
switchgear, surge arrestors, etc).

Infrared

In practice, hundreds of connections with temperature rises of 5 to 
10°C have shown serious deterioration while components with higher 
temperature rises have shown little deterioration. The reason for this 
paradox is that excessive heating causes connections to arc and burn 
to the point where severe deterioration occurs. 

Arcing causes the connector to weld to the conductor, which can 
form a low resistance path for current flow. As a result, the heating of 
the component drops and may cease entirely for a time. These unin-
tentional welds are generally poor and are easily broken by mechani-
cal stress, high loads or fault currents. Once such a weld separates, 
heating and arcing occurs again until the connector re-welds to the 
conductor. Meanwhile, deterioration continues, and if not detected 
by inspection, the equipment eventually fails.

In spite of this, thermal imaging with IR has proved to be an 
excellent tool for detecting poor connections. However it cannot be 

relied upon to detect PD 
activity at voltages below 
about 240 kV. Therefore 
insulation defects require 
other technologies for reli-
able detection.

Figure 1: Thermal imaging 
camera.

Ultrasound

PD and arcing will produce ultrasound signals which can be located 
and pinpointed easily and measured for amplitude which indicates 
intensity or severity. These signals can be captured and viewed for 
analysis.

The advantage that ultrasound detectors hold over other technolo-
gies is that the defect can be detected at its inception, as opposed 
to those which can only detect defects at a more advanced stage. 
However if the problem is internal discharge then no detectable 
airborne ultrasound may be produced.

The nature of the inspection technique makes it very easy to 
identify discharge within closed, live switchgear. The ultrasound 
signal can pass through small apertures in the panel, available for 
detection by an airborne ultrasound sensor. This completely avoids 
the need to open panels or install IR windows for detecting insulation 
related defects - not overheating (see Figure 2).

If there is not an air gap from which the ultrasound signal can 
escape, a watertight door for example – a contact ultrasound sensor 
on the door or frame of the cabinet will be enough to let you detect 
if there is any ultrasound activity within.

Figure 2: Ultrasound, 
airborne defect detection, 
switchgear.

Ultrasound detectors can 
be extended to overhead 
transmission and distri-
bution lines, transformer 
inspections, HV yards and 
other areas where dis-
tance is an issue.

Corona generates a 
constant and unmistaka-
ble, deep, burbling sound. 
Tracking however, pro-
duces a crackling sound 
which varies in intensity. 
The presence of either or 

both of these problems is relatively straightforward to detect and it 
is quite easy to distinguish between the two.

The ability to capture scalable data means that two sound sources 
can be compared – these might be two separate locations, or perhaps 
an historical comparison or maybe even a before and after.

It is not uncommon to have a combination of defects – tracking 
and Corona occurring at the same time.

Figure 3 shows a time signal which contains both – the sharp 
impulsive nature of the tracking sound means that this component 
dominates the time signal:

Figure 3: Time signal of 
tracking.

Figure 4: Time signal 
tracking and Corona.

The time signal pro-
duced by arcing is 
quite similar but is 
likely to be far more 
intense. Mechanical 

defects can also be detected ultrasonically. Ultrasound intensity 
changes with increases in friction in rotating equipment such as bear-
ings, gears and couplings. The higher the friction or impact level in 
the defect, the higher the dBµV value measured, therefore the larger 
the cause for concern.

The ability to diagnose the nature of the defect through time 
signal analysis, allows the inspector to firstly understand the nature 
of the defect, the inherent risks involved, and then is able to know 
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what reactive measures are to be taken to resolve the issue. Each 
defect develops out of a particular set of possible circumstances. A 
PD defect would most likely be associated with poor installation prac-
tices or poor, aged insulation. Maintenance personnel would know to 
check cable terminations and spacing between phases for example. 
A tracking defect would most likely be associated with the forma-
tion of dirt and dust, allowing the tracking path to form. This would 
instead suggest that a cleaning exercise is the most likely solution.  

Transient earth voltage

Transient earth voltage (TEV) radiation of PD will be detected by the 
TEV sensors that are magnetically latched onto the outside of the 
switchgear panel. In this way the TEV sensor works in effect as an 
external capacitive coupler that detects the PD pulses on the outer 
surface of the switchgear housing.

Radio frequency

Radio frequency (RF) signals are produced by discharge defects and 
can be detected with an RF device. The instrument is designed to as-
sist the test technician to detect fast transients such as those created 
by arcing and PD. However they are not well suited to pinpointing the 

location of defects 
where ultrasound 
has an advantage. 
They can also be 
used outdoors on 
overhead  l ines 
and areas where 
distance is an is-
sue, with a purpose 
built antenna.

Figure 5: Tracking ac-
cross an insulator.

Pitfalls

Each technology has its own areas of weakness and it is therefore 
essential to use a combination strategy, employing the technologies 
which will work best in a particular environment. Combining two or 
more technologies in an area, to be sure that a defect does not go 
undetected, is a best practice solution.

The online cable assessment technology is looking for tiny sig-
nals within the cable which will be completely masked if there is any 
other high level discharge activity. Therefore, it has become common 
practice to inspect substations first, then moving on to the cables only 
once these discharges have been addressed.

Although IR is largely relied on in many plants and is of great value 
to detect bad connections, insulation with PD defects go undetected.
Ultrasound is very reliable and can cover a wide range of defects in 

most installations, but it also comes with limitations. If the amplitude 
of the signal is minimal, from an internal defect for example, or if 
the defect occurs within a ‘tight’ panel, the chances of detecting the 
defect will be reduced. 

All technologies relying on high frequency signals will struggle 
with background noise from VSDs, fluorescent lights, inverters, elec-
tronic switching and other interferences generating high frequency 
sounds. Identifying this background ‘parasitic’ noise can be done by 
the test technician initially, to rule them out as suspected defects. 
This needs to be thoroughly considered to eliminate or reduce back-
ground interference experienced during the data acquisition process 
of ultrasound and cable assessment technologies.

TEV detectors are also a key ingredient. Again, there is the pos-
sibility that a defect missed with other inspection techniques would be 
easily detected by TEV, however, this covers phase to phase defects, 
what about phase to earth? Ensure that your TEV instrument has 
the functionality and sensors necessary to inspect the earth circuit. 

Inspectors should know the limitations of the instruments they 
employ as there is no 
one technology which 
can be used success-
fully in every eventual-
ity. If budget constraints 
do not permit procuring 
the full basket of tools 
it is recommended to 
consult with a reputable 
vendor and get recom-
mendations on the most 
appropriate technology 
for your particular plant.

Figure 6: RF detection.

Conclusion

The anxieties associated with a potentially ‘preventable’ injury, death, 
catastrophic failure and unplanned downtime, will continue to haunt 
members of senior management who have not taken the necessary 
steps and precautions to reduce the risks. Technologies and expertise 
are available to those who seek it. Manage arc flash risk by:
• Using the appropriate PPE
• Conducting condition assessments to verify that plant is safe

There is no quick fix, ‘one size fits all’ approach that we can all apply. 
It requires the dedication and due diligence of committed inspectors, 
with the right information, and the right tools with which to meet 
every eventuality.
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Figure 7: Combining online cable assessment with IR.


