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Spectral Analysis of Airborne Ultrasound based on ISO 29281-1 
recommendations will boost your decision-making capabilities when 
inspecting and detecting failures in electrical assets. The ultrasonic 
detector UL101 & InCTRL platform will lead you to a friendly 
environment for reliable diagnosis and reporting competence.

Airborne Ultrasound has been used for decades in electrical failure 
detection, such as Corona, Tracking, and Arc, in circuit assets 
around the world. However until a few years ago the
diagnoses had to be made through a pure hearing acoustic quality 
analysis trying to identify the different sound patterns that are 
present in each detectable fault with this technology.

This weakness caused that the routine inspections with Airborne 
Ultrasound were not given the due value, since depending just on 
the technician interpretation is not always the best
way to make a decision involving critical assets such as 
transformers or others present on distribution, transmission and/or 
substations.

In our days, Airborne Ultrasound Receivers have the ability to 
record sounds that were detected on the field. This allows the 
personnel to carry that information to a platform that converts it to 
a graph that shows the acoustic characteristics contained on the 
signal.

This practice has been documented and recommended by the
standard ISO 29821-1 called “Condition Monitoring and Diagnostics 
of Machines – Ultrasound” Part 1 “General Guidelines,” so adopting 
it becomes a must.
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Airborne Ultrasonic Detection and Diagnosis Can 
Lead to Reliable Electrical Asset Management

Background 
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Figure 1: Distribution Line Inspection with 
an UL101 Airborne Ultrasound Receiver and 

PowerBeam 300 Parabolic Accessory

Or also known as acoustic ultrasound is a technology that allows 
the user to detect frequencies above threshold of human hearing. 
The decrease in the dielectric strength of our insulation due to 
several conditions as contamination, humidity, among others 
causes electrons that integrate our electrical current to escape 
from our system. Atmosphere ionization caused by the gain of 
electrons by the atoms that constitute the atmosphere generates 
Ultrasound. This acoustic energy will be detected by our Airborne 
Ultrasound Receivers, recorded and then analyzed.

Corona is an electrical phenomena caused by the ionization of the 
surrounding air due to the escape of free electrons from our circuits. 
When air molecules are ionized they are capable of conducting 
electricity causing that some of the electrons circulate through air. 
When Corona occurs it creates ozone (detrimental to the human 
lungs, eyes, etc.), ultraviolet light, nitric acid, electromagnetic 
emissions and sound. Ozone is a strong odorous gas that 
deteriorates rubber based insulation. 

Airborne 
Ultrasound

Electrical Failures Detectable by 
Airborne Ultrasound: Corona
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If moisture or high humidity conditions exists nitric acids can also 
be formed that attack copper and other metals causing corrosion. 
The effects of Corona are cumulative and permanent, and failure 
can occur without warning. 

Corona activity is at its strongest on the positive (+) and negative 
(−) peaks of the 60 Hz cycle. Threfore, when we perform spectral 
analysis, we look for consecutive harmonics of the electrical 
frequency in the FFT (Fast Fourier Transform) graph that shows 
the signal amplitude in the Y axis and frequency (Hz) in the X axis.

Figure 3: Corona spectrum is rich in 
consecutive 60 Hz harmonics

Figure 2: Insulator 
affected by corrosion
formed by atmosphere 
ionization Corona’s waveform (amplitude through time) must show 

uniformity in the amplitude peaks. This phenomenon does not 
charge potential or discharge that would be easily identified in 
the spectrum. Corona is constant, is dependent on the voltage of 
the system not on the charge, so Corona detection can be done 
even if the circuit has no charge. This behavior contributes to the 
possibility of doing this kind of inspection during maintenance 
works or new installations before commissioning ends. Corona 
do not cause temperature change, so is practically invisible for 
infrared technology, even though it generate ultraviolet photons
that can be detected with special instruments.
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Electrical Failures Detectable by Airborne 
Ultrasound: Tracking
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Figure 4: Corona’s waveform 
shows amplitude uniformity during 

the entirety of the sample.

When the insulation has been deteriorated by Corona, the failure
point evolves to Tracking, that is known as the superficial electrical
path were bi dimensional electrical treeing are created. Electrical 
treeing isobserved to originate at points where impurities, gas voids, 
mechanical defects, or conducting projections cause excessive
electrical field stress within small regions of the dielectric. This 
phenomenon begins with the potential charging process, when this 
potential exceeds the dielectric strength value, discharge occurs, 
causing irreversible damage on our electrical assets.

When the insulation has been deteriorated by Corona, the failure
point evolves to Tracking, that is known as the superficial electrical
path were bi dimensional electrical treeing are created. Electrical 
treeing is observed to originate at points where impurities, gas 
voids, mechanical defects, or conducting projections cause 
excessive electrical field stress within small regions of the dielectric. 
This phenomenon begins with the potential charging process, when 
this potential exceeds the dielectric strength value, discharge
occurs, causing irreversible damage on our electrical assets.

Figure 5: Electrical treeing is 
characateristic of the tracking 
phenomenon
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Tracking waveform (amplitude through time) must show that the 
phenomenon is not occurring continuously, but until the potential 
charge exceeds the dielectric strength. Tracking can occurs in any 
place of the 60 Hz cycle.

Figure 6. Spared 60 Hz harmonics is a frequency characteristic of tracking.

Figure 7. Amplitude peaks are not shown in a continuous pattern,
and can be differentiated throughout the rest of the sample.
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Electrical Failures Detectable by Airborne 
Ultrasound: Arcing
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Figure 8. Arc discharge in distribution lines.

Arcing is formed between two electrodes subjected to a potential 
differential and placed within a rarefied gaseous atmosphere 
forming a flame like discharge. During the time of the discharge 
a very intense luminosity and a great detachment of heat takes 
place. Both phenomena, if accidental, can be very destructive as in 
the case of piercing insulators or other electric elements. It is often 
called arc discharge to the type of electric conduction that occurs 
in gases and gives rise to very high currents up to thousands of 
amperes. An arc discharge is essentially a short circuit and the
ionization mechanism of the air is similar to that of the Corona.

For arcing diagnosis in the spectral analysis platform, we would 
look to identify in the FFT (Fast Fourier Transform) graph the 
fundamental frequency of the electricity frequency, in this case 60 
Hz. We should not see any kind of harmonics as seen in the other 
two effects.
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Arcing waveform (amplitude through time) must show variations 
among the amplitude and the duration of the discharge, is 
significantly different against the other phenomena.
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Figure 9. The 1x frequency harmonics is an indication of arcing.

Figure 10. The sustained amplitude peaks are representative of arcing discharge.
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Ultrasound waves have a directional behavior allowing the 
Airborne Ultrasound Receivers to determine with high precision 
the exact location where the failure is occurring. This capacities, 
spectral analysis and directionality, make Airborne Ultrasound 
and excellent option for routine inspections of distribution, 
transmission and/or substations. 

The correct technology used in the correct way and supported 
by active International Standards allows the technicians to 
contribute to the operational reliability of their facilities improving 
their availability and minimizing the operational costs related to 
the maintenance practices.

Airborne Ultrasound also contributes to personnel safety by 
complementing traditional inspection methods eliminating the 
risk of electrical discharge and arc ‘lash as established by NFPA 
70B and 70E.

Conclusions

CTRL Systems has more than 25 years supplying the 
civil and military industry with the lightest, sensitive, 
enduring and friendly Airborne Ultrasound Receivers, 
if you wish to receive more information about this and 

other applications do not hesitate in contacting us.

Call: +1 (877) 287.5797 | +1 (410) 876.5676 
Visit: www.ctrlsys.com
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Figure 11. View through the CTRL Systems
PowerBeam 300 parabolic dish . The dish 

includes a rifle sight which helps technicians 
locate the exact location of a detected failure.


