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The article presents the application of Acoustic Emission (AE) method for detection and registration of
partial discharges (PD) generated in medium voltage (MV) cable isolation and MV cable head. The insulation
of the high voltage cable is made of a flexible material whose properties are characterised by a high coefficient of
attenuation of the acoustic signals. For this reason, the AE method has not been used so far to detect PD in
energetic cables. The subjects of the research were the MV cable and the standard T-type cable head. The
cable contained defects which were the source of partial discharges. In case of cable head the PD were provoked
by thin grounded electrode which was introduced into connector opening. The results of AE measurements are
presented in the form of spectrograms. Acoustic Emission was evoked when the applied voltage level reached
the value of 7.5 kV for the cable and 4 kV for the cable head. The authors used the acoustic instrumentation
of their own design intended for future field use. Obtaining successful results of partial discharges measurements
using the acoustic method in the cable insulation makes an original contribution of the presented work.
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1. Introduction

High and medium voltage cables are applied in
large amounts in modern grids connecting the power
plants, distribution centres, and final distribution
substations. An illustrative example of the scale of
planned connections is the Xlinks Morocco-UK Project
(Xlinks, 2021). The wind and solar centre located in
Guelmin Oued, Morocco generating approx. 3–10 GW
of power electricity will be linked with Great Britain
via 3.800 km of high voltage direct circuit sub-sea ca-
ble. All such facilities of high importance for providing
the power supplies in a reliable, safe and in durable way
require precise methods of monitoring of aging status
of the installation.

The insulation of the cables and their connectors
is susceptible to electrical, thermal, and mechanical
stresses due to the pending exploitation. The stresses
result in the occurrence of defects in the structure of in-
sulation. The defects in turn will increase the local field
strength resulting in partial discharges (PD) leading
to local breakdowns (Florkowski, 2020). IEC 60270
Standard defines PD as “a localised electrical dischar-
ge that only partially bridges the insulation between
the conductors and which may or may not occur adja-
cent to a conductor” (IEC 60270:2001/A1:2016, 2016;
Lu et al., 2020). The recommendation of the Standard
includes test circuits and measuring systems details
as well as calibration procedures and instrumentation.
Generally, a PD monitoring system needs to achieve
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the following objectives: detection, localisation, and
recognition. A PD measurement system based on IEC
60270 Standard collects the analysed signal in the elec-
trical form. Partial discharges are a source of current
pulses which can be measured in the form of volt-
age variations registered at the measuring impedance.
A sensitive instrumentation detects and determines
such PD parameters as: discharge amplitude, number
of registered events per time unit and its relation to the
phase of monitored high voltage. Measurement of dif-
ferent parameters of PD makes it possible to indicate
their sources, such as: surface discharge, void or corona
discharges. Due to harmful radiofrequency interfer-
ences it is highly recommended to perform the electric
PD measurements in the grounded shielding cabinets.

Case studies related to monitoring of PD in Isolated
Phase Buses (IPB) are described in (Singh, Hughes-
Narborough, 2018). The authors report that signs of
PD activity were observed mostly at loose contacts be-
tween phase bus and ceramic support insulators. The
air gap created in the place of the loose contact usually
was covered with traces of burning. In certain condi-
tions (for example in presence of composite insulation
with organic ingredients) burning processes may re-
sult in the phase to earth fault and a serious failure
of the connectors. Pepper and Plath (2015) investi-
gated PD behaviour in XLPE insulated medium vol-
tage cable and provided some modifications of stan-
dard setup due to IEC 60270 to minimise test energy
needs when energised large capacitive loads in field
conditions. They proposed to reduce the testing volta-
ge frequency to the range of 0.1–1 Hz. They concluded
that the testing voltage frequency is of minor influence
on the registered PD behaviour of the typical insu-
lation defects. Another firm conclusion presented by
these authors refers to the generation of the PD in
cables. They state that “with existing PD it is only
a matter of time, when the breakdown of the cable
will occur later in service” (ibid., p. 1).

Other than electric and based on IEC 60270 me-
thods of measuring PD effects are listed in (Sikorski
et al., 2020). Among them are high frequency cur-
rent transformers operating in frequency ranges of 0.1–
100 MHz and using toroidal inductive PD detector usu-
ally installed on the wire grounding of the investigated
high voltage device. This provides an easy access to
the monitored object, however, it does not allow for
a precise localisation of the source of the generated
PD signal.

Yet another UHF method, operating in the fre-
quency ranges of 0.3–3 GHz, shows a high signal-to-
noise ratio because these frequency ranges lie far above
the interferences caused by potential corona discharges
from the surrounding environment (Pepper, Plath,
2015). To capture UHF signals circular or square pla-
nar antennas of small dimensions are used. The anten-
nas were inserted into investigated objects or gathe-

red the electromagnetic radiation via special dielec-
tric windows. Dissolved gas analysis is another method
described in the literature regarding testing of power
transformers. However, its application is limited to the
object containing mineral oil which can be periodically
extracted and sampled.

2. Acoustic method

Acoustic Emission (AE) method can be applica-
ble to register PD effects in some circumstances in
power cables and their heads. As it was mentioned
in (Castro et al., 2016), the electrical discharge and
evoked local temperature increase result in generation
of acoustic waves radiating in all directions across the
surrounding medium. A flexible insulation material ap-
plied in energetic cables is characterised by a high coef-
ficient of attenuation of the acoustic signals. However,
the application of high levels of signal amplification
and its proper filtering can override these limitations
if thickness of the insulation od MV device is small. En-
ergy of AE signal generated by PD falls mostly within
the frequency range of 20–150 kHz (Sikorski et al.,
2012). The acoustic sensors operate at the earth po-
tential and are immune to the disturbing electromag-
netic interferences due to electromagnetic screening of
sensor casing. The CIGRE and IEEE issued guide-
lines recommending the application of AE method for
HV insulation system diagnostics (Cigre WG D1.33,
2010; C57.127-2007, 2018). To apply the aforemen-
tioned method, the piezoelectric sensor, signal ampli-
fier, and data acquisition system are required. There
are two main commercial suppliers delivering the ap-
propriate instrumentation: Physical Acoustic Corpo-
ration Acoustic Emission (AE) Technology (n.d.) and
Vallen Systeme GmbH (n.d.). The latter company de-
signed the specialised software for the localisation of
PD sources in large objects. The instrumentation us-
ing EA method does not allow for precise determina-
tion of the charge amount released during a PD event.
Sensitivity of the AE detectors is determined either in
voltage level referred to the pressure unit (volts per mi-
crobar) or in voltage level referred to the stress wave
velocity unit (volts per m/s). AE measurements can
serve as an indicator of faulty processes evoked in mon-
itored device and some papers report the usefulness
and versatility of the AE method (Kunicki, Cichoń,
2018; Witos, Olszewska, 2012). The latter paper de-
scribes in detail the instrumentation for monitoring of
AE signals generated by PD in power oil transformers
and the procedures for source location and identifica-
tion.

3. Instrumentation and test procedure

The MV measurement circuit was set up according
to IEC 60270. It consisted of a one phase 30 kV MV
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transformer. The primary winding of the MV trans-
former was supplied by an autotransformer enabling
regulation of secondary voltage. In order to moni-
tor the operating voltage used, it was reduced with
a factor of 1/325. The voltage reduction was carried
out with the help of a dual port divider. Its high vol-
tage part consisted of a 500 pF capacitor. Low voltage
part impedance consisted of a 156 nF capacitor.

The general view of the setup is presented in Fig. 1.

Fig. 1. General view of the testing setup
(the MV transformer and the voltage divider).

The first object intended for testing was a sec-
tion of a 24 kV energetic cable containing the rein-
forcing steel bandage. This type of cable is commonly
used in MV urban grids in Poland. The cable con-
tained defects which were the source of partial dischar-
ges detected using the electric measurements accord-
ing to IEC 60270. The cable termination with partially
removed insulating cover of the bandage is presented
in Fig. 2. Steel bandage delivered a good acoustic con-
tact with AE sensor which was mounted on it, applying
a nylon Cinch cable fastener.

Fig. 2. Investigated cable termination with a partially
removed insulating cover of the steel bandage.

The second object intended for testing was a stan-
dard cable head of T-type connector, produced by
Nexans Euromold Interface C-Symmetrical (Thorne &
Derrick, n.d.) and fixed on polymeric (XLPE) 24 kV
cable. The connector was covered by polymeric insu-
lation and, additionally, with grounded low resistive
synthetic EPDM rubber acting as electrical shield. The
AE sensor was located on the longer arm of the con-
nector, as it is presented in Fig. 3. A nylon Cinch ca-
ble fastener was also used to press the sensor face to
the connector body. The location of the thinnest layer

Fig. 3. View of the investigated T-type connector
with a fastened AE sensor.

of EPDM rubber was chosen to provide the low level of
attenuation for the propagating acoustic waves. Thin
grounded electrode was introduced via connector open-
ing to provide the partial discharges into the metal
linking ring linked with high potential inside the con-
nector arm.

Wideband differential AE sensor of type WD, pro-
duced by Physical Acoustics Corporation, was applied
to register the AE signal. However, the producer at his
site (Physical Acoustics, n.d.) recommends the appli-
cation of the sensor within a frequency range of 100–
900 kHz, the aforementioned transducer also records
the EA signals within the lower frequency range of
10–100 kHz, with sensitivity loss denoting 10 dB, re-
ferring to the level of 1 V/(m/s). AE sensor of type
WD was recommended as the most efficient tool for
monitoring of PD using AEmethod in (Sikorski et al.,
2012). The recorded AE was in the magnitude of a frac-
tion of a single millivolt. It was further increased
in an in-house made differential amplifier shown in
Fig. 4. Ultralow noise precision operational amplifiers
LT1028 Ultralow Noise Precision High Speed Op Amps
(Analog Devices, n.d.) were implemented in this de-
vice to realise the required signal to noise ratio. The
voltage noise of the LT1028 operational amplifier de-
clared by the manufacturer is 1 nV/

√
Hz. To suppress

the acoustic background noise, the amplifier included
a high pass filter performing the suppression of signals
within the frequency band of 0–7 kHz. The amplifier
included peak value detector for performing future field
measurements. According to asset owners requirements
field measurements scenario consists in recording of AE
peak value registered in some significant locations of

Fig. 4. View of the applied in-house made differential AE
signal amplifier with the connected AE sensor of WD

(Physical Acoustics Corporation) type.
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MV grid. As a result of the performed experiments
the time constant of the peak value of the detector
was determined for 100 microseconds. The rate of the
long term A/D sampling frequency in the transmission
mode mentioned above should be ca. 10 kilosamples
per second.

After amplification (50 dB) and filtering, the AE
signal was transferred to the analogue/digital con-
version and data acquisition unit. The authors have
applied the industrial data acquisition module of
type USB-1901, produced by ADLINK Technology
Inc. (ADLINK Technology Inc., n.d.). The module
enabled analogue/digital conversion with resolution of
70 µV/bit, at the measuring range of ±2 V and contin-
uous data transfer to the host computer at a speed of
250 kilosamples per second. High quality analogue pro-
cessing unit allowed data transmission with a signal-
to-noise ratio of 89 dB, which is a crucial factor when
recording weak acoustic signals evoked by PD.

Fig. 5. Module for analogue/digital conversion and data
acquisition of industrial USB-1901 type enabling recording
of analogue signals and using a variable number of input
channels at a programmable transmission speed. The ma-
nufactures deliver modules performing max. sampling rate

of 250 or 2000 kilosamples per second.

A software prepared by the authors was capable of
memorising the acoustic pulse trains lasting ca. 180 s
and their further processing. The recorded data were
stored for further processing in the form of .dat files
containing subsequent 16 bit signal samples. To present
and compare the recorded signal, its decomposition in
time and frequency domain was applied. The single
records were partitioned for segments constituting of
500 samples. The windowed Discrete Fourier Trans-
form was performed for each segment enabling deter-
mining of 250 spectral lines, denoting local Power Spec-
tral Density, each 0.5 kHz of entire signal spectrum
in the range of 125 kHz. The results were presented in
the form of a spectrogram, a graph with two geometric
dimensions: one axis represents time and the other de-
notes frequency. The local level of determined PSD was
represented by the colour of certain point of the image.
Since the single acoustic event evoked by the release of
PD lasted ca. 1 ms, it was impossible to visualise it at
the spectrogram depicting 180 ss of recording. There
was also a possibility of plotting a high resolution ver-
sion of the spectrogram presenting a part of the entire

data set. This modified spectrogram was a result of
the decomposition of 300 ms of recorded signal. PSD
was determined in the frequency range of 0–30 kHz
here. An example of mentioned above high resolution
spectrogram is presented in Fig. 10. A time depen-
dence plot of a PSD, determined for a specific signal
frequency of a highest intensity, is a useful tool for the
comparison of acoustic activity of some sources of PD.
Examples of such signals’ visualisation are presented
in Figs 7, 9, and 12.

4. Measurement results

The following diagrams show the results of record-
ing of AE signals generated during the performed expe-
riments. Due to the decomposition in time and fre-
quency domains it was possible to determine the
frequency bands of the highest Power Spectral Den-
sity (PSD) of active PD sources. The first test intended
to determine the level of a background noise emitted
in the absence of tested high voltage. This measure-
ment session was done applying the AE sensor coupled
with the MV cable bandage. Figure 6 shows a spec-
trogram of the measurement of acoustic background
level within a 200 seconds period. The measure unit of
AE signal intensity is its PSD expressed in µV2/Hz.
The most intense background noise was registered in
the range of low acoustic frequencies, i.e., in the range
of 6–20 kHz. The further experimental results present
certain frequency band, i.e., 26 kHz± 0.5 kHz of the

Fig. 6. Spectrogram of the AE signals recorded in the ab-
sence of the loading MV voltage.
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highest AE activity. Figure 7 presents the PSD deter-
mined for that frequency (±0.5 kHz). The aforemen-
tioned level of PSD measured in the absence of tested
high voltage did not exceed 10µV2/Hz.

Fig. 7. Power spectral density of the recorded AE signals
determined for the frequency of 26 kHz in the absence of

the loading MV voltage.

During the next test, the activity of the source of
PD evoked in 24 kV energetic cable with steel bandage
was examined. The high voltage applied to the phase
wire was gradually raised to the final level of 9.5 kV.
The generation of PD resulted in charge release of ap-
proximate level of 150 pC was detected after crossing
a 6 kV level of stimulation. Further increase of voltage
level over a value of 7.5 kV resulted in a significant in-
crease of PD intensity. Figure 8 presents a spectrogram
containing the results of the acoustic measurements in
relation to the applied MV level. The level of registered
PSD in the frequency range of 6–30 kHz was remarka-
bly higher than that registered in the absence of the
MV load. On the basis of the data presented in Fig. 9 it
can be determined that up to 7.5 kV the PSD at 26 kHz
was twofold higher than that measured with the ab-
sence of the MV load (i.e., 20 µV2/Hz) and after the
load increase beyond the 7.5 kV the PSD level exceeded
the level of 40 µV2/Hz. A high resolution spectrogram
was additionally created for the part of the record de-
scribed above – starting from the 60th second from the
beginning. At this moment a considerable increase of
AE signal intensity was observed.

A high resolution spectrogram is presented in
Fig. 10. High energy acoustic event is visible in the ini-
tial part of this graph. All potential traces of AE events

Fig. 10. High resolution spectrogram created for the part of the record presented in Fig. 8 and starting from the 60th
second of the beginning of the record (at this moment a considerable increase of AE signal intensity was observed).

Fig. 8. Spectrogram of the AE signal recorded in 24 kV
energetic cable with a steel bandage, presented in Fig. 2.

Fig. 9. Power spectral density of AE signals, recorded
in 24 kV energetic cable with steel bandage – presented

in Fig. 2 – determined for the frequency of 26 kHz.

caused by PD discharges (yellow poles) are depicted as
short pulses of ca. 1 ms of duration, appearing within
the intervals of ca. 5–10 ms.
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During the third test the activity of the source of
PD evoked in the cable head of T-type was examined.
The cable connector is presented in Fig. 3. The high
voltage, applied to the implemented testing electrode,
was raised starting with 1.5 kV to the final level of
7 kV. The generation of PD was observed immediately
after switching on the voltage. It was characterised
with the approximate level similar to that registered
in the previous test. The increase of voltage level over
the value of 6 kV resulted in an increase of PD inten-
sity. Unlike the tendency presented in Fig. 8 it is visi-
ble in Fig. 11 that the increased level of loading voltage
evokes AE signal of spectral density located also in the
higher frequency bands, i.e., at 84 and 103 kHz.

Fig. 10. Spectrogram of the AE signal recorded in the in-
vestigated cable T connector, presented in Fig. 3. AE signal
activity located in the higher frequency bands is visible in

the upper part of the plot.

In this case partial discharges are released into
a large air cavity inside the connector, therefore their
acoustic signature differed from that registered in the
MV cable insulation. The levels of the registered PSD
at 26 kHz and at 103 kHz are presented in Figs 12
and 13, respectively. The noticeable power of AE sig-
nals at the frequency of 103 kHz was registered at the
voltage level beyond 6 kV. The presence of an addi-
tional area of the increased power of AE signals de-
picted in Fig. 11 leads to the conclusion, included also
in (Sikorski et al., 2020) and (Lu et al., 2020), that

Fig. 11. Power spectral density of the AE signal recorded
in the investigated cable T connector determined for the

frequency of 26 kHz.

Fig. 12. Power spectral density of the AE signal recorded
in the investigated cable T connector determined for the

frequency of 103 kHz.

different types of PD can produce divergent spectral
patterns of the recorded acoustic signals.

5. Conclusions

The aim of the presented study was to show the
possibility of applying the AE method for monitoring
the PD effects occurring in the insulation of energetic
cables and also inside their connectors – where the
wear effects due to their usage can be noticed. The au-
thors have applied the instrumentation of their own de-
sign, intended for further field tests. A high pass filter-
ing technique was introduced to suppress the acoustic
background noise usually present around the industrial
objects. The noise reduction was performed within the
frequency band of 0–7 kHz.

The investigation of the AE signals generated in
a 24 kV energetic cable have revealed that the AE sig-
nal level in the frequency range of 6–30 kHz was re-
markably higher than that registered in the absence
of the MV load. It was determined that up to 7.5 kV
the Power Spectral Density measured at 26 kHz was
twofold higher than that measured with the absence
of the MV load (i.e., 20 µV2/Hz versus 10 µV2/Hz)
and after the load increase beyond the 7.5 kV the PSD
level exceeded 40 µV2/Hz. The analysis of the high re-
solution spectrograms enabled the authors to conclude
that there were present the traces of AE events, caused
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by PD discharges, depicted as short pulses of ca. 1 ms
of duration, appearing in the intervals of ca. 5–10 ms.
The investigation of the AE signals evoked during the
discharges in cable head of T type has revealed that
acoustic signature differs from that registered in MV
cable insulation. The PSD level registered at 26 kHz
was similar to that registered in the MV cable insula-
tion but also a noticeable power of AE signals at the
frequency of 103 kHz was registered at the voltage level
above 6 kV.

Measurements performed with the AE method do
not require coupling with the high phase potential
which is inconvenient in industrial conditions. Typical
data acquisition systems enable simultaneous monito-
ring of several elements of MV network and reporting
the condition of these objects to the asset owner to
arrange the required maintenance.

The successful results of measurements of partial
discharges using the acoustic (AE) method on a flexible
material, constituting the housing of electrical equip-
ment make an original achievement of the presented
work.
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