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 Abstract- The use of high voltage direct current (HVDC) 

transmission technology has increased significantly in recent years 

due to its numerous advantages over traditional alternating 

current (AC) transmission. The aim of the present work is to 

investigate the efficiency of different non-intrusive sensors for 

partial discharge measurement in medium or high voltage direct 

current equipment such as air or gas insulated switchgear. HV 

equipment are susceptible to partial discharges such as corona and 

surface discharges, which can lead to the premature aging of the 

insulation and its breakdown. The partial discharges appear 

because of the enhancement of the electric field around sharp 

edges, triple points, floating metallic particles or in cracks or 

cavities inside solid insulation. In HVAC systems, partial 

discharge detection and quantification are well understood. 

However, under HVDC, there is a necessity to evaluate the 

efficiency of classic techniques and commercial non-intrusive 

sensors. This work presents a study of three different sensors for 

partial discharge measurement under HVDC: high frequency 

current transformer (HFCT), ultra-high frequency antenna 

(UHF), and transient earth voltage (TEV). The signals of the 

different sensors partial discharge detection are presented and 

compared in both temporal and frequency domains. 

Keywords— partial discharge, high voltage, direct current, 

electric field, non-intrusive sensors, electric insulation, corona. 

I.    INTRODUCTION 

 

In recent times, there has been a substantial uptick in the 

adoption of high voltage direct current (HVDC) transmission 

technology. This surge can be attributed to the manifold 

benefits it offers in comparison to the conventional method of 

alternating current (AC) transmission [1]. However, gas 

insulated HVDC systems are susceptible to partial discharges, 

including corona and surface discharges, which can lead to the 

premature aging of the insulation and its breakdown over time 

[2]–[4]. To prevent such occurrences, it is important to 

accurately monitor diagnosis and quantify the activity of these 

discharges. In the electric energy network, medium voltage 

(MV) and high voltage (HV) air or Gas Insulated Switchgears 

(GIS) are essential elements. In these equipment, the diagnosis 

and the monitoring of the degradation in the insulating system 

can be accomplished through Partial Discharge (PD) analysis 

[2], [5], [6].  

In MV and HV gas insulated equipment, PDs occur as a result 

of the amplification of electric fields around pointed tips, edges, 

triple points, suspended metallic particles, surface pollution, or 

within fissures and voids present in solid insulation [7]. The 

presence of the partial discharges in the system produces 

electric current, electromagnetic waves, gas degradation, heat, 

and acoustic emissions [8]. As a consequence, there are 

multiple techniques that can be used to detect partial discharges 

efficiently, depending on the system and the desired 

information [9]–[12]. 

Non-intrusive sensors provide various advantages over 

conventional method for partial discharge (PD) detection 

described in IEC 60270 [13], including smaller size and the 

ability to monitor PD signals in real-time and real conditions 

without requiring direct contact with the insulation material. 

High Frequency Current Transformer (HFCT), Ultra-High 

Frequency (UHF) antenna, and Transient Earth Voltage (TEV) 

sensors are used to detect PD phenomena in different 

components in HVAC systems [12], [14], [15]. However, the 

efficiency of these techniques under HVDC conditions 

necessitates more investigation. In this work, these sensors are 

investigated to assess corona and surface discharges under 

HVDC in atmospheric pressure air. An analysis of the PD 

signals detected by the different non-intrusive sensors under 

HVDC is presented, with the aim of improving the 

understanding of these phenomena and developing effective 

monitoring strategies for HVDC systems. In addition to 

analyzing the signals generated by corona and surface 

discharges under HVDC, this paper focuses on studying the 

relation between the PD apparent charge and the maxima of the 

signals. Exploring different non-intrusive sensors and 

analyzing the signals they generate will be helpful to identify 

key features and patterns that can be used as reliable indicators 

of different default types, and improve the overall reliability 

and safety of HVDC transmission technology. 

This work is presented in three sections, experimental setup 

section, results and discussion section, and a conclusion. 

 

II.   EXPERIMENTAL SETUP 

 

    The experimental setup used for studding corona and surface 

discharges under HVDC systems is illustrated in Fig. 1. It is 

composed into two zones: the low voltage zone and the high 

voltage zone. In the low voltage zone, inputs such as the applied 

voltage amplitude are controlled, and the information from the 

sensors is acquired. The HV is generated using a HV amplifier 

(Matsusada AMP 20B20, 400 W, 20 kV) that is connected to 

the coupling capacitor (Omicron MCC 210L, 100 kV, 1 nF) and 

the device under test. The other three non-intrusive sensors, 

namely HFCT (bandwidth from 200 Hz-500 MHz), UHF 
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antenna (up to 3 GHz), and TEV (up to 100 MHz), are 

connected across the sample under test to measure the PD 

activity. The oscilloscope (Tektronix MSO64, 6 GHz 

Bandwidth and 12.5 GS/s) displays the output generated by all 

the sensors. 

The experiments are performed using two different 

configurations, namely needle-plane corona and surface 

discharge, following specific protocols. A schematic 

illustration of the two configurations is presented in Fig. 2. 

Corona discharge is produced using needle-plane 

configuration. The HV needle’s tip has a radius of 200 µm. It is 

placed at a distance of 2 cm from a grounded plate electrode. 

The insulating material for the second configuration is made of 

PTFE and it is placed with an inclination angle of 45°. Prior to 

applying the voltage, pre-measurements are conducted at 0 V, 

and then the voltage is increased gradually and measurements 

are taken by applying voltage greater than the partial discharge 

inception voltage. The signals are then analyzed and processed 

using a Matlab code that was developed for this purpose. To 

minimize the noise and to mitigate signal disturbances, all the 

experimental setup and the measurement campaigns were 

conducted in an anechoic chamber.  

 

III.   EXPERIMENTAL RESULTS 

 

The PD signals recorded from the different sensors are 

analyzed in the time and frequency domain. The signals 

acquisition has been made at the same time. The applied voltage 

values are higher than the partial discharge inception voltage 

(PDIV) and lower than the breakdown voltage (BDV). 
 

A. I(V) curves 

 

Fig. 3 presents the evolution of the RMS value of the current 

as a function of the applied voltage for the needle-plane corona 

and surface discharge, with both positive and negative 

polarities. For the needle-plane corona, I(V) curves are in 

agreement with the literature [16]. They follow the Townsend 

empirical formula [17]: I=C˟V(V-V0), where V and V0 are the 

applied DC voltage and the discharge onset voltage respectively 

and C a constant depending on the voltage polarity, electrode 

configuration, temperature, pressure and gas composition.  

Negative polarity shows higher current values under 14 kV. 

For voltage amplitudes higher than 14 kV, the current in 

positive polarity becomes higher. This behavior can be 

attributed to the variation of the discharge mode, according to 

multiples authors [16], [18]–[20]. In fact, different positive 

corona discharge modes can be successively observed when the 

voltage amplitude goes up. In our case, a glow to streamer mode 

transition is observed. In the case of surface discharge 

configuration, we can see that when the dielectric insulator is 

added, the discharge inception voltage become very high 

compared to the first configuration. The current increases 

starting from 16 kV and 17 kV for the negative and positive 

polarities respectively. At 18.2 kV, the current under positive 

voltage becomes higher than that of the negative voltage which 

can be also attributed to the change of the discharge mode. In 

the following sections, our focus will be on the positive 

polarity. 

Fig. 4 presents different discharge images of needle-plane 

corona and surface discharge under HVDC. The images show 

  

Fig. 1 Schematic diagram of the experimental setup 

  
(a) (b) 

Fig. 2 Schematic illustrations of the two configurations. (a) Needle-plane 

corona, (b) surface discharge 

 



different discharge modes for the discharges. Under negative 

polarity, one can observe a luminous area at the needle’s tip 

indicating the discharge ignition. Under positive polarity, a 

streamer like mode can be observed where a luminous area is 

observed between the needle’s tip and the grounded electrode. 

A similar observation can be made for the surface discharge 

configuration. The discharge modes observed are in agreement 

with the literature [16]. When the applied voltage is increased, 

a breakdown can take place. The PD signals from the different 

sensors have been recorded at voltage values higher than the 

PDIV and lower than the breakdown voltage (BDV).  

 

B. Corona discharge signals 

Fig. 5 presents the time evolution of one single discharge 

pulse signals given by the sensors HFCT, TEV and UHF over 

3.5 µs under +14 kV. The signal given by the HFCT represents 

the image of the discharge current with an ampere to volt 

conversion ratio of 1. When the applied voltage reaches the 

PDIV value, electric charges are produced and migrated toward 

the grounded electrode. As a consequence, an electric current 

pulse is detected. The intensity and the repetition rate of these 

pulses increase with the voltage amplitude. These results clearly 

demonstrate the synchronization of PD pulses given by the 

three sensor. However, the pulse profiles are different. UHF 

antenna detects the electromagnetic waves produced by the 

 
(a) 

 
(b) 

 
Fig. 3 Current-voltage characteristics under positive and negative 
applied voltage. (a) Needle-plane corona and (b) surface discharge 

configuration. T=24-29°C, H=30-40% 

 

 
 

Fig. 4 Long exposure time discharge images under positive and negative 
DC applied voltage for needle-plane corona and surface discharge 

configuration. T=24-29°C, H=30-40% 
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(c) 

Fig. 5 Discharge pulses given by the three sensors under +14 kV for the 

needle-plane corona. (a) HFCT with 1A is equivalent to 1V, (b) TEV, 

(c) UHF. T=24-29°C, H=30-40% 

 



partial discharge. These waves propagate inside the metallic 

enclosure and reach the antenna. On the other hand, TEV sensor 

signal intensity depends on the magnitude of the 

electromagnetic wave occurred due to PD activity and its time 

varying, the dielectric constant of capacitive parts in the TEV 

sensor, and the impedance of the metal wall [12].  

 

C. FFT Spectrum 

In this work, we are interested by analyzing the discharge 

signals of the three sensors in the frequency domain using Fast 

Fourier Transform (FFT). The results of this study are presented 

in Fig. 6. We can notice that the signals given by the three 

sensors show different FFT spectrums of one single pulse of the 

same PD. Under +14 kV, the FFT of the HFCT signal shows 

the presence of PD activity between 10 MHz and 70 MHz with 

the appearance of a peak at about 55 MHz. For the TEV sensor, 

we notice the presence of multiples peaks between 10 MHz and 

100 MHz even at 0 kV. These peaks are caused by external 

perturbations coming essentially from the HV amplifier. When 

the high voltage is applied, one can notice the intensification of 

the previous peaks and the appearance of other ones under 10 

MHz and at 20 MHz, 30 MHz and 45 MHz. For the UHF sensor, 

some peaks are also observable with the absence of PD because 

of the perturbations coming from the power supply. However, 

when the high voltage is applied, multiple new peaks appear at 

the ultra-high frequency range, higher than 100 MHz, and also 

between 20 MHz and 60 MHz, which is the same frequency 

range as the HFCT. The difference of the frequency domain 

signature of the PD pulse of each sensor can be explained by 

the fact that each sensor measures different physical 

manifestation of the PD: electric current with HFCT, 

electromagnetic emissions with UHF and transient earth 

voltage with TEV, and the sensors don’t have the same 

bandwidth. 

 

D. Apparent charge 

 

For PD diagnosis and monitoring, it is important to estimate 

the apparent charge of PD in Coulomb. Fig. 7 presents the 

variation of the maximum values of TEV and UHF signals as a 

function of the PD apparent charge for more than 1000 PD 

pulses. The PD apparent charge has been obtained by 

 

(a) 

 

(b) 

 

(c) 
Fig. 6 FFT spectrum of the PD pulses of the three sensors under +14 kV 

for the needle-plane corona. (a) HFCT, (b) TEV, (c) UHF 

 

 

(a) 

 

(b) 

Fig. 7 Variation of the maxima of the pulses given by the sensors as a 

function of the apparent charge for needle-plane corona and surface 

discharge. (a) TEV sensor, (b) UHF antenna 

 



integrating the current pulses over time, the values have been 

validated using the conventional method IEC 60270. This study 

will allow us to understand if the PD type and mode affect the 

maximum values of the signals coming from the non-intrusive 

sensors. Three cases have been studied, 10 kV and 14 kV 

positive needle-plane corona discharge and 18 kV positive 

surface discharge. The experimental observations have shown 

that the corona discharge mode is different for the two chosen 

applied voltage values. When the voltage increases, the 

apparent charge and the maximum values of the signals increase 

as well. For the TEV sensor, we can observe that the linear 

equation relating the maximum of the pulses and the apparent 

charge is nearly the same for the three studied cases. As a 

consequence, the TEV pulses maximum values are not 

dependent on the corona discharge mode nor on the PD type 

since nearly the same equation has been obtained also for 

corona and surface discharges. In the case of UHF sensor, 

different linear equations have been obtained between the 

maximum of the UHF PD pulses and their apparent charge. 

These results show that the maximum of the UHF PD pulses 

depends on the discharge mode as well as the discharge type.  

IV.   CONCLUSION 

 

In this work, the effectiveness of various non-intrusive 

sensors for measuring partial discharges in MVDC and HVDC 

equipment, such as air or gas insulated switchgear is 

investigated. The PD has been analyzed using I(V) 

characteristics and the FFT of the PD pulses measured 

simultaneously by three different sensors. The results show that 

the PD pulses of the different sensors are synchronized. Since 

the different sensors measure different physical manifestations 

of the discharge: electric current with HFCT, electromagnetic 

emissions with UHF and transient earth voltage with TEV, the 

spectrum of the discharge pulses of each sensor is different. For 

HFCT, the PD pulse FFT shows discharge peaks mainly at the 

range from 10 MHz to 60 MHz. UHF antenna signal show 

pulses not only at the same frequency range as HFCT, but also 

at frequencies higher than 150 MHz. Otherwise, TEV sensor 

signal show more frequency content under 10 MHz. The 

measurements show also that the TEV sensor is more sensitive 

to external perturbations, multiple harmonics have been 

observed even without the discharge. The study of the apparent 

charge shows that the maxima of the TEV and UHF PD signals 

are depends on the apparent charge. However, the UHF signal 

depends also on the type and the mode of the discharge. The 

results of this paper will be helpful to better understand PD 

detection and monitoring using non-intrusive sensors under 

HVDC. 
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