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Abstract 

AC corona discharge pulses have been detected in various models in order to investigate the characteristics 
in electrical insulation systems. In this work, AC negative corona discharge pulses were measured by using a 
thin wire-plate electrode arrangement while varying the humidity, wire electrode diameter, and applied voltage. 
This experiment was done to determine the influence of humidity on the intensity of negative corona discharge 
in thin wire electrodes. The humidity effect is shown by the average magnitude, the maximum magnitude, and 
the number of pulses of negative corona discharge. This report discusses such details quantitatively. 
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1. Introduction 
 

In modern societies due to the increasing of the 
population and industrials everywhere, the demand of 
electricity is increased from day to day. So, a huge amount of 
power is generated, transmitted, and distributed. For example 
of electricity of Cambodia, the total energy of 122,252 GWh 
in 2007 gained to 309,797 GWh in 2012. Usually, the load 
centers and power plants are far from each other, so 
transmission systems are needed in order to transmit the huge 
amount of power with long distance. There are two kinds of 
AC transmission system and DC transmission system. The 
transmission systems are like the back bone of the power 
system which carries the huge amount of power with high 
voltage, extra-high voltage, and ultra-high voltage. 

According as the high voltage increases, there are 
phenomena to become the advantages and disadvantages to 
the electricity facilities. Corona discharge (as partial 
discharge) is one of the concern phenomena into the 
disadvantage 1). Taking into consideration the characteristics 
of corona discharge, there are many influence factors such as 
conductor arrangements, voltage waveforms, and surrounding 

environments. The characteristics determined for AC partial 
discharge are less than those of DC. There are several reports 
about the characteristics of AC partial discharge with various 
parameters such as point cup electrode system 2), point cup 
electrode arrangement with varies of humidity 3), bundle 
conductors with pressure and humidity dependence 4), point 
to plate electrode arrangement 5). 

Actually, the phenomena of corona discharge for 
transmission lines are affected by natural factors such as 
weather, location or attitude. The weather conditions of 
raining, snowing, and fogging are easy to cause the corona 
discharge than fair weather condition. Atmospheric pressure 
corresponding to altitude affects to the occurrence of corona 
discharge. In addition, the surface of conductors like bundle 
configuration effects to the corona discharge 6). The 
transmission lines should be designed to operate below the 
critical electric field strength of 21.1 kV/cm. Since it is 
recognized for succeeding the influence of the corona 
discharge intensity, the evaluation on quantitative 
characteristic is not well known. 

In this study, an influence of humidity on AC corona 
discharge pulses was experimentally investigated while 
varying the wire electrode diameter and applied voltage. A 
wire-plate electrode arrangement was used to determine the 
characteristic of corona discharge intensity. For the electrode 
configuration similar to the transmission line system, some 
thin-wire electrodes were performed in an available voltage 
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level less than 50 kV for the laboratory scale and 
experimental facilities. The characteristics of the average 
magnitude qave., maximum magnitude qmax, and number of 
pulses per cycle n of AC negative corona discharge pulses are 
quantitatively evaluated. 

 
2. Experimental Setup and Procedure 

 
Fig.1 shows the experimental setup to measure the 

magnitude and number of pulses of corona discharge in AC 
applied voltage. A copper plate electrode of 260 mm×150 mm 
was connected to an AC voltage source (50 Hz, 50 kV in the 
maximum). As an experimental electrode of corona discharge, 
an aluminum wire (0.20, 0.32, 0.50, and 1.00 mm in the 
diameter d) was connected to the GND through a resistance 
R3 (50 for detecting the discharge current pulses. The 
effective length of wire electrode was 260 mm corresponding 
to the long side of plate electrode. The discharge gap between 
the plate and wire electrodes was fixed to 30 mm. The 
applied voltage divided by series resistances (R1 and R2) and 
corona discharge current pulses detected by R3 were recorded 
in an oscilloscope (Iwatsu DS-5532, 350 MHz). The 
electrode system was installed in a constant humidity 
chamber (220×550×350 mm3) formed of acrylic resin. The 
level of relative humidity (RH) was monitored by a humidity 
meter (SK-110TRH II). The control of RH was conducted by 
a water-vapor/dry-air circulation system through a water cell 
or a silica gel cell. The RH level was varied from 20 to 80 %. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Experimental setup. 
 
The conversion from the detected corona discharge pulses 

(as the current value) to the quantity of electric charge (as the 
unit of coulomb) was conducted by a calibration pulse 
generator (Sokendenki, DAC-CP-2) in the range of 100 to 
100,000 pC. The experiment was conducted in the 

atmospheric pressure while the range of 22 to 34 kVrms in 
applied voltage. 
 

3. Experimental Results and Discussions 
 
3.1 Experimental results 

An arrangement of thin-wire and plate electrodes was 
used, where the different diameters of wire were 0.20, 0.32, 
0.50, and 1.00 mm. A lot of negative corona discharge pulses 
appeared at the surface of wire electrode. With increasing the 
applied voltage, higher magnitude and more number of 
discharge pulses were observed. Fig.3 shows the example of 
AC corona discharge magnitude for different wire diameters, 
when the applied voltage was 34kVrms. Generally, it is well 
known to be easy to observe the corona discharge pulses 
while negative polarity cycle in applied voltage than positive 
polarity. The positive corona discharge pulses could not 
detect in stability. For the wire electrode diameters of 0.20, 
0.32, and 0.50 mm the positive corona discharge did not 
appear stably. For the wire diameter of 1.00 mm the positive 
corona discharge was appeared with higher magnitude, but 
the number of pulses was much less than that of negative 
corona discharge. The total number of positive discharge 
pulses was a few to thirty in 50 cycles, while the number of 
negative discharge pulses was a few hundred to several 
thousands. The atmospheric corona discharge is usually 
affected by positive ions. For the positive corona discharge, it 
is inferred that the space charge formed with positive ions 
relaxes the electric field strength around the wire electrode. 
As the results, corona discharge was unstable. For this reason, 
it was decided to perform the evaluation for the negative 
corona discharge. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 AC corona discharge pulses with gap length of 30 mm, 
applied voltage V of 34 kVrms, and wire electrode diameters: 
(a) d=0.20, (b) d=0.32, (c) d=0.50, and (d) d=1.00 mm. 
 

(c) (d) 

(b) (a) 
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Table 1 shows the partial discharge inception voltage 
(PDIV) and partial discharge extinction voltage (PDEV) in 
the negative corona discharge determined for wire diameters. 
The PDIV was increased with increasing the wire diameter. 
The tendency indicating the value of PDEV lower than PDIV 
was similar to corona discharge phenomena in the dry air 
condition. For influence of humidity, the PDIV or PDEV 
obtained from the present experiment was approximately 
constant in the range of 20 to 80 % in RH. 
 
Table1 PDIV and PDEV for diameter of wire electrode. 
 

Diameter of wire 
electrode (mm) 

Air gap 
(mm) 

PDIV 
(kVrms) 

PDEV 
(kVrms) 

0.20 30 14 13 

0.32 30 17 16 

0.50 30 21 20 

1.00 30 29 28 

 
Figs.3, 4, and 5 show the average magnitude qave., the 

maximum magnitude qmax, and number of pulses per cycle n 
as a function of RH for the negative corona discharge, 
respectively. These figures represent for wire diameters of 
0.20, 0.32, 0.50, and 1.00 mm, respectively. The values of 
qave., qmax, and n were increased with increasing the applied 
voltage. As a characteristic trend obtained from the 
experiment, the magnitude and generation frequency of 
corona discharge were decreased with increasing RH. The 
humidity effect of corona discharges was indicated as the 
same tendency in the range of experimental conditions. 

For dependence of wire diameters of 0.20, 0.32, 0.50, and 
1.00 mm, Figs.6, 7, and 8 show the average magnitude qave., 
the maximum magnitude qmax, and number of pulses per 
cycle n as a function of RH, respectively. These figures 
represent for the applied voltage of 22, 26, 30, and 34 kVrms, 
respectively. The values of qave., qmax, and n were decreased 
when the wire diameter was enlarged. For the dry air 
conditions of wire-plate electrode system, the same 
dependence of wire diameters is also mentioned in many 
papers 7-12). In the wire-plate electrode system, the surface of 
the wire electrode takes the maximum electric field strength. 
The electric field strength depends on the diameter of wire 
electrode, and decreases with increasing the diameter. 
Therefore, the magnitude (qave., qmax) and generation 
frequency (n) of corona discharge relatively decreased when 
the size of wire electrode was enlarged. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
Fig.3 Average magnitude qave. of negative corona 
discharge as a function of humidity for wire electrode 
diameters: (a) 0.20, (b) 0.32, (c) 0.50, and (d) 1.00 mm. 
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Fig.4 Maximum magnitude qmax of negative corona 
discharge as a function of humidity for wire electrode 
diameters: (a) 0.20, (b) 0.32, (c) 0.50, and (d) 1.00 mm. 

 
 

 
 

 
 

 
 
Fig.5 Number of pulses per cycle n of negative corona 
discharge as a function of humidity for the wire electrode 
diameters: (a) 0.20, (b) 0.32, (c) 0.50, and (d) 1.00 mm. 
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Fig.6 Average magnitude qave. of negative corona 
discharge pulses as a function of humidity for applied 
voltage: (a) 22, (b) 26, (c) 30, and (d) 34 kVrms. 

 

 

 

 

Fig.7 Maximum magnitude qmax of negative corona 
discharge pulses as a function of humidity for applied 
voltage: (a) 22, (b) 26, (c) 30, and (d) 34 kVrms. 
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3.2 Discussions 
The basic characteristic of negative corona discharge is 

Trichel pulse corona and pulseless corona. For the range of 
PDIV, Trichel pulse corona of the slightly long discharge path 
occurs around the wire electrode. With increasing voltage, it 
becomes pulseless corona of the longer discharge path and 
finally shifts to spark discharge 13,14). The corona discharge 
characteristics as shown in Fig.3 to Fig.8 were the humidity 
dependence on Trichel pulse corona and pulseless corona. 
Usually, in the ionization process higher than PDIV, when the 
electric field intensity is enhanced, free electrons move from 
the higher electric field (wire electrode side) to lower electric 
field (plate electrode side). During the movement for lower 
RH, the electron collides or attaches with neutral gas 
molecules (N2, O2, etc.). As a result it produced two free 
electrons and a positive ion or negative ion per one electron 
action. This process develops to the higher electric field 
domain where an electron avalanche is generated as shown in 
Fig.9. 

 

 
 
Fig.9 Ionization process by electron collision with neutral gas 
molecules. 
 

The existence of oxygen molecules with the 
electronegativity characteristic tends to form negative ions 
due to the free electron attachments. For higher RH condition, 
water molecules in vapor phase tend to enhance the negative 
charge formation of water cluster (H2O) n

-, which is well 
known as negative ion or anion, and the range of subscript n 
is more than 5 15,16). Another water molecules in the gas phase 
can be attached with electron to form the negative ion 
clusters (H2O)n

- 17). It is considered as the humidity effect 
involved the space charge formation above negative ion 
process of water clusters. 

While the applied voltage is negative cycle, the electric 
field on the surface of wire electrode relaxes to lower 
strength, because the space charge of negative polarity forms 
as surrounding the wire electrode 3,18). Thereby, the discharge 
progress from Trichel pulse corona to pulseless corona will 

Wire Plate

 
 

 
 

 
 

 
 
Fig.8 Number of pulses per cycle n of negative corona 
discharge pulses as a function of humidity for applied 
voltage: (a) 22, (b) 26, (c) 30, and (d) 34 kVrms. 
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be weakened. This characteristic behaves so that the diameter 
of wire electrode becomes larger. The humidity effect of AC 
corona discharge was able to know that it was remarkable 
with increasing RH. 
 

4. Conclusion 
 

In this work, negative corona discharge for AC applied 
voltage was investigated by using a wire-plate electrode 
arrangement. The measurements have been done inside a 
constant humidity chamber where the relative humidity was 
varied from 20 to 80 %. From this experimental investigation, 
the average magnitude qave., the maximum magnitude qmax, 
and the number of pulses per cycle (generation frequency) n 
of negative corona discharge were determined. The majority 
of parameters was the relative humidity dependence. 
According to the experimental result, it was concluded that 
qave., qmax and n were decreased when the relative humidity 
was increased and wire electrode diameter was enlarged. 
With increasing the relative humidity from 20 to 80 %, the 
magnitude of negative corona discharge pulses was reduced 
until 50 to 60 %. 

 
Acknowledgments 

 
The first author would like to thank to the government of 

Japan, the government of Cambodia, Electricity of 
Cambodia/Electricité Du Cambodge (EDC), and Tokai 
University that provided the opportunity to study in Japan. 
 

References 
 

1) F.W.Peak: Dielectric Phenomena in High Voltage 
Engineering, 2nd Ed., McGraw-Hill, New York (1920) 

2) C.H.Zhang and M.K.MacAlpine: A Phase-Related 
Investigation of AC Corona in Air, IEEE Trans. DEI, 10 
(2003) 312-319. 

3) J.M.K.MacAlpine and C.H.Zhang: Effect of Humidity 
on Charge/Phase-angle Patterns of AC Corona Pulses in 
Air, IEEE Trans. DEI, 10 (2003) 506-513. 

4) Q.Hu, L.Shu, X.Jiang, C.Sun, S.Zhang, and Y.Shang: 
Effects of air pressure and humidity on the corona onset 
voltage of bundle conductors, IET Gener. Transm. 
Distrib., 5, 6 (2011) 621-629. 

5) J.Kim, D.Kim, K.Nam, W.Choi, B.Lee, and J.Koo: 
Characteristics of Partial Discharge by AC and DC, 
IEEE Condition Monitoring and Diagnosis., (2012) 
489-492. 

6) T.Gönen: ELECTRIC POWER TRANS- MISSION SYSTEM 
ENGINEERING-ANALYSIS AND DESIGN, (John Wiley & 
Sons, Inc., 1988). 

7) D.Brocilo, J.S.Chang, R.D.Findlay, Y.Kawada, and 
T.Ito: Modeling of the effect of electrode geometries on 
the corona discharge current-voltage characteristic for 
wire-plate electrostatic precipitators, IEEE, Proc. 
CEIDP (2001), 681-684. 

8) S.Kumara, Y.Serdyuk, and S.M.Gubanski: Calculation 
of Corona Voltage-Current Characteristics in Air, ICIIS 
(2009) 489-492. 

9) L.N.Stone: EHV Single and Twin Bundle Conductors- 
Influence of conductor Diameter and Strand Diameter 
on Radio Influence Voltage and Corona Initiation 
Voltage, AIEE, (1959) 1434-1438. 

10) A.Bendaoud, A.Tilmatine, K.Meddles, M.Younes, 
O.Blejan, and L.Dascalescu: Experimental Study of 
Corona Discharge Generated in a Modified Wire-Plate 
Electrode Configuration for Electrostatic Process 
Application, IEEE, TIA, 46, 2 (2010) 666-671. 

11) K.Yanallah, F.Pontiga, A.Ferandez-Rueda, 
A.Castellanos, and A.Belasri: Ozone generation using 
negative wire-to-cylinder corona discharge, the 
influence of anode composition and radius, IEEE, Proc. 
CEIDP (2008) 607-610. 

12) M.Aissa, H.A.Said, H.Nouri, and Y.Zebboudj: Effect of 
relative humidity on current-voltage characteristics of 
monopolar DC wire-to-plane system, Journal of 
electrostatics, 76 (2015) 108-114. 

13) T.G.Beuthe and J.S.Chang: Glow Discharge Phenomena, 
Ch.9 of Handbook of Corona Discharge Processes, 
J.S.Chang et al. Ed., (Mercel Dekker, New York, 1995). 

14) J.S.Chang, P.A.Lawless and T.Yamamoto: Corona 
Discharge Processes, IEEE Trans. Plasma Sci., 19, 
(1991) 1152-1166. 

15) H.Haberland, H.Langosch, H.G.Schindler, and D.R. 
Worsnop: Negative Charged Water Clusters: Mass 
Spectra of (H2O)n

- and (D2O)n
- , J. Phys. Chem., 88 

(1984) 3903-3904. 
16) H.Haberland, C.Ludewigt, H.G.Schindler, and 

D.R.Worsnop: Experimental observation of the 
negatively charged water dimer and other small (H2O)n

- 
clusters, J. Chem. Phys., 81, 8 (1984) 3742. 

17) M.Armbruster, H.Haberland, and H.G.Schindler: 
Negative Charged Water Clusters, or the First 
observation of free Hydrated Electrons, J. Phys. Chem., 
88 (1984) 3903-3904. 

18) T.Soban, N.S.Midi, and R.Ohyama: Experimental Study 
on Humidity Dependence on AC Negative Partial 
Discharge Patterns of Thin Wire-Plate Electrode 
Arrangement, MJIIT-JUC Joint International 
Symposium (2014) 1E1-ESE3, 1-4.

 

Vol. XLI, 2016 － 7－

A Study on the Humidity Effect of AC Corona Discharge for a Thin-Wire Electrode Arrangement


