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Abstract. It is known that lightning produces impulse voltages 
and currents in distribution and transmission lines. There are a few 
methods used for measuring peak currents such as magnetic links 
magnetic tapes and for measuring peak voltages such as electret 
transducer. The aim of this paper is to take back the research about 
the electret transducer to install it to the electric system and to show 
a methodology to calibrate it using a spherical electrode. This sensor 
consists of a spherical metallic electrode and another flat metallic 
electrode separated by a piece of dielectric (Teflon FEP). The 
impulse voltage produces an electric discharge and charges are 
transferred from the electrode to the dielectric surface, forming the 
electret. For a more accuracy, the calibration must be made by the 
pair electrode-sample and different samples made from 50 µm FEP 
film have no significant influence on the process calibration. 
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1. Introduction 
 

Lightning is the major cause of damage to electrical 
equipment in areas of medium and high thunderstorm 
densities. Reliability and economic reasons justify researches 
on electrical protection systems against lighting strikes on or 
close to the line cables.  

For the development of such protection system, field data 
are needed about the current and voltage surges 
characteristics. Among several methods, the magnetic link [1-
3], the magnetic tape or lightning current detector (LCD) [4, 
5] and the electret peak voltage detector (EPVD) [6] are used 
to measure the peak value of impulse surges caused by 
lighting. The magnetic link sensor is based on the amount of 
magnetization on a magnetic metal caused by magnetic fields 
generated by impulse current along the line, the LCD consists 
of a pre-recorded magnetic tape which is partially erased by 
the impulse current and the EPVD is based on an electrical 
discharge produced by impulse voltages that carrier charges 
to the electret surface [7]. 

Although the magnetic link and the LCD methods are 
used to detect impulse peak currents, their application for 
measuring impulse voltages is restrict and owing a complex 
installation [8]. This way, the aim of this paper is to take back 
the research about the EPVD to install it at a transmission 
network by the RGE (Rio Grande Energia S.A.) energy 
company in South of Brazil and to show a methodology to 
calibrate and obtain the transduction curve of the EPVD. 

 
2. Peak Voltage Detector: Principle of 

Operation 
 

Nonpolar electrets are dielectric materials with high 
capability to storage charges. The formation of electrets can 
be achieved by several methods. The most used techniques 
currently to form electrets are polling by a voltage supply [9] 
and using a corona triode [10]. Besides these, in 1992 it was 
demonstrated that electrets can also be obtained by an 
impulse discharge and its theoretical foundations for nonpolar 
electrets materials could also be employed as peak voltage 
sensors [7]. 

The electret peak voltage detector consists of two 
metallic electrodes separated by a dielectric film and an air 
gap. One of these electrodes should have a planar format and 
the other one can have a planar, cylindrical, spherical or any 
other convenient format.  

On the spherical electrode case, it shown in the Figure 1, 
a dielectric with one metalized surface is situated between the 
electrodes, so that the metalized surface is on the planar 
electrode and the spherical upper electrode is on the non-
metalized surface of the film. When the electrodes are 
submitted to an impulse voltage, the potential difference 
across the air gap increases as function of time until it reaches 
the disruptive voltage. This way, an electrical discharge is 
produced and charges come out of the upper electrode to the 
dielectric surface, where they are trapped, thus forming an 
electret. 

Measurements with Teflon FEP showed that the length d, 
which defines the charged area, can be correlated to the peak 
value of the impulse voltage [6]. 



 

 

 

Fig. 1. Schematic setup with a cylindrical electrode. V(t) is the 
applied voltage, and d is the length of the charged area. 

Measurements with Teflon FEP showed that the length d, 
which defines the charged area, can be correlated to the peak 
value of the impulse voltage [6]. 

 
3. Experimental Details 
 

This section describes the methodology for the 
calibration process. The first step is the preparation of the 
samples. The next step is the charging of the samples which 
consists in a negative impulse voltage V(t) delivered by a 
spherical electrode applied to the samples. The last step is the 
revelation of the charged area. All measurements for the 
sensor calibration were performed in ambient conditions: 690 
mmHg of pressure, temperature around 25 °C, and humidity 
of 50-60%. 
 
A.   Sample Preparation 

The EPVD samples were prepared by using a double-
sided adhesive tape to stick the metalized surface of a 50 µm 
thick Teflon FEP on a metallic plate, as shown schematically 
in Figure 2. The pieces of FEP films have a format of a 
square with an area of 6 cm x 6 cm and the metallization 
there is just on one of its face is a circle of 5 cm in diameter. 
The tape is composed of water-based acrylic adhesive, it 
purchased from 3M Scotch, and it has a thickness of 55 µm. 

 

 

Fig. 2. Schematic configuration of the EPVD samples. 

B.   Charging of the Sensor 

It was used spherical electrodes to charge the samples 
instead of cylindrical electrodes. This way, the charged area 
is a circle. The schematic setup of the spherical sensor is 
shown in Figure 3. The spherical electrodes were made of 
steel having a diameter of 25.4 mm. 

The EPVD was characterized by applying a 
unidirectional and fast front negative impulse voltage from 
about 1 to 5 kV to the upper spherical electrode. The rise time 
of V(t) is 1.2 µs, and V(t) falls to half of its peak value in 50 
µs. This impulse voltage is the standard wave shape to 
simulate the lightning stroke and was used to obtain the 
calibration curve for the sensor. The peak value of the 
impulse voltage was measured using a 1:1000 potential 
divider and a 50-MHz storage oscilloscope. 
 
C.   Revelation of the Charged Area 

The electrical discharges that occur during the charging 
process create charge carriers that are trapped on the FEP 
surface. The electret sample charged area in an open circuit 
was measured by marking it with a xerographic toner. The 
samples are placed in a hole on the upper base of a cylindrical 
container. This container, showed in Figure 4, has at its 
bottom base a fan that shakes a xerographic toner powder. 
Part of the ventilated powder settles on the uncharged area of 
the sample. This way, the circular charged area gets 
highlighted. Then the samples are photographed and the 
charged area value is calculated by a computer program. The 
samples can be reused after washed with water and dried.  
 

 

Fig. 4. Schematic setup of the revelation system of the charged area. 

Fig. 3. Schematic setup of the sensor with a spherical electrode. 



 

 

4. Results 
 

This section presents the results for 3 different samples, 
charged by 3 different electrodes with the same size. This 
way, besides the relationship between the charged area and 
the peak value of the impulse voltage, the relationship 
between the samples and charging electrode is also shown 
below. 

Figure 5 shows 3 photos of the same sample taken after 
its polarization and revelation of the charged area. The 
sample shown in the photos was charged by using the same 
electrode for each impulse voltage peaks. The used electrode 
has a diameter of 25.4 mm. It can be seen that the charged 
area increases with increasing voltage peak. The found 
charged areas for the peak values of 1.04, 1.92 and 3.04 are, 
respectively, 24 mm2, 62 mm2 and 131 mm2. 
 

   
a) 1.04 kV: 24 mm2 b) 1.92 kV: 62 mm2 c) 3.04 kV: 131 mm2 

Fig. 5. Photos of the same sample charged with the same electrode 
and with different voltage peak values. The charge areas were 
obtained by applying an impulse voltage with peaks of a) 1.04, b) 
1.92 and c) 3.04 kV. 

The influence of the electrodes and the influence of the 
samples on the sensor calibration are shown, respectively, in 
Figure 6 and Figure 7.  

For the analysis about the influence of the electrodes on 
the sensor calibration, shown in Figure 6, was used three 
distinct electrodes, all made of the same material and having 
the same diameter of 25.4 mm. It can be seen that, for voltage 
peak values up to about 3 kV, there is a distinct dependence 
between the charged area and the electrodes to which the 

sample was charged. Therefore, it is possible to conclude that 
for smaller deviations the sensor calibration must be made by 
the pair sample-electrode.  

Figure 7 show that different samples of 50 µm FEP film 
have no significant influence on the calibration process. In 
the other words, the calibration process is not depending of 
the sample if the sample is made from FEP film.   

Besides that, in both figures, Figures 6 and 7, the 
measurement deviation is acceptable for voltage peaks up to 
3 kV. However, the deviation increases considerably for 
voltage peaks higher than 3 kV.  

 

 

Fig. 7. Influence of the samples on the sensor calibration. The 
samples were charged with the same electrode. 

 
 

5. Discussion and Conclusion 
 

A peak voltage detector using an electret transducer has 
been developed relating the voltage peak to the charged area 
using a spherical electrode. 

It is interesting to point out the transducer can be easily 
calibrated with inexpensive laboratory equipment. The 
charged area can be easily identified by marking it with a 
xerographic toner and accurately measured using sample 
photos and a computer program. 

The excellent stability of the negative charge stored in 
the Teflon FEP allows the information to be kept for a long 
time. Its small size, low cost, and versatility are features that 
make the EPVD transducer a quite promising one. Even 
though the EPVD sensor was calibrated by an impulse 
generator and has not as yet been employed in field 
conditions, the transducer promises to be a good option for 
detecting impulse voltages in larger electric systems. 

The operation range of the sensor presents low deviation 
for voltage peaks up to 3 kV. For voltage peaks higher than 3 
kV, the measurement deviation increases considerably.   

There is an indication that the diameter of the electrodes, 
from a certain voltage peak value, has a strong influence on 
the accuracy of the measurements. Fig. 6. Influence of the electrodes on the sensor calibration. 



 

Finally, for smaller deviations the sensor calibration must 
be made by the pair sample-electrode and different samples 
of 50 µm FEP film have no significant influence on the 
calibration process. 

 Researches are in progress to increase the voltage range 
of the sensor operation by using others sphere sizes and a 
complete device to connect the sensor to the electric system 
are been developed. 
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