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Abstract.  Arcing fault is an overvoltage that usually occurs in the power system network, and 

it is necessary to monitor this phenomenon in electrical equipment. This paper presents the 

Rogowski coil (RC) as an arcing fault sensor. Finite element method (FEM) software used for 
analysing the RC magnetic flux density with two types of RC with the different turns and size 

demonstrated. The sizing of RC based on the 240 mm2 cross-link polyethene (XLPE) 11 kV 

underground cable. The prototypes of the RC sensors were designed using Solidworks software 

and three-dimensional (3D) printer for fabrication purposes. The main objective of the 

experiment is to investigate the RC effect with high magnetic flux density by implementing in 

real measurement. An experimental setup for real arcing fault with various voltages (up to 15 

kV) was conducted to verify the RC performance, such as sensitivity and bandwidth range. The 

result has shown that the bandwidth of RC 1 is higher than RC 2 in all measurement by 22.6%.   

1. Introduction 

Overvoltage phenomenon is the most common problem that always occurs in the power system such as 

lightning, switching, arc fault or flash and others which can lead to an ignition of the combustible near 

the failure point and causing a fire or even explosion. Meanwhile, arc fault overvoltage may produce arc 

flash, which can interrupt the power system network. However, the incipient faults last a few 

milliseconds and some of the conventional protective schemes cannot detect it and also hard to detect 

by circuit protection system because this fault current is lower than usual current [1]. Generally, some 

overvoltage detection sensors have been discussed by other researchers, such as in [2]–[5]. Mostly, 

overvoltage protection is well developed and applied in commercial and domestic user, but there are not 

many researchers focusing on the early detection of overvoltage. Theoretically, arc fault overvoltage is 

the result of the current that flows through the air between conductors in phase-to-phase, single phase-

to-ground or multiple phase-to-ground configurations [6][7] and includes both high-frequency 

components which ranging from several kilohertz up to tens of megahertz (MHz) [8]. Commonly, arc 

fault caused by insulation ageing, broken or continuous contacting, human error, uncorrected electrical 

fault, loose jointing at the terminal, moisture present and others [6], [7], [9]. The underground cable 

widely used in the power system network and always bare to wet conditions and quickly get serious 

moisture problem which may penetrate the cable’s splice and results in a voltage arc. Furthermore, the 

pre-fault in the cable can’t be detected by a human; thus, an early stage monitoring sensor is needed. 

In this paper, geometrical analysis of the RC for arcing fault overvoltage detection sensor is presented, 

which is very helpful especially for the sensor fabrication purposes. The arcing fault experiment was set 
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up to verify the performance of the sensor prototype by injecting voltage range between 3kV to 15kV. 

Each of the RC geometry has a different characteristic and has been studied in [10]. The advantages of 

the RC have been discussed in [11]–[13]. 

 

2. Rogowski Coil As Arcing Fault Sensor 
Generally, the RC is a family of an inductive coil group which was introduced by Walter Rogowski in 

1912. The RC consists of wire wound on a non-magnetic core and the required current to be measured 

will flow through the conductor or cable conductor and for measuring current purposes, the RC will be 
placed around the cable or conductor. Theoretically, a current-carrying wire produces the magnetic field 

around it and measured in Weber. This field will convert into a signal according to Faraday’s induction 

law, which is proportional to the current or proportional to the rate of change of the current flowing in 

the conductor[14][15].  The RC detection method based on the high-frequency current pulse that passes 
through the conductor such as during arcing fault. The RC equivalent circuit and also known as lumped 

parameter circuit is shown in figure 1 which consists of lumped inductance, Ll, lumped resistance, Rl, 

lumped capacitance, Cl and terminating impedance, Zo. 
 

 

 

VRC(t)= -Mdi(t)/dt

-

LLRL

CL       VOUT (t)

+

Zout

 
Figure 1. The equivalent of RC Sensor (Lumped parameter model). 

 

3. Rogowski Coil Design 

In this works, the finite element method (FEM) was used for analysing the magnetic flux density, B of 

the sensor. Theoretically, magnetic flux, Φ defined as the group of magnetic field lines emitted outward 

from the north pole of a magnet, and generally, a current-carrying wire produces the magnetic field 
around it, and it measured in Weber.  The magnetic field intensity, H and the magnetic flux density, B 

at some defined point are in a reciprocal relation to the distance from the wire and the related between 

magnetic field intensity and magnetic flux density as expressed in Equation 1. The µo is the absolute 
permeability of the medium and the value is 4π x 10-7 H/m. 

 

B =  μo . H =  
μo.I

2. r
 

(1) 

 
 Another parameter to be considered when designing the RC sensor is mutual inductance, M and it is 

determined by mathematical calculation. Mutual inductance calculation is a conventional method to 

determine the sensitivity of the coil sensor.   The values of the parameter of RC (Rc, Cc and Lc) are 
slightly different among others and depend on the coil geometry [10]. The mathematical formula of 

mutual inductance is widely discussed in [15][16] .The calculation of mutual inductance for rectangular 

cross-section is expressed in Equation 2. From equation 2, N is representing the number of turns, h is 

the height of core and µo is equal to 4π x 10-7. Based on the previous researchers reviewed and discussion 
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[16], the rectangular cross-section had high sensitivity; thus, this cross-section was selected for arcing 

fault RC sensor development.  
 

M = 
μo

2π
 Nh In (

Rout

Rin
) (2) 

1.1. RC Sensor Geometry 

Firstly, two (2) types of the rectangular cross-section; RC 1 and RC 2 were designed and simulated using 
FEM software.  The FEM analysis was applied for the electromagnetic flux density, B analysis of RC 

before fabrication is made (the lowest B is the best for manufacture) .  The geometrical sizing of the RC 

sensor is based on three cores 240 mm2 cross-link polyethene (XLPE) 11 kV unarmoured underground 
cable.  The basic rectangular cross-section design and calibration of the Rogowski coil have widely 

discussed by [17].   Figure 2 shows the RC cross-section, which is consist of height, h, inner radius, Rin 

and outer radius, Rout.  The constructed parameters of the RC 1 and RC 2 is shown in table 1.  
 

 

 

  Figure 2. The rectangular cross-section of RC 
 

Table 1: The parameters of constructed RC. 

Coil Parameters RC1 RC 2 

Inner radius, Rin (mm) 44 44 

Outer radius, Rout (mm) 54 54 

Drc (Rout – Rin) 10 10 

Height of core, h 20 20 

Number of turns, N 30 50 

Mutual inductance, M (µH) 24.58 40.96 

Magnetic Flux Density, B (mTesla) 1.47 3.68 

Coil Inductance, Lc (µH) 4.21 5.76 

Coil Capacitance, Cc (pF) 104.72 172.27 

Coil Resistance, Rc (Ω) 0.17 0.26 

   

 

 For fabrication purposes, the RC was designed by using 3D Solidworks tool software which is 
compatible with 3D printer function. A filament material, Acrylonitrile Butadiene Styrene (ABS) was 

used as the casing of prototype and this material was proposed in [18]. The ABS is categorised as a non-

conducting attribute and has low conductivity and classified as an insulator[19]. The advantages of ABS 

are widely discussed in [20]–[22].  



1st International Symposium on Engineering and Technology (ISETech) 2019

IOP Conf. Series: Materials Science and Engineering 767 (2020) 012038

IOP Publishing

doi:10.1088/1757-899X/767/1/012038

4

 
 
 
 
 
 

1.2. RC Design Considerations 

Rogowski coil consists of of a copper helical coil wire that has two winding techniques; return loop and 
return wire. The purpose of these techniques is to cancel the electromagnetic field from outside the coil. 

In this work, the RC was designed by wounding the copper wire with a diameter of 0.7 mm around the 

ABS rectangular shape and loop back through the centre of the coil to the end as a return wire to give 
less affected to the electromagnetic field. 

 The number of turns will give the effect to the coil sensitivity and the coil inductance, LC. The LC 

increased when the core height increased or adding a higher number of turn (the copper wire becomes 

more longer in this case). The value of inductance should be applicable to result in elevated sensitivity 
while preserving the high-frequency band sensitivity. Meanwhile, by increasing the capacitance value, 

it will result in reducing the reaction of the upper frequency while maintaining the sensitivity. The 

capacitance must be held as low as possible to prevent high-frequency fall.  
 Therefore, the prototype of the RC's was built using Solidworks and 3D printer based on the design 

consideration and feature above. Figure 3(a) and (b) show the prototype of RC’s that fabricated in the 

lab. The coil resistance, Rc and coil inductance, Lc were measured using Agilent U1731C Handheld LCR 

Meter, and 1kHz frequency was selected. 
 

 

 RC core (ABS)

Return wire

Wire End 

Terminal

Wire Turns

 
(a) RC designed using Solidworks (b) ABS RC prototype with N turns 

Figure 3. The prototype of RC’s sensor (rectangular cross-section). 

 

4. Experimental Setup 

The experiment set up of the arcing fault signal was conducted in high voltage lab.  An arc fault forms 

when the air becomes conductive due to a high electrical potential between two conductors (above the 
breakdown voltage). Theoretically, the average breakdown voltage ranges from 25 kV / cm to 30 kV 

/cm and depends on the insulating material, the shape of the tip of the conductor, and the gap between 

the two conductors [23].  However, it is found that the temperature also influenced the breakdown 

voltage. Arc generator model was set up by using two (2) copper rode; primary and secondary with 1.0-
meter length each. These copper rods represent as the power cable which arcing fault signal travels until 

the end. The RC sensors are clamped and placed at secondary copper and measuring the travel signal. 

Figure 4 shows the arcing fault measurement setup which is consists of the BAUR PGK 70HB (for high 
voltage injection signal) and 1 kΩ resistor as load. The digital oscilloscope, Keysight DSO-X 3024A 

was used to detect the output signal that captured from the RC. 
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Digital 
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LO
A

D

Arc Generator
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rod
Air Gap

AC

240VAC, 
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Secondary  rod

Tested RC s 

Sensor

Keysight DXO-

X 3024

BAUR PGK 

70HB

AC Transformer
 

1k Ohm Resistor (Load)

Arc Generator

RC 1
RC 2

AC Transformer

Primary rod

Secondary rod

 
(a)  (b)  

Figure 4. Experimental setup for Arcing Fault measurement (a) Schematic diagram for experimental 

setup, (b) Laboratory experimental setup. 

 

5. Simulation And Experimental Result For Arcing Fault Measurement 

In this measurement, RC 1 and RC 2 were clamped on the secondary copper rode, and the voltage from 

3 kV to 15 kV was injected at primary copper which results in voltage breakdown at air gap rod area 
(arc spark). The Fast Fourier Transform (FFT) analysis was carried out by importing the oscilloscope 

captured data signal and analysed by using MATLAB. Table 2 presents the arc fault measurement result 

of the RC 1 and RC 2. Figure 5 and figure 6 show the measurement waveform result of RC1 and RC 2, 

which was analysed using MATLAB at 3 kV.   As can be seen, the amplitude of arc fault signal at 3 kV 
captured by RC 1 and RC 2 are 92.5 V and 123.0 V respectively. Similar trends have been observed in 

frequency resonance of RC 1 and RC 2, which are 7.14 MHz and 5.51 MHz. It shows that the RC with 

a more significant turn area has a significantly lower bandwidth. As seen in table 1, the more substantial 
number of turns gradually increased coil inductance. Thus, this observation indicates that the sensitivity 

of the RC 2 sensor decreased as it has a higher inductance than RC 1. In this case, RC 2 coil wire became 

longer (having 30 turns extra) than RC 1. Given the results obtained, the percentage difference of 
frequency resonance between RC 1 and RC 2 is 22.96%. 

 

Table 2. The Arc Fault Measurement Result of RC 1 and RC 2 at 3 kV and 15 Kv. 

Sensor ID Injected 
voltage (kV) 

Resonance 
frequency 

(MHz) 

Amplitude (V) 

RC 1 3 7.14 92.5 

RC 2 3 5.51 123.0 

RC 1 15 7.03 250.0 

RC 2 15 5.47 260.0 
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Figure 5. Arc Fault Detected by RC 1 at 3 kV breakdown voltage. 

 

 

Figure 6. Arc Fault Detected by RC 2 at 3 kV breakdown voltage. 

 
 The measurement of sensor performance was verified on a 15 kV breakdown voltage as well, and the 
results are shown in figure 7 and figure 8. In this voltage level, the resonance frequency of RC 1 was 

7.03 MHz while 5.47 MHz was captured by RC 2.  It can be seen that, at this voltage, small changes of 

the resonance frequency has been measured and similar to 3kV measurement signal. Similarly, the 

voltage amplitude increased when the arc fault signal increased. However, the amplitude of RC 1 was 
250 V and 260 V captured by RC 2.  As can be seen, the result indicates that the RC with a lower number 

of turns has better resonance frequency compared to the higher number of turns. 



1st International Symposium on Engineering and Technology (ISETech) 2019

IOP Conf. Series: Materials Science and Engineering 767 (2020) 012038

IOP Publishing

doi:10.1088/1757-899X/767/1/012038

7

 
 
 
 
 
 

 

Figure 7. Arc Fault Detected by RC 1 at 15kV breakdown voltage. 

 

 

Figure 8. Arc Fault Detected by RC 2 at 15kV breakdown voltage. 

 

6. Conclusion 

In this paper, the measurement of arcing fault signal using RC as a sensor was successfully done. The 

performance in terms of sensitivity of each RCs design has been discussed. This real measurement has 
proved that the higher magnetic flux density and mutual inductance does not produce a high-frequency 

response. At 3kV and 15kV, the lower number of turns results in better resonance frequency at 7.14 

MHz and 7.03 MHz for arcing fault detection. Also, the RC with low coil capacitance value has 
improved the upper-frequency limitation. The proposed ABS as sensor material is suitable and 

successfully measured the high voltage arcing fault. 
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