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Abstract. This paper presents the development of Rogowski coil to detect the partial 

discharge. Rogowski coil sensor is composed of a ferrite core with a various number of turns 

which is 5, 10, 20 and 30 turns with a half circle and full circle configuration. The sensors need 

to be tested based on the number of the turns they have in reading the partial discharge signals. 

The sensor is connected to a digital measurement device such as a digital oscilloscope which 

has an input impedance of 50 ohms and 1 Mohm with a time frame duration greater than or 

equal to 20 ms. The reading comparison is not only between the proposed sensors but also with 

a commercial partial discharge sensor. The partial discharge signal is generated by a 

commercial charge calibrator. The measurement result shows that using low impedance lead to 
decreased noise but the reading is too small compared with using high impedance. 

1.  Introduction 

Rogowski coil (RC) sensor has a multi-feature in frequency response. It can detect a broadband signal 

although it detects a pattern of current flowing through a conductor, the output results in the form of 

the voltage signal that read by a measurement tool such as a digital oscilloscope. Partial discharge 

(PD) signal is a wave that has a low amplitude, and high frequency occurred in random and 

repeatedly. The signal can be detected by an RC sensor or an inductive sensor with some different 

methods. These measurements have been used in [1]–[7]. 

The conventional partial discharge measurement is using an impedance (Coupling quadrupole, Cq) 

to evaluate the quality of isolation in high voltage equipment or even used to detect phenomena in 

various conditions which are electrically varied such as source frequency, waveform, isolation 

condition, and environmental condition. 
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This sensor works in low voltage. If it is applied in high voltage measurement, it will need a 

voltage divider like a coupling capacitor (CC). Therefore the high voltage will be in the coupling 

capacitor, and the low voltage will be in the Ck. In this condition, the capacitor has a higher 

capacitance when the high voltage has low frequency, and conversely, the capacitor has a lower 

capacitance when the high voltage has a high frequency[8]. It will be challenging when applied to 

measure high voltage with high frequency. This situation will lead to an inapplicable power dividing, 

i.e., a voltage in sensor terminal will rise causing damage in low voltage equipment. The Rogowski 

coil sensor applies to solve the problem since the sensor only detects inductive currents. 

This research develops a simple, low-cost Rogowski coil that can work with an acquisition tool 

such as a digital oscilloscope. Partial discharge signals that produced from a PD simulator will be 

detected by the sensors. The sensors have a different number of turns, and the measurement result will 

be read in Oscilloscope with different impedance value set. To check the accuracy of the sensor, the 

result will be linearized with an input value of the PD simulator and compared with the reading from 

the commercial PD detector. 

 

2.  Methodology 

2.1.  Experimental Set Up 

 

 

Figure 1. Experimental setup 

 

The performance of the RC sensor will is tested by comparing the obtained result with a result from a 

commercial PD detector as shown in figure 1. Partial discharge signal is generated by a Charge 

Calibrator (CCal) where the output is a function of an input produced by a function generator (Fg).  

The Fg output is set to generate a right triangle form voltage with a magnitude of 5 volts and a 

frequency of 1 kHz. The output is connected to CCal input which has a capacitance of 141 pF. The 

charge of 705 pC in CCal is produced from a multiplication of 141 pf in CCal with a voltage of Fg. 

Since the output response is in voltage, then only the magnitude of voltage is displayed. 

The sampling rate in a digital oscilloscope (DO) is set in 200 MS/s with a sampling point of 4 

Mpoin which equals to 1 sine wave with a frequency of 50 Hz. There are two type of input impedance 

used which are the 50-ohm resistor only and a parallel between a capacitor of 13 pF and a resistor of 1 

Mohm that already installed in the oscilloscope. The RC sensor is connected to DO using a 10-m 

length coaxial cable. A PC with Labview program is used to control Fg and DO through a LAN cable. 
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2.2.  The equivalent circuit of Rogowski Coil and oscilloscope 

 

 

a.  Equivalent circuit with the input impedance of 1 Mohm and 13 pF in Oscilloscope.

 

b. Equivalent circuit with the input impedance of 50 ohms in Oscilloscope.

 

c. The common equivalent circuit for a figure a and b.  

Figure 2. The equivalent circuit of the partial discharge sensor measurement system.  

 

RC model [6] is connected to DO which has 2 type of impedance circuit using a coaxial cable [9]. The 

first type is an input impedance of parallel circuit which consists of a capacitor (Co) and a resistor 

(Ro)as shown in figure 2.a. The second is an input impedance which only consists of a resistor(Ro) 

with the resistance of 50 ohms as shown in figure 2.b. By applying of electrical circuit theorems about 

parallel resistor and a parallel capacitor, figure 2.a and 2.b can be simplified as in figure 2.c. 
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3.  Result and Discussion 

 

Number 

of turns 

50 ohm 1 Mohm 

5 

  

 a. e. 

10 

 

 

 b. f. 

20 

 

 

 c. g. 

30 

  

 d. h. 

Figure 3. The measurement result of input impedance effect with some turns 

 

Based on the transfer function, the obtained magnitude of voltage depends on the given input 

impedance[10].  Figure 3 shows that a low input impedance results in a small value in reading. Then 

reading in magnitude will decrease if the inductance increases by adding more number of turns. The 

noise rises when some turn increases. 
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Figure 4. Waveforms that produced from the sensor with the variation of input impedance and number 

of turns. 

 

Figure 4 shows a different form of the wave on input impedance with a variation of some turns. As 

explained above that maximum reading will be small for low impedance. In this figure, it emphasizes 

some oscillation and frequency resulted from the increasing number of turns of the RC sensor. 

In RC sensor with five turns shows that some oscillation when using input impedance of 50 ohms is 

smaller than when using input impedance of 1 Mohm. On Impedance of 50 ohms with an increasing 

number of turns, the amount of oscillations is relatively the same as on impedance 1 Mohm but the 

period of the first wave increases as the number of turns increases.  

In RC sensor with an impedance of 1 Mohm, the number of oscillation decreases when adding ten 

turns more in the number of turns, but no changed when adding 20 turns more or even 30 turns more. 

The period of the first wave increases more as the number of turns increased. 

 

4.  Conclusion 

Some turns and the value of input impedance of oscilloscope determine the reading of the peak values 

of partial discharge signals by RC sensor. The highest value of input Impedance (1 Mohm) in 

oscilloscope producing a high number of oscillation that can be decreased by adding the number of 

turns. However, adding some turns for the input impedance of 50 ohm doesn’t change the number of 

oscillation. These additions of some turns for both input impedance values increase the period of the 

first oscillation wave. 
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