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ABSTRACT:- The power system monitoring and protection normally makes use of different type of relays. 

These relays basically operate with signals drawn from system such as voltage and current those are sensed in 

the current practice by using transducers like current & voltage transformer. These devices suffer a problem of 

saturation & affect the desired performance of relay & hence fail to operate. Also capacitive voltage 

transformer suffers the problem of transients. This limitation can be overcome by using a rogowski coil having 

an air core system.  

This paper while addressing problems associated with current transformer & CVT also presents the 

effectiveness of rogowski coil as an advanced solution for relaying system by using MATLAB & PSCAD 

software. 
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I. INTRODUCTION 
Traditional relaying equipment are provided with signals from iron cored voltage and current 

transformers (CT) having non-linear magnetizing reactance. CT primary currents can change from load currents 

to high fault currents. To avoid saturation, CTs are designed to operate at load currents on the lower portion of 

the magnetizing branch of V-I curve‟s linear region. It is desirable that CT‟s operate on the linear region without 

exceeding the saturation voltage even for fault currents. [3][7] 

     Capacitive Voltage Transformers (CVTs) are the predominant source of voltage signals for monitoring, 

protection relays and control application at transmission voltage level. Due to transient conditions in power 

system, the CVT output waveform may not follow closely to its input waveform due to internal storage elements 

such as capacitive, inductive and non-linear components (saturable magnetic core) as in steady state. They take 

time to dissipate their stored energy. [2-4][8-9] 

Rogowski coils are linear and provide advanced solutions for applications in multifunctional protective relaying. 

These schemes require fewer relays and current sensors than conventional designs, response times to faults are 

faster and adjustments to load and/or power system configuration changes can be easily made. The rogowski 

coil system is immune to external magnetic fields. It is simple, user friendly, requires less wiring and space and 

can provide metering class accuracy. [10]   

So, its use can be made for the power transmission lines. The topics in the paper address the problem of CT & 

CVT; it also mentions the effectiveness of rogowski Coil for relaying function. 

 

II. CONVENTIONAL TRANSDUCERS 
2.1 CURRENT TRANSFORMER 

In an electrical power system current transformer & voltage transformers are most commonly used as a 

transducer. The Fig.1 (a) is related to the resistive burden. Fig.1 (b) is with respect to non saturated transformer. 

[3] 

Also two main errors are present inside the current transformer as follow [5], 

1. Ratio error                                                                             2.        Phase angle error  

 

 

                               
(a)                                                                                       (b) 

Fig.1 (a) Equivalent circuit diagram of current transformer, (b) Vector diagram of current transformer 
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The simulation diagram can be drawn using MATLAB software [6] as in Fig.2 

 

 
Fig.2 Simulation of current transformer saturation 

 

2.1.1Normal operation:- 

In this test, the breaker is closed at a peak of source voltage (t = 1.25 cycle). This switching produces 

no current asymmetry as shown in Fig.3 (a). Also the flux waveform can be shown as in Fig.3 (c). 
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Fig.3 (a) 𝑰𝒑𝒓𝒊𝒎/150 (A), (b) Voltage at secondary side  𝑽𝟐(V), (c) CT Flux 

Fig.4 (a) 𝑰𝒑𝒓𝒊𝒎/150 (A), (b) Voltage at secondary side V_2(V), (c) CT Flux 

 

2.1.2 CT saturation due to current asymmetry:- 

Now, change the breaker closing time in order to close at a voltage zero crossing, t = 1/50 s is used. 

This switching instant will produces full current asymmetry in the shunt reactor as shown in Fig.4 (a). Also the 

flux waveform can be shown as in Fig.4 (c). 

 

2.1.3 Overvoltage due to CT secondary opening 

After reprogramming the primary breaker closing time at t = 1.25/50 s (no flux asymmetry) and changing the 

secondary switch opening time to t = 0.1 s. After starting the simulation the large overvoltage is produced when 

the CT secondary is opened as shown in Fig.5 (a). The flux has a square wave shape as shown in Fig.5 (c). 

 

 
                                    (a)                                                                                            (b) 

 
(c) 

Fig.5 (a) 𝑰𝒑𝒓𝒊𝒎/150 (A), (b) Voltage at secondary side 𝑽𝟐(V), (c) CT Flux 
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2.2 CAPACITIVE VOLTAGE TRANSFORMER 

Capacitor voltage transformer is used for protective relaying purpose and monitoring purpose. The 

monitoring equipment is required low voltage to operate.  In purpose to achieve power supply requirement for 

monitoring equipment, capacitor voltage transformer is used to step down the high voltage to low voltage. The 

high voltage of transmission line is converted to standard low voltage for metering, protection and controlling 

high voltage network [4] [8] [9] 

The system model of 132 kV, 50 Hz is developed as in Fig.6 whereas the results are shown in Fig.8 & 

9.  It can be seen from Fig.7 voltage & current is sensed by CVT & CT. From the results in Fig.8 & 9 transient 

behaviour of CVT & CT can be seen. These transients can affect the performance of protective devices such as 

relays. So as to avoid the malfunctioning of the devices rogowski coils are proposed as the solution to magnetic 

core transducers like CT & CVT in the next section.  

 

Fig.6 Simulation of 132 kV 50 Hz system model           Fig.7 Transducer scheme applied for simulation 

system

III.  ROGOWSKI COIL 
Generally rogowski coils are torroidal coils with air core (non-magnetic core). The absence of core 

makes them lighter in weight as compared to current transformer which is having iron core. The air core 

consideration in the rogowski coil construction makes the relative permeability as unity (𝜇𝑟 = 1). Rogowski coil 

is placed around the current whose current is to be sensed. [10][12] 

 The circuit diagram & vector diagram of rogowski coil is as shown in Fig.10 [3], 

 

Where, 

Rs, Ls= secondary winding resistance and self inductance 

M= mutual coupling 

C𝑠= stray capacitance (for protective relaying can be neglected), R𝐵=burden 
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Fig.8 Plots at Breaker B1                                                                      

Fig.9 Plots at Breaker B2

 

 
Fig.10 Circuit & Vector diagram of rogoeski coil 

 

 To prevent the effect of nearby conductor which is carrying high current, the windings are placed in 

opposite direction. This cancels electromagnetic fields coming from outside the coil loop. 

The output of the rogowski coil can be given by the equation (1): 

 

          𝑉 𝑡 =  −𝑀
𝑑𝑖 (𝑡)

𝑑𝑡
                                                                               (1) 

 

Where, 

 „i‟ is the current which is to be sensed.  

The model of the rogowski coil can be shown as in Fig. 11 [11] 
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. 

Fig.11 Equivalent model of rogowski coil 

 

From the above model in Fig.11, the transfer function can be calculated as in equation (2): [13-15]  

 

   𝐻 𝑠 =  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=  

𝑍

𝑅+𝑠𝐿+𝑠𝑍𝐶1𝑅+ 𝑠2𝑍𝐶1𝐿+𝑍
                                                      (2) 

 

3.1 SIMULATION OF ROGOWSKI COIL IN MATLAB SOFTWARE 

Integrator circuits are required due to differential input-output relationship of rogowski coil. 

The effect of integrator can be shown in Fig.12 (a) & (b). 

 
            (a) Rogowsk coil output without integrator                 (b) Rogowsk coil output without integrator 

Fig.12 Effect of Integrator 

 

3.2 COMPARISON OF CURRENT TRANSFORMER & ROGOWSKI COIL 

Table-1 compares the current transformer & rogowski coil [12]. 

Table-1- Comparison between current transformer & rogowski coil 

 Current 

Transformer 

Rogowski 

coil 

DC response No No 

Saturation Yes No 

Weight High Low 

Robustness Excellent Good 

External Field 

Rejection 

Excellent Good 

Output Current Voltage 

 Use Industry 

Standard 

Low 

Multiple Loads Yes Low 
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IV. CASE STUDY OF ROGOWSKI COIL 
In practice two analog outputs are available across the output terminals of rogowski coil (provided from 

manufacturer), [13-15] 

1. Standard AC output carrying out instantaneous value with 3Vrms full scale. 

2. An optional DC output carrying out the RMS value of measured current. 

 

The output of the converter is available in two ranges 0-20mA (standard) & 4-20mA (on request). In this work 

4-20mA range converter is used which can be observed in Table-2. 

 

PERFORMANCE OF ROGOWSKI COIL AT 50 Hz:- 

 

Table-2 Results of Rogowski coil 

Sr 

No. 

CURRENT  ROGOWSKI  INTEGRATOR  

VALUE OUTPUT OUTPUT 

1 10KA 10V 20mA 

2 7.5KA 7.5V 16mA 

3 5KA 5V 12mA 

4 2.5KA 2.5V 8mA 

5 0A 0V 4mA 

 

4. APPLICATION OF ROGOWSKI COIL IN POWER SYSTEM 

From Table-2, it is shown that how the output of rogowski coils can be coupled with the distance relay 

in Fig.13. As the fibre optics communication port is provided in the distance relay setup therefore the conversion 

from electrical to optical signal is needed. Also the output of rogowski coil can be directly coupled to distance 

relay. The formerly mentioned consideration is only the provision. 

The basis for the above mentioned consideration is based upon the installed application of rogowski coil for the 

induction heating application. It is coupled at the site as shown in Fig.14. [1][15] 

 

 
Fig.13 Block diagram of application of rogowski Coil for protection 

 

 The converter along with rogowski coil acts as a transducer. The converter coupled to rogowski coil 

shown in Fig.14 is as in Fig.15 respectively. 

The installation of the converter needs the input supply of 230V AC. From the manufacturer the 

resistances are provided along with the rogowski coil & converter. These resistances are generally called as 

damping resistances.  

From the above mentioned explanation, it is clear that the same rogowski coil can be coupled around 

the transmission line. As the connection of current transformer needs the terminal block, in case of rogowski 

coil there is no need of such blocks. It can be directly connected with the help of shielded cable. 
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Fig.14 application of rogowski coil for induction heating          Fig.15 Converter installation at the site 

 

V.  CONCLUSION 
 The well known application of rogowski coil to the arc furnace, induction heating can be similarly 

applied around the transmission line conductor. This work is mainly related to show the effectiveness of the 

rogowski coil for the accurate current measurement application. The advantage of air core is the main concern in 

the case of rogowski coil. Also as it is not magnetising core so it may not have errors like in CT & CVT. 

 

REFERENCES 
[1]. Muzamir Isa, Matti Lehtonen, Rogowski Coil Evaluation Performance with Different Fault Conditions in Medium 

Voltage Distribution Networks, International Journal of Electrical Engineering and Technology, Volume 3, Issue 

1, January-June (2012). 

[2]. Prof. Dr saad mekhilef, mr. cheng Hock lim and Dr ab. Halim abu Bakar, Investigation of transient Performance of 

capacitor voltage transformer (cvt), Journal - The Institution of Engineers, Malaysia (Vol. 71, No.2, June 2009) 

[3]. Power System Relaying Committee of IEEE Power Engineering Society, Practical Aspects of Rogowski Coil 

Applications to Relaying, Special report, September 2010, sponsored by Power System Relaying Committee of 

IEEE Power Engineering Society 

[4]. General Electric, IEC Capacitive & Coupling Capacitor Voltage Transformers (CVT & CCVT) guide. 

[5]. Alstom, Network Protection & automation guide, 2011 edition 

[6]. The Math works INC, “using MATLAB”. 

[7]. Lj. A. Kojovic, Comparative Performance Characteristics of Current Transformers and Rogowski Coils used for 

Protective Relaying Purposes, Power Engineering Society General Meeting, 2007. IEEE .  

[8]. I. Sule, U. O. Aliyu, and G. K. Venayagamoorthy, Simulation Model For Assessing Transient Performance Of 

Capacitive Voltage Transformers,  Power Engineering Society General Meeting, 2006. IEEE  

[9]. Roger A. Hedding, ABB Inc., Where did those transients come from and how are we going to handle them?  A 

fresh look at CCVT transient‟s phenomena. 

[10]. L.Kojovic “Rogowski coil suit relay protection & measurement” IEEE, Computer Applications in 

Power, Vol.10, Issue. 3, July 97. 

[11]. Veselin Skendzic and Bob Hughes, “Using Rogowski Coils inside Protective Relays” IEEE, Conference for 

Protective Relay Engineers, 2013, pp 1-10 

[12]. Xiang Minjiang, Gao Houlei, Zhao Baoguang, Wang Chengzhang, Tian Chun , “Analysis on transfer 

characteristics of Rogowski coil transducer to travelling wave”, The International Conference on Advanced Power 

System Automation and Protection,2011 

[13]. Ashish S. Paramane, Dr. P.K.Katti  “Improved Performance in Current Measurement of Rogowski Coil in Power 

System” International Conference at Asia Pacific Institute of Technology (ICACCT-2013), Nov.2013 

[14]. Ashish S. Paramane, Dr. P.K.Katti, “Rogowski Coil- A Precision Measuring Device for Relaying Purpose” 

International conference on Computer, Electrical & Electronics Engg.(IETE-2013), Dec-2013. 

[15]. Ashish S. Paramane, Avinash N. Sarwade, Pradeep K. Katti, Jayant G. Ghodekar, “ Rogowski Coil- A Novel 

Transducer for Current Measurement” 6th International Conference on Power System Automation & Protection 

Central Board of Irrigation & Power with CIGRE. 

http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=4275198
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=11204
http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=13028

