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INTRODUCTION 

In industries and plants, the most used devices for sensing alternating current, and scaling it down 

to the level compatible with measuring instruments and relays are current transformers (CT). This 

type of devices has primary and secondary ends where the primary winding carries the current to 

be measured and the secondary winding feeds the measuring instrument or the protective relay. 

Most frequently the CT does not have an explicit primary winding. The conductor carrying the 

current to be sensed, forms the single-turn primary, and passes through the aperture of the CT core. 

A current transformer is primarily described by its current ratio from primary to secondary. A 500 

A/ 5 A CT will provide a current of 5A in its secondary when 500 A current flows through the 

primary of the CT. Other specifications of the CT are the VA burden and some indication of the 

type (metering or protection) and the accuracy. The CT can experience a large inrush current in 

the primary side when it is connected to the primary of surge protection system of any plants. The 

high frequency current with large magnitude flowing through the primary leads to non-uniform 

distribution of flux in the primary, which results in instant magnetic saturation of the core. So due 

to these above reasons the current transformer is not preferable for the applications such in the 

fields like precision welding system, surge or lightning system, hydro generator sudden short 

circuit testing [1], arc-furnace current measurement systems [2] and the systems where the 

possibility of high speed current occurs. The alternative sensors for measurement of current in the 

above stated systems are Rogowski coil, Neel Effect toroidal current sensor [3], Hall Effect sensors 

[4]. For high amplitude and high-speed current the Rogowski coil has the better preference due its 

less bulky construction and the less cost. 

Designing of a Rogowski coil based current measuring system involves the mathematical 

modeling simulation studies taking in to account all the parameters of the sensor together with 

those of the associated circuitry and systems, e.g., parameters of the connecting cable, the 

measuring instrument, etc. Rogowski coil is to be modeled considering all the possible factors 

(e.g., parasitic) that can create problems in different locations. 

In this thesis the performance of a Rogowski coil based current measurement system has been 

studied considering two different types of models, namely lumped parameter type and distributed 

parameter type, through simulation in PSPICE. A recording device (oscilloscope) is considered as 

for measuring output of the system, practical values of co-axial cable parameters (characteristic 
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impedance, delay time), and oscilloscope parameters (input resistance and capacitance) are 

considered for the study. 
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2.1 Introduction 
The Rogowski coil named after Walter Rogowski a German physicist is a representative of several 

devices that measure large currents. A Rogowski coil is an electrical device that measures 

alternating currents or high frequency currents like in surge protection system, arc furnace system, 

leakage current of semiconductor devices in inverter or rectifiers and in short circuit testing electric 

generators. In this chapter the basic construction, working principle for sensing the current has 

been discussed. The different types of integration methods have also been discussed so as to get 

output voltage proportional to input current. Finally, the shielding of Rogowski coil has also been 

discussed. 

 

    Fig 2.1: Flexible Rogowski Coil 
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2.2 Working of Rogowski Coil 
The Rogowski coil consists of a wire wound on in the form of helix around the air core uniformly. 

The coil has a cross section area of Ax, mean outer diameter of D, inner diameter of d with N 

numbers of turns. A current carrying conductor passes through the aperture of the coil as shown in 

Fig. 2.2. 

 

 
    
    Fig 2.2: Basic construction of Rogowski coil 
 
 
Due to time varying current carrying by conductor a voltage e(t) gets induced in the coil. 
 
     𝑒(𝑡) = −𝑀

𝑑𝑖(𝑡)

𝑑𝑡
  … (2.1)              

 
 

The voltage of output terminals of Rogowski coil i.e., open circuit voltage will be defined by𝑢(𝑡). 

     𝑢(𝑡) = −𝑒(𝑡) = 𝑀
𝑑𝑖(𝑡)

𝑑𝑡
   … (2.2)  

 

 

 

To get the output voltage replica of input current an integrator has to be connected at the output 

side. So, after connecting the integrator the output voltage will be𝑢𝑠(𝑡). 
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𝑢𝑠(𝑡) = 𝐾𝑖 ∫ 𝑢(𝑡) 𝑑𝑡 

     𝑢𝑠(𝑡) = 𝐾𝑖𝑀𝑖(𝑡)    … (2.3) 

 

Where M is mutual coupling between current carrying conductor and the coil.   

 

By Ampere’s circuited law the above relation is proved in the following. 

 

 

     

    Fig 2.3: Enclosed Rogowski Coil 

 

The relation between the current enclosed by R-coil core and magnetic field intensity along axis 

of the coil is given by ampere’s circuital law as shown below. 

 

     𝑖(𝑡) = ∮ 𝐻(𝑡) cos 𝛼. 𝑑𝑙   … (2.4) 

      

Where 𝐻(𝑡) is vector in space, 

𝐻(𝑡)is converted to 𝐵(𝑡) µ0⁄  due to non-magnetic material core, 

𝑑𝑙 is a small element of length along loop with n turn/meter i.e., uniformly distributed turns and 

cross-sectional area in a section of length 𝑑𝑙 , 



8 
 

 
 

No. of turns is n 𝑑𝑙, 

Angle between 𝑑𝑙 and 𝐻(𝑡) is 𝛼, the magnetic flux linkage of the section  

  𝑑𝜓(𝑡) = µ0𝐻(𝑡)𝐴𝑥n𝑑𝑙 cos 𝛼 

Where 𝑑𝜓(𝑡)is the flux linkage of the small element of dl 

So, flux linkage of entire length of coil is- 

  𝜓(𝑡) = ∫ 𝑑𝜓(𝑡) = µ0𝐴𝑥n∮ 𝐻(𝑡) cos 𝛼𝑑𝑙 

 

From Eqn. (2.4) we get 

𝜓(𝑡) = µ0𝐴𝑥𝑛𝑖(𝑡) = 𝑀𝑖(𝑡) 

Irrespective of shape of core emf is statically induced in the coil so the coil output is: 

  𝑢(𝑡) =
𝑑𝜓(𝑡)

𝑑𝑡
= 𝑀

𝑑𝑖(𝑡)

𝑑𝑡
 

So,  𝑢𝑠(𝑡) = 𝐾𝑖 ∫ 𝑢(𝑡) = 𝐾𝑖𝑀𝑖(𝑡)     … (2.5) 

where, 𝐾𝑖 is integration constant of the integrator. 

The Rogowski coil does not get affected due to external current carrying conductor, as according 

to ampere’s circuital law Rogowski coil works on the closed contour i.e., the current has to pass 

from aperture of the coil to induced emf in the coil. 

  ∮ 𝐻(𝑡) cos 𝛼𝑑𝑙 = 𝑖(𝑡), for current passing through aperture 

  ∮ 𝐻(𝑡) cos 𝛼 𝑑𝑙 = 0 , otherwise. 

2.3 Lumped Equivalent Circuit of Rogowski Coil  
In the below Fig. 2.4 lumped equivalent circuit of Rogowski coil is represented by the rectangular 

broken line which is followed by terminating resistance 𝑅𝑡 and an integrator.  
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  Fig 2.4: Lumped Equivalent Circuit of Rogowski Coil with integrator 

 

Here the derivation of output gain G(s) which is the ratio of Laplace transform of integrator output 

𝑢𝑠(𝑡) and Laplace transform of input current i(t) to the Rogowski coil.  

 𝑀 : Mutual inductance between coil and the current carrying conductor 

 𝑅𝑐 : Coil resistance 

 𝐿𝑠 : Self inductance of the coil 

 𝐶𝑠 : Shunt capacitance of the coil 

 𝐶𝑝 : Inter-turn capacitance 

 𝑅𝑡 : Terminating resistance 

Self-impedance of the coil, 

𝑍𝑠 =

1

𝑠𝐶𝑝
(𝑅𝑐 + 𝑠𝐿𝑠)

(𝑅𝑐 + 𝑠𝐿𝑠 +
1

𝑠𝐶𝑝
)

=  
(𝑅𝑐 + 𝑠𝐿𝑠)

(𝑠2𝐿𝑠𝐶𝑝 + 𝑠𝑅𝑐𝐶𝑝 + 1)
=

𝑁(𝑠)

𝐷(𝑠)
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Terminating impedance of the coil, 

𝑍𝑡 =

𝑅𝑡

𝑠𝐶𝑠

𝑅𝑡 +
1

𝑠𝐶𝑠

=
𝑅𝑡

1 + 𝑠𝐶𝑠𝑅𝑡
=

𝑅𝑡

𝐷1(𝑠)
 

Now using voltage divider rule across 𝑅𝑡 we get, 

𝐸𝑜(𝑠)

𝑈(𝑠)
=

𝑍𝑡

𝑍𝑠 + 𝑍𝑡
=

𝑅𝑡

𝐷1(𝑠)

𝑁(𝑠)

𝐷(𝑠)
+

𝑅𝑡

𝐷1(𝑠)

=
𝑅𝑡 𝐷(𝑠)

𝑁(𝑠)𝐷1(𝑠) + 𝑅𝑡  𝐷(𝑠)
 

=
𝑅𝑡(𝑠2𝐿𝑠𝐶𝑝 + 𝑠𝑅𝑠𝐶𝑝 + 1)

𝑁(𝑠)𝐷1(𝑠) + 𝑅𝑡  𝐷(𝑠)
 

=
𝑅𝑡(𝑠2𝐿𝑠𝐶𝑝 + 𝑠𝑅𝑐𝐶𝑝 + 1)

(𝑅𝑐 + 𝑠𝐿𝑠)(1 + 𝑠𝐶𝑠𝑅𝑡) + (𝑠2𝐿𝑠𝐶𝑝𝑅𝑡 + 𝑠𝑅𝑐𝐶𝑝𝑅𝑡 + 𝑅𝑡)
 

 

𝐶𝑝 is very small, 

  ∴
𝑍𝑡

𝑍𝑠+𝑍𝑡
≈

𝑅𝑡

𝑅𝑐+𝑠𝐿𝑠+𝑠𝐶𝑠𝑅𝑡𝑅𝑐+𝑠2𝐿𝑠𝐶𝑠𝑅𝑡
 

=
𝑅𝑡

𝑠2𝐿𝑠𝐶𝑠𝑅𝑡 + 𝑠(𝐿𝑠 + 𝐶𝑠𝑅𝑡𝑅𝑐) + 𝑅𝑐 + 𝑅𝑡
 

=

1
𝐿𝑠𝐶𝑠

⁄

𝑠2 + 𝑠
(𝐿𝑠+𝐶𝑠𝑅𝑡𝑅𝑐)

𝐿𝑠𝐶𝑠𝑅𝑡
+

𝑅𝑐+𝑅𝑡

𝐿𝑠𝐶𝑠𝑅𝑡

 

=

1
𝐿𝑠𝐶𝑠

⁄

𝑠2 + 2 (1
𝐿𝑠𝐶𝑠

⁄ ) ×
1

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 𝑠 + 1

𝐿𝑠𝐶𝑠
⁄ (

𝑅𝑐

𝑅𝑡
+ 1)

 

𝐸𝑜(𝑠)

𝑈(𝑠)
=

1
𝐿𝑠𝐶𝑠

⁄

𝑠2 + 2√(1
𝐿𝑠𝐶𝑠

⁄ ) ×
√(1

𝐿𝑠𝐶𝑠
⁄ )

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 𝑠 + (1

𝐿𝑠𝐶𝑠
⁄ ) (

𝑅𝑐

𝑅𝑡
+ 1)

= 𝑥(𝑙𝑒𝑡) 
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Now by using Laplace transform in both sides of Eq. (2.2) we get, 

   𝑈(𝑠) = 𝑠𝑀𝐼(𝑠) ⇒ 𝐼(𝑠) = 𝑈(𝑠) 𝑠𝑀⁄     … (2.6) 

Integrator transfer function, 

     𝑈𝑠(𝑠)

𝐸𝑜(𝑠)
=

𝐾𝑖

1+𝑠𝑅𝑖𝐶𝑖
    … (2.7) 

where 𝑅𝑖𝐶𝑖 is time constant of the integrator, 

 𝐾𝑖 is integrator constant. 

we can write, 

𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝑈𝑠(𝑠)

𝐸𝑜(𝑠)
×

𝐸𝑜(𝑠)

𝐼(𝑠)
 

From Eqn. (2.6) and (2.7) we get, 

𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝐾𝑖

1 + 𝑠𝑅𝑖𝐶𝑖
×

𝐸𝑜(𝑠)

𝑈(𝑠)
× 𝑠𝑀 

 

Or,  
𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝑠𝐾𝑖𝑀

1+𝑠𝑅𝑖𝐶𝑖
× 𝑥 

By putting the value of x, 

𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝑠𝐾𝑖𝑀

1 + 𝑠𝑅𝑖𝐶𝑖
×

1
𝐿𝑠𝐶𝑠

⁄

𝑠2 + 2√(1
𝐿𝑠𝐶𝑠

⁄ ) ×
√(1

𝐿𝑠𝐶𝑠
⁄ )

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 𝑠 + (1

𝐿𝑠𝐶𝑠
⁄ ) (

𝑅𝑐

𝑅𝑡
+ 1)

 

 

In practical setting 𝑅𝑡 ≫ 𝑅𝑠 
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∴ 𝐺(𝑠) =
𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝑠𝐾𝑖𝑀

1 + 𝑠𝑅𝑖𝐶𝑖
×

1
𝐿𝑠𝐶𝑠

⁄

𝑠2 + 2√(1
𝐿𝑠𝐶𝑠

⁄ ) ×
√(1

𝐿𝑠𝐶𝑠
⁄ )

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 𝑠 + (1

𝐿𝑠𝐶𝑠
⁄ )

 

           … (2.8) 

Comparing with standard second order system, 𝐺(𝑠) =
ωn

2

𝑠2+2ξωn𝑠+ωn
2 we get, 

ωn =
1

√𝐿𝑠𝐶𝑠

 

ξ =

1

√𝐿𝑠𝐶𝑠

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 

where ωn 
is the natural frequency of oscillation of the system, 

 ξ is the damping ratio of the system. 

2.4 Amplitude Response of Rogowski coil 
The response of amplitude of gain shows the damping conditions at different values of damping 

ratio ξ. 

 

 

 

 

   Fig. 2.5: Amplitude response of Rogowski coil 

The amplitude response of 2nd order system in which current to be measured as input and output 

of integrator as ultimate output. Here the terminating resistance 𝑅𝑡 has chosen such that the 

damping ratio has two ranges: 
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1. When  𝛏 < 𝟎. 𝟕𝟎𝟕 

The arrangement of equivalent circuit of Rogowski coil followed by integrator and co axial cable 

has the two frequency limits, the lower limiting frequency 𝑓𝑙 and upper limiting frequency 𝑓𝑢 .The 

lower limiting frequency is equal to 
3

𝛕
 , where τ is the time constant of the integrator and the upper 

frequency limit is less than the characteristics impedance of co axial cable. The resonance is 

occurring at resonating frequency  𝑓𝒓 . In Fig. 2.6, the 2nd order system amplitude is 1.05 times of 

steady constant value at upper limiting frequency, and 0.95 times of steady constant value at lower 

limiting frequency. So, the value of damping ratio needs to be chosen at which the span of 𝑓𝑙  to 

 𝑓𝑢  is constant if this type of characteristics of arrangement performed then the Fourier components 

of a periodic signal lies between lower limiting frequency to upper limiting frequency leads to the 

ultimate output wave shape at integrator side would be replica of input current which need to be 

measured. 

                
  

 
 

 

 

  Fig. 2.6: Amplitude response of Rogowski coil for  ξ < 0.707 

 

2.  When  𝛏 ≥ 𝟎. 𝟕𝟎𝟕 

If we consider this type of characteristics of arrangement, the lower limiting frequency will be 

governed by first order characteristics and but for upper limiting frequency if ξ ≥ 0.707 then 

between lower limiting frequency and upper limiting frequency there will be no resonance 

frequency and the deviation in steady constant value would be 5% only. 
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  Fig. 2.7: Amplitude response of Rogowski coil for ξ ≥ 0.707 

 

2.5 Significance of Terminating Resistance  
Terminating resistor Rt determines the damping ratio of the system, the damping ratio Eqn. (2.8) 
has Rogowski coil electrical parameters which are only dependent on its dimensions so damping 
ratio. 

ωn =
1

√𝐿𝑠𝐶𝑠

 

Where ωn 
is the natural frequency of oscillation of the system. 

ξ =

1

√𝐿𝑠𝐶𝑠

2
(

𝐿𝑠

𝑅𝑡
+ 𝐶𝑠𝑅𝑐) 

Where ξ is the damping ratio of the system. 

𝑅𝑡 =
𝐿𝑐

2ξ ωn𝐿𝑠𝐶𝑠 − 𝐶𝑠𝑅𝑐
 

 

For high frequency applications, 2£ωn𝐿𝑠𝐶𝑠 ≫ 𝐶𝑠𝑅𝑐  
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      𝑅𝑡 =
1

2ξωn𝐶𝑠
     … (2.9) 

   

For electrical parameter values of Rogowski coil with damping coefficient, terminating resistance 

𝑅𝑡 values are calculated in different values of damping ratio (ξ) from Eqn. (2.9) as shown in 

TABLE I. 

          TABLE I: 

SL 

NO. 

Damping 

Ratio (𝜉) 

Terminating 

resistance (𝑅𝑡) 

1 0.1 36.75kΩ 

2 0.2 18.37kΩ 

3 0.3 12.125kΩ 

4 0.4 9.25kΩ 

 

 

2.6 Measurement systems using Rogowski Coil 
The signal in the form of output voltage in the output of Rogowski coil probe is proportional to 

the rate of change of current, to get the input current an integrator is needed to connect at output 

side. There are different types of integrator circuit in use like passive integrator such as R-C and 

R-L integrator, active integrator using op-amps etc. These integrated outputs are taken to the 

recording device oscilloscope with the help of co-axial cable to record the output waveform which 

is a replica of input current to analyze the front time and tail time.  
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2.6.1 Rogowski coil measurement system with passive integrator 

Passive integrators generally are of two types, RC integrators and RL integrators. In this 

thesis only RC integrator is used. A R-C passive integrator consists of a resistor connected 

with capacitor in series as shown in Fig. (2.8). The values of R and C are determined by 

the relation   𝜔𝐿 ≫1/RC, where 𝜔𝐿is the lowest frequency component of the signal to be 

integrated.  

 

   Fig.2.8: R-C passive integrator 

 

 

By using voltage divider rule and by representing the circuit impedances in Laplace domain, we 

get the Laplace transform of the integrator output as:  

    Us(s) =
1 sCi⁄

𝑅𝑖+1 sCi⁄
× U(s)  

   or, Us(s)

U(s)
=

1

1+s𝑅𝑖Ci
  

From Eqn. 2.2 using Laplace transformation, we get  U(s) = sMI(s). 

Now,     
Us(s)

I(s)
=

sM

1+s𝑅𝑖Ci
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If ωLRiCi ≫ 1, then 

    
Us(s)

I(s)
≈

M

𝑅𝑖Ci
      … (2.10) 

  

2.6.2 Rogowski coil measuring system with active integrator 

The output voltage of the Rogowski coil u(t) which is to be integrated to get a replica of input 

current can be obtained with the help of active integrator circuit. Here the operational amplifier is 

used to integrate the output voltage of the Rogowski coil. The loading effect on the Rogowski coil 

is inappreciable due to the high input impedance of the op-amp. Further, the loading effect of the 

subsequent circuit on the integrator is much less due to low output impedance of active integrator. 

 

 

 

 

 

 

 

 

  Fig. 2.9: Active integrator using non-inverting operational amplifier 

Let the inverting terminal of op-amp is at potential 'V' and hence non-inverting terminal is also 

appears to be at the same potential 'V' due to virtual ground concept. Input current to op-amp is 

zero. Hence applying KCL at non-inverting terminal node we have 

    
𝑢(𝑡)−𝑉

𝑅𝑖
= 𝐶𝑖

𝑑𝑉

𝑑𝑡
     … (2.11) 

V 
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Now applying KCL at inverting terminal node we have 

    
𝑉

𝑅𝑖
= 𝐶𝑖

𝑑(𝑢𝑠(𝑡)−𝑉)

𝑑𝑡
+

𝑢𝑠(𝑡)−𝑉

𝑅𝑓
 

Here, feedback resistance 𝑅𝑓 is very large in MΩ range, so the term 𝑢𝑠(𝑡)−𝑉

𝑅𝑓
 is very small and can 

be neglected from the above equation. 

So,     
𝑉

𝑅𝑖
= 𝐶𝑖

𝑑(𝑢𝑠(𝑡)−𝑉)

𝑑𝑡
 

          or,
𝑉

𝑅𝑖
= 𝐶𝑖

𝑑𝑢𝑠(𝑡)

𝑑𝑡
− 𝐶𝑖

𝑑V

𝑑𝑡
 

From Eqn. 2.7 by replacing the value of the term 𝐶𝑖
𝑑𝑉

𝑑𝑡
 in above equation we get, 

    
𝑉

𝑅𝑖
= 𝐶𝑖

𝑑𝑢𝑠(𝑡)

𝑑𝑡
−

𝑢(𝑡)−𝑉

𝑅𝑖
 

           or, 𝑉

𝑅𝑖
= 𝐶𝑖

𝑑𝑢𝑠(𝑡)

𝑑𝑡
−

𝑢(𝑡)

𝑅𝑖
+

𝑉

𝑅𝑖
 

           or, 𝐶𝑖
𝑑𝑢𝑠(𝑡)

𝑑𝑡
=

𝑢(𝑡)

𝑅𝑖
 

By using Laplace transform in both sides we get, 

    𝑠𝐶𝑖𝑈𝑠(𝑠) = 𝑈(𝑠) 𝑅𝑖⁄  

           or, 𝑈𝑠(𝑠)

𝑈(𝑠)
=

1

𝑠𝐶𝑖𝑅𝑖
     … (2.12) 

 

 

From Eqn. 2.2 using Laplace transformation, we get  U(s) = sMI(s). 

By using the above U(s) value in Eqn. 2.8, 
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𝑈𝑠(𝑠)

𝐼(𝑠)
=

𝑀

𝐶𝑖𝑅𝑖
     … (2.13) 

So Rogowski coil with active integrator gives a gain of 𝑀 𝐶𝑖𝑅𝑖⁄ , same as with passive integrator. 

• Significance of 𝑹𝒇: 

We know that an op-amp has a very high open loop dc gain. At low frequencies impedance of the 

feedback capacitor, 𝑋𝐶𝑖
 is very high and a very high impedance can be assumed as an open circuit. 

Due to this reason even if there is very low input dc voltage, op-amp will be driven to saturation. 

Therefore, a very high resistance  𝑅𝑓 is connected in parallel to the feedback capacitor so that the 

gain of the circuit is limited to a finite value (effectively very small).  

 

 

2.7 Shielding of Rogowski coil 
A Rogowski coil needs a metallic shielding to prevent electrostatic interference in practical 

application. When an object in earth potential in close proximity of Rogowski coil is present a 

parasitic capacitance between ground and R-coil formed and that ground capacitance will be 

distributed in nature throughout the R-coil. When an external voltage source appeared in the 

vicinity the parasitic capacitance also gets formed between the Rogowski coil and external voltage 

source, if change in voltage is fast then a circulating current or leakage current starts to flow 

through voltage source to Rogowski coil to ground then there will be a voltage drop occurs in 

different section of Rogowski coil. Due to voltage drops the ultimate output voltage will have an 

error so to minimize the ground or parasitic capacitance shielding is required. 
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2.8 PSPICE Modelling of Rogowski Coil 
1. PSpice Lumped parameter model 

2. PSpice Distributed parameter model. 

 

2.8.1 PSPICE LUMPED PARAMETER MODEL: 

The lumped parameter model [5] consists of concentrated passive elements in the circuit connected 

with the wire. The Rogowski coil consist of resistance, capacitance per unit length, inductance per 

unit length, the mutual inductance between the current carrying conductor and the coil and the 

parasitic capacitance. The equivalent circuit diagram of lumped parameter model of Rogowski coil 

is shown in Fig 2.10, where M and Ls are the mutual inductance and self-inductance, respectively, 

Cs is the shunt capacitance of the coil, 𝑅𝑐  is the equivalent coil resistance, and Rt the terminal 

resistance. Simulation studies of Rogowski coil with the help PSPICE is performed to compare 

the output of the integrator and input current, in the time domain. The parasitic inter-turn 

capacitance is neglected. 

  

 

  

 

 

 

 

 

   Fig. 2.10: Lumped parameter model of Rogowski coil 

 

Since the capacitance to ground is distributed in nature, the lumped parameter model is not 

suitable for studying high frequency measurement so it can be transformed into distributed 

model for better insight. 
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2.8.1 PSPICE DISTRIBUTED PARAMETER MODEL: 

The lumped model is not suitable for high frequency measurements as discussed above so it should 

be replaced by distributed model in Fig. 2.11, one of the distributed models is based on 

transmission line theory [6]. In this model the electrical distance of the coil is separated with n 

division ,each division contains series inductance 𝐿𝑠 = 𝐿𝑙/𝑛  , 𝐶𝑆 = 𝐶𝑙/𝑛, 𝑅𝑐 =
𝑅𝑙

𝑛⁄ . The inter-

turn capacitance is neglected due its small value. 

 

Fig. 2.11: Distributed parameter model 
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2.9 Merits and Demerits of Rogowski Coil 
Although Rogowski coil can be used for measurement of high-speed pulse current without having 

bulky circuit for the arrangement, there are some merits and demerits of the proposed measurement 

system. 

• MERITS: 

1. Due to the non-magnetic core, saturation does not take place and linearity comes 

even when high speed current subjected to the system for measurement 
2. No danger of secondary opening  
3. The size of Rogowski coil as compared to the conventional current transformer is 

small for measuring high amplitude input current. 
4. The Rogowski coil responds in nano seconds for the fast-changing currents due to 

its low inductance value. 
5. Construction cost of Rogowski coil is less. 

 

• DEMERITS: 

1. If the Rogowski coil is used with an active integrator to integrate the output voltage 

to get the input current, the active integrator consists of op-amp which needs to be 

operated with external voltage dc (bias) source but in CT this arrangement is not 

required. 

2. Rogowski coil cannot handle DC.  

3. Sensitivity of Rogowski coil is low as compared to CT due to low permeability of 

the core. 

 

2.10 Application of Rogowski Coil 
Not only, the Rogowski coil is useful in conventional applications, but also, there are other cases 

where Rogowski coil is the best choice [11]. Because of non-geometric structure and capability in 

measuring high amplitude current it has various applications in laboratories, industrial 
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measurement instruments, and unconventional measuring systems [12]. In following, a brief 

overview of the Rogowski coil applications is represented. 

In the power system protection, conventional CTs are being used for decades. These CTs were 

necessary for electromagnetic relays operation, due to the large power demand of these relays for 

proper operation. Nowadays, the relays are numeric and work with low power signals properly. 

As a consequence, the Rogowski coil can be used instead of CTs for fault detection in transmission 

lines and electrical machines [13]. Using Rogowski coil leads to fast response of the relays and 

flexibility of protection schemes [14], [15]. This matter has also opened new gates to the protection 

schemes fields [13]. For example, the Rogowski coil owing to wide frequency bandwidth can 

measure the travelling wave variation, which enables using travelling wave-based protection 

schemes fields [16]. Travelling wave-based algorithms is useful in fault location methods [17]. It 

is also possible to add the coil on distribution overhead lines without primary separation for high 

impedance fault detection [18]. Some of the CTs problems, such as CTs saturation, which lead to 

maloperations of the relays, are not the matter of concerns in the Rogowski coil. Numerous 

researches are focused on using the Rogowski coil instead of CTs in transmission and distribution 

substations [16], [11], [17]. The Rogowski coil is useful as an electronic current transducer in 

smart substations for protection and monitoring applications as well [19]. 

In applications where there is no normal geometrical structure, the Rogowski coil is one of the best 

options, due to its flexibility [20]. For instance, One Rogowski coil can be placed around the tower, 

for measuring the impulse current distribution in a wind turbine tower [21]. Measuring the leakage 

current of the system, which placed on earth, can be done by placing big Rogowski coils around 

all of the legs of that component. Using this method, the grounding resistance of overhead line 

towers can be measured, individually [17]. The coil can also be placed around high voltage 

bushings, for on line monitoring [16]. It is also useful for eddy current measurements in non-

geometric structures [22]. 

The Rogowski coil has intrinsic insulation from main circuit. Using optical link between the coil 

and the measurement system has strengthened the coil for using in high voltage applications. This 

area can be developed vastly in the future. 
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Chapter 3: Investigation and Results 
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3.1  Introduction 
In this chapter investigations and results are discussed in brief. The values of different components 

of Rogowski coil and required system parameters are stated and calculated. Finally, the simulation 

studies have been discussed. 

 

3.2 Investigation 
The current system using Rogowski coil is widely in use due to its linear characteristics and 

potential for inexpensiveness unlike the current transformer. The circuit arrangement of the coil 

with passive integrator is inexpensive as compared to active integrator for the measurement of the 

current. The output of integrator which is the replica of input current is taken to an oscilloscope 

with the help of co axial cable. Use of active integrator for integration of output voltage leads to 

more accuracy as compare to passive integrator due to less loading effect of the active integrator. 

For sensing of currents with very high frequency components, the constraint imposed by the 

bandwidth of the op-amp is overcome by opting for a passive integrator. The investigation and 

study in this chapter consist of two sections. In the first section a steep impulse current of 1/20μs 

is generated with the help of MATLAB programming to use in the simulation work. The second 

one consists of evaluating the time response of the Rogowski coil-based system for performance 

analysis. The performance analysis of Rogowski coil-based system is carried out by varying 

different system parameters for better understanding. 

 The PSPICE simulations have been carried out for both lumped and distributed parameter model 

with the calculated parameters of Rogowski coil, practical values of coaxial cable parameters, and 

the input impedance of oscilloscope for recording the output of the system. 
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3.3 Values of different parameters 
• Rogowski Coil 

The electrical parameters of a real-life Rogowski coil [23] are, self-resistance of coil 𝑅𝑐 = 129Ω, 

self-inductance of the coil 𝐿𝑠 = 2.08𝑚𝐻, shunt-capacitance of the coil 𝐶𝑠 = 38.5𝑝𝐹 and the 

mutual inductance between current carrying conductor and the coil is 𝑀𝑐 = 1.049µ𝐻 

• Co axial cable 

The co axial cable used for transmitting the output waveforms to the oscilloscope are of different 
types with different parameters. 

RG-7: Silver plated copper conductor gas-injected foamed high-density polyethylene insulation 
cable shown in fig 3.1. 

Overall outer diameter: 8.128mm 

Shielding: 95% braid copper 

Characteristics impedance: 75Ω 

Co axial capacitance: 52.8pF/m 

Delay time: 3.97ns/m 

Length of Co axial cable: 15m 

Attenuation coefficient: 2.2967dB/100m at 5MHz 

 

    Fig 3.1: RG 7 Co axial cable 
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• Oscilloscope 

The input impedance of the oscilloscope consists of resistance 𝑅𝑜 and capacitance 𝐶𝑜 are connected 

in parallel. The practical 

Values of 𝑅𝑜 and 𝐶𝑜 are considered:  

Input resistance of the oscilloscope 𝑅𝑜 : 1 MΩ 

Input capacitance of the oscilloscope 𝐶𝑜 : 16pF 

 

• Integrator Parameters 

The passive and active integrators used to integrate the output voltage are series connection of 

resistor and capacitor for passive integrator and input resistance in active integrator with feedback 

capacitor. The values of resistor and capacitor for integrating circuit are calculated considering the 

input current waveform. The time of peak value of current has been considered as quarter cycle of 

a sine wave. So, the corresponding angular frequency has been considered as  

ωL ≫
1

𝑅𝑖𝐶𝑖
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   Fig 3.2: Input impulse current of 1/20µs wave shape 

From below Eqn. (3.1) and Eqn. (3.2) we get the following values of front time and tail time of 

the input current waveform in Fig. (3.2). 

𝑇𝑓 = 1.08 µs 

𝑇𝑝 = 20.11 µs 

Peak time (𝑇𝑝𝑒𝑎𝑘) is time when the current has reached to its peak value. 

𝑇𝑝𝑒𝑎𝑘 = 1.99µs, ωL =
2𝜋

4𝑇𝑝𝑒𝑎𝑘
 

ωL𝑅𝑖𝐶𝑖 ≫ 1 

With above conditions, the integrator circuit parameters are calculated shown below. 

Integrator resistance, 𝑅𝑖 = 10𝑘Ω 

Integrator capacitance, 𝐶𝑖 = 0.1µ𝐹 
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3.4 Representation of standard exponential impulse 

current  
The impulse wave shape as shown in fig is defined according to the IEC recommendation [7]. The 

value of the impulse current is normally defined by its peak value. Impulse current waveform 

characteristics [8] can be described using important parameters, namely the front time Tf and the 

time of half tail time Tp. The front time defined by 1.25 times of the interval between the instants 

when the impulse is 10% and 90% of the peak value. The front time can be calculated using (3.1) 

where t0.1 and t0.9 are at 10% and 90% of peak current respectively. The time to half value of an 

impulse current is the time interval between the virtual origin and the instant on the tail at which 

the current has decreased to half of the peak as shown in (3.2). In the simulation, we are using 1/20 

µs waveshape  

    𝑇𝑓 =  1.25(𝑡0.9 − 𝑡0.1)    … (3.1) 

     𝑇𝑝 = 𝑡0.5     … (3.2) 

   Fig 3.3: Standard exponential impulse current waveform 

 

Here the polarities reversal of current after the current fallen to zero should not more than 20% of 

the peak value. The parameters of wave impulse current are defined in IEC or ANSI/IEEE as 

shown in table. 
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• Tolerance of impulse current 

Wave shape 

(µs) 

Front time 

𝑇𝑓 

Time to half 

𝑇𝑝  

Peak value Polarity           

reversal 

1/20 1µs  ± 10% 20µs ± 10% ± 10% 20% 

4/10 4µs  ± 10% 10µs  ± 10% ± 10% 20% 

8/20 8µs  ± 10% 20µs± 10% ± 10% 20% 

30/80 30µs  ± 10% 80µs ± 10% ± 10% 20% 

 

The impulse current (without considering the polarity reversal) can be represented by the double 

exponential expression [8] 

    𝑖(𝑡) = 𝐼[𝑒(−𝛼𝑡) − 𝑒(−𝛽𝑡)]    ... (3.3) 

where α and β are constants, and need to be determined for the impulse waveform of current, 

 I is the peak value of impulse current waveform. 

• Expression for A factor 

In the previous double exponential expression formula, the constants α and β are usually difficult 

to fit the impulse waveform of the impulse current, for this reason an additional A factor [9] must 

be introduced for better accuracy. A factor is important to create the double exponential impulse 

waveforms with different parameters and amplitudes. 

With respect to Eqn. (3.3), the modified formula for impulse current is written as  

    𝑖(𝑡) = 𝐴𝐼[𝑒(−𝛼𝑡) − 𝑒(−𝛽𝑡)]                … (3.4) 

       and its derivative is  

              𝑑𝑖(𝑡)

𝑑𝑡
= 𝐴𝐼(−𝛼𝑒−𝛼𝑡 + 𝛽𝑒−𝛽𝑡)    … (3.5)  

At the peak value I, Eqn. (3.5) should satisfy the following condition. 
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𝑑𝑖(𝑡𝑚𝑎𝑥)

𝑑𝑡
= 𝐴𝐼(−𝛼𝑒−𝛼𝑡𝑚𝑎𝑥 + 𝛽𝑒−𝛽𝑡𝑚𝑎𝑥) = 0    … (3.6) 

Where 𝑡𝑚𝑎𝑥  is the time from the beginning of the current to its peak value. 

From Eqn. (3.5) the 𝑡𝑚𝑎𝑥 can be expressed. 

    𝑡𝑚𝑎𝑥 =
(ln 𝛽−ln 𝛼)

(𝛽−𝛼)
      … (3.7) 

Substituting Eqn (3.7) into Eqn. (3.4) yields 

    𝑖(𝑡𝑚𝑎𝑥) = 𝐴𝐼(𝑒−𝛼𝑡𝑚𝑎𝑥 − 𝑒−𝛽𝑡𝑚𝑎𝑥)   … (3.8) 

   

The expression for A can be given as 

   𝐴(𝛼, 𝛽) =   1/(𝑒
−𝛼

ln 𝛽−ln 𝛼

𝛽−𝛼 − 𝑒
−𝛽

ln 𝛽−ln 𝛼

𝛽−𝛼 )   … (3.9) 

By putting the values of 𝛼 & 𝛽 from Eqn. (3.10) and Eqn. (3.11) into Eqn. (3.9) we get, 

𝐴 = 1.1 

 

• Expression for α and β parameters 

The expression for the formula constants is important for determining the wave shape of the 

current. The relation between the formula constants and front time and tail is non-linear. For this 

reason, the expression to determine the formula constants as [10] are given below. 

𝛼 =
1

𝑇𝑝
[4.0616 − 26.963

𝑇𝑓

𝑇𝑝
− 28.909(

𝑇𝑓

𝑇𝑝
)2 + 598.99(

𝑇𝑓

𝑇𝑝
)3 − 1273.2(

𝑇𝑓

𝑇𝑝
)4]

−1

4  

𝛽 =
1

𝛼𝑇𝑓
2 [6.222 ∗ 10−5 + 1.495

𝑇𝑓

𝑇𝑝
− 2.087(

𝑇𝑓

𝑇𝑝
)2 + 8.418(

𝑇𝑓

𝑇𝑝
)3 − 4.649(

𝑇𝑓

𝑇𝑝
)4] 
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By putting the values of 𝑇𝑓 and 𝑇𝑝 from above calculated values of 𝑇𝑓 and 𝑇𝑝 in above equations 

we get,  

 𝛼 = 38976.6 𝑠−1     … (3.10) 

   𝛽 = 2100000𝑠−1      … (3.11) 

To get accurate waveform of input impulse current from MATLAB, α and β values are needed to 

be changed slightly. By keeping α constant β is changed using trial and error method. 

 

• MATLAB Program to generate input impulse current waveform: 

 

 

 

 

 

 

 

A=1.1; 

a=38976.6; 

b=2100000; 

I=1; 

t=[0:0.25e-6:25e-6]; 

x1= exp(-a*t); 

x2= exp(-b*t); 

i=A*I*(x1-x2); 

crnt=[t' i']; 

plot(t,i) 

save('E:\matlabuser\current3.txt','crnt','-ascii') 
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3.5 Simulation Circuit Arrangement: 
The simulation circuit arrangements have been shown in fig (3.4) to fig (3.15). 

 

LUMPED PARAMETER MODEL 

 

    

   Fig 3.4: Lumped parameter model with passive integrator 

 

 

Fig 3.5: Lumped parameter model with passive integrator with coaxial cable connected to 

Oscilloscope 
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Fig 3.6: Lumped parameter model with passive integrator with coaxial cable terminated at series 

RC matching impedance connected to Oscilloscope  

 

 

 

 

 

 

 

 

 

   Fig 3.7: Lumped parameter model with active integrator 
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Fig 3.8: Lumped parameter model with active integrator with coaxial cable connected to 

Oscilloscope 

 

    

 

 

Fig 3.9: Lumped parameter model with active integrator with coaxial cable terminated at series 

RC matching impedance connected to Oscilloscope  
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DISTRIBUTED PARAMETER MODEL   

 

  Fig 3.10: Distributed Parameter Model With passive integrator 

 

Fig 3.11: Distributed Parameter Model passive integrator with coaxial cable connected to 

Oscilloscope 
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Fig 3.12: Distributed parameter model with passive integrator with coaxial cable terminated at 

series RC matching impedance connected to Oscilloscope  

 

  

  Fig 3.13: Distributed Parameter Model with active integrator 



38 
 

 
 

  

Fig 3.14: Distributed Parameter Model active integrator with coaxial cable connected to 

Oscilloscope 

 

Fig 3.15: Distributed parameter model with active integrator with coaxial cable terminated at 

series RC matching impedance connected to Oscilloscope  
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3.6 Simulation Results 
The above circuits from Fig. 3.4 to Fig. 3.15 are simulated in PSPICE using 1/20 𝜇𝑠 impulse input 

current from Fig. 3.2 as input. The simulated output waveforms are generated using different 

terminating resistance from Table no … Percentage error of front time and tail time of output 

waveform from front time and tail time of the input impulse waveform is obtained for different 

terminating resistance error analysis. 

3.6.1 Simulation Output configurations 
• Lumped Parameter Model: [Circuit arrangements Fig 3.4 to Fig 3.9] 

 1.Time response of Lumped Parameter Model with passive integrator  

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.12 

   2. Rt: 18.37kΩ Fig.3.13 

   3. Rt: 12.125kΩ Fig.3.14 

   4. Rt: 9.25kΩ Fig.3.15 

 2. Time response of Lumped parameter model with passive integrator with coaxial cable 

 connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.16 

   2. Rt: 18.37kΩ Fig.3.17 

   3. Rt: 12.125kΩ Fig.3.18 

   4. Rt: 9.25kΩ Fig.3.19 
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 3. Time response of Lumped parameter model with passive integrator with coaxial 

 cable terminated at series RC matching impedance connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.20 

   2. Rt: 18.37kΩ Fig.3.21 

   3. Rt: 12.125kΩ Fig.3.22 

   4. Rt: 9.25kΩ Fig.3.23 

 4. Time response of Lumped parameter model with active integrator: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.24 

   2. Rt: 18.37kΩ Fig.3.25 

   3. Rt: 12.125kΩ Fig.3.26 

   4. Rt: 9.25kΩ Fig.3.27 

 5. Time response of Lumped parameter model with active integrator with coaxial cable 

 connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.28 

   2. Rt: 18.37kΩ Fig.3.29 

   3. Rt: 12.125kΩ Fig.3.30 

   4. Rt: 9.25kΩ Fig.3.31 
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 6. Time response of Lumped parameter model with active integrator with coaxial cable 

 terminated at series RC matching impedance connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.32 

   2. Rt: 18.37kΩ Fig.3.33 

   3. Rt: 12.125kΩ Fig.3.34 

   4. Rt: 9.25kΩ Fig.3.35 

 

 

 

• Distributed Parameters Model: [Circuit arrangements Fig 3.10 to  

Fig 3.15] 

 7. Time response of Distributed parameter model with passive integrator:  

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.36 

   2. Rt: 18.37kΩ Fig.3.37 

   3. Rt: 12.125kΩ Fig.3.38 

   4. Rt: 9.25kΩ Fig.3.39 
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 8. Time response of Distributed parameter model with passive integrator with coaxial 

 cable connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.40 

   2. Rt: 18.37kΩ Fig.3.41 

   3. Rt: 12.125kΩ Fig.3.42 

   4. Rt: 9.25kΩ Fig.3.43 

 9. Time response of Distributed parameter model with passive integrator with coaxial 

 cable terminated at series RC matching impedance connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.44 

   2. Rt: 18.37kΩ Fig.3.45 

   3. Rt: 12.125kΩ Fig.3.46 

   4. Rt: 9.25kΩ Fig.3.47 

 10. Time response of Distributed parameter model with active integrator: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.48 

   2. Rt: 18.37kΩ Fig.3.49 

   3. Rt: 12.125kΩ Fig.3.50 

   4. Rt: 9.25kΩ Fig.3.51 
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 11. Time response of Distributed parameter model with active integrator with coaxial 

 cable connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.52 

   2. Rt: 18.37kΩ Fig.3.53 

   3. Rt: 12.125kΩ Fig.3.54 

   4. Rt: 9.25kΩ Fig.3.55 

 

 12. Time response of Distributed parameter model with active integrator with coaxial 

 cable terminated at series RC matching impedance connected to Oscilloscope: 

 For different values of terminating resistance, the simulation has been done. The output  

 waveforms are: 

   1. Rt: 36.75kΩ Fig.3.56 

   2. Rt: 18.37kΩ Fig.3.57 

   3. Rt: 12.125kΩ Fig.3.58 

   4. Rt: 9.25kΩ Fig.3.59 
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3.6.2 Output Waveforms 
Ⅰ. LUMPED PARAMETER MODEL 

 Ⅰ. (a) With passive integrator 

 

   

  

 

 

 

 

 

  Fig. 3.12: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

  Fig. 3.13: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.14: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ  

   

  

 

 

 

 

 

 

 

  

  Fig. 3.15: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 



46 
 

 
 

Ⅰ. (b) With passive integrator with coaxial cable connected to Oscilloscope 

 

 

 

 

 

 

 

 

   

  Fig. 3.16: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

  Fig. 3.17: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.18: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ  

 

   

 

 

 

 

 

 

   

   

  Fig. 3.19: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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Ⅰ. (c) With passive integrator with coaxial cable terminated at series RC matching impedance 

connected to Oscilloscope 

 

 

 

 

 

 

 

 

   
    
  Fig. 3.20: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

 

   

   

  Fig. 3.21: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.22: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ  

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 3.23: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ   
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Ⅰ. (d) With active integrator 

 

 

 

 

 

 

 

 

   

  Fig. 3.24: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

  Fig. 3.25: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.26: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

   

   

  Fig. 3.27: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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 Ⅰ. (e) With active integrator with coaxial cable connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

  Fig. 3.28: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 3.29: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.30: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

   

   

  Fig. 3.31: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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Ⅰ. (f) With active integrator with coaxial cable terminated at series RC matching impedance 

connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

 

  Fig. 3.32: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

 

 

   

  Fig. 3.33: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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  Fig. 3.34: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig. 3.35: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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ⅠⅠ. Distributed PARAMETER MODEL 

 ⅠⅠ. (a) With passive integrator 

   

 

 

 

 

 

 

 

  Fig. 3.36: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

  Fig. 3.37: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.38: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 
 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.39: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 



58 
 

 
 

ⅠⅠ. (b) With passive integrator with coaxial cable connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.40: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 
 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3.41: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.42: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

Fig. 3.43: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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ⅠⅠ. (c) With passive integrator with coaxial cable terminated at series RC matching impedance 

connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

 

Fig. 3.44: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

 

Fig. 3.45: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.46: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.47: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ  
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ⅠⅠ. (d) With active integrator 

 

 

 

 

 

 

 

 

 

Fig. 3.48: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

Fig. 3.49: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.50: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

Fig. 3.51: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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ⅠⅠ. (e) With active integrator with coaxial cable connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

Fig. 3.52: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

Fig. 3.53: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.54: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

Fig. 3.55: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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ⅠⅠ. (e) With active integrator with coaxial cable terminated at series RC matching impedance 

connected to Oscilloscope 

 

 

 

 

 

 

 

 

Fig. 3.56: Output waveform from simulation considering 𝑅𝑡 = 36.75kΩ 

 

 

 

 

 

 

 

 

 

Fig. 3.57: Output waveform from simulation considering 𝑅𝑡 = 18.37kΩ 
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Fig. 3.58: Output waveform from simulation considering 𝑅𝑡 = 12.125kΩ 

 

 

 

 

 

 

 

 

 

 

Fig. 3.59: Output waveform from simulation considering 𝑅𝑡 = 9.25kΩ 
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3.6.3 Error Analysis: 
The percentage error of front time and tail time of the above output waveforms as compared to the 

input waveform at four different terminating resistance values table. I. have been obtained below. 

Ⅰ. LUMPED PARAMETER MODEL 

 

 Ⅰ. (a) With passive integrator 

 

  Fig Ⅰ. (a): Percentage error of Front time and Tail time of output from input 
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Ⅰ. (b) With passive integrator with coaxial cable connected to Oscilloscope 

 

 

 Fig Ⅰ. (b): Percentage error of Front time and Tail time of output from input 

 

Ⅰ. (c) With active integrator with coaxial cable terminated at series RC matching 

impedance connected to Oscilloscope 

 

 Fig Ⅰ. (c): Percentage error of Front time and Tail time of output from input 
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Ⅰ. (d) With active integrator 

 

 Fig Ⅰ. (d): Percentage error of Front time and Tail time of output from input 

 

 

Ⅰ. (e) With active integrator with coaxial cable connected to Oscilloscope 

 

  

 

 

 

 

 

 

 

 

 

 

 Fig. Ⅰ. (e) Percentage error of Front time and Tail time of output from input 
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Ⅰ. (f) With active integrator with coaxial cable terminated at series RC matching 

impedance connected to Oscilloscope 

 

 

  

 

 

 

 

 

 

 

 

Fig. Ⅰ. (f) Percentage error of Front time and Tail time of output from input 

 

 

ⅠⅠ. DISTRIBUTED PARAMETER MODEL 

 ⅠⅠ. (a) With passive integrator 

  

 

 

 

 

 

 

 

  

      

Fig. ⅠⅠ. (a): Percentage error in Front Time and Tail Time of the output from input 
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ⅠⅠ. (b) With passive integrator with coaxial cable connected to Oscilloscope 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. ⅠⅠ. (b): Percentage error in Front Time and Tail Time of the output from input 

 

ⅠⅠ. (c) With passive integrator with coaxial cable terminated at series RC matching 

impedance connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. ⅠⅠ. (c): Percentage error in Front Time and Tail Time of the output from input 
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ⅠⅠ. (d) With active integrator 

 

 

 Fig ⅠⅠ. (d): Percentage error in Front Time and Tail Time of the output from input 

 

 

ⅠⅠ. (e) With active integrator with coaxial cable connected to Oscilloscope 

 

 

 

 

 

 

 

 

 Fig. ⅠⅠ (e): Percentage error in Front Time and Tail Time of the output from input  
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ⅠⅠ. (f) With active integrator with coaxial cable terminated at series RC matching 

impedance connected to Oscilloscope 

 

 

 

 

 

 

 

 

 

 Fig. ⅠⅠ (f): Percentage error in Front Time and Tail Time of the output from input  
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3.7 Discussion: 
The impulse current of 1/20µ𝑠 waveshape has been generated with the help of MATLAB. The 

front time at which the current reached to its peak value is 1.08µ𝑠 and the time at which the peak 

current comes to its half value termed as tail time which is 20.11µ𝑠 for the simulation. The 

integrator impedance has been chosen such that the frequency of the current is much greater than 

inverse of time constant of the system. The response of the impulse current has been performed in 

different conditions such as: 

• Simulation results of all the circuit arrangements show that with increasing value 

of ξ, the values of corresponding front time and tail time increases. The reason is 

that with increasing zeta, damping increases which causes the system to lag. 

• For ξ= 0.3 and 0.4, errors in front time are more than ±10% in all the cases except 

that of lumped model with active integrator connected to oscilloscope. On the other 

hand, for ξ = 0.1 and 0.2, errors are considerably good in comparison to ξ greater 

than 0.2 where error in front time and tail time are well below±10%. 

• Overall, the best results are observed in the case of distributed model with passive 

integrator connected to oscilloscope, with ξ=0.1& 0.2 where error in front time and 

error in tail time both are within ±2%. 

• For lumped model the best results obtained with active integrator with coaxial cable 

terminated at series RC matching impedance connected to oscilloscope with ξ=0.3 

where error in front time and error in tail time both are within ±1%. 
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  Chapter 4: CONCLUSION 
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Conclusion 
In this thesis, a simulation study has been carried out taking lumped and also partially distributed 

model of Rogowski coil considering passive and active integrator. For better performance analysis, 

simulations have been carried out for four different terminating resistance i.e., damping conditions. 

Simulation results show that as expected, distributed parameter model gives a better portrayal of 

the performance than lumped model in terms of getting the input current replica in the final output. 

Also, errors in front time and tail time of the output from that of the input, are well below ±10% 

which is a decent result. This distributed model with optimal parameters of the additional 

components used, can be utilized for performance analysis of various current measurement system 

employing Rogowski coil. It is obvious that subdividing the model into more lumped-parameter 

sections, would yield still better simulation results. 

Despite the fact, this coil is invented decades ago; there are different fields, in which the research 

about the Rogowski coil is still continuing. By manipulating the associated parameters of the 

models, an approach can be taken into consideration for simulation to obtain better performance 

of these models of the Rogowski coil. 
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Appendix 
 Table 1: Lumped parameter model with passive integrator 

           Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS 2.08mH Inductor 

CS 38.5pF Capacitor 

RC 119Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

 

 Table 2: Lumped parameter model with passive integrator connected to oscilloscope 

           Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS 2.08mH Inductor 

CS 38.5pF Capacitor 

RC 119Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

RO 1MΩ Resistance 

CO 16pF Capacitor 

ZO 75Ω Resistance 
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 Table 3: Lumped parameter model with active integrator 

           Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS 2.08mH Inductor 

CS 38.5pF Capacitor 

RC 119Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

Rf 2.2MΩ Resistance 

 

 Table 4: Lumped parameter model with active integrator connected to oscilloscope 

           Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS 2.08mH Inductor 

CS 38.5pF Capacitor 

RC 119Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

RO 1MΩ Resistance 

CO 16pF Capacitor 

ZO 75Ω Resistance 

Rf 2.2MΩ Resistance 
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 Table 5: Distributed parameter model with passive integrator 

Parameter symbol       Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS1 , LS2 , LS3, LS4 0.52mH Inductor 

CS1, CS2, CS3, CS4 9.625pF Capacitor 

Rc1, Rc2, Rc3, Rc4 29.75Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

 

 

 Table 6: Distributed parameter model with passive integrator connected to Oscilloscope. 

Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS1 , LS2 , LS3, LS4 0.52mH Inductor 

CS1, CS2, CS3, CS4 9.625pF Capacitor 

Rc1, Rc2, Rc3, Rc4 29.75Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

RO 1MΩ Resistance 

CO 16pF Capacitor 

ZO 75Ω Resistance 
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 Table 7: Distributed parameter model with active integrator 

           Parameter symbol       Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS1 , LS2 , LS3, LS4 0.52mH Inductor 

CS1, CS2, CS3, CS4 9.625pF Capacitor 

Rc1, Rc2, Rc3, Rc4 29.75Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

Rf 2.2MΩ Resistance 

 

 Table 8: Distributed parameter model with active integrator connected to Oscilloscope. 

Parameter symbol Parameter Specifications 

𝑹𝒊 10kΩ Resistance 

𝑪𝒊 0.1µ𝐹 Capacitor 

LS1 , LS2 , LS3, LS4 0.52mH Inductor 

CS1, CS2, CS3, CS4 9.625pF Capacitor 

Rc1, Rc2, Rc3, Rc4 29.75Ω Resistance 

M 1.049µH Inductor 

R 1mΩ Resistance 

L 0.65nH Inductor 

I IPWL_FILE 

RO 1MΩ Resistance 

CO 16pF Capacitor 

ZO 75Ω Resistance 

Rf 2.2MΩ Resistance 
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