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1 Introduction 

1.1 Task 

Measure the current and voltage for different waste incineration (plastic, non-plastic, medical) 

with an electro filter voltage of 40 kV. 

Master Thesis task 
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2 Current Transducer Approach 

2.1 In terms of alternating current measurement (AC): 

In Dommar store, there is a current transducer capable of measuring an alternating current 

between 0 and 5 A (shown in the figure). It transforms the current into an electric voltage 

between 0 and 10 V used in the control done through the computer. The figure also shows other 

characteristics of the current transducer.   

Figure 1: current transducer. 

 

However, standard current transducers available in the market are capable of measuring an up 

to 5A alternating current. In our case, the alternating current can have a current value up to 10A. 

A proposed solution is to use a transformer 10/5 (an input of 10A is reduced to 5A). In Dommar 

the available transformer is of 30/5. In this case the precision is lowered.  

This Monday the store manager will contact and will let me know about the possibility of getting 

the 10/5 transformer from Beirut. 

Price of the transducer: 50$. 

Price of the transformer: unknown. 6$ (transformer 20/5). 

2.2 In terms of installation and connection: 

As seen on the electrical panel board, the current transducer should be placed between the 

two circuit breakers available on the electrical panel board to be protected against 
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temperate. The alternating current coming from the network is connected to the transducer 

in order to measure it.            

 

 

 

 

 

 

 

 

 

 

 

        

 

 

 

Figure 2: transducer installation. 

 

2.2.1 Questions: 

1) Where should we place the transformer? 

2) Where is the network’s wire? Is it the one going in from below the current breaker? Or the 

one going out form above? 
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3 Rogowski Coil Approach 

3.1 In terms of alternating current measurement (AC), there are Rogowski Coil: 

 

 

3.2 What is a Rogowski Coil? 

The Rogowski coil is defined as an electrical device that is used to measure alternating current 

(AC). It is also used to measure the high-speed transient, pulsed current or sinusoidal current. 

The name Rogowski coil was named after the German physicist Walter Rogowski [1]. 

A Rogowski coil is an evenly wounded coil with N number of turn and constant cross-section 

area A. There is no metal core in a Rogowski coil [1]. 

The end terminal of the coil is returned through the central axis of the coil to another end. 

Therefore, both terminals are at the same end of the coil [1]. 

This entire assembly wrapped around the current-carrying conductor whose current we need to 

measure [1]. 

3.3 How does a Rogowski Coil Work? 

Rogowski coils work on the principle of faraday’s law. It is similar to AC current transformers 

(CTs). In current transformers, the voltage induced in a secondary coil is proportional to the 

current flow through the conductor [1]. 

The difference between Rogowski coils and AC current transformers is in the core. In Rogowski 

coils, an air core is used and in the current transformer, a steel core is used [1]. 

When current passes through the conductor, it will create a magnetic field. Due to an 

intersection with a magnetic field, a voltage is induced between the terminals of the Rogowski 

coil [1]. 
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The magnitude of voltage is proportional to the current passes through the conductor. 

Rogowski coils are close pathed. Generally, the output of Rogowski coils is connected with the 

integrator circuit. So, the coil voltage is then integrated to provide an output voltage that is 

proportional to the input current signal [1]. 

3.4 Rogowski Coil Current Sensor 

Rogowski coil current sensors are preferred due to no magnetic saturation, no overheating, or 

no hysteresis loss. As such there are very low magnetic losses in Rogowski coils. And it has very 

low insertion impedance [1]. 

It is able to sense the current flowing through the conductor. Hence Rogowski coils can also 

function as current sensors [1]. 

Rogowski coils are an air-cored toroidal winding wrapped on a conductor. For large currents, 

the output does not saturate due to the non-magnetic core [1]. 

It can be designed for a wide range of current measurements as well as protection applications. 

Rogowski coil sensor converts the input current to an output voltage. And it can sense the 

current flowing the conductor by integrating the output voltage [1]. 

There are two types of Rogowski coils; Rigid and Flexible [1]. 

3.5 Rogowski Coil Design 

Consider the conductive element ‘dr’ at distance ‘x’ from the origin. The current-carrying 
conductor is placed at the center of the coil. The figure below shows the arrangement of a 
typical Rogowski coil [1]. 
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As per biot-savart law, the magnetic strength at distance x is given by; 

 

The magnetic flux density a t point ‘dr’ is 

 

Where μ is the permeability of free space 

From the above equations, the magnetic flux density due to a current flowing through the 
conductor is 
 

The magnetic flux is given as 

 

Where dA is rectangular cross-section area for element ‘dr’ and that is given as 

   

 

 

 

Therefore, total flux is 

  

 

 

As per Lenz’s law, the voltage induced due to N turns is 

 

https://www.electrical4u.com/biot-savart-law/
https://www.electrical4u.com/magnetic-flux/
https://www.electrical4u.com/what-is-flux-types-of-flux/
https://www.electrical4u.com/lenz-law-of-electromagnetic-induction/
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So, mutual inductance (M) for  the Rogowski coil is 

 

Now, assume that sinusoidal current flowing through the conductor with an amplitude ‘Im’ and 
frequency ‘f’. 
So, the voltage induced in the Rogowski coil is given by 

 

 

At time t=0, the magnitude of voltage is maximum. So, the peak voltage is given as; 

 

RMS value of the voltage; 

RMS value of an AC current represent the equal amount of power in DC current 
 

 

So, 

Hence, the induced voltage is proportional to RMS current flowing through the conductor and 
frequency of the current. 

3.6 Rogowski Coil Integrator 

According to components used in integrator, there are two types of integrator [1]; 

 Passive Integrator 
 Active Integrator 

 
i. Passive integrator 

https://www.electrical4u.com/mutual-inductance/
https://www.electrical4u.com/fundamental-frequency-and-harmonics/
https://www.electrical4u.com/rms-or-root-mean-square-value-of-ac-signal/
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The value of R and C can be estimated by the below equations. 
  

 

 

 

 

 

Where, 
Ф = Target phase error 
XC = Capacitive Impedance 
R = Resistance 
f = Input Frequency 
 

ii. Active Integrator 
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Here, the RC element is in a feedback path of an Amplifier. The gain of the amplifier can be 
adjusted by using the below equation. 

 

 

 

1- Questions: 

a) which type of integrator should be used ? 

b) what is the system that must be installed to make a 0-10 volts control ?  
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3.7 Rogowski Coil  

 

 

 

 

 

Fig.1: Lumped-element model of Rogowski coil. 

𝑉𝐶𝑜𝑖𝑙 = −𝑛𝜇0𝐴
𝑑𝐼

𝑑𝑡
= ∓𝑀

𝑑𝐼

𝑑𝑡
 [2] 

3.8 Construction of Rogowski coil 

Fig.2 Shows the schematic of the Rogowski sensor in the circular cross-section, which N, x0, a 

and b are the structural parameters of Rogowski coil [2].  

 

 

 

 

 

 

 

 

Fig.2: Circular cross-section Rogowski coil. 

the optimal values of the structural parameters of the sensor, shown in table (1), were 

calculated. The sensor with the parameters of Table 1 was constructed [2]. 
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Tab.1: Structural Parameters of Rogowski coil for Alvand tokamak. 

 

This sensor contains 3366 wire turns which is wrapped on a teflon non-magnetic core [2]. 

The Rogowski sensor produces an output voltage signal Vout equivalent to equation (13). Due 

to the factor N, the sensor output voltage has a high gain; therefore, the output signal will be 

easily distinguished from the noises of other parts of the system [2]. 

𝑉𝑜𝑢𝑡 = 𝜇𝐴
𝑁

𝑙

𝑑𝐼

𝑑𝑡
  

The winding was returned in the opposite direction to that of the pitchadvancement turn along 

the central axis of the coil, in order to avoid the effect of a magnetic flux. In this case, both 

terminals are set at the same end of the coil. Therefore, interference of the unwanted magnetic 

fields is prevented [2]. 

3.9 Design experiment of Rogowski Coil in laboratory   

I used a rubber tube, then I wraped the turn of the coil around this tube . 

 

 

 

 

 

 

 

 

Fig.3: Rubber tube. 
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Fig.4: Rubber tube with coils 

 

Fig.5: Rogowski Coil without integrator. 
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3.10 Design and construction of active integrator 

The DC-control active-type integratorwas constructed. As shown in Fig.6 the time constant of 

this integrator was selected ten times more than the time duration of the signal [2]. By 

connecting the output of Rogowski coil to the inverting input terminal of operational amplifiers, 

the input and output differ in phase and the role of this integrator is shown in equation [2]: 

𝐺(𝑠) = −𝑅𝑓𝑡𝑜𝑡 / 𝑅𝑖𝑛(1 + 𝑅𝑓𝑡𝑜𝑡𝐶𝑐𝑠) 

Operational amplifier OP07CP has ultralow drift and high accuracy to form in-phase amplifier 

circuit [2]. The negative feedback resistance, Rftot , is equivalent to the resistance of R1, R2 and 

R3. This resistor, parallel to the Cf capacitor, provides a path to discharging the capacitor while 

the circuit is not operating and prevents its saturation [2]. The transfer function of the active 

integrator can be given by equation [2]:  

𝐺(𝑠) =
−[(𝑅1+𝑅2) + (𝑅1𝑅3+𝑅2𝑅3 + 𝑅1𝑅2)]

𝑅𝑖𝑛(1 + [(𝑅1+𝑅2) + (𝑅1𝑅3+𝑅2𝑅3 + 𝑅1𝑅2)]𝐶𝑓𝑠)
 

The reconstructed signal of the measured current is amplified after the integration. The gain of 

this integrator is 10. Roffset is defined is Rin=R1 can eliminate the bias currents of operational 

amplifiers and the output offset voltage. Cb1 and Cb2 capacitors were added to remove noise 

on the input bias voltage [2]. 

 

 

 

 

 

 

 

 

 

Fig.6: The constructed active integrator with DC gain control. 

3.11 Electronic tools used to create an active integrator 

There are: 
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Operational amplifier OP07CP,  R1, R2,and Rin    

 

 

 

 

 

R3      Roffset  

 

 

 

 

 

Cb1, Cb2, Cf     Battery 9v DC  

      

 

 

 

 

Battery connecting tape 
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3.12 Using EagleCAD to create a schematic and to do switch to board 

Schematic file 
 

louay.sch

 
Board file 

 
louay.brd

 
 

 

Fig.7: Schematic 
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Fig.8: Board 

 

3.13 Construction of an active integrator connected to the coil in laboratory 

Using the drawn circuit, we build the active integrator which is connected to the coil. This is 

how we build the Rogowski Coil. 

Fig.9: Electric circuit 
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Fig.10: Rogowski Coil 

 

NOTE: We need another battery 9v DC. 
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3.14 The formulas that should be used after construction a rogowski coil: 

The voltage produced by a Rogowski coil is [3] 

𝑣(𝑡) =
−𝐴𝑁𝜇0

𝑙

𝑑𝐼(𝑡)

𝑑𝑡
 

Where, 

 𝐴 = 𝜋𝑟2, is the area of one of the small loops, 

 𝑁, is the number of turns, 

 𝑙 = 2𝜋𝑅, is the length of the winding (the circumference of the ring), 

 
𝑑𝐼(𝑡)

𝑑𝑡
, is the rate of change of the current threading the loop, 

 𝜇0 = 4𝜋. 10−7, V·s/(A·m) is the magnetic constant, 

 𝑅, is the major radius of the toroid, 

 𝑟, is its minor radius. 

 

 

 

 

 

 

 

 

Fig.11: Major radius and minor radius of the toroid. 

 

This formula assumes the turns are evenly spaced and that these turns are small relative to the 

radius of the coil itself [3]. 

 

The output of the Rogowski coil is proportional to the derivative of the wire current. The output 

is often integrated so the output is proportional to the wire's current [3]: 

𝑉𝑜𝑢𝑡 = ∫ 𝑣 𝑑𝑡 = 
−𝐴𝑁𝜇0

𝑙
𝐼(𝑡) + 𝐶𝑖𝑛𝑡𝑒𝑔𝑟𝑎𝑡𝑖𝑜𝑛 
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In practice, an instrument will use a lossy integrator with a time constant much less than the 

lowest frequency of interest. The lossy integrator will reduce the effects of offset voltages and 

set the constant of integration to zero [3]. 

At high frequencies, the Rogowski coil's inductance will decrease its output [3]. 

The inductance of a toroid is [3]: 

𝐿 = 𝜇0𝑁2(𝑅 − √𝑅2−𝑟2) 

2} The values of the Structural parameters used in the construction of a rogowski coil: 

Parameters Values 

R1 100 kΩ 

R2 100 kΩ 

R3 1 kΩ 

Rin 100 kΩ 

Roffset 50 kΩ 

C1 (Cb1) 0.1 μF 

C2 (Cb2) 0.1 μF 

C3 (Cf) 0.1 μF 

Operational amplifier OP07CP 

Battery 1 9 Volts DC 

Battery 2 9 Volts DC 

N (Number of turns) 94 Turns 

R (Major radius) 8 cm 

r (Minor radius) 1 cm 
Tab.2: Structural Parameters of Rogowski. 

 

3.15 Fix some errors in the installed electrical circuit in the lab 

- Common ground - Pin 5 is NC - Output is on pin 6 - Pin 8 and the ground are the OS 
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3.15.1 Update on EagleCAD 

New Schematic file 
 

louay.sch

 
New Board file 

 
louay.brd

 
Fig.12:  New schematic 

Fig.13: New Board 
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3.15.2 Update on the electrical circuit in lab 

 

 

 

 

 

 

 

 

 

 

Fig.14: New Electrical circuit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.15: Rogowski Coil 
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Note: All that remains is to mount the oscilloscope wires. 

 

3.16 Comparison between op07cp and op77f 

The operational amplifier OP07CP is the same as OP07C, the OP77 is the next generation of the 

OP07. 

 

Fig.16: Electrical specifications of OP77F 
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Fig.17: Electrical specifications of OP07C 

 

By comparing the outputs of the two operational amplifiers, we demonstrate that we can use 

the OP77F instead of OP07CP in the simulation because the output of the two operational 

amplifiers are very close and also because the spice model of OP07CP is not available on 

internet. 

 

3.17 How to insert and use the OP77F code downloaded from the Internet into 
the LTspice: 

 

op77f.cir
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Fig.18: Step one 

 

Fig.19: Step two 
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Fig.20: Step three 

 

 

Fig.21: Step four 
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3.18 The electronic circuit schematique in LTspice 

Fig.22: Schematic without values 
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 Fig.23: Schematic with values 
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Fig.24: The six options of simulation 

 

 

We use two options of simulation: (Transient) and (DC in ont) 
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3.19 Simulation (DC on pnt) 

Fig.25: First simulation 
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Fig.26: Results of first simulation 
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1. Simulation (Transient) 

Fig.27: Second simulation 
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Fig.28: Results of second simulation 
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3.20 Add an input voltage to the schematic 
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4 Remaining tasks 

1. First task: The Rogowski coil should be tested first by doing several measurements in the 

laboratory, and then plotting the voltage as a function of current. From this diagram, we 

can find out the equation that relates both voltage and current.  

2. Second task: A numerical comparison should be made between the voltage values that 

we obtain through the equation we mentioned earlier and the theoretical equation in the 

article (the equation written on page 18). 

3. Third task: When making sure that the comparison was close, then we must design and 

construct a small plastic house in order to put the Rogowski coil inside it, and of course 

there must be an exit for two electrical lines. 

If the comparison is too far, another type of coil and another type of core should be used. 

4. fourth task: In the fourth stage, the Rogowski coil must be given to a person specialized 

in the PLC to doing the power control system. 

5. Final task: In the last stage, the Rogowski coil must be tested at the station. Of course, we 

must measure the current in the area located before the large voltage (40 KV), that is, 

directly before entering into the Electro filte . In other words, at the region where the 

voltage is found at its normal value (220 volts). 

After that, there is a physical equation through which we can identify the value of the 

current in the Electro filter, which is: 

𝑉1/𝑉2 =  𝐼2/𝐼1 

With,  

V1= 220 v ,  

V2= 40 Kv , 

I1= Done in final task , 

I2= ??  

 

After we get the value of the current I2, we can evaluate the work and efficiency of this 

Electro Filter, and this is what we want to reach in this work. 
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