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Abstract

This paper proposed a discrete Rogowski coil (RC) model, consist of rectilinear solenoids (S) connected in series. This model is designed 

using ANSYS Maxwell software for different shape of primary conductor and the mutual inductance (M) between RC model are 

calculated. The paper discussed about impact of various shape and different position of primary conductor. The M between the RC 

model and straight circular, rectangular cross section and D-shaped conductors are evaluated using the Finite Element Method (FEM). 

The effect of cross section of primary conductor on M has analyzed and reported. For larger numbers of S, eccentricity of conductor 

will decrease so that output of coil is also improved. In this study, the distribution of magnetic field is examined for changes in the 

position of the conductors. The designed RC model output is studied with respect to the power and high frequency input signals. 

A discrete RC is tested using simulated standard sinusoidal and impulse (8/20 μs) as an input signal. Performance of the RC is analyzed, 

and its results for the different input magnitude is reported. An output characteristic and sensitivity of the designed RC have also been 

determined and reported.
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1 Introduction
Rogowski coil (RC) is a device that, measures alternat-
ing and transient current. Due to saturation problems in 
magnetic cores, conventional electromagnetic current sen-
sors are unable to accurately measure high ampere cur-
rents [1, 2] whereas the RC works differently: its skele-
ton is made of non-ferromagnetic materials, and its turns 
are evenly wound. In several industries, the RC is widely 
used because of its simplicity, minimum cost, manage-
able weight, linear, dynamical, non-invasive, and immune 
to saturation of the core [3–7]. As RC is wrapped around 
current carrying conductors, they generate inductive volt-
ages. Mutual inductance (M) is an important constraint 
amongst the inductive voltage and the primary conductor. 
To improve RC accuracy, it is important to investigate the 
influence of quantities on M [8–11].

Xu et al. [4] described the discrete RCs, known for their 
flexible structure and scalability in production. Employing 
the magnetic vector potential (MVP) approach, it calcu-
lated M between discrete RCs and circular and rectangular 
primary conductors, corroborated the method's simplicity 

compared to the Finite Element Method (FEM). The anal-
ysis investigates how parameters such as conductor incli-
nation, cross-section, and eccentricity affect the accurate-
ness of RC measurements, identifying optimal solenoid (S) 
characteristics, also in that paper experimental validation 
of a discrete RC prototype aligns closely with calculated 
values, while assessments reveal reduced interference from 
external currents with increased separation distance.

Liu et al. [8] described on-site measurements, RCs exhibit 
diverse shapes, posing challenges for accurately calcu-
lating their electrical properties, especially those with 
curved skeletons and circular cross-sections. Liu et al. [8] 
addressed challenges in theoretical framework for comput-
ing M between primary conductors of different shape and 
RCs with different cross-section, also this study explores the 
impact of various skeleton shapes of RCs and primary con-
ductor configurations on M, comparing ideal scenarios with 
non-ideal ones. Based on literature survey, it is observed 
that reveal crucial insights to enhance measurement accu-
racy: circular skeleton deformations should be minimized, 
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coils with curved angles are preferable, primary conduc-
tors should maintain straightness and pass across the cen-
ter of coil. Additionally, for RC with rectangular skeletons, 
a novel structure is proposed to mitigate deviation effects 
induced by the primary conductor. Liu et al. [9] discussed 
the comparison of traditional toroidal RCs with rectilinear 
S offer easier and more cost-effective realization. Therefore, 
exploring the effectiveness of discrete RCs becomes signifi-
cant. This literature paper studied and employs a MVP for-
mulation to numerically analyzed the electromagnetic and 
geometrical properties of discrete RCs also investigated the 
ability of different configurations to resist external mag-
netic fields. In Marracci et al. [10], Ferković et al. [11] and 
Ferković et al. [12], a study of the crucial factors that influ-
ence the M of RC and a straight primary conductor is pre-
sented. In the study primary conductors of the sensors are 
straight and placed in the coil hole, while the skeleton has 
circular, and the cross-section has rectangular. Recent inno-
vations in RC design have been achieved using printed cir-
cuit board technology. It is difficult to minimize the size of 
inductance coil sensors because their sensitivity depends on 
their core length as per literature survey. 

Chen et al. [13], Wang et al. [14] and Liu et al. [15] dis-
cussed M of the PCB based RC can be measured under 
conditions that includes eccentricity, external parallelism, 
and perpendicular of the primary conductor. The discus-
sion revolves around the development of micro coil sen-
sors, featuring dimensions less than 1 mm.

The discrete RC model has several advantages over 
traditional toroidal coils, particularly in industrial appli-
cations requiring compact and lightweight designs [16]. 
Unlike loop coils, which face challenges in miniaturiza-
tion, mass production, and cost-effectiveness, discrete 
RCs are easier and more affordable to manufacture due 
to their rectilinear S structure. This design simplifies fab-
rication, reduces production complexity, and enables effi-
cient large-scale manufacturing. Additionally, discrete 
RCs are easier to install, making them a practical choice 
for current measurement in power systems, including cir-
cuit breakers. Their ability to measure high-frequency and 
high-magnitude currents provides enhanced performance 
while maintaining a smaller footprint. Combining these 
factors makes the discrete RC model a highly reliable and 
cost-effective solution for industrial current measurement 
applications. Thus, it is important to investigate the per-
formance of a discrete RC.

Halim et al. [17] and Istrate et al. [18] discussed the 
creation of an impulse current generator with an 8/20 μs 

waveform, vital for testing surge arresters used in light-
ning protection. As direct lightning testing isn't feasi-
ble, the generator is developed, with precise circuit com-
ponent calculations and computer simulations to ensure 
accuracy. A scaled-down experimental setup mimics 
natural lightning patterns, assessing the generator's abil-
ity to test arrester blocks up to 100 kV and 4 kA ratings. 
Metwally [19, 20] introduced a self-integrating RC for 
high-impulse current measurement, analyzing its perfor-
mance and design principles. Measurement tests demon-
strated the coil’s linearity and accuracy in capturing 
impulse current waveforms, including overdamped sce-
narios. To enable voltage integration without relying on 
external circuitry, the lumped parameter model of an RC 
circuit was studied in Istrate et al. [18]. Furthermore, sinu-
soidal current measurements were conducted using a RC 
for various values of terminal resistance [21]. Dubickas 
and Edin [22] analyzed the high frequency of model of RC 
with small number. RC eccentricity [23] and tied with bar 
conductor [24] analyzed using FEM approaches. Magnetic 
shield model [25], improved magnetic shield model [26] of 
RC investigated. The analysis focuses on the rectangular 
cross-section of a RC with varying arrangements of turns, 
specifically considering non-circular coil configurations 
investigated in Fu et al. [27].

Numerous researchers predominantly focus on numer-
ical, theoretical and experimental approach for analyz-
ing RC. However, limited research has been conducted 
on the design and modelling of RCs in a 3D structure in 
ANSYS Maxwell [28] using the FEM. This paper focuses 
on design and modelling of a 3D structure of discrete RC 
in ANSYS Maxwell [28].

The primary aims of this paper can be outlined as follows:
• The new proposed 3D structured rectilinear RC 

model, designed in ANSYS Maxwell software [28], 
and analyzed using FEM.

• This investigation focuses on calculating M for var-
ious primary conductor shapes, including straight 
rectangular, straight circular, and D-shaped, using 
FEM. Additionally, the effect of rectangular conduc-
tor dimensions on the M of the RC model is analyzed.

• The influences of position of conductor and increas-
ing the number of S on the measurement accurate-
ness of RC model is analyzed and eccentricity of coil 
evaluated and reported.

• The impact of different input signals on designed RC 
output are investigated. Performance of RC is tested 
with two signals such as high amplitude sinusoidal 
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power frequency and high amplitude impulse cur-
rent (8/20 μs).

The paper is structured as follows: Section 2 elaborates 
on the rectilinear 3D structure of the RC and discusses the 
M of the model. Section 2 analyzed the effect of different 
shape and dimension of primary conductor of M of RC. 
In Section 3, the investigation focuses on assessing the 
effects of the primary conductor's position, increasing the 
number of S on the measurement accuracy of the RC model, 
and evaluating the eccentricity of the coil. Section 4 pre-
senting the result for the testing RC model for two different 
signals high amplitude sinusoidal power frequency and high 
amplitude impulse current (8/20 μs). Lastly Section 5 con-
cludes the paper by summarizing main key points of results.

2 Mutual inductance of proposed RC model
The RC, an electromagnetic sensor, operates on Faraday's 
law, measuring AC currents through electromagnetic 
induction. Its flexible coil wound around a non-magnetic 
core detects changes in the magnetic field generated by 
the current-carrying conductor. Widely utilized in power 
systems monitoring and electrical safety testing, the RC 
offers precise measurements with its broad bandwidth 
and high accuracy, correlating induced electromotive 
force (EMF) in the loop with the time-varying magnetic 
flux (Φ) according to Faraday's law.

The 3D model of RC is designed in ANSYS Maxwell 
software [28] for calculating the M of model. A proposed 
RC model consists of four rectilinear S connected in series 
as shown in Fig. 1. The model of circular cross-section of 
primary conductor and one S coils as shown in Fig. 2.

The total mutual inductance of the RC model is denoted 
by M. The M between each rectilinear S and conductor is 
Mi. In RC model, total M is the sum of the M of each S as 
given in Eq. (1):

M M
i

i�
�
�
1

4

.  (1)

The output of RC in terms of mutual inductance [28] is 
given in Eq. (2):

v t M
di t
dt

� � � � � �
,  (2)

where i(t) and ν(t) are instantaneous value of primary cur-
rent and induced voltage of RC model, respectively.

The change in cross-section dimensions of primary 
conductor is effects performance of RC. Hence, straight 
circular, rectangular cross-section and D-shaped primary 

conductor with air core are considered for calculating the 
M of designed RC model. In addition, the primary con-
ductor position is also giving a considerable impact on M 
that effect on measurement accuracy. As the conductor is 
placed at off center of coil, eccentricity error (E) will be 
there, and it is calculated as given in Eq. (3):

Eccenticity error E
M M
M
p o

o

� � �
�

�100%,  (3)

where Mp indicated the M when primary conductor placed 
at off center of coil and Mo represent the M when the pri-
mary conductor is placed at the center.

Bawankule and Chandrasekaran [29, 30] discusses the 
design of the RC and analyses M through FEM.

Fig. 1 3D RC model with four rectilinear S

Fig. 2 Model of rectilinear S and primary conductor
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2.1 Effect of straight circular, rectangular cross-section 
and D-shaped primary conductor on M
The model one rectilinear S and primary conductor as 
presented in Fig. 2. The performance of RC is analyzed 
with different structure of primary conductors as shown 
in Fig. 3 to Fig. 5. The straight circular cross-section con-
ductor with 1 mm radius is located at center and off cen-
ter of RC is shown in Fig. 3 (a) and (b). Similarly, straight 

rectangular cross-section with a = 6 mm, b = 3 mm and 
D-shaped circular cross-section with 1 mm radius is placed 
at center and off center of RC is shown in Fig. 4 (a) and (b), 
and Fig. 5 (a) and (b), respectively. The number of turns 
for the S RC1 and RC3 is 500, and for RC2 and RC4 is 1000. 
The RC model has width and height is C and h, respec-
tively (i.e., C × h = 4 × 3 mm) presented in Fig. 2. The coil 
is made of copper material and conductor is aluminum. 

Fig. 3 Circular conductor with R = 1 mm, h = 3 mm, L1 = 10 mm, L2 = 10 mm, D1 = 10 mm, D2 = 5 mm: (a) at center; (b) at off-center (P = 5 mm) 
of RC model

(a) (b)

Fig. 4 Rectangular conductor with a = 6 mm, b = 3 mm, L1 = 10 mm, L2 = 10 mm, D1 = 10 mm, D2 = 5 mm: (a) at center; (b) at off-center (P = 5 mm) 
of RC model

(a) (b)

Fig. 5 D-shaped primary conductor: (a) at center; (b) at off-center (P = 5 mm) of RC model

(a) (b)
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Table 1 M of RC model with different cross-sections of primary conductor

Cross-section Position
M (nH)

RC1 RC2 RC3 RC4 RC model

Circular
Center 64.9977 265.5258 64.8779 265.7865 661.1879

Off-center 158.0101 230.9990 26.1002 231.3393 646.4486

Rectangular
Center 62.1412 265.0698 63.6519 273.3349 664.1978

Off-center 162.1208 227.7896 26.4686 231.7313 648.1103

D-shaped
Center 59.4135 242.0353 120.5490 241.7902 663.788

Off-center 145.2658 178.5305 165.3043 178.3604 667.461

The primary conductor off center position is at a distance 
'P ' from center towards the x-axis. It will affect the M of the 
RC model and also the accuracy of the measurement; hence 
it is important to calculate eccentric error of coil.

The impact of shape of primary conductor on M of coil 
is tested with the input of 400 A sinusoidal current with the 
frequency of 50 Hz. The M between the primary conduc-
tor and each rectilinear S RC1, RC2, RC3 and RC4 is calcu-
lated and its results are presented in Table 1. The simula-
tion result shows that the straight circular conductor and 
D-shaped conductor with the same radius gives different 
M. It is 661.1881 nH for circular conductor and 663.7876 nH 
for D-shaped conductor with respect to centre of RC.

The performance of RC is analyzed with different struc-
ture of primary conductors as shown in Fig. 3 to Fig. 5. 
The straight circular cross-section conductor with 1 mm 
radius is located at center and off center of RC is shown in 
Fig. 3 (a) and (b) respectively. Similarly, straight rectangu-
lar cross-section with a = 6 mm, b = 3 mm and D-shaped 
circular cross-section with 1 mm radius is placed at cen-
ter and off center of RC has been illustrated in Fig. 4 (a) 
and (b), and Fig. 5 (a) and (b), respectively. The number of 
turns for the S RC1 and RC3 is 500, and for RC2 and RC4 
is 1000. The RC model has width and height is C and h, 
respectively (i.e., C × h = 4 × 3 mm).

From Table 1, it is clear that for circular and rectangular 
conductor positioned at center, M of RC1 and RC3 are nearly 
equal. Similarly, RC2 and RC4 M is close to each. For off 
center position, M of coil S close to primary conductor is 
more. In order to obtain better output accuracy, eccentric 
error needs to calculate for different position of the con-
ductor. From simulation result it is seen that, E for circu-
lar, rectangular and D-shaped are 2.229%. 0.024822% and 
0.5533% respectively. In case of circular cross-section, 
there is much difference in M observed between conductor 
placed at center and off-center. Therefore, E is more for 
conductor with circular cross-section.

2.2 Main effect of dimension of rectangular primary 
conductor on M of RC model
The parameters of rectangular cross-section 'b' and 'a' 
(width and length) affect M of coil as given in Fig. 3. Here 
'b' is fixed to 3 mm and 'a' is altered from 3 to 14 mm then, 
the change of M of RC model is simulated, and its results 
are plotted in Fig. 6. From Fig. 6, it is seen that, the M is 
decrease from 665.06 to 651.556 nH for increasing length 
of rectangular cross-section conductor.

3 Effect of number of S and position of primary 
conductor on M
Section 3 discussed about the effect of number of S on E. 
It is possible to make a RC model more analogous to con-
ventional circular RC by increasing the number of S [4]. 
As imaginable cases, when number of S → ∞, the RC model 
can appear as a circular RC, then Ampere's law will fully 
apply, and the Es of the discrete coil will move towards 
zero. But practically it is not possible that S → ∞. For sim-
ulation purpose number of S considered under study are 
S = 4, 6 and 8 and the same is designed and shown in Fig. 7. 
The length of all S within the model is same, which is taken 
as 10 mm, and the cross-sectional radius of primary con-
ductor is 1 mm. These S arranged in inscribe circle with 
500 turns on each S, also C × h = 4 × 3 mm.

The primary conductor is placed at different position 
from I1 to I11 with reference to the RC model shown in 
Fig. 8. The calculation of the eccentric error has been 
conducted for three different scenarios, corresponding to 
the positions of the primary conductor, specifically when 
S = 4, S = 6, and S = 8.

Results of M of RC models with S = 4, 6 and 8 as shown 
in Fig. 7 at various positions I1 to I11 of the primary conduc-
tor is given in Table 2. From simulation result it is observed 
that, for S = 4, the M is in the range of 589.41 to 615.46 nH, 
for S = 6, the range is from 596.91 to 601.11 nH, also for 
S = 8, the range is from 608.78 to 609.34 nH. In case of 
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S = 4, the M, fluctuates more when the location of primary 
conductor is different position, results are compared for 

S = 6 and S = 8. For S = 8, there is minimal fluctuation in 
M when location of conductor changes.

Primary conductor closer to corner of RC model has 
lower M than conductor farther from corner. For S = 4 and 
S = 8, the position I4 and I5 close to the S have the high-
est M. Similarly for S = 6, the position I8 near the S has the 
highest M. The E for the different positions of conductor 
for S = 4, 6 and 8 are illustrated in Fig. 9.

From the Fig. 8, it is seen that, highest E is occurring 
for S = 4 at I6 position compared to S = 6 and 8 and it 
is 3.0357%. For S = 6 the maximum eccentric error is 
0.3807% at I8 position and for S = 8, it is 0.053% at I4 posi-
tion. From these results, it is clear that the E decrease for 
increasing the number of S.

Fig. 6 Impact of length of rectangular conductor on M

Fig. 7 RC model with different number of S: (a) S = 4; (b) S = 6; (c) S = 8

(a)

(b)

(c)

Fig. 8 Different position of primary conductor for S = 4 RC model

Table 2 M of RC model for different position of primary conductor

Position x (mm) y (mm)
M of RC model (nH)

S = 4 S = 6 S = 8

I1 0 0 607.87 598.83 609.01

I2 2 2 607.77 599.01 609.08

I3 0 −3 610.12 600.27 609.24

I4 3.8 0 614.07 596.98 609.34

I5 −3.8 0 615.46 596.91 609.16

I6 3.6 3.6 589.41 598.82 608.78

I7 −3.6 −3.6 589.55 598.78 609.24

I8 0 3.8 613.69 601.11 609.23

I9 −2 2.5 606.55 599.18 609.19

I10 −3.2 0 612.64 597.68 609.18

I11 3.2 0 612.07 597.38 609.18
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In this paper effect of off-center placement of a con-
ductor on magnetic fields of RC model is also investi-
gated, considering the position at I4. The magnetic field 
vector result obtained for conductor placed at center and 
off-center for designed RC model with S = 4, 6 and 8 by 
using FEM is shown in Figs. 10 to Fig. 12, respectively. 

Simulation result shows that, magnetic field is maximum 
near the conductor, and it is decreases as the distance 
between the conductor and RC is increases.

The magnetic field concentration is uniform for con-
ductor placed at center in all RC, but when conductor is 
placed at the I4 position, the magnetic field concentration 
is non uniform. For S = 4, 6 and 8 as long as the conductor 
is placed at center of coil, the magnetic flux links are uni-
form across RC1, RC2, RC3 and RC4. However, when the 
conductor is placed off center i.e., at position I4, for S = 4, 
the magnetic flux links with RC1 are more than those with 
RC2 and RC4. For S = 8, flux links with RC7 are more than 
those with other RCs. But for S = 6, there is no such varia-
tion observed in magnetic field as the position of the con-
ductor changes from center to I4 position.

4 Testing of RC model
Section 4 discusses the testing of RC model by supply-
ing two different input signals. Sinusoidal high magnitude 

Fig. 9 E for the different positions of primary conductor

Fig. 10 Magnetic field distribution for RC model with S = 4: (a) conductor placed at center; (b) conductor placed at I4 position

(a) (b)

Fig. 11 Magnetic field distribution for RC model with S = 6: (a) conductor placed at center; (b) conductor placed at I4 position

(a) (b)
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power frequency and high magnitude impulse current are 
applied as an input to a RC model. For simulation pur-
pose four rectilinear S (S = 4) and circular cross-section 
of primary conductor with radius of 1 mm are considered. 
The number of turns considered for RC1 and RC3, is 500. 
Similarly, for RC2 and RC4, the number of turns is 1000. 
The length of S considered is L1 = 10 mm and L2 = 20 mm 
as illustrated in Fig. 3.

4.1 Sinusoidal power frequency current as an input to 
primary conductor
The circuit for testing of RC model, by applying an input 
sinusoidal current having high amplitude low frequency 
is illustrated in Fig. 13. The input given to the conductor 
is varied from 50 to 500 A with the frequency of 50 Hz. 
In the circuit, R1 and R2 are taken as 1 Ω and 10 Ω, respec-
tively. S RC1, RC2, RC3 and RC4 shown in Fig. 13 are rep-
resented Winding1, Winding2, Winding3 and Winding4, 
respectively and they are connected in series. The induced 
voltage of a coil is measured between the input terminal of 
Winding1 and the output terminal of Winding4.

The induced output voltage obtained for the designed 
RC model is shown in Fig. 14. For a 400 A root mean 
square (RMS) input, 115.1565 mV induced voltage is 
obtained. As the RC model output voltage leads primary 
current by 90°. In order to calculate the RC model sen-
sitivity, the coil is tested for a different input current as 
reported in Table 3.

The input current is varied from 50 to 500 A (RMS), 
produces the corresponding output voltage from 14.44 to 

Table 3 Sinusoidal input current and induced output voltage of RC model

S. 
No.

Input current 
(RMS) (A)

Input current 
(max) (A)

Induced voltage 
(max) (mV)

Sensitivity 
(mV/A)

1 50 70.71 14.3946 0.203572

2 100 141.42 28.7892 0.203572

3 150 212.13 43.1837 0.203571

4 200 282.84 57.5783 0.203571

5 250 353.55 71.9728 0.203571

6 300 424.26 86.3677 0.203572

7 350 494.97 100.7620 0.203571

8 400 565.68 115.1565 0.203571

9 450 636.39 129.5513 0.203572

10 500 707.10 143.9455 0.203571

Fig. 12 Magnetic field distribution for RC model with: S = 8: (a) conductor placed at center; (b) conductor placed at I4 position

(a) (b)

Fig. 13 Circuit for testing RC model with sinusoidal power 
frequency signal

Fig. 14 Simulation result of the induced voltage of RC model across R2 for 
input current of 400 A (RMS) from ANSYS Maxwell [28] environment
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143.945 mV. The sensitivity observed for the RC model 
is ≈ 0.2035 mV/A. To enhance clarity, the graph is plotted 
between input current and induced voltage (RC output volt-
age) and shown in Fig. 15. Fig. 15 illustrates that the output 
induces voltage is, follows linear with the supply, and the 
RC does not enter the saturation region. The sensitivity of 
coil is nearly same for the given range of testing input signal.

4.2 Impulse current as an input to primary conductor
Testing with impulse currents that have a high magni-
tude is an important component for RC model. Section 4.2 
discusses the testing of RC model by supplying 8/20 μs 
impulse current and it is shown in Fig. 16. The Fig. 16 
consists of two parts that is impulse current generator cir-
cuit and Finite Element Analysis (FEA) of RC model. The 
RC primary current (input current) is produced by impulse 
current generator circuit, that involve of DC charging volt-
age (VDC), current limiting resistor (R3 ), wave shaping 
resistor inductor and capacitor (R, L and C).

The RLC transient circuit produces 8/20 μs impulse 
current im [31]. Through DC supply capacitor is charged 
to a certain value and discharged through the wave shap-
ing resistor and inductor. The generated impulse current 
im [31] is expressed in Eq. (4) and the same is supplied to 
primary conductor to test the RC model:

i V
L
e tm

t� � ��

�
��

sin ,  (4)

where V is capacitor charging voltage:

� �
R
L2
,  (5)

� � �
1

4

2

2
LC

R
L
,  (6)

As per IS/IEC 60060-2 (2010) standard [32], the time 
required for the current to increase from zero to the initial 
peak value can be determined using Eq. (7) and the time 
taken for half value of peak in the tail portion time is cal-
culated using Eq. (8):

Front time T
LC1
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�
�

�

�
�

�

�
�

sin ,  (7)

Tail time T

LC
R
L

2

2

2

1

4
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�
�
�

�
�
� �

�

�
�

�

�
�

�
.
 (8)

For 8/20 μs impulse current, the aforementioned value 
is used [33]:

� �� � � �0 0535 10 0 113 10
6 6

. . ,and  

LC = 65,  (9)

i VC
m =

14
.  (10)

For simulation purpose, consider energy storage capac-
itor, wave shaping inductor and resistor are 0.6 μF, 110 μH 
and 12 Ω, respectively. The value of current limiting 
resistor (R3 ) and load resistor (R4 ) are chosen to 200 kΩ 
and 10 Ω, respectively. The testing of RC model with 
high magnitude high frequency impulse current (8/20 μs) 
for different DC charging voltage are given in Table 4. 
From simulation result ammeter AM1 and voltmeter VM1 
shows the impulse current (input current) and induced 
voltage (output of RC) waveform. RC model induced volt-
age 1.2906 V is observed for impulse current input peak 
of 396.19 A with the charging voltage of 10 kV is illus-
trated in Fig. 17. The sensitivity of coil is 3.2574 mV/A. 
The front time (T1 ) and tail time (T2 ) of the induced volt-
age is matched with input current, which are 7 μs and 
20.2 μs, respectively.

According to IEC standard, this front time and tail 
time are adequate. In order to calculate the RC model 
sensitivity, the coil is tested for a different input current 

Fig. 15 Induced voltage of RC model as a function of sinusoidal testing 
input current

Fig. 16 Circuit for testing RC model with 8/20 μs impulse current signal
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as reported in Table 4. The input current is varied from 
396.19 to 2179.09 A. the corresponding charging voltage 
range is 10 to 55 kV. The output induced voltage observed 
is 1.2906 to 7.0981 V with sensitivity ≈ 3.2574 mV/A. 
Those data are reported in Table 4. The graph is plotted 
between input impulse current and RC model output and 
shown in Fig. 18. From Fig. 18, it is seen that voltage wave-
forms are not distorted, follow linear patterns.

5 Conclusion and future work
This paper presents a discrete RC model composed of 
rectilinear S connected in series. The M between the RC 
model and the primary conductor was computed using the 
FEM. The effect of different primary conductor cross-sec-
tions, including circular, rectangular, and D-shaped, on 
M has been analyzed concerning the conductor's position. 
M is nearly equal for centrally placed circular and rectan-
gular conductors, while off-center positioning increases it 

for nearby S. The FEM results show that the E is 2.229% 
for circular, 0.024822% for rectangular, and 0.5533% for 
D-shaped conductors. The influence of the eccentricity of 
the conductor considering the number of S is examined. 
This study observes a maximum E of 3% for RC mod-
els with S = 8. The results indicate that E decreases as 
the number of S increases. The magnetic field distribu-
tion varies with conductor position, with a maximum of 
5.486 × 10−3 T observed for S = 4. The sensitivity of the 
designed RC with S = 4 is tested with different magnitude 
of power and high frequency impulse (8/20 μs) current sig-
nals. The simulation results show consistent output char-
acteristics, with observed sensitivities of 0.2035 mV/A for 
sinusoidal current and 3.257 mV/A for impulse current.

This study provides a detailed analysis of a discrete 
RC model; however, further research is necessary to 
enhance its accuracy and practical applicability. Future 
work includes the experimental validation of simulation 
results by fabricating and testing a physical RC prototype. 
Additionally, a detailed investigation is required to assess 
the impact of higher-frequency transient currents on RC 
performance. Exploring alternative S materials with lower 
resistivity and improved thermal stability can help mini-
mize losses and improve efficiency.

Acknowledgement
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for their valuable suggestions to improve the quality of the 
manuscript. 

Fig. 17 Simulation result of induced voltage of RC model for 
input impulse (8/20 µs) current with peak of 396.19 A from 

ANSYS Maxwell [28] environment

Table 4 Impulse input current and output induced voltage of RC model

S. 
No.

DC voltage 
(kV)

Input current 
(max) (A)

Induced voltage 
(max) (V)

Sensitivity 
(mV/A)

1 10 396.19 1.2906 3.25747

2 15 594.29 1.9358 3.25733

3 20 792.39 2.5811 3.25736

4 25 990.49 3.2264 3.25735

5 30 1188.59 3.8717 3.25738

6 35 1386.69 4.5170 3.25739

7 40 1584.79 5.1622 3.25739

8 45 1782.89 5.8075 3.25735

9 50 1980.99 6.428 3.25736

10 55 2179.09 7.0981 3.25736

Fig. 18 Induced voltage of RC model as a function of impulse (8/20 μs) 
testing input current
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