
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

Optimization of protective cables in the range of
real geometric parameters
To cite this article: N O Vlasova and A O Belousov 2022 J. Phys.: Conf. Ser. 2291 012012

 

View the article online for updates and enhancements.

You may also like
Feature Selection Methods Comparison
for EEG-based Classifier Constructed
Using Discrete Wavelet Transform
Features
B Tsybenov, M Svetlakov and I
Hodashinsky

-

Research of light diffraction on multilayer
PPM-LC diffraction structures under
conditions of external electrical influence
D S Rastrigin, V G Ivanchenko, V O
Dolgirev et al.

-

Synthesizing of a sliding control law for a
hydraulic automatic stabilization system
V T Tran, A M Korikov and T T Nguyen

-

This content was downloaded from IP address 212.192.121.136 on 07/07/2022 at 09:42

https://doi.org/10.1088/1742-6596/2291/1/012012
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012003
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012020
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012020
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012020
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012016
https://iopscience.iop.org/article/10.1088/1742-6596/2291/1/012016
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjst2U4TUU8J8ZN-hg3ogIthTlJ-m2aDPBiW7aIakTZzev--Z-nXfOmrhwVtRBL7cc3HaRvvj50UWZcxvOwjYvRcAWOnFANq2eudQq4D5QOMNUEVn8IrR3j_vgTaQkrIlhJbIULTw1_FmCbIS7C6MyY915TRCt6zN_Xjkq87RZ2W-Lc88QNvdQ8kljhLnHUMMDhzZDai6Gwh-T3t9vsFwieSiIKmQG_m2wBJ7WN-mEoLlKuqpC9KGMEu6o_1mI_gexuP01TTjbezFtantn3Q9rSf-fK1LT0yn3BqdG3KJJP2nxg&sig=Cg0ArKJSzLOBKIgK4jMd&fbs_aeid=[gw_fbsaeid]&adurl=https://www.electrochem.org/individual-membership%3Futm_source%3DIOP%26utm_medium%3D1640x440%26utm_campaign%3D2022Membership%23community


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

EDCS-2021
Journal of Physics: Conference Series 2291 (2022) 012012

IOP Publishing
doi:10.1088/1742-6596/2291/1/012012

1

 

 

 

 

 

 

 

Optimization of protective cables in the range  

of real geometric parameters 

N O Vlasova and A O Belousov 

Tomsk State University of Control Systems and Radioelectronics, 40, Lenina ave., 

Tomsk, 634050, Russia 

E-mail: ostrolistaya97@mail.ru 

Abstract. This work presents the results of simulation and optimization of multiconductor 

modal filters (MFs) with circular cross section in the range of real geometric parameters. Five 

MF structures with 2–4 conductors are considered in a protective shield and without it. 

Parametric optimization was performed by the amplitude and time criteria in order to obtain 

a complete ultrashort pulse (USP) decomposition. As a result, it was achieved in all structures 

with a maximum attenuation factor of 3.7 times. 

1.  Introduction 

Various types of production areas have seen the emergence of more and more modern multi-purpose 

technical devices (TD) in recent years. The problem of ensuring electromagnetic compatibility is more 

often exacerbated by the fact that the devices appear simultaneously in the large number [1]. An 

important task in this case is to protect critical TD (the failure of which can lead to big problems) 

against intentional electromagnetic interference, which in practice can take various forms. Conducted 

emissions are particularly hazardous, for example, an ultrashort pulse (USP) with a high voltage level 

and a subnanosecond rise time. As such, USPs are able to localize in critical TD nodes, disrupting 

their operation and even completely disabling the TD. Therefore, the protection of the device is 

relevant, in particular, safety facilities and control systems for critical equipment. 

We know that traditional protection devices installed at the TD input, unfortunately, have 

disadvantages, namely: low power, insufficient operation speed, parasitic parameters, and short 

service life. In order to eliminate these disadvantages and provide protection against powerful USP, 

the technology of modal filtration is used. The essence of this technology is to decompose the 

exciting USP into a pulse sequence because of the difference of modes delays [2–4] in multiconductor 

transmission lines (MCTL). This technology is effectively used in protective devices called modal 

filters (MF) [5]. Meanwhile, traditional MFs are implemented mainly on coupled and multiconductor 

strip structures. However, of interest are MFs based on structures with circular cross-section (CS) 

(protective cables), which have several significant advantages compared to MFs based on strip 

structures: design flexibility, greater length (without sacrificing overall dimensions), and the 

possibility to use ready-made cables. Nevertheless, not enough efforts have been devoted to the study 

of modal filtration with circular CS [6]. At the moment, an important task is to create a prototype of 

a protective cable; the first step towards the solution is optimization in the range of real parameters. 

Thus, it is relevant to study the possibility of complete decomposition (CD) of a USP at the output 

of 2-, 3-, and 4-conductor MFs with circular CS in the range of real geometrical parameters. To 
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provide versatility of the task, the modal filter is considered in a protective shield and without it. The 

purpose of this work is to conduct such research. 

2.  The main approaches to simulation and optimization 

First of all, structures with a circular CS, consisting of 2–4 conductors were chosen. The choice of the 

range of parameters to optimize these structures is caused by the values of geometric parameters of 

real cables that are widespread and used both in industry and in household environment. 

To begin with, the geometric models of the MF CS were built. Then, the matrices of per-unit-

length coefficients of electrostatic (C) and electromagnetic (L) inductions were calculated. Losses 

were not taken into account. Next, equivalent circuits for simulation were drawn up and loads and 

excitations were set. Finally, the time response to the pulse excitation was computed. For the 

simulation, we chose MF configurations that had been previously studied in [7, 8]. Figure 1 shows CS 

of the structures after optimization by heuristic search (HSopt), where εri is the relative dielectric 

permittivity of the insulation and ri is the radius of the CS element. We investigated MF 1 (with the 

number of conductors N=2), MF 2 (for N=2), MF 3 (for N=3), MF 4 (for N=3), and MF 5 (for N=4). 

MFs with a circular CS for the study were selected in the following configurations. MF 1 is a central 

reference conductor, which is covered with a dielectric with two conductors symmetrically located 

around it. The entire structure is covered with a dielectric. MF 2 is a shielded structure, in the center of 

which there is a dielectric core with two conductors in a dielectric filling symmetrically located at a 

short distance around it. MF 3 is a reference conductor covered with a dielectric with three conductors 

located around it and the entire structure is covered with a dielectric. MF 4 is a shielded structure, in 

the center of which there is a dielectric core with three conductors in a dielectric filling located at a 

short distance around it. MF 5 is a shielded structure with four conductors in a dielectric filling located 

inside it, at some distance from the center. 

3.  Simulation results 

The simulation was performed in the TALGAT software [9]. The values of the conductor loads (R) are 

taken equal to 50 Ω. As excitation, we used a source of trapezoidal pulse signals with an EMF equal to 

5 V and a total duration of 150 ps. Figures 1f–h show equivalent circuits of MFs, which are 1 m in 

length. Figure 2 presents the voltage waveforms at the MF 1–5 output after HSopt. 

It is important to show the ranges of real geometrical parameter values (mm) of typical wires and 

cables, which are close to the CS structure of the MFs. The most widespread in industrial use is the 

wire with an aluminum core with polyvinylchloride insulation of 3x2.5. It is used for electrical 

installations, i.e., for stationary laying in lighting and power networks, as well as for deploying 

electrical equipment, machines, and mechanisms. The wire has the following characteristics: the 

radius of the conductors varies in the range of 1.15–1.45, the thickness of the insulation is 0.5–1.1, the 

length of the separation base is 0.8–1, and the thickness of the separation base is 0.6–0.8. Vinyl-

insulated flexible aluminum power cable in vinyl sheathing-P 3x6 (single core)–0.66 is also widely 

used in enterprises and is designed for power transmission and distribution in stationary electrical 

installations. The cable has the following characteristics: conductor radius varies in the range 1.3–1.5, 

the thickness of insulation around the conductors is 0.5–1.1, and the thickness of the external 

insulation is 0.7–1.5. The distance between the insulation around the conductors, the conductors and 

the external insulation is 0.15. To supply power to electrical appliances, the most common are cables 

NYM 4x10-0.66 that has the following parameters: the radius of conductors range from 1.7–2.15, the 

thickness of insulation around the conductors is 0.8–1.1, thickness of the internal insulation is 1.3–1.6, 

and thickness of external insulation is 1.5–1.75. 

As a result of parametric optimization of MF 1–5, the following values (mm) were obtained. For 

MF 1: r1=0.9, r2=1.6, r3=3.45, at εr1=1, εr2=6, εr3=3. For MF 2: r1=0.9, r2=0.7, r3=3.5, r4=3.7 at εr1=1, 

εr2=10, εr3=3. For MF 3: r1 (the reference conductor and conductor 1)=0.9, r1 (conductor 2)=0.88, 

r1 (conductor 3)=0.89, r2=1.6, r3=3.45 at εr1=1, εr2=10, εr3=3. For MF 4: r1 (conductor 1)=0.5, 

r1 (conductor 2)=0.35, r1 (conductor 3)=0.52, r2=1.35, r3=2.7, r4=3.5 at εr1=1, εr2=5, εr3=10. For MF 5: 
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r1 (conductor 1)=0.9, r1 (conductor 2)=0.5, r1 (conductor 3 and 4)=0.7, r3=3, r4=4, 

r5 (conductor 1)=0.97, r5 (conductor 2)=0.55, r5 (conductor 3 and 4)=0.85 at εr1=1, εr3=3, 

εr4 (conductor 1)=20, εr4 (conductor 2)=17, εr4 (conductor 3)=10, εr4 (conductor 4)=5. As a result, the 

obtained values lie in the range of real parameters of well-known cables. Table 1 presents the main 

characteristics of the MF 1–5 after HSopt. 
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Figure 1. CS of MF 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e) after HSopt 

and their equivalent circuits (f–h) 

   
a b c 

  
d e 

Figure 2. Voltage waveforms at the output of MF 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e) after HSopt 

Table 1. Amplitudes of decomposition pulses (Ui) at the output of MF 1–5 

and the differences of the modal delay (Δτi) values 

MF Uin, V 
Ui, V Δτi, ns/m 

U1 U2 U3 U4 Δτ1 Δτ2 Δτ3 

1 2.49 1.25 1.24   0.77   

2 2.45 1.23 1.22   0.38   

3 2.3 0.8 0.8 0.7  0.31 0.5  

4 2.3 0.71 0.72 0.8  1.74 1.81  

5 2.3 0.62 0.59 0.55 0.55 1 0.03 0.11 
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Since MF 1 has only the active and passive conductor, a CD is obtained without changing the 

conductor coordinate arrangement (regarding to [7, 8]). Figure 2a shows that 2 pulses of half the 

amplitude (with respect to Uin) come to the end of the MF 1. In this case, the decomposition pulses do 

not overlap, thereby reducing the maximum value of the output voltage Umax. It follows from Table 1 

that the Δτ1 value is 0.77 ns/m, which allows increasing the total duration of the exciting pulse to 

0.9 ns (according to the time response) with the same attenuation coefficient. 

After HSopt of MF 2 in the range of real geometrical parameters, the conductor coordinate 

arrangement also remained unchanged (regarding to [7, 8]). To improve the device performance, the 

size of the internal dielectric was reduced and the size of the external dielectric was increased. Thus, 

the distance from the conductors to the external shield has increased, which improved the MF 2 

performance. Figure 2b demonstrates that two pulses arrive at the end of MF 2, the voltage level of 

which is also 2 times less than Uin. The decomposition pulses do not overlap. The Δτ1 value is 

0.38 ns/m, which allows increasing the total duration of the exciting pulse to 0.5 ns with the same 

attenuation coefficient. 

After HSopt of MF 3 shown in Figure 1c, analogous to MF 1, we did not require to change 

conductor coordinate arrangement (regarding to [7, 8]). Since preliminary optimization was performed 

in [7, 8], a different coupling between the active and two passive conductors was achieved in advance.  

Because of the shield, CD could only be obtained by distancing it far enough from the external 

dielectric. It can be seen from the obtained parameters that the dielectric permittivity of the external 

and internal dielectrics differs insignificantly. However, this allows to bring the 1 and 2 decomposition 

pulses closer to each other. It was necessary to reduce the dimensions of the conductor radius to 

equalize the amplitudes of the decomposition pulses. As shown in Figure 2c, three pulses come to the 

end of MF 3. At that, the voltages of pulses 1 and 2 are 2.88 times less than the Uin value, and the 

pulse 3 voltage is less by 3.33 times. We can also see that the decomposition pulses do not overlap. 

The Umax value is 0.8 V, which is 2.88 times less than the Uin value. The Δτ1 value is 0.31 ns/m, and the 

Δτ2 value is 0.5 ns/m. Since the minimum Δτ value is 0.31 ns/m, it is possible to increase the total 

duration of the exciting pulse to 0.46 ns at the same attenuation coefficient. 

For MF 4, it was necessary to change the conductor coordinate arrangement during HSopt, to 

ensure a different coupling between the active and the two passive conductors. However, in order to 

equalize the decomposition pulse amplitudes and to improve the MF 4 characteristics, the size of 

conductor radius was insignificantly reduced (but still remained in the range of real parameters). Thus, 

the amplitude of pulse 2 decreased, and the time intervals between decomposition pulses slightly 

increased. Thus, it was possible to equalize the time intervals between the decomposition pulses, as 

well as their amplitudes. As we can see in Figure 2d, three pulses come to the end of MF 4. In this 

case, the voltages of pulses 1 and 2 are 3.2 times less than the Uin value, and the pulse 3 voltage is 

2.87 times less. It can also be seen that the decomposition pulses do not overlap. The Umax value is 

0.8 V, which is 2.87 times less than the Uin value. The Δτ1 value is 1.74 ns/m, and the Δτ2 value is 

1.81 ns/m. Since the minimum Δτ value is 1.74 ns/m, it is possible to increase the total duration of the 

exciting pulse to 1.89 ns with the same attenuation coefficient. 

It was necessary to change the symmetrical arrangement of conductors in MF 5 during HSopt 

by changing their coordinate arrangement. Since each conductor is insulated with a dielectric, it was 

possible to improve the MF characteristics by setting a different εr value around each conductor. 

Conductors 3 and 4 have the same radius as the dielectric radius around them. However, they are 

located at different distances from the active conductor, it was possible to avoid pulse overlap at the 

MF 5 output. The CD of the exciting USP is obtained, and the amplitudes of the decomposition pulses 

are relatively equal. Figure 2e demonstrates that there are 4 pulses coming to the end of MF 5. The 

voltage of pulse 1 is 3.7 times less than the Uin value, the pulse 2 voltage is 3.9 times less, and the 

voltages of pulses 3 and 4 are 4.18 times less. The Umax value is 0.62 V, which is 3.7 times less than the 

Uin value. The Δτ1 value is 1 ns/m, the Δτ2 value is 0.03 ns/m, and the Δτ3 value is 0.11 ns/m, 

therefore, there is no pulses overlapping. Since the minimum Δτ value is 0.03 ns/m, it is possible to 

increase the total duration of the exciting pulse to 0.18 ns at the same attenuation coefficient. 
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From Table 1, we can see that the optimization that considered the real parameters succeeded in 

achieving a CD of the exciting USP in MFs 1–5. During HSopt of MF 3 and MF 4, it was possible to 

equalize the amplitudes of pulses 1 and 2, and for MF 4, it was possible to equalize the time intervals 

between all the decomposition pulses. The optimization of MF 5 managed to equalize the amplitudes 

of pulses 1 and 2, and pulses 3 and 4 in pairs, but failed to achieve the interval-time criterion 

(alignment of the time intervals between the decomposition pulses). Meanwhile, the parameters 

obtained during HSopt allow us to approach the matching of the structures with the path (because the 

obtained value of Uin is close to half the EMF). 

4.  Conclusion 

We performed the simulation and optimization of multiconductor MFs with circular CS in the range of 

real geometrical parameters for the first time. We considered the MFs in a protective shield and 

without it. It is generally known that the shield reduces the MF protective characteristics. 

Nevertheless, we performed HSopt according to the amplitude and time criteria and achieved a CD of 

the exciting USP in all MFs by providing a different coupling between the active and passive 

conductors. As a result of HSopt, a CD of the exciting USP was achieved in all MFs with a maximum 

attenuation coefficient of 3.7 (MF 5). In addition, relatively equal time intervals were achieved 

between the decomposition pulses in MFs 1–4. 

Acknowledgments 

The simulation and optimization studies were funded by Russian Federation President 

grant MK-900.2022.4. 

References 

[1] Gizatullin Z M and Gizatullin R M 2016 Journal of Communications Technology and 

Electronics 61(5) 546–550 

[2] Belousov A O and Gazizov T T 2020 IOP Conf. Series: Materials Science 

and Engineering 862(5) 1–7 

[3] Gazizov T R, Zabolotsky A M and Kuznetsova-Tajibayeva O M 2004 Electromagnetic Waves 

and Electronic Systems 11(11) 18–22 

[4] Zabolotsky A M and Gazizov T R 2003 Tomsk: Publishing House of Tomsk State University 

of Control Systems and Radioelectronics 151 

[5] Gazizov T R and Zabolotsky A M 2006 Technologies of electromagnetic compatibility 

4(19) 40–44 

[6] Belousov A O and Zabolotsky A M 2015 International Scientific Conference on Electronic 

Devices and Control Systems 2 14–18 

[7] Belousov A O and Vlasova N O 2021 IOP Conf. Series: Materials Science and Engineering  

1862(1) 1–6 

[8] Belousov A O and Vlasova N O 2021 22 International conference on micro/nanotechnologies 

and electron devices 1–4 

[9] Kuksenko S P 2019 IOP Conf. Series: Materials Science and Engineering 560 1–7 


