Intellectual Technologies on Transport. 2024. No 1

YIK 621.31
DOI: 10.20295/2413-2527-2024-137-93-97

Computational Model for Evaluating
the Effectiveness of Electromagnetic Field Protection:
Case Study of a Train Dispatcher’s Workplace

DSc S. Sulaymanov, PhD Kh. M. Kamilov,
C.T.S. O. A. Turdiev, Z. X. Tulaganova
Tashkent State Transport University, Tashkent, Uzbekistan

Abstract. The article addresses the growing concern over the
adverse health effects of electromagnetic radiation in workplaces,
particularly in the context of train dispatchers who are exposed to
various sources of electromagnetic fields. A computational model is
developed to assess the effectiveness of shielding equipment in miti-
gating the impact of electromagnetic fields on train dispatchers. The
study focuses on the design and evaluation of protective casings and
shields to reduce electromagnetic field intensity, providing valuable
insights for enhancing workplace safety.

Keywords: electromagnetic fields, uninterruptible power sup-
ply, shielding, electrical conductivity, dielectric properties, mag-
netic permeability, protective casing, design model.

For citation: Sulaymanov S., Kamilov Kh. M., Turdiev O. A., Tu-
laganova Z. X. Computational model for evaluating the effectiveness
of electromagnetic field protection: case study of a train dispatcher’s
workplace // Intellectual technologies on transport. 2024. No. 1 (37). P.
93-97. (In Russian). DOI: 10.20295/2413-2527-2024-137-93-97

INTRODUCTION

The workplace of a train dispatcher is characterized by the
presence of electronic devices such as VDTs and personal com-
puters, which emit electromagnetic waves, along with an unin-
terruptible power supply that powers these devices. The expo-
sure to electromagnetic fields in this environment poses health
risks to dispatchers, necessitating effective protection measures.
Shielding equipment, made of materials with specific electrical,
dielectric, and magnetic properties, is commonly used to reduce
electromagnetic field intensity to safe levels. This study aims
to develop a computational model to evaluate the effectiveness
of shielding mechanisms in safeguarding train dispatchers from
the harmful effects of electromagnetic radiation.

The emission of harmful and dangerous factors at the work-
place of a train dispatcher is formed in connection with the in-
dicators of technical means. The electromagnetic field at the
workplace of a train dispatcher is mainly created by VDT and
personal computers that dispatchers regularly use in their work,
as well as electromagnetic waves emitted by an uninterruptible
power supply [1, 2].

The measurements that were carried out during the certifi-
cation of workplaces for working conditions showed that the
voltage of the electromagnetic field in the workplace of the
train dispatcher mainly creates an uninterruptible power supply
that provides power to the VDT and personal computers at the
workplace. The uninterruptible power supply is located inside

the desktop cabinet, and the chair on which the dispatcher sits is
placed next to it, due to the need for constant monitoring of data
from monitors [3].

One of the most reliable ways to protect against the elec-
tromagnetic field is to shield these equipment. When creating
structures that protect against the intensity of the electromagnet-
ic field, various materials (metal or dielectric) are used, which
have the property of absorbing or repelling the electromagnetic
field in a certain frequency range [4-7].

The absorption efficiency of the electromagnetic field is
determined by the electrical, dielectric and magnetic proper-
ties of the material used for shielding. Due to such proper-
ties of the material, electromagnetic energy is absorbed due to
dielectric, magnetic and conduction losses. Shielding allows
to reduce the level of electromagnetic field intensity to a safe
level [8].

Main part. The shielding is divided into magnetic, electric
and electromagnetic fields. Almost always the same dielectric
medium is placed on both sides of the screen, and in this case
the efficiency of the screen is written as follows [9]:
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where 4 — screen thickness, mm;

k—propagation coefficient, mm';

z — resistance of the medium to the electromagnetic field, Ohms;
z,— the resistance of the screen material to the electromagnetic
field, Ohms.

However, the resistance z, in the induction zone depends not
only on the type of the main component of the electromagnetic
field, but also on the shape of the screen structure.

Taking into account the shape of the screen, the resistancez1
is written as follows:

When shielding an electric field [9]:
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When shielding a magnetic field [9]:
21| = opnm, (3)
where

L
m:2atr*:5 for a flat screen, m = 1 at n =p for

o 1 .
a cylindrical screen, and ; = — at . = r a for spherical screen.
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When shielding a magnetic field, it is necessary to take into
account the individuality of the material from which the screen is
made. Usually for magnetic materials (steel, permalloy, ferrite)

L A, and for non-magnetic materials (copper, aluminum,
Z1 ZZZ 2 ) )
lead) 22 < ZL_ In the case that at relatively low frequencies of the
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electromagnetic field ( f<10*T u)kh << 1,chkh = 1,thkh ~ kh
for protective devices made of magnetic metals, the shielding
efficiency is calculated by the formula [9]:
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It does not depend on the frequency of the field.
For protective devices made of non-magnetic metals, the
shielding efficiency is calculated by the formula [9]:
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This efficiency depends on the frequency and at the frequen-
cy ® — 0 ToKe cTpeMHUTCS K HYJIIO.

In the region of relatively high frequencies 10* < fHz< 10°
it is convenient to determine the screening efficiency by the for-
mula [9]:
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In the microwave region covering decimeter, centimeter
and millimeter waves ( f >10°...10"° Hz), the wavelength X is
commensurate with the diameter of screen, d i.e A >d, and the
shielding efficiency is oscillatory [9].

If there are holes or cracks in the screen, which arise as a re-
sult of imperfections in its design and production technology,
the screening efficiency decreases. In this case, it can be deter-

mined by the formula [9]:
A f2z1
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where the resistance z, is determined by the formulas (2) [9]:
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The summand A and the multiplier B take into account the
leakiness of the screen [9]:
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where % ~0,62v3 the equivalent radius of the screen of any
geometric shape (v is the internal volume of the screen, mm?),
mm; / is the largest size of the hole (crack) in the screen, mm;

)
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When developing a scheme for calculating the effectiveness
of the protective shield, it was based on a convenient technical

layout of the dispatcher’s workplace and theoretical formulas
for calculating the effectiveness of the above-mentioned means
of protection against electromagnetic fields [10].

The working surface of the train dispatcher’s workplace con-
sists of two parts, one of which is equipped with a work desk with
train schedules. Monitors are installed on the rest of the desktop
to track information. An uninterruptible power supply is placed
inside the desktop cabinet, consisting of a mini-transformer and
a rectifier, which regularly supplies power to VDT and personal
computers. Despite the low power of the uninterruptible power
supply, it is very close to the place where the dispatcher is located.
Therefore, it should be noted that the voltage of the electromag-
netic field propagating from it is much higher than the permis-
sible voltage level of the electromagnetic field. It is known that
the shielding of an uninterruptible power supply as a means of
protection against the effects of electromagnetic field strength is
a simple and inexpensive uncomplicated device [10].

The reduction of the electromagnetic field strength of the
uninterruptible power supply can be achieved by covering its
body with protective casings and shielding the inner surfaces of
the walls of the desktop cabinet [10].

The efficiency of the screen and casing in shielding was
evaluated according to the formula (4) given above.

The developed computational model is two-dimensional,
and the shape of the casing and the screen differs from each
other. The casing has a semi-cylindrical shape. The inner sur-
faces of the walls of the table stand are flat. When mathemati-
cally expressing the effectiveness of the calculation model, it is
necessary to take into account the design parameters, the shape
of the protective equipment (cylindrical casing and flat screen).
Taking into account the logarithmic expression of efficiency, it
is recommended to use the following mathematical expression
based on formula (4) to evaluate the overall effectiveness of the
protective casing and screen:

m
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where m_ — sphere shape coefficient;
® =2nf— circular frequency, s';
1 — absolute magnetic permeability, Gn/m;
o — specific conductivity of the medium;
Sm/m; — equivalent radius of the screen of any geo-
metric shape, mm;
h — screen thickness, mm; — flat shape coefficient.

CONCLUSION

Thus, the use of screens (cylindrical casing and flat screen)
to reduce the level of electromagnetic field intensity, i.e., the
opening of the source provides an increase in the effectiveness
of the means of protection.

The computational model presented in this study offers
a systematic approach to assessing the efficiency of protec-
tive shields and casings in reducing electromagnetic field in-
tensity in the workplace of train dispatchers. By considering
the design parameters and shape of the shielding equipment,
the model provides a comprehensive evaluation of the over-
all effectiveness of protective measures. The findings high-
light the importance of implementing appropriate shielding
strategies to enhance workplace safety and protect workers
from the detrimental effects of electromagnetic radiation.
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Further research in this area can explore advanced shield-
ing materials and techniques to optimize protection against
electromagnetic fields.
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PacuerHas Mmoaeab 3 PEeKTUBHOCTH
3aIUTHI JJIEKTPOMATHUTHOIO IOJIA
(Ha nmpuMepe padoyero MecTa moe3THoro
AMcCIeTYepa)

a. T. H. C. CyaeiiMaHOB, K. T. H. X. M. KamuJios,
k. T. H. O. A. Typaues, 3. X. Tyn1aranosa
TarkeHTCKHI rocyJapCTBEHHBI YHHUBEPCUTET MmyTeil cooOmienus, TamkeHT, Y30ekucran

Annomayua. YBelumueHHe KOJHYeCTBA M MOIIHOCTH pa3jiny-
HBIX HCKYCCTBEHHBIX HCTOYHHKOB (paanocsssb, BT u nepconann-
HbIi KOMINIBIOTEP, HCTOYHUKH Oecriepe00iiHOro MUTAHUS U P.) IPU-
BOJIUT K 3HAYMTEJbHOMY NOBBIIICHHIO YPOBHSA 3JIEKTPOMATHUTHOIO
H3JIy4YeHHs] Ha PaGo4ynX MecTax, YTO CO3AaeT JONOJHUTeIbHOe HC-
KyCCTBEHHOe 3J1eKTPOMarHuTHoe I0Jie, OTPHLATeILHO BJMsIIOIIee
Ha 310pOBbe 4YeaoBeka. OHUM H3 CAMBIX HA/IC)KHBIX CIIOCO0OB 32-
IIUTBI OT 3JICKTPOMATHUTHOI'O M0JI5 SIBJISICTCS] 9KPAHUPOBAHHUE ITO-
ro odopynosanus. B crarbe pazpaboTana BoIYHCIHTEIbHAS MOJE/Ib
pacuera 3Q(peKTHBHOCTH IKPAHA OT BO3AeHCTBUS JIEKTPOMATHUT-
HBIX N0J1eli Ha paGoyeM MecTe MOE3AHOIO JUcneTyepa.

Kniouesvle cnosa: 31eKTPOMATHHTHBIE I0JIsi, HCTOYHHK Oec-
nepe0OHOI0 NHUTAHUS, IKPAHUPOBaHHMeE, JJIEKTpUYecKasi, AU-
3JIeKTPUYECKAasi  MATHUTHAasl MPOBOAMMOCTb, 3aIUTHBIH KOXKYX
M 3KPaH, pacyeTHas cXeMa H MOJeb.

Jna yumuposanusn: Cyneiimanos C., Kamuaos X. M., Typau-
eB O. A., TynaranoBa 3. X. PacueTHass Moesib 3¢peKTUBHOCTH
3aLIMTHI 1eKTPOMATHUTHOIO NMOJIsl (HA MpUMepe padoyero Mecra
Moe3AHOro aucneryepa) // WHTe/JIeKTyaIlbHbIEe TEXHOJIOTMH HA
Tpancnopte. 2024. Ne 1 (37). C. 93-97. DOI: 10.20295/2413-2527-
2024-137-93-97
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