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Abstract

Study of dimensional parameters’ influence on shielding properties of cylindrical shields will allow to
optimise the fusion process, as well as to reduce production costs by reducing the material used. The purpose
of this work was to compare results of theoretical calculation of shielding effectiveness of an infinite cylindri-
cal shield with the data obtained in real conditions.

A cylindrical Ni-Fe shield was synthesised by electrochemical deposition with length of 32 cm, diameter
of 4.5 cm and shielding thickness of = 100 pm. The cylinder length was then reduced from 32 cm to 6 cm in
4 cm increments and for each cylinder length shielding effectiveness was measured using three-coordinate
Helmbholtz field-forming system.

The measurement results show that the calculation of shielding effectiveness of infinite cylindrical
shield is valid for cylinder lengths /> 18-20 cm. Shielding effectiveness is markedly reduced at values
of /<15 cm.

Analysis of data obtained allowed to conclude that it is necessary to determine the correction
factor when calculating a cylindrical screen shielding efficiency.
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Biansinne raapuTHBIX NapaMeTPOB HUIHMHAPUYECKOT O
JKpaHa Ha YPPEeKTUBHOCTH IKPAHUPOBAHUS

0.1. Kana¢goes, A.B. Tpyxanos, T.U. 3y6aps, C.C. I'padbuuxos, M.!. Ilanaciok, A.H.
Koreasnukosa, B.A. ®eabkun, B.M. ®enociok

Hayuno-npaxmuueckuii yenmp Hayuonarvnou akademuu nayx benapycu no mamepuanosedenuio,
va. I1. bposxu, 19, 2. Munck 220072, Beaapyco

Hocmynuna 07.04.2022
Hpunama k neuamu 18.05.2022

Wzydenune BAMSHUS Ta0APUTHBIX MMapaMETPOB HA OJKPAaHHPYIOUIME CBOWCTBA LMJIMHAPHYECKUX
9KPaHOB MO3BOJHUT ONTUMH3MPOBATH MPOLECC CHHTE3a, a TaKKe CHHU3UTH 3aTpaThl Ha IPOU3BOJACTBO,
3a C4ET yMEHBILCHHS HCIOIb3yeMOoro Marepuana. Llenpio 1aHHOH paboThl ObLIO CpaBHEHHE Pe3yJIbTATOB
TEOPETUYECKOro pacyéra 3(PQPEKTHBHOCTH JKPAaHUPOBAHHMsS OCCKOHEYHOrO HWJIMHIPHYECKOTO JKpaHa H
JTAHHBIX, TOJYYCHHBIX B PEATbHBIX YCIOBHUSIX.

MeTo/IoM 3JIEKTPOXMMUYECKOIO OCAXKJICHUS ObLI CHUHTE3MpPOBAaH IlMIIMHApUYecKuii 3kpaH Ni-Fe,
JIUTMHA KOTOpPOTO cocTaBmwia 32 cMm, auametrp 4,5 ¢M, TOJNIIMHA SKPAHUPYIOIIETO TOKPBITUS COCTaBMIA
~ 100 mxM. 3areMm MHA MWIMHApPA yMeHbanach oT 30 10 6 cM ¢ marom B 4 cM, JUIsl KaKI0H JTHHBI
muMHApa Oblla u3MepeHa A(PQEKTUBHOCTh IKPAHUPOBAHUSI C IOMOIIBIO TOJIE00pas3yIomell CHUCTEMBI
TPEXKOOPAMHATHBIX KaTyIlek ['eslbMrossna.

Pesynbrarhl nM3MepeHWH MMoKa3ald, 4TO pacuér S(PQPEKTHBHOCTH HSKPAHUPOBAHHS OCCKOHEYHOIO
MWIMHIPHYECKOTO JKpaHa ChpaBeuIuB Tpu JunHe nuwiuaapa /> 18-20 cm. [pu 3navenwsx /<15 cm
3G PEKTUBHOCTH SKPAaHUPOBAHHS 3aMETHO CHUIKACTCS.

AHanu3 NOJy4YeHHBIX JAHHBIX MO3BOJIMI CENaTh BBIBOA O HEOOXOJMMOCTH OIpEIeNICHHs MOMpaBoy-
Horo ko3¢ dunmenTa npu pacuérax 3G(HEeKTUBHOCTH SKPAaHUPOBAHUS LIMIIMHAPHYECKOTO SKpaHa.

KiarueBble coBa: SKpaHUPOBAHUC, MATrHUTOCTATUYCCKUC I10JIA, HUJIMHAPUICCKUC DKPAaHbI.
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Introduction

Global electrification along with the undeniable
benefits poses many threats, of which electromag-
netic radiation is the most significant. One of the par-
ticularly difficult cases of protection from the impact
of external electromagnetic fields is shielding of sta-
tic magnetic fields.

This type of magnetic fields can have a nega-
tive impact on the human body, disable devices and
their elements and is also widely used in the mili-
tary industry [1, 2]. To minimize the effects of mag-
netostatic fields magnetically soft materials (steel,
permalloy, amorphous metal alloys are usually
used). Study of magnetostatic shielding is based on
the principle of magnetic field shunting by a ferro-
magnetic material [3, 4]. The basis of this principle
is the closure of the field lines through the material
with low resistance to magnetic flux which means
that the shielding efficiency is directly proportio-
nal to the value of magnetic permeability () of the
shielding material and inversely proportional to the
area of its cross section. However we have previous-
ly shown [5, 6] that a number of experimental results
on the magnetostatic shielding does not agree with
the provisions of the shunt principle.

Thus the purpose of this work was to investi-
gate the shielding effectiveness of the cylindrical
shield and to find out the effect of the cylinder length
changing on shielding effectiveness. This will reduce
the error in theoretical calculations which in turn will
have a positive impact on the quality of development
of highly effective protection of devices and equip-
ment for a wide range of applications.

Measurement technique

An aluminum cylinder with a single layer Ni
shielding coating Nig,Fe,, with a copper underlayer
was made as the test sample with the following pa-
rameters: 32 cm long, diameter is 4.5 cm. The ave-
rage thickness of the coating was 132 pum.

The aluminum surface preparation process was
carried out in several stages such as trichloroethy-
lene treatment degreasing with Vienna lime, chemi-
cal etching, chemical galvanizing and copper under-
coating was then applied to increase of adhesion.

The shielding coating was synthesised by electro-
chemical deposition using nickel anodes at 3540 °C.
The current density was 25 mA/cm®. The composi-
tion of the electrolyte solution is shown in Table.

Table

The composition of the electrolyte solution

Ne Reactive Content, g//
1 NiSO,-6H,0 210

2 NiCl,-6H,0 20

3 FeSO,-7H,0 15

4 KNaC,H,0,-4H,0 30

5 MgSO, 60

6 H,BO, 30

7 Saccharine 2

8 Ascorbic acid 2

The thickness of the resulting shielding coating
was = 100 pm.

From the resulting cylinder with the shielding
coating, 4 cm were cut off (Figure 1), then at each
length, the shielding effectiveness was measured.

=

Figure 1 — Schematic representation of the test sample

Di =t
— —

The efficiency of the shielding was measured
by means of a three-coordinate Helmholtz field-
forming system.

Results and discussion

The most complex case of shielding against
external sources of electromagnetic radiation is that
of static magnetic fields [5]. Usually when conside-
ring magnetostatic shielding the principle of the mag-
netic field shunting with a ferromagnetic material is
used. The basic essence of this principle is to short
circuit the field lines through a material with low re-
sistance to magnetic flux. According to this approach
the effectiveness of the shielding is constant and di-
rectly proportional to the magnetic permeability of
the shield material and inversely proportional to its
cross-sectional area [7, 8]. For an infinite cylindrical
shield, the calculation of the shielding effectiveness
is carried out according to the formula:

Oe,yy = 0.57ud/r,

where p is the magnetic constant, d is shield thick-
ness [mm]; 7 is outer radius [mm)].
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As we know [9], in theoretical calculations of
shielding efficiency usually use ideal geometric
shapes of samples (infinite plane and infinite cylinder,
sphere). In real conditions the situation is much more
complicated —bodies, blocks to be shielded have finite
dimensions, irregular shape and may contain holes
and apertures. Therefore, for practical purposes, it is
important to know how the screen size affects such
characteristics as the maximum screening efficiency
Oe,,, and the magnetic field strength correspon-
ding to the maximum screening efficiency HOe,,,, .

To check the validity of the above formula, the
shielding effectiveness was measured at cylinder
lengths /=6-30 cm, in 4 cm increments. Figure 2
shows the obtained results of shielding efficiency
depending on the length of the cylinder. It can be
seen that reducing the cylinder length to 14 cm does
not result in a significant change in shielding effec-
tiveness. When the cylinder length is further reduced
from 14 cm to 6 cm, there is a sharp decrease in
shielding effectiveness.

50 60 70 80 90 100

H,Oe

20 30 40
Figure 2 — Shielding efficiency depending on the
length of the cylinder

Figure 3 shows the dependencies of Oe,,, and
HOe,,,, on the length of the cylindrical shield.
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Figure 3 — Changing the position of the maximum shiel-
ding efficiency depending on the length of the cylinder

It can be seen, the parameters Oe,,,, and HOe,,,
become very stable at values of /> 18-20 cm. At
values of /<15 cm, the shielding efficiency de-
creases markedly. For example, the Oe,,, values of
a 6 cm long sample are 2 times lower than those

of a 26-30 cm long sample. At the same time, the

HOe,,,, shifts to a lower field region from 44 to
26 Oe.
Conclusion

Studies have been carried out on the shielding
effectiveness of an aluminum cylinder with Ni-Fe
shielding.

It is found that the theoretical calculations of
shielding efficiency differ from the data obtained
under real conditions. Parameters as the maximum
screening efficiency Oe,,, and the magnetic field
strength corresponding to the maximum screening
efficiency HOe,,,, are stable at values /> 18-20 cm,
so maximum shielding efficiency of the obtained
sample holds within 45-50 times. Reducing the
length of the cylinder to a value of /<15 cm leads
to a significant decrease in the maximum shielding
efficiency from 42 to 25 times. At the same time the
HOe,,,, shifts to a lower field region.

This result is due to the effect of the magnetic
field flowing into the open sample of finite size. Thus
in order to reduce the influence of the dimensional
effect of cylindrical and close-shaped shields the //r
ratio must be > 8-9.

Further it is planned to extend the research
range to obtain a correction factor to calculate the
shielding effectiveness of real cylindrical shields.

The findings are to be used in the manufacture
of shields to protect sensitive components of various
kinds of devices.
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