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The peculiarities of magnetic field propagation in an anisotropic magnetic medium are considered and the
dependences of the longitudinal and transverse components of the magnetic field on the geometric dimensions are
established. For the first time, the possibility of concentrating the magnitude of the magnetic field has been
shown and its value has been optimized. A model of an anisotropic magnetic concentrator is developed, and a
method for creating artificial anisotropic classical materials is proposed. The application of this method of the
magnetic field concentration makes it possible to increase the sensitivity of photo-, thermomagnetic detectors and
the efficiency of galvano-thermomagnetic coolers, as well as electromagnetic and magnetoelectric measuring

systems.
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Introduction

It is known that a magnetic field, like an electric
field, is the basis of modern energy, electronics, radio,
computing, as well as other fields of science and
technology [1].

Currently, the development of new technologies and
technological systems requires the construction of cost-
effective electrical systems.

Magnetic field concentrators are widely used in
devices for increasing the magnetic induction of a
magnetic field in a given area - in medical devices, in
magnetic traps, in devices for increasing the octane
number of petroleum products, in various photographic
[2], thermal [3], efficiency of galvanothermomagnetic
coolers [4, 5] and other receiving devices operating in a
wide spectral range.

The main requirement for them is the creation of an
increased value of the magnetic induction in the gap
where the sensitive element of a particular device is
located. [6] Basically, this problem is solved by changing
the geometric shape of the magnet tip.
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I. Mathematical model of the effect of
magnetic field concentration

Consider a medium characterized by the anisotropy
of magnetic permeability coefficient f; the main
crystallographic axes Ox, Oy, Oz of which coincide with
the axes Ox, Oy, Oz" of the selected laboratory
coordinate system. The magnetic permeability tensor [
of such a medium is represented as follows [7, 8]:

P10 0
A=po|0 O 1
0 0 a3

If the crystallographic axes Ox, Oy are rotated
around the axis Oz of the lateral face of a rectangular
plate so that the angle between the axes Ox and Ox’is
equal to a (0 < a < 90°), then the tensor f in this case can
be represented as follows:
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U11C0S2%a + pyysin’a

i = to [(uy1 — pop)sina - cosa
0

In the case of creating from such an anisotropic
material a rectangular plate of length «, height b (a >> b)
and width ¢ (¢ >> b > c) the selected crystallographic
axes Ox and Oy of which are located in the plane of the
side face (a x b), and axis Ox is located at an angle « to
the edge a (Fig. 1), it will be characterized by the
presence of both longitudinal g, and transverse u,
components:

w = to(u11c05%a + Uy sin’a), 3)
By = po(l1q — pa2) Sina cosa (4)
=
/X 4 1
< a X
Fig. 1. Artifical anisotropic  magnetic plate

(crystallographic Z axis coincides with laboratory Z’, they
are placed perpendicular to the drawing plane).

If such a plate is placed in an external homogeneous
magnetic field of intensity H so that the vector of
intensity H is placed perpendicular to the upper and
lower faces of this plate (axc), then in its volume there
appear both longitudinal B and transverse B,

components of the magnetic induction vector B. Their
values can be represented by the formulae:

®)

By = H - po(y1c08%a + pppsin®a),

(6)

The transverse and longitudinal magnetic fluxes
arising in the volume (axbxc) of the plate are described
by the following formulae

B, = H- to(H11 — Ha2) sina cosa.

E))II =H- to(p11c0s?a + pppsina) - b/ac, )

6l =H- Ko (M11-Mp2) Sina cosa - a/bc. (8
The conversion factor m is represented by the
formula

_ b1 _ (p11—p22) sina cosa
W Hiicos?a+pgysinia’

©)

The study of the values of the conversion factor m to
the extremum at the angle o (dm/da =0) - showed

(U117 — Ugp)Sina -cosa 0
piSin?a + uypcosla 0 2
0 H33
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that the maximum value of m is observed at the angle

QAopt. = arctg-/ Ma1/ U2z
Mpmax = m(aopt.) = $, (10)
where K = py1/p2,.

Estimates have shown that since a>>b>c the
influence of boundary conditions on the volumetric
distribution of the magnetic field in the volume of the
plate at the ends and side faces can be neglected [9].

Therefore, the formulae for the transverse and
longitudinal magnetic fluxes at the optimal angle o take
on the form

—

2K b

Qy=H porr7 o (11)
= = VK(K-1)
O, =H po - E (12)

Thus, the maximum concentration factor | of the
investigated device on the one hand is determined by the
values of the coefficients x11 and w22 of the plate material,
and on the other hand by the coefficient of its shape
(axb).

VK(K-1)

| By Rk
2K

T, (a/b)* = Minax * (a/b)>. (13)

It should be noted that in this case the equipotential
surfaces of the magnetic field inside the volume of the
plate are placed at an angle g, the value of which is
determined by the expression

K-1
B = arctg (K_+1) (14)

To place the equipotential surfaces of the magnetic
field of the transverse component of magnetic induction
parallel to the faces axc, it is necessary to orient the
crystallographic axes at some angle y = oopt. — .

Then, the equipotential surfaces of the transverse
component of the magnetic field are placed parallel to the
faces axc, the concentration factor I, is determined by
the following expression

_ (K-1)siny-cosy

ll_

(a/b)?. (15)

Kcos2y+sinZy

In this case, the transverse magnetic flux 5L is
located along the length a of the anisotropic plate.

It should be noted that this effect works in both static
and dynamic fields.
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1. Method of creating materials for an
anisotropic magnetic concentrator

The analysis of the literature showed that at the
moment there are no real anisotropic magnetic materials
that would allow them to be used to create effective
magnetic concentrators [10, 11, 12].

The solution to this problem was found by creating
artificial anisotropic magnetic materials. The meaning of
which is that an artificial anisotropic magnetic material is
a system of parallel alternating plates 1 and 2 with
thicknesses d1 i d, characterized by different permeability
coefficients u1 and o, respectively (u, > uq) [9].

The calculation of such an artificial anisotropic
magnetic material is performed based on the maximum
value of the anisotropy factor of magnetic permeability
k = p/p, using the method described in [9]. The source
materials of layers 1 and 2 are selected based on the
maximum value of the difference in their coefficients
(u2 > pq).

Let us represent such a system in the form of a
rectangular parallelepiped (Fig. 2) of length a; , height by
and width c1, consisting of parallel layers 1 and 2, which
alternate. These layers with thicknesses d; and d,, are
made of magnetic materials with permeability
coefficients u1 and ua, respectively (u, > py).

Hy

a,

Fig. 2. Structure model of artificial anisotropic magnetic
medium. 1- layer of material with magnetic permeability
p1 and thickness di; 2 — layer of material with magnetic
permeability p, and thickness d..

The values of the longitudinal p; and transverse p,
components of the magnetic permeability tensor fi of this
alternating system are determined by the following
expressions:

= (pady + padsy)/(dy + dy), (16)
Uy = pgpp(dy +dy)/(uydy + ppdy). @an

The optimal values of di and d, are related by the
following relationship:

dy =dy 12/l (18)

This, in turn, allows both independent selection of
the source materials and their geometric dimensions, and
appropriate optimization, which generally leads to the
appearance of anisotropic substances with the required

specified magnetic parameters.

The basis of the anisotropic magnetic concentrator is
a plate of length a and height b and width c, the
alternating layers 1 and 2 of which are located at some
optimal angle [13], which is shown in Fig. 3.

a

Fig. 3. Anisotropic transforming element made of
artificial anisotropic magnetic material.

S

Table 1, which is given in [11, 12], presents brief
characteristics of existing isotropic magnetic materials
that can be used to create artificial anisotropic materials.

Table 1.

Coefficients of magnetic permeability of materials.
ot [ pamasity
P Name of material () (H/m)

Metglas 1.25

Nanoperm 10 x 1072

Mu metal 2.5 x 102

Permaloy (alloy 80% nickel

and 20% iron) 1.0 x 1072

Electrical steel 5.0 x 1073

Nickel-zinc ferrite 2.0x10° —-8.0 x 10*

Manganese-zinc ferrite >8.0 x 10*

Steel 1.26 x 104

Nickel 1.26 x 104~ 7.54 x 10

Platinum 1.2569701 x 10

Aluminum 1.2566650 x 10

Bismuth 1.25643 x 107

Iron (purity 99.8%) 6.3 x10%

Iron (99.95% pure iron

scorched in hydrogen) 2.5%x10%

Iron-cobalt alloys 2.3 x 102

Martensitic stainless steel
(hardened)

50x105-12x 10

Carbon steel 1.26 x 107*
Neodymium magnet 132 x107°
Fluoroplastic 4, Teflon 1.2567 x 10°°

Sapphire

1.2566368 x 10

Copper

1.2566290 x 10

The use of selected materials listed in Table 1 allows

us to create artificial anisotropic magnetic materials
whose anisotropy of magnetic permeability is in a wide

range.
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Table 2
Characteristics of artificial anisotropic magnetic materials.

Aluminum Copper ) Bismuth .

= X B = X 3

. (a=1256665 % 10° (i) | 1471250029 510% | = 125643 410
magnetic materials Nickel Electrical steel Iron-cobalt alloy

p2=126x 10 u2=5.0x1073 p2=2.3 x 1072

(H/m) (H/m) (H/m)

Anisotropy coefficient of

artificial layered material 8,30491 x 10*

3,855711 x 10° 1,803822 x 10*

k=uw/u,
Conversugn factor 97.62 99.95 99,99
m, %
Concentration factor
I, (at a/b=20) 390,48 399,79 399,96
Table 2 shows the characteristics of three artificial ]
Conclusion

anisotropic magnetic materials, layers 1 and 2 are made
of: aluminum and nickel; copper and electrical steel,
bismuth and iron-cobalt alloy.

Analysis of the data in Table 2 indicates that a
method has been proposed for creating artificial
anisotropic magnetic materials, which are characterized
by rather high values of the anisotropy coefficients of the
magnetic permeability.

When bismuth and iron-cobalt alloy and a plate with
a shape factor a/b = 20 are used as source materials, the
conversion factor will be m = 99,99 %.

The possibility of independent selection of materials
for layers 1 and 2 with the required thicknesses di, d
leads to the appearance of the required anisotropic
magnetic structures with given concentration factors.

The considered effect of concentration of a magnetic
field with artificially anisotropic magnetic materials
expands considerably the capabilities of electrical

engineering, instrument making and other related
industries.
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E¢exkT KoHIeHTpaLii MAarHiTHOTO MOJIA

nemumym mepmoenexmpuxu HAH i MOH Yipainu, m. Yepnieyi, Ypaina, ashcheulovaa@rambler.ru,
2Yepuiseyvkutl Hayionanvhuii yuisepcumem imeni FOpis @edvrosuua, m. Yepuisyi, Yipaina, m.derevianchuk@ukr.net

Po3risiHyTO 0COOAMBOCTI MOIIMPEHHS MArHITHOTO IOJISI B AHI30TPONHOMY MAarHiTHOMY CEpeloBHIN i
BCTAHOBJICHO 3AJICKHOCTI MO3/I0BKHBOT Ta HOMEPEYHOI CKJIAJOBUX MAarHiTHOTO MOJIS BiJl TEOMETPUYHHUX PO3MIpiB.
Brnepuie moka3aHO MOXJIMBICTH KOHIGHTpAIl BENMYMHM MArHITHOIO MOJS 1 NMPOBEAEHO ONTUMi3amito ii
BeNMYMHHU. [IpeincTaBieHO MaTeMaTHYHy MOJENb AHI30TPOIHOrO MAarHiTHOTO KOHLEHTPAToOpa, a TaKoX
3allPOIIOHOBAHO METOJ CTBOPEHHS IUTYYHUX aHI30TPOIMHUX KJIACHYHUX MaTepiasliB. 3aCTOCYBaHHS I[bOI'O METOLY
KOHIIEHTpaNil MarHiTHOTO MOJISI PO3LIMPIOE MOJJIMBOCTI Ta MiJIBUIIYE UyTIHBICTH (OTO-, TEPMO- MAarHiTHHX
npuiiMadiB Ta eQEeKTUBHICTh TaJbBAaHOTEPMOMArHITHHX OXOJIOJDKYBAadiB, a TaKOX EJEKTPOMAarHiTHUX i
MarHiTOCNEeKTPUYHUX BUMIPIOBATEHUX CHCTEM.

KorodoBi ciioBa: TeH30p, MarHiTHa MPOHKUKHICTB, aHI30TPOIIis, KOHIIEHTPALisl, MarHITHE IOJIE.
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