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A variety of forms, structural assemblies and magneti-
zation directions of permanent magnets makes it possible to 
construct new magnetic systems for separation devices with 
the required topology of magnetic field in working gaps and 
acquisition of new functional properties [9]. Studies in this 
field are of theoretical and practical interest.

2. Literature review and problem statement

Numerous publications report studies into magnetic sys-
tems of separators on permanent magnets. Features in using 
magnetic separators on permanent magnets were considered 
in paper [10]. It was shown that separators are distinguished 
by simplicity of the structure, low power consumption, they 

1. Introduction

One of the ways to improve energy efficiency of electri-
cal machines and devices for various functional purposes is 
to use permanent magnets, whose fabrication utilizes new 
magneto-hard materials with high energy indicators [1–6]. 
Specifically, such materials are used to construct magnetic 
systems for electrodynamic and magnetic separators, in-
tended to clean bulk substances from undesirable metallic 
impurities [7, 8]. The magnetic systems of separators with 
permanent magnets demonstrate the following advantages 
over their electromagnetic analogs: they are distinguished 
by enhanced reliability, smaller mass-dimensional indica-
tors, and do not require additional energy supply in the 
process of operation.
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Проведено дослідження розподілу магнітної силової 
функції в робочій зоні дискового сепаратора нової кон-
струкції, призначеного для очищення дрібнодисперсних 
сипких речовин, що транспортується стрічковим конве-
єром, від небажаних феромагнітних домішок. Показано, 
що для створення в робочому об’ємі сепаратора необхідної 
топології магнітного поля та підвищення його енергоефек-
тивності доцільним є використання постійних магнітів. 
Обґрунтовано, що основною перевагою запропонованого при-
строю на постійних магнітах є можливість самоочищен-
ня поверхні немагнітного обертового розвантажувального 
диску. Для вирішення основних задач дослідження застосо-
ваний метод скінченних елементів, реалізований у програм-
ному середовищі COMSOL Multiphysics. Досліджувалась 
магнітна силова функція, що діє на багатодоменні феро-
магнітні частинки. У зв’язку зі складністю просторової 
геометрії розподілу силового поля в робочій зоні дисково-
го магнітного сепаратора розроблена тривимірна модель 
магнітної системи. Визначений вплив величини повітряно-
го проміжку та, відповідно, ефективної довжини секторо-
подібних постійних магнітів на розподіл силової магнітної 
функції в робочій зоні. Показано, що при зміні повітряного 
проміжку змінюється як розподіл силової функції по висоті 
робочої зони, так і величина силової дії. Надано рекоменда-
ції щодо використання магнітних систем з різними зазора-
ми. Встановлено, що при вилученні феромагнітних вклю-
чень має значення рівномірність розподілу силової функції в 
напрямку розгортання спіралі магнітів. Доведено, що маг-
нітні системи з малими зазорами доцільно використовува-
ти в сепараторах без розвантажувального диску. В цьому 
випадку магнітна система може встановлюватися у без-
посередній близькості до матеріалу, що сепарується, а очи-
щення поверхні постійних магнітів здійснюватися вручну 
по мірі накопичення на них вилучених феромагнітних вклю-
чень. В результаті проведеного дослідження визначено раці-
ональний розмір повітряного міжполюсного проміжку, що 
забезпечує максимальну величину силової дії та, відповідно, 
більш ефективну роботу магнітного сепаратора

Ключові слова: постійний магніт, силова функція, магніт-
на система, магнітний сепаратор, розвантажувальний диск
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not been resolved analytically up to now, and experimental 
methods are rather time-consuming. In recent years, numer-
ical methods have become common for magnetic calculations 
of separators, among which the method of finite elements 
is the most acceptable; the affordable software have been 
developed for it, making it possible to implement the method 
using personal computers. The main advantage of numerical 
methods is to obtain reliable results in cases when the use 
of analytical methods is almost impossible. When using nu-
merical methods, one can derive results that are most close 
to the actual physical processes. Therefore, in order to obtain 
information about the power magnetic field distribution in 
the working gaps of separators on permanent magnets, it is 
advisable to use numerical methods applying appropriate 
computer software.

3. The aim and objectives of the study

The aim of this work is to determine the distribution of 
a force function in the working zone of the magnetic system 
in a disk-type separator. This would make it possible to sub-
stantiate rational geometric dimensions (effective length) for 
permanent magnets.

To accomplish the aim, the following tasks have been set:
– to perform computer simulation of the magnetic sys-

tem of a disk separator; 
– to conduct a comparative analysis of results from cal-

culating the distribution of a force function.

4. Computer simulation of the magnetic system  
of a disk separator

Cleaning loose substances transported by belt conveyors 
from unwanted ferromagnetic impurities has employed the 
use of suspended systems for magnetic separation. A variety 
of such systems is the disk magnetic separators. Using per-
manent magnets in certain configurations for disk separators 
in combination with a possibility to rotate the unloading disk 
forms conditions under which the devices acquire new prop-
erties. Thus, Fig. 1 shows the location of permanent magnets 2 
on stationary ferromagnetic disk 1 in a spiral with an alternat-
ing poles polarity, both in the direction of deployment of the 
spiral and in the radial direction. This leads to the possibility 
to self-clean the surface of a non-magnetic rotating unloading 
disk (not shown in Fig. 1) from ferromagnetic impurities [13]. 
It should be noted that known designs of separators on per-
manent magnets typically imply manual cleaning of the active 
surface when the separation process stops.

Papers [23, 24] report results from earlier studies ob-
tained using the method of finite elements concerning 
the influence of a spiral geometry of the magnetic system 
(Fig. 1) on magnetic field distribution in the working zone 
of a separator. At the same time, there were no systemic 
studies into the distribution of a force function depending 
on the geometric dimensions of the magnetic system and at 
a distance from the active surface of magnets (in the separa-
tion zone). 

Given that the magnetic system, shown in Fig. 1, exerts 
a power influence on multi-domain ferromagnetic particles, 
the magnetic force Fm can be described according to [18] 
using the following expression

are convenient in operation and maintenance. It was noted 
that the use of separators on permanent magnets generates a 
series of problems related to the need to justify the structure 
of the magnetic system and the choice of materials for per-
manent magnets. Article [11] reports a method for separating 
small metallic colored particles from two-component metal-
lic colored blends using a new type of a dynamic drum vortex 
separator with permanent magnets. It was investigated that 
in order to improve the efficiency of extracting metal parti-
cles the separation process occurs in two stages: first, par-
ticles with high electrical conductivity are separated at the 
top of the drum, and then, in the bottom part of the magnetic 
drum, particles with low electric conductivity. For the imple-
mentation of the two-stage separation, the procedure for ar-
rangement of permanent magnets in a magnetic system was 
substantiated. The main advantages and practical limita-
tions of the magnetic systems for separators with a high gra-
dient magnetic field (HGMS) and systems with an open gra-
dient magnetic field (OGMS) were described in paper [12]. 
It should be noted that studies [10–12] fail to address the 
issues related to theoretical research into the power magnet-
ic fields of separators; the permanent magnets are arranged 
mainly based on empirical experience. All this allows us to 
assert that it is expedient to undertake a theoretical study 
aimed at investigating patterns in the power magnetic field 
distribution in the working zones of separators in order to 
reasonably select a magnetic system configuration.

For example, paper [13] considers the influence of a geo-
metric shape (sphere, cone, ring, prism, etc.) of permanent 
magnets with different form on the distribution of their 
magnetic field. The study employed analytical methods. The 
results from experimental research into the distribution of 
magnetic fields of separators on permanent magnets are re-
ported in articles [14–16].

Papers [17–20] give the results from calculating the mag-
netic fields of systems with permanent magnets whose task is 
a target delivery and localization of magnetic nanoparticles 
in the specified area of a biological object. Given the complex 
spatial geometry of a magnetic field, such a task is solved us-
ing a numerical finite-element method for a two-dimensional 
model employing the COMSOL Multiphysics software [21]. 
The structure of the magnetic field inside a drum separator 
with permanent magnets was considered in paper [22]. By 
applying a computer simulation while using a finite-element 
method, the authors derived a pattern of the separator’s mag-
netic field distribution.

Thus, our analysis of publications [10–18] makes it pos-
sible to argue that at present there are no systemic solutions 
for determining the distribution of a force function in the 
working zones of devices for magnetic separation. Most 
publications report results from studying the influence of a 
shape and geometric dimensions of the magnetic systems of 
separators on the magnetic field distribution. The exception 
is paper [17] that investigated the distribution of a power mag-
netic function depending on some geometric dimensions of the 
magnetic systems and its distance from a tumor zone in order 
to establish the optimum size of the magnetic system.

Our analysis of publications has also revealed that the 
practice of designing magnetic separators had employed 
analytical, experimental, and numerical methods. The ana-
lytical calculation of a magnetic field in the working inter-
polar gaps of magnetic separators is quite a challenging task. 
For most configurations of magnetic systems, this task has 
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where B0 is the magnetic induction of a non-homogeneous 
magnetic field at the location of a particle; Vp is the volume 
of a particle; µ0 is the permeability of vacuum, which equals 
µ0=4π·10–7 H/m; χ is the magnetic susceptibility of a par-
ticle’s material. 

Fig. 1. Magnetic system of disk separator: 	
1 – ferromagnetic disk; 2 – permanent magnets

In expression (1), one selects a vector function G(r) for  
a point in space r

( ) 2

0 0/ 2 ,= ∇ µG r B 	 (2)

which is equal to the magnetic force, acting on a single 
volume ferromagnetic particle with a single magnetic sus-
ceptibility, located at point r. The function G(r) (hereinafter 
referred to as G) is termed a force function of the heteroge-
neous magnetic field and is its internal characteristic.

The magnetic field in a system with permanent magnets 
in the absence of an electric current is described by a system 
of Maxwell equations, which in the magnetostatic approxi-
mation takes the form [17, 18]

0,∇ × =H

0,∇⋅ =B 	 (3)

where H is the magnetic field intensity vector; B is the mag-
netic induction vector. 

The equation for permanent magnets takes the form

0 r r ,B H B= µ µ + 	 (4)

where µr, Br are the relative value of magnetic permeability 
and residual induction of a permanent magnet’s material, 
respectively. 

The magnetic state equation for the ferromagnetic disk 
(position 1, Fig. 1) and the ambient medium (air) may be 
recorded as

0 ,r= µ µB H 	 (5)

where µr is the relative value of magnetic permeability for a 
ferromagnetic disk (µr=1,000) and air (µr=1), respectively. 

Based on expressions (2) to (4), a differential equation 
can be derived to calculate a vector magnetic potential  
A

 
( )= ∇ ×B A

( )0 0.r r∇ µ µ ∇ − =A B 	 (6)

Given the complexity of the spatial geometry of the 
power field distribution in the working zone of a disk mag-
netic separator, differential equation (6) was solved for a 
three-dimensional model of the magnetic system (Fig. 1). 
To this end, the finite element method was applied, imple-
mented in the COMSOL Multiphysics 3.5 software package 
(COMSOL group, Sweden) [21].

In the study, it was accepted that permanent magnets 2 
(Fig. 1) are made from the high-quality alloy Nd–Fe–B with 
the following characteristics: relative magnetic permeability 
µr=1.06; residual magnetic induction Br=1.2 Tl. A vertical 
component of magnetization of permanent magnets, directed 
along the Z-axis (Fig. 1) was assigned. For the ferromagnetic 
disk 1 (Fig. 1), made from magneto-soft structural steel, we 
assumed the stability of relative magnetic permeability µr 
for the disk’s material (µr=1,000). The boundary conditions 
applied at the outer boundaries of the estimated region (not 
shown in Fig. 1) implied the condition for a magnetic isola-
tion A=0 [23, 24].

We have studied the impact of the magnitude for an air 
gap and, consequently, the effective length (that is, length 
along the midline) of sector-like permanent magnets on the 
distribution of power magnetic function G. The study was 
conducted in the working zone of the separator, both in the 
direction of deploying the spiral of magnets at characteristic 
points (points 1...39 in Fig. 2, a) and at different distances 
from the magnets’ surface.

Fig. 2, b shows a fragment of the spiral magnetic system 
containing four sector-like magnets.

Fig. 2. Magnetic system indicating the structural parameters: 
a – characteristic points; b – fragment of the spiral 

magnetic system

 
 

 

a

b
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Basic structural parameters of the magnetic system are: d ‒ 
air gap; a –transverse size (width) of magnets; b – distance 
between adjacent turns of the spiral; t – thickness of magnets. 
Structural parameters for the magnetic system of the sep-
arator, adopted as basic in previous studies, were: d=25 mm, 
a=67.6 mm, b=51.7 mm, t=12.5 mm. The dimensions of fer-
romagnetic disk 1 (Fig. 1), which hosts the permanent mag-
nets, were accepted as follows: a disk diameter – 700 mm, 
thickness – 15 mm. In this case, the 
diameter of the disk was chosen based 
on the dimensions of conveyor systems, 
which are most often used in practice.

5. Comparative analysis of results 
from calculating the force function 

distribution

The results of calculating the force 
function distribution G for the basic 
structure of a separator at the surface of 
poles of permanent magnets are shown in 
Fig. 3; they demonstrate that the module 
|G| is maximum at the edges of magnets. 
Vectors G show the direction and amount 
of force that acts on sample ferromagnet-
ic particles with single properties.

Fig. 3. Distribution of vector force function G in N/m3 at the 
active surface of a magnetic system for the basic structure 

of a separator

It should be noted that the distribution of magnetic 
induction B in [23, 24] and vector force function G (Fig. 4) 
in the direction of deploying a spiral of magnets (along the 
characteristic points 1...39, Fig. 2, a) has a pulsating nature. 
The force function increases at corner zones and decreases 
in the middle part of the magnets’ surface. The maximum 
magnitude of a vector G module at the active surface of the 
basic design of a separator was 3.3 ·107 N/m3. In addition, as 
shown by Fig. 4, the maximum magnitude of force function 
G for points 7–19 in the first (internal) turn does not exceed 
2.5·107 N/m3. The maximum value of force function G at 
points 21–33, located in the second (external) turn of mag-
nets’ spiral, does not exceed 3.2·107 N/m3. The exception 

is points 1–6 and 34–39, located on the extreme magnets. 
Therefore, for further research, it was decided to limit the 
calculation of the power distribution of a magnetic field to 
two air gaps:

‒ between magnets I and II ‒ points 7‒9 in Fig. 2, a, lo-
cated in the first (inner) turn of the spiral; 

– between magnets III and IV – points 27–29 in Fig. 2, a, 
located in the second (external) turn of the spiral.

The following values for the magnitude of an air gap δ 
were accepted: 6.25; 12.5; 25; 37.5 mm. When changing δ, 
the effective length of permanent magnets changed as well. 
In this case, attention was paid to such factors as:

– the absolute magnitude of force function in the work-
ing zone; 

– the uniform distribution of force function in the direc-
tion of deployment of the magnets spiral;

– a change in the absolute magnitude of force function in 
the radial direction to the periphery of the disk; 

– the mass of a magnetic material.
It should be noted that such a factor as the uniformity 

of the force function distribution in the direction of the 
spiral magnet deployment is of primary importance for the 
extraction of ferromagnetic inclusions from a loose medi-
um. At the same time, the factor of change in the magnetic 
force function in the radial direction towards the periphery 
of the disk plays a crucial role in the automatic unloading 
of seized ferromagnetic inclusions using a non-magnetic 
unloading disk. 

The distribution of force function G was examined:
– along the vertical Z axis, located in an air gap as shown 

as an example for points 7–9 in Fig. 5;
– along the characteristic points 7–9 (between magnets 

I and II, Fig. 2, a and Fig. 5) and 27, 28, 29 (between mag-
nets III and ІV, Fig. 2, a).

Fig. 5. Position of the vertical Z axis in an air gap in 	
the examined zone

 
 

 

 
 

 
Fig. 4. Distribution of vector force function G at the active surface of the magnetic 

system at characteristic points (Fig. 2, a)
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The results from our study are shown, respectively, in 
Fig. 6, 7 (we used a logarithmic scale for force function G).

Fig. 6 shows that the magnitude of magnetic force G 
is significantly reduced in proportion to the distance from 
the surface of magnets. When increasing a non-magnetic 
air gap δ, which, in fact, includes the magnets themselves, 
whose permeability is little different from the magnetic 
constant, force function G is changing more slowly. Fig. 7 
demonstrates that the reduction of air gap δ leads not 
only to an increase in the magnitude of power impact G 
on magnetic particles, but affects its distribution as well. 

Thus, by analyzing dependences in Fig. 6, 7, the fol-
lowing conclusions can be drawn.

The force function G in the immedi-
ate vicinity of the active surface of the 
magnets (0≤Z≤20 mm) accepts the highest 
values at small air gaps δ. Thus, at the gap 
of 6.25 mm and 12.5 mm (Z=0 mm), it is, 
respectively, 2.7·108 N/m3 and 1.5·108 N/m3. 
This is due to the fact that more magnetic 
material is used when constructing mag-
netic systems with small gaps. Thus, for 
magnetic systems with gaps of 6.25 mm 
and 12.5 mm, the total weight of magnetic 
poles is, respectively, 16.78 kg and 15.23 kg; 
while for magnetic systems with gaps of 
25 mm and 37.5 mm, it is 14.72 kg and 
13.08 kg, respectively. It should be added 

that the magnetic systems with gaps of 6.25 mm and 
12.5 mm ensure not only the high values of magnetic 
force function G in close proximity to the surface of 
the magnets, but also its more uniform distribution 
in the direction of deploying a spiral of magnets 
(Fig. 7, a, b). This is an important factor to ensure 
reliable extraction of ferromagnetic inclusions.

It should be noted that the magnetic systems with 
small gaps (6.25 mm or 12.5 mm) should be used for 
separators without an unloading disk. In this case, the 
magnetic system can be installed in close proximity to 
the separated material, and the surface of permanent 
magnets should be carried out manually in proportion 
to the accumulation of extracted ferromagnetic inclu-
sions on them. The advantage of the magnetic system 
with a gap of 6.25 mm is a higher maximum value 
of the magnetic force function G, which is 1.8 times 
larger than the same value for the magnetic system 
with a gap of 12.5 mm. At the same time, the mag-
netic system at δ=12.5 mm differs by the larger size 
of a zone of the uniform distribution of force function 
(due to a greater magnitude δ) and requires 10 % less 
magnetic material.

At the automatic unloading of removed inclusions 
(in the presence of an unloading disk), the mag-
netic system will be at a certain distance from the 
working zone, predetermined by the resulting disk 
thickness. For further analysis, Table 1 gives cor-
relation values of force functions G2 (at δ=12.5 mm),  
G3 (at δ=25 mm), G4 (at δ=37.5 mm) at distances 
Z=0, 20, 40, 60 mm to the magnitude of force function 
G1 (at δ=6.25 mm) at the same distances for charac-
teristic points 8 and 28.

Table 1 shows that at distance Z=40 mm mag-
netic systems with gaps of 6.25 mm, 12.5 mm, and 
25 mm ensure an almost identical power impact:  
G2/G1=0.95, G3/G1=0.9 – for characteristic point 8;  
G2/G1=0.98, G3/G1=0.95 – for characteristic point 28. 
This tendency is kept to a certain extent at dis-
tance Z=60 mm, mainly for the magnetic system with 
δ=12.5 mm. Therefore, in the presence of an unload-
ing disk, it can be considered reasonable to use mag-
netic systems with gaps of 12.5 mm or 25 mm. Fig. 7 
shows that these systems also provide for an even 
distribution of the power influence in the gap. Given 
that the magnetic system with a gap of 12.5 mm is 
characterized by a higher power effect and is slightly 
inferior, in terms of mass, to the system with a gap of 
6.25 mm, then this very system can be recommended 
for further application.
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Fig. 6. Distribution of power impact G along the Z axis (at the values 
of air gap δ: 1 –6.25 mm; 2 – 12.5 mm; 3 – 25 mm; 4 – 37.5 mm): 	

a – at point 8; b – at point 28

Table 1 

Ratios of values for force functions

Z, mm

Characteristic points

8 28

G2/G1 G3/G1 G4/G1 G2/G1 G3/G1 G4/G1

0 0.5 0.08 0.02 0.42 0.08 0.02

20 0.93 0.57 0.21 0.97 0.49 0.23

40 0.95 0.9 0.65 0.98 0.95 0.68

60 0.75 0.63 0.5 0.89 0.78 0.67
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6. Discussion of results from studying the distribution of 
a force function in the working zone of a magnetic disk 

separator

The main task of the working process of magnetic sep-
arators on permanent magnets is to keep extracted ferro-
magnetic inclusions in a magnetic field until removing them 
in the unloading zone. For most of the separators, the un-
loading of seized inclusions is performed manually by simply 
cleaning the surface of the magnets. At the same time, it is 
possible, for the systems on permanent magnets, by selecting 
a certain configuration of them, to form such a topology 
of the magnetic field, which would provide conditions for 
automated unloading. Given this, a new design of the disk 
magnetic separator has been proposed with a spiral magnetic 
system, thereby creating conditions for self-cleaning of the 
surface of the non-magnetic unloading disk. To investigate 
the power magnetic field of the proposed magnetic system, a 
finite-element method was implemented applying the COM-
SOL software package. To this end, a three-dimensional 
model of the magnetic system has been developed, shown in 
Fig. 1. The boundary conditions applied at the outer bound-
aries of the estimated region was the assigned condition for 
magnetic isolation. The use of a three-dimensional model of 
the magnetic system, on the one hand, brought the results 
of calculations to actual processes and, on the other hand, 
increased the time costs related to the implementation of 
computer simulation.

We calculated the power magnetic function G(r) from 
formula (2). The influence of a spiral magnetic system geom-

etry (Fig. 1) on magnetic field distribution in the working 
zone of the separator was investigated in previous works 
by authors. At the same time, there have been no systemic 
studies into the distribution of force function depending on 
the geometric dimensions of the magnetic system and at a 
distance from the active surface of magnets (in the separa-
tion zone). Resolving this task has allowed us to determine 
the rational geometric dimensions (effective length) of per-
manent magnets.

Conducting a comparative analysis of calculation results 
was complicated by the pulsating character of magnetic 
force function. Therefore, for clarity and simplification of 
the analysis, it was decided to limit calculations only to 
characteristic points of the magnetic system. The disadvan-
tages of the study also include the calculations of magnetic 
force function in absolute units, which makes it impossible 
to generalize the results. The distribution of magnetic force 
function in the working zone of the separator, in addition to 
the length of permanent magnets, is also affected by other 
factors, studying the impact of which was not included in the 
task of the current research (for example, the effect of width 
and height, material of permanent magnets). Defining their 
influence could be subject of further research.

7. Conclusions

1. Given the complexity of the spatial geometry of the 
power field distribution in the working zone of a mag-
netic separator, we have developed its three-dimensional 

Fig. 7. Distribution of vector force function G (at the following values of air gap δ: 1 –6.25 mm; 2 – 12.5 mm; 3 – 25 mm; 	
4 – 37.5 mm): a – at the surface of magnets along characteristic points 7–9; b – at the surface of magnets along 

characteristic points 27–29; c – at a distance of 20 mm from the surface of magnets along characteristic points 7–9; 	
d – at a distance of 20 mm from the surface of magnets along characteristic points 27–29; e – at a distance of 40 mm 

from the surface of magnets along characteristic points 7–9; f – at a distance of 40 mm from the surface of magnets along 
characteristic points 27–29; g – at a distance of 60 mm from the surface of magnets along characteristic points 7–9; 	

h – at a distance of 60 mm from the surface of magnets along characteristic points 27–29

a                                                    b c                                                     d

e                                                    f
 

g                                                     h
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geometric model. To investigate the impact of the magni-
tude of an air gap and, accordingly, the effective length 
of sector-like permanent magnets on the power magnetic 
function distribution, a finite-element method has been 
applied implemented in the software package COMSOL 
Multiphysics 3.5a. To determine absolute values for the 
force function, we selected characteristic points of the 
magnetic system. That has made it possible to examine the 
distribution of a power magnetic field, both in the direction 
of deploying a spiral of magnets and at different distances 
from their surface.

We have calculated the force function distribution at 
selected characteristic points for different values of the 
magnitude of air gap δ. In the vicinity of the active surface 
of magnets (0≤Z≤20 mm), the force function accepts the 
highest values at gaps of 6.25 mm and 12.5 mm. Magnetic 
systems with gaps of 6.25 mm and 12.5 mm also provide 
for a more even distribution of the magnetic force function 
in the direction of deploying a spiral of magnets. This is 

an important factor for the retention of ferromagnetic 
inclusions at the surface of magnets. Therefore, magnetic 
systems with small gaps (6.25 mm or 12.5 mm) should be 
used in separators without an unloading disk. In this case, 
the magnetic system is installed in close proximity to the 
separated material; the surface of permanent magnets is 
cleaned manually.

2. When investigating a force function at a distance 
from the surface of magnets (in the location of a loose 
material with ferromagnetic inclusions), it is advisable to 
use magnetic systems with gaps of 6.25, 12.5, or 25 mm. 
At working distances, these systems ensure almost iden-
tical power impact and are characterized by the uniform 
distribution of the force function in a gap. For practical 
application, we can recommend a magnetic system with a 
gap of 12.5 mm, which is characterized by a higher force 
effect in comparison with the system with a gap of 25 mm 
and is slightly inferior, in terms of mass, to the system with 
a gap of 6.25 mm.

References 

1.	 Mikhailov, V. M., Sen’kov, A. P. (2017). The Use of Permanent-Magnet Machines in Ship Electrical Systems. Russian Electrical 

Engineering, 88 (12), 814–817. doi: https://doi.org/10.3103/s1068371217120112 

2.	 Xu, L., Lin, M., Fu, X., Li, N. (2016). Analysis of a Double Stator Linear Rotary Permanent Magnet Motor With Orthogonally rayed 

Permanent Magnets. IEEE Transactions on Magnetics, 52 (7), 1–4. doi: https://doi.org/10.1109/tmag.2016.2527634 

3.	 Grebennikov, V. V. (2011). Elektrogeneratory s postoyannymi magnitami dlya vetroustanovok i mikro-GES. Hidroenerhetyka 

Ukrainy, 1, 43–48. 

4.	 Furlani, E. P. (2001). Permanent Magnet and Electromechanical Devices. Materials, Analysis, and Applications. Academic Press, 

518. doi: https://doi.org/10.1016/b978-0-12-269951-1.x5000-1 

5.	 Strnat, K. J. (1990). Modern permanent magnets for applications in electro-technology. Proceedings of the IEEE, 78 (6), 923–946. 

doi: https://doi.org/10.1109/5.56908 

6.	 Bulyzhev, E. M., Menshov, E. N., Dzhavakhiya, G. A. (2011). Modeling of the field permanent magnet. Izvestiya Samarskogo 

nauchnogo tsentra Rossiyskoy akademii nauk, 13 (4), 106–110.

7.	 Lungu, M., Schlett, Z. (2001). Vertical drum eddy-current separator with permanent magnets. International Journal of Mineral 

Processing, 63 (4), 207–216. doi: https://doi.org/10.1016/s0301-7516(01)00047-3 

8.	 Nedelcu, S., Watson, J. H. P. (2002). Magnetic separator with transversally magnetised disk permanent magnets. Minerals 

Engineering, 15 (5), 355–359. doi: https://doi.org/10.1016/s0892-6875(02)00043-2 

9.	 Zagirnyak, M., Shvedchikova, I., Miljavec, D. (2011). Forming a genetic record of cylindrical magnetic separator structures. 

Przegląd elektrotechniczny (Electrical Review), 3, 220–223.

10.	 Li, Y., Yang, F. (2016). Research Progress and Development Trend of Permanent Magnetic Separators in China and Abroad. 

DEStech Transactions on Engineering and Technology Research. doi: https://doi.org/10.12783/dtetr/icvme2016/4873 

11.	 Lungu, M. (2009). Separation of small nonferrous particles using a two successive steps eddy-current separator with permanent 

magnets. International Journal of Mineral Processing, 93 (2), 172–178. doi: https://doi.org/10.1016/j.minpro.2009.07.012 

12.	 Gómez-Pastora, J., Xue, X., Karampelas, I. H., Bringas, E., Furlani, E. P., Ortiz, I. (2017). Analysis of separators for magnetic beads 

recovery: From large systems to multifunctional microdevices. Separation and Purification Technology, 172, 16–31. doi: https://

doi.org/10.1016/j.seppur.2016.07.050 

13.	 Camacho, J. M., Sosa, V. (2013). Alternative method to calculate the magnetic field of permanent magnets with azimuthal symmetry. 

Revista Mexicana de F´ısica, 59, 8–17.

14.	 Sandulyak, A. A., Ershov, D. V., Oreshkin, D. V., Sandulyak, A. V. (2013). Characteristics of magnetic field induction inside a module 

of a magnetic separator. Vestnik MGSU, 5, 103–111.

15.	 Kilin, V. I., Kilin, S. V. (2008). K vyboru polyusnogo shaga magnitnyh sistem separatorov dlya suhogo obogashcheniya. Obogashchenie 

rud, 6, 14–18.

16.	 Zeng, S., Zeng, W., Ren, L., An, D., Li, H. (2015). Development of a high gradient permanent magnetic separator (HGPMS). 

Minerals Engineering, 71, 21–26. doi: https://doi.org/10.1016/j.mineng.2014.10.009 



Applied physics

29

17.	 Karlov, A., Kondratenko, I., Kryshchuk, R., Rashchepkin, A. (2014). Magnetic system with permanent magnets for localization magnetic 

nanoparticles in a given region of the biological environments. Elektromekhanichni i enerhozberihaiuchi systemy, 4 (28), 79–85.

18.	 Kirilenko, A. V., Chekhun, V. F., Podoltsev, A. D., Kondratenko, I. P., Kucheryavaya, I. N., Bondar, V. V. (2012). Motion of magnetic 

nanoparticles in flowing liquid under the action of static magnetic field. Reports of the National Academy of Sciences of Ukraine, 

2, 186–196.

19.	 Brauer, J. R. (2015). Magnetic nanoparticle simulation. ANSYS ADVANTAGE, 9 (1), 47–50.

20.	 Berry, C. C., Curtis, A. S. G. (2003). Functionalisation of magnetic nanoparticles for applications in biomedicine. Journal of Physics 

D: Applied Physics, 36 (13), R198–R206. doi: https://doi.org/10.1088/0022-3727/36/13/203 

21.	 COMSOL Multiphysics, version 3.5а. AC/DC Module Reference Guide. Available at: https://www.comsol.com/

22.	 Dimova, T., Aprahamian, B., Marinova, M. (2019). Research of the Magnetic Field Inside a Drum Separator With Permanent 

Magnets. 2019 16th Conference on Electrical Machines, Drives and Power Systems (ELMA). doi: https://doi.org/10.1109/

elma.2019.8771679 

23.	 Shvedchikova, I. A., Zemzulin, M. A. (2013). The research of magnetic field distribution in the disk separator with magnetic system 

of spiral type. Elektromekhanichni i enerhozberihaiuchi systemy, 2 (22), 18–24.

24.	 Gerlici, J., Shvedchikova, I. A., Nikitchenko, I. V., Romanchenko, J. A. (2017). Investigation of influence of separator magnetic system 

configuration with permanent magnets on magnetic field distribution in working area. Electrical Engineering & Electromechanics, 

2, 13–17. doi: https://doi.org/10.20998/2074-272x.2017.2.02 


