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Abstract. This article is devoted to the theoretical vdiioia of the change in magnetic fields
created by the permanent magnet systems of the daparators. In the article, using the
example of a magnetic separator for enrichment ighlin magnetic ores, the method of
analytical calculation of the magnetic fields os®ms of permanent magnets based on the
Biot-Savart-Laplace law, the equivalent solenoidthod, and the superposition principle of
fields is considered.

1. Introduction

Magnetic separators with systems of permanent niggne the main machines for the enrichment of ore
minerals [1]. In this case, drum separators ofsggaration are used to enrich highly magnetic ores,

in the first enrichment steps (rough separationtlier purpose of producing tailings and intermediate
products) for coarse-grained, and in the latter fihe-grained materials. However, these machames
characterized by the inability to control the magnéeld due to the lack of analytical methods for
calculating its parameters, which reduces theieffey of separators [2, 3]. Therefore, the mathmalat
modeling of magnetic fields generated by the sysiEpermanent magnets is relevant.

2.Main part

Mathematical modeling of magnetic fields can beiedrout on the basis of the Biot-Savart-Laplace
law [4, 5], the equivalent solenoid method, andgbperposition principle of fields. According taeth
Biot-Savart-Laplace law, the magnetic inductiondqueed by a straight section of conduadbrwith
currentl A at a point in spaca is expressed by the formula:

- dLr
dp = AT (1)
arr|
where My — universal magnetic constanf— magnetic constant} — current strength in the

conductor,A; dL — vector, co-directional with current in the condwcand equal to the length of its
rectilinear elementary section, M vector connecting the origin of the vector withrmd\, m.

Using this law, the Cartesian coordinate systemth@agbrinciple of superposition of magnetic fields,
one can calculate the value and direction of thetoveof magnetic induction created at some point in
space by a conductor of arbitrary shape and lewgth current | A. In order to apply the law to the
calculation of the field of a constant cylindricagnet, let us use the assumption (equivalent cidlen
method) that the current in the conductor of argimary solenoid described around a magnet is g¢qual
the product of the remanent magnetization of ttierlaay its length, referred to the number of tushan

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY 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 1



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042065 doi:10.1088/1757-899X/327/4/042065

LM

imaginary equivalent solenoid= , WhereL — length of magnet, myl — residual magnetization

of the magnet, A / MV — number of turns of an equivalent solenoid.
Let us define:
47aNF |

Formula (2) can be used to calculate the magnétid treated by the system of permanent
magnets of the drum separator (fig. 1). For thigppse, each magnetic column of the system should
be divided into thin disks, likening them to turasan equivalent solenoid, which are then broken
down into elementary vectors. Calculating and aglddlementary induction vector created in a
specific point in space, each element of the magrsgstem can determine the induction field at a
given point, then one can construct three-dimerdignaphical picture of changes in the magnetic
field.

It is necessary to take into account some featfrése separation process and introduce additional
notation:

1. As the pulp moves along the cylindrical surfacehaf bath, the calculation of the induction
field at plane formulation should be carried on aamtric with the tub and drum arcs (fig. 1) or
directly placed in the working area of the machpagallel to axis Z. In the voluminous statement of
the problem, it is most informative to build thrdierensional graphic images of magnetic field

induction for points belonging to a section of dirmrical surface located in the working zone o th
machine.
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Figure 1. A scheme of the magnetic drum separator system

2. The attraction of particles to the drum occurdar the action of the magnetic force of its normal
surface. In view of this, the coordinates of magnieduction vector B B,, B, can be transformed for
the convenience of perception into coordinatgsB, B.,, natural with respect to the drum (fig. 2),
reflecting normal component,Bn the graphs.

In accordance with fig. 2, the coordinate grid kaef the investigate points, forming in the space a
cylindrical surface of arcs and straight lines. To calculate the induction of fledd at point Aj by
formula (3), let us find its coordinates in systéwyz (fig. 3).

Ax = RIgosp;,
A, =REing,, )
A, =7 =DI(-1).
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where R — the radius of the investigated surfat&tive to the center of rotation of the drum, m;
¢; — the angle between the line connecting the igat&d point with the OZ axis and the OX axis.

" ——¢+A¢(1—1) (@)

whereg - the central angle of the cyllndrlcal portiontbé surface under studiip - the angular pitch
of the mesh.
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Figure 2. A computational scheme of the magnetic field ef dhum separator
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Figure 3. The magnetic induction vector of point A in Cardes(X, Y, Z) and natural (1,
12) space.
Magnetic mesh ha€ magnetic rows comprising n magnetic columns wlih ¢qual column for
each row with a lengthk of the magnetic induction vector at pofj can be found as the sum of the
induction vectors created at this point each colofile magnetic system.
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where Bijkt - the vector of magnetic induction created by tih nolumn of the k-th magnetic series at
point Ay, 7.
For the calculation of vectoBijkt, it is necessary to break up the magnetic colusmerating it

into elementary vectors making up the equivaleérsnd, and determine in th®,, system the
coordinates of the points of their end and origin.

Composing the design scheme of ve(ﬁa,[I (fig. 4).

x €

Figure 4. A calculation scheme to determine the coordinate®ctor L and the point of its origin
in the Oy, system

To obtain elementary vectors, the column is divioied W turns (circles), and they - into p sectors,
on the largest chords of which let us constructviheors of the equivalent solenoid. In this céise,
inter-turn pitch will bedQy = LJ/W, and the angular step4s= 2z/p.

Then the column will appear as a collection of p#¢tors dI:Be(B €[l pl; ec[1, W]; e BeN).

Let us determine the coordinates of these vectoeslocal system, whose center is located at center
Ol of the upper base of the column (fig. @d, axis is parallel to th®z axis, and axeL]| Xl), and

(Ol Y1) are rotated relative to the initial ones by somegl@o,, common for all columns of the k-th
row.

xdlg, =0,
y dlg, =r(CoSyg,, —COS)g), (6)
zdlg, =r(sinyg,, —sinyg).
where isr - the radius of the magnets in the column, m;

ye+1, ¥8 — the angles between axi@l (Y1) and the straight lines dropped from the pointthefend and
the origin of the vector, respectively, onto axi Xl)x

To determine the coordinates of vecior the coordinates of the point of its origin (that the
origin of vectordl:) are needed. Let us express them in the locabouate system.
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xdl,, =Aae,
Y dlg, =rcosy, =rcos@)b), (7)
zdlg, =rsiny; =rsin(Ap).

wheree — the ordinal number of the layer (coil), countfngm the top of the base of magnetic column
6 of the magnetic column. From fig. 4, one can e the following:

X =X, cosa, +Y, cos@, +%T) = X, cosa, —-Y,sina,,

Y =X (a, +7ET) +Y, cosa, =—X, sina, +Y, cosa,, (8)
Z2=1Z,.

whereX, Y|, Z — coordinate%, Y, Z of the local systeny, — angle between ax@X and O, X)x (fig.
4).

To determine the coordinates of po: in the global system, it is convenient to useattisem,
between points O an@ and anglex + fx between axis OX and segment (OOI). However, it is
not possible to measure these quantities diredtherefore, let us express them through known
angular and linear dimensions (fig. 4).

Formulas for determining the coordinates of theterenf local coordinate syste@s in global
Oxyz, based on the data in fig. 4.

=m, cos@, +p,),
=mcsin@, +8,), 9)(
Z, =T, +T,(t-1).

Here T, - the distance from the end of the drum to thst fimagnetic column, mf; - distances
between neighboring magnetic columns, m.

Let us obtain the coordinates of vec(dl:Be )kt in coordinate system Oxyz:
Xgpe = —T(COSY;,, —COSY, )Sing,,
Ydlbe =r (COSyB+1 - Cosyb) COSa,k ’ (10)
Z e =1 (SINYg, —SINY,).
On the basis of expressions (8), (9), (10), there i
= A, —Qaecosa, +r cosy, sina, —m, cos@, + B,),
Y. e A,y +Aaesmak —rcosy, cosa, —m,sin(@, + 5,), (112)
Zpe = A, —rsinp-T, -T,(t-1).
After determining the vectors in global coordinatgstent,, and dI:Be, formula (2) can be
transformed as follows:

di, xr
B, ,Uo,UM Z zz be ~ Te (12)
===l
In accordance with the above-described conditidnthe separation process, it is advisable to
reflect only the component of the magnetic induttiector normal to the drum surface on the graphs.
As can be seen from fig. 4, it will be composedettors E§X and By. The formula for its definition

is:
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B, =B, cosg, +B,, cosg +¢.)=B,; cosp, — B, sing,. (13)

whereg; — angle between the straight line dropped fromipdj to axisOz and axisOx.

On the basis of formulas (11) and (12), it is palesio calculate the induction of the magneticdfiel
for any pointA; or system of points belonging to a cylindricalfaoe concentric with the drum of the
machine.

For using this formula, a computer program wasteggawvhich allows an analytic calculation of
the fields of the permanent magnet system (figark) protected by the certificate of registration of
software product N. 2016614807 (Russian Federaf&jn)
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Figure 5. The field created in the working area of the dmmagnetic separator at the angles of the
solution of the rows of magnetic system (-30; 0°&8); (-30; 0; 30)° (b); (-60; -30; 60)° (c)

3. Conclusion
Based on the analysis of the configuration of mégriields, the following conclusions can be drawn:



MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042065 doi:10.1088/1757-899X/327/4/042065

The field created in the working zone of the maehat angles of the solution of the rows of
magnetic system (-30, 0, 60)° (fig. 5, a) has digehtly wide zone for maximum extraction of
particles of iron by the zone of maximum inductidn.this case, the given configuration of the
magnetic field differs favorably from that observatdthe angles of solution (-30; 0; 30)° (fig. 3, b
The advantage is that in the asymmetrical magrsg8tem, after the maximum induction zone ends,
the latter sharply decreases by almost an ordemagnitude, which ensures the complete and
simultaneous separation of the magnetic fractiomfthe drum. This circumstance makes it possible
by turning the entire magnetic system to achiepesition in which all the particles of the magnetic
fraction, after detachment from the drum, enterfitlghing tray for the concentrate, and not falthe
bottom of the bath and stick to the drum. Therefdnés configuration of the magnetic system is
preferred for the primary and final separation stagwhere maximum recovery of the valuable
component is required.

The field, observed at the angles of the solutibthe rows of the magnetic system (-60, -30, 60)°
(fig.5, c), is similar to the above-described forfRut its induction is approximately half that ofeth
solution angles (-30, 0, 60)° (fig. 5, a), whichkesi it possible to extract the most magnetic dadic
from the pulp and to obtain a high-quality concatetr Therefore, this mode of tuning the magnetic
system is beneficial in the purging operations.

The latter allows us to assume that the separaiihr an adjustable magnetic system can be
operated in several modes:

1. At small angles of the solution of the rows bé tmagnetic system, the zone of maximum
induction will be wide enough for the overwhelminmjority of iron-ore particles to be captured by
the drum and taken to the concentrate. Therefbie régime will ensure the maximum extraction of
iron ore from the pulp, but the quality of the centrate will be very low, due to the penetration of
weakly magnetic agglomerations of iron ore and gangvhich will require additional processing
operations. In view of this, it is advisable to Bpghis setting of the separator in the primary
separation stage in order to extract the maximuimuernof the valuable component from the pulp that
enters the bath, subjecting it to further grindamgl clean separation.

2. At large angles of the solution of the rows bé tmagnetic system, the magnitude of the
maximum induction will decrease insignificantly,tlibe width of the section at which it is observed
will be extremely small so that the weakly magnegtarticles and agglomerations can become
magnetized to the drum. Thus, the most magnetittiéra with the maximum Fe content will be
extracted. Therefore, this mode of operation isaathgeous in the purification of primary separation
concentrates and at the final stage of separatiobtain the richest concentrate.

The results of theoretical studies and numericpegments confirm the possibility of controlling
the intensity and uniformity of magnetic fields blanging the configuration of magnetic systems
and, as a consequence, the high efficiency of usépagrators with adjustable systems of permanent
magnets.

The article was prepared within a development @nogof the Base University on the basis of
BSTU named after V. G. Shukhov.
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