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A SIMPLIFIED CALCULATION OF MAGNETIC FIELD STRENGTH
OVER THE MIDDLE OF THE GAP OF DOUBLE-POLE MAGNETIC IRON SEPARATOR
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The extraction of undesirable ferromagnetic pieces from various granular materials transported by belt conveyors is
a most difficult task owing to thick layer of the material in the middle of the conveyor belt. The problem is related to
derivation of the approximate formula for initial value of magnetic field strength at the points located over the middle
of the gap between the inclined pole pieces of U-shaped magnetic system. The desired expression is obtained by the
known formula for the plane-parallel field of two infinite plates in the same plane. The expression for calculation of
the field between the inclined surfaces of the pole pieces is obtained by transformation of such formula. The
experimental verification is performed by physical model and industrial specimen. As confirmed by experiments, the
proposed formula can be used to calculate magnetic filed in the suspended iron separators at preliminary stages.
References 11, tables 2, figures 3.
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Introduction. Nowadays the extraction of undesirable ferromagnetic pieces from various granular materials
transported by belt conveyors is realized by special direct current electromagnets — iron separators [1-3]. The
suspended iron separators based on U-shaped double-pole magnetic systems are a common type of such
electromagnets (Fig. 1).

One of the important stages in designing the
% 4 electromagnets of suspended iron separators consists in
the calculation of magnetic field in the inter-pole
1 operating zone where the separated granular material is
T~ @y | w} located. In this case the magnetic field strength and its
8 | gradient are the basic values to be calculated [1-4]. A
number of methods with various degrees of accuracy
are proposed in papers [5—7] to determine these values
at all points of the inter-pole space of the suspended
electromagnetic iron separators. However, they result
in rather complicated formulae, which make it difficult
to use them in direct engineering design practice.
Besides, the calculation difficulties (e.g. the necessity
to solve implicit equations) take place due to
consideration of angle a7 180° between the operating
surfaces of the polar pieces that generate the main
magnetic flux crossing the operating zone of the
separator (Fig. 1). The following designations are used
in Fig. 1: 7 is the magnetic core; 2 is the magnetization
winding; 3 is the pole piece; 4 is the bracket; 5 is the
granular material; 6 is the conveyor belt.
Fig. 1 It should be noted that at the preliminary stages
of iron separator designing, as a rule, only magnetic field
strength and its gradient in the vertical of the middle of the inter-pole gap is necessary to be known. It is very difficult to
provide the extraction owing to the maximal thickness of purified material in this gap [8]. Moreover, at preliminary
calculation, it is often not necessary to determine the magnetic field distribution in the whole inter-pole space.

Statement of problem. The purpose of the paper is to deduce the formula for magnetic field strength only at
the points located over the middle of the gap between the inclined pole pieces of the U-shaped magnetic system.
Moreover, this formula should be simple in practical calculations and provides sufficient accuracy for preliminary
design solutions.
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Problem solving. In order to solve the problem we take into account that, as shown in [6, 7, 9], the magnetic
field of the pole pieces located in one plane (a =180°) can be calculated as the plane-parallel field of two infinite
plates (Fig. 2). The difference of magnetic potentials between these plates is equal to the magnetic potentials difference
U, between the pole pieces. The geometric dimensions (width L and gap &) are equal to the corresponding
dimensions of the pole piece system. In the case of single-plane poles, the magnetic field strength in the middle of the
inter-pole gap (x =0,y >0, Fig. 2) has only one (horizontal) component. On the basis of the formulae from [9, 10]
(obtained by conformal transformation using Schwarz-Christoffel integral), this component in the adopted symbols
(Fig. 2) can be written in the form

-0, 2D
(k) &8 +y7 L +8) +y
where y is the vertical distance from the pole plane to the point at which the magnetic field strength is determined;
K (k) is the complete elliptic first-kind integral with module £ =8/ (L+39).
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Fig. 3

If S, and S, are the distances to the point under consideration from the internal and external edges of the plate

S, =8+, S, =L+ +)?,

and formula (1) can be transformed as follows:

poles, respectively (Fig. 2) then

0.5
HOO})_UOM'(L+6)/(SI.SZ)' (2)

The magnetic field in the inter-pole zone for the poles having the angle between the pole piece surfaces less
than 180° can also be considered as plane-parallel field [5].

Let us assume that the magnetic field strength at the points over the middle of the inter-pole gap (axis y in
Fig. 3) is determined by formula (2) in which S, and S, are the distances from the corresponding edges of the poles to

the point under examination (Fig. 3)
S, =8 +(y—5-ctg(a/2)),
S, =J(3+ Lsin(o./ 2))* +(y—8-ctg(o/ 2))°.
As to factor (L +0) and module £ in expression (2), the corresponding values for the inclined pole pieces can

be determined by the distances obtained at the intersection of the upper plane (line AB0 in Fig. 3) of the pole pieces
with the vertical (axis y in Fig. 3) of the middle of the inter-pole gap (point 0 in Fig. 3). In this case the
dimension B0 = &/sin(a/2) is taken as value o, and (L + ) is substituted by dimension A0 =[L+&/sin (o /2)] . This

gives

3)

8/sin(a/2) 8

= = . 4
L+6/sin(a/2) &+L-sin(a/2) @
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Thus, the magnetic field strength at the points over the middle of the inter-pole gap of the inclined poles is
expressed as
Ha(y)=UO%(L+6/sina/2)/(Sl-Sz), )
where S,, S, and & are found by (3) and (4), respectively.
At the known values L, & and a the calculation by (5) is not difficult if the following recurrence formula
from [11] is used for approximate determination of K (k) (to four decimal places):

K(k)= i(l—k2)’ [a, +b, -In(1/ (1-k?))],

i=0
where a, = 1.3862944 ; a, =0.1119723; a, =0.0725296 ; b, =0.5; b, =0.1213478 ; b, =0.0288729.

To substantiate formula (5) it should be noted that qualitative dependences of H_(y) depending on certain
parameters (for the case of inclined pole plates) are identical with the analogous dependences for the case of single-
plane poles. This identity is provided by assumed similarity of formulae for H () and H_ (y). Note that when
o =180° the formula (5) agrees with the expression (2).

Experimental verification. The verification of formula (5) was carried out by physical model of iron
separator P160 (scale 1:5). The experimental data including magnetic field strength over the middle of the inter-pole

gap of the physical model of iron separator P160 (6 =24 mm, L= 106.5 mm, o =155°, U =7695.34 A) are given in
Table 1. They show good coincidence of calculated results by the proposed formula with experimental results.

Table 1

Magnetic field strength, 4/m Besides, the formula (5) was verified by

Distance . . Error, comparison of experimental data for industrial
Calculation Experimental 0 : . . .

y, mm by f la (5 dat % specimen of iron separator P100M, given in [5],

y formula (3) ata with the results calculated using (5) for

15 159174 153585 +3.64 corresponding dimensions (see Table 2 in column

20 129938 128120 +1.42 "Error", i.e. error of determination of magnetic

25 107234 105838 +132 field strength in the operating zone of iron

30 90209 29127 101 separator P100M (8.=85.4, mm, L=350 mm,

3 93 190 013 o =120°) over the middle of the inter-pole gap).

> L 7 0. For this case, there is no numerical value of U, for

40 67261 67611 -0.56 iron separator P100M and Table 2 includes

45 59278 60479 -1.99 calculated relative magnetic field strength

>0 >2780 4113 -2.46 H=H_(y)/U,. The truth of the calculated data

33 47390 48512 -2.37 was proved by ratio of experimental value H,

from [5] to H , which is constant, independent of
y according to (5).
The analysis of data given in Table 2 reveals that the formula (5) provides an acceptable accuracy for practical
calculations.

Table 2
Magnetic field strength .
- Calculation Experimental data, REith Average Vflue of Deviation from
e * absolute Value, H /H A H /H average Value’ %
H, 1/m H,, Alm ¢ ¢

42.7 4.46391 1880 4229.44 +9.8
92.7 3.8699 1530 3953.59 +2.6
142.7 2.8701 10970 3822.16 3852.16 -0.8
192.7 2.17151 7940 3656.38 -5.1
2427 1.70315 6130 3599.22 -6.6

Conclusion. The approximate expression is obtained to calculate the magnetic field strength at the points over
the middle of the inter-pole gap of inclined poles. The proposed formula (5) can be recommended for the preliminary
design of suspended iron separators when it is required to determine the magnetic field strength at the points over the
middle of the inter-pole gap of a U-shaped magnetic system.
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CITPOIIEHUI PO3PAXYHOK HATIPYKEHOCTI MATHITHOI'O IOJISI HAJl CEPEJUHOIO 3A30PY
JABOMOJIIOCHOI'O MATHITHOT O 3AJII3BOBIJOKPEMJIFOBAYA

M.B. 3aripHsK, 1OKT.TEXH.HayK

Kpemenuyubkuii HanioHanbHUi yHiBepcuTeT iMmeni Muxaiina Octporpaaceskoro,

By.J1. IlepmiorpaBHeBa, 20, Kpemenuyk, 39600, Y kpaina. E-mail: mzagirn@kdu.edu.ua

Buoobysanus nebadcanux pepomazHimuux npedmemie 3 pisHux CUnyuux Mamepianis, o mpaucnopmylOmscs Cmpii-
KOBUMU KOHBEEpAMU, Hallsaxcye 3abe3neuumuy uepe3 MaKCUMAlbHy MOSWUHY WAaApy OYUWY8ano20 mamepiany 0aa Oi-
JISIHKU CepeOUuHU KOHBEEPHOL cmpiuky. Busnaueno 3a60anHs ompuMants Habauxicenol opmyau 0ns euxiono2o npo-
EeKMHO20 3HAUEHHS HANPYIHCEHOCMT MACHIMHO20 NOJIAL 8 MOYKAX, POZMAULOBAHUX HAO CEPEOUHOIO 3A30PY MIdNC NOXU-
JIUMU NOTFOCHUMU HaAKOHeunukamu T1-nodionoi maenimnoi cucmemu. [llykanuii po3paxyHkoeuil eupasz ompumano 3a
8I00MO10 POPMYNI0I0 0TIl PO3PAXYHKY HIAOCKONAPANENbHO20 NOISL 080X POIMAUOBAHUX 68 OOHIU NAOWUHI HECKIHYEHHUX
naacmun. Bukonarne 8ionogionum wurom ii nepemeopents 0ano 3mo2y 3HAuUmu eupas O0Jisk PO3PAXYHKY NOJsL MIJIC NO-
XUTUMU NOBEPXHAMU NOMOCHUX HaKoHmeunukis. Excnepumenmanvha nepegipka, nposedena Ha Qizuyniui mooeni ma
NPOMUCTOBOMY 3PA3KY, NIOMEEPOUNA NPUUHAMHICING 3aNPONOHOBAHOT OPMYIU 051 NONEPEOHIX emanie po3pPaxyHKie
niosicHux 3anizosiookpemarosayig. biom. 11, Tadum. 2, puc. 3.

Knrouosi cnosa: po3paxyHOK MarHITHOTO TOJS, €JICKTPOMATHITHUNA 3alli3oBigoKpemiioBad, [1-moniOHa MarHiTHa cHc-
TeMa, IUIOCKOTapasesbHe MMoJie HeCKIHYeHHUX TUTACTHH, TIOXIANA TOJFOC.

YHPOINEHHBIN PACUET HAIIPSIZKEHHOCTHU MATHUTHOI'O HOJISI HAJT CEPEJUHOM 3A30PA
ABYXITOJIOCHOI'O MATHUTHOTI' O KEJIE3OOTAEJIUTEJIA

M.B. 3arupHsk, JOKT.TeXH.HayK

KpeMenuyrckuii HanMoHaIbHUH yHUBepcuTeT HMeHH Muxaunna OcTporpajackoro,

yi. IlepBomaiickasn, 20, Kpemenuyr, 39600, Yxpanna. E-mail: mzagirn@kdu.edu.ua

H3zeneuenue nesceramenvHulx GeppomMasHumubix npeoMemos U3 pasuyHblX CoINYYUx Mamepuailos, mpancnopmupye-
MbIX JIEHMOYHbIMU KOHBeliepamu, Haubonee mpyoHo obecneuums 68Uy MAKCUMATbHOU MONUWUHbL CNOSL OUUUAEMO20
Mmamepuana 0ns obnacmu cepedunvl Kongeliepnou aenmul. Ilocmasnena 3a0a4a noayueHus npuOIUNCEHHoU Gopmyibl
0711 UCXOOHO20 NPOEKMHO20 3HAUEHUS HANPANCEHHOCMU MASHUMHO20 NOJISL 8 MOYKAX, PACHONIONCEHHbIX HAO cepedu-
HOU 3a30pa MeANCOY HAKTOHHBIMU NOJIOCHBIMU HaKOHeyHuKamu TT-o6pasznou macnumuoil cucmemol. Uckomoe pacuém-
HOe 8bIpadiceHue NOIYYeHO HA OCHOB8E U3BECMHOU (POPMYIbL OISl pACHEMA NIOCKONAPALIENbHO20 RO 08YX PACNONO-
JICEHHBIX 68 OOHOU NIOCKOCMU OECKOHEUHbIX NIACMmUH. Bvinonnennoe coomeemcmeayiowum oopasom eé npeobpaso-
6aHUe NO3GONUNO HAUMU blpadicetue OJisl PACYEMa Noisi MedHcOy HAKIOHHBIMU NOGEPXHOCMSAMU NOTOCHBIX HAKOHEY-
HUKO8. DKCNepUMenmaibHas npoeepKa, NPO8e0eH s Ha (u3ULecKol MoOen U NPOMbIULIEHHOM 06pasye, noomeep-
OuUa NPUEeMIEMOCHb NPeONIONCEHHOU YOopMYbl OISt RPEOBAPUMENbHBIX JMANOE PACYEMO8 NOOBECHBIX JICeNe300Mme-
aumeneu. bubn. 11, Tabmn. 2, puc. 3.

Knrouesvte cnosa: pacu€r MarHUTHOTO TOJISI, DJIEKTPOMATrHUTHBIHA KeJIe300TAeNnTeN b, [1-00pa3Has MarHuTHas cHc-
TeMa, IJIOCKONapauiesIbHOE 110Jie OECKOHEUHBIX IUIACTHUH, HAKJIOHHBIE HOJIOCA.
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