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MAGNETIC FLUID SEALS FOR BEARING ASSEMBLIES
OF MINE MAIN VENTILATION FANS

The conditions of the work of main ventilation fans and their impact on the reliability of the seal bearing fan assemblies
are analyzed. The application of magnetic fluid seal complexes instead of regular seals is proved.

Computer simulation of nonlinear magnetic processes in the core of magnetic fluid seal (MFS) numerical finite element
method using the software package Comsol by varying the gap in the range of 0.1...1.0 mm was carried out. The technique
is described in detail.

The calculation was performed in two stages. In the first stage distribution was calculated in static magnetic field
(MF) in the active zone of the seal considering the nonlinear characteristics of magnetic circuit and the magnetic fluid in
the magnetic saturation assuming M = Ms. It identifies the position of the MF boundary limited by isobars p = Ms - B =
= const, where B = |B| — magnetic induction vector module. In the second stage hydrodynamic processes in MF while
the shaft rotates under the assumption that the magnetic fluid boundaries coincide with boundaries of liquid in static
conditions were calculated. At the same time we take into account the empirical nonlinear dependence of the viscosity
MF on the magnetic field and the nonlinear properties of the Navier-Stokes equations. Thus, the problem in two stages
regarded as loosely coupled, which allowed to perform consistent solution.

The developed mathematical model of magnetic and hydrodynamic processes occurring in the seal gap allowed
to design and implement optimized design of magnetic fluid sealing complex (MFSC) for two main ventilation fans
of various types considering the increasing gaps in the work area of seal.

Analysis of operating experience MFSC proves the prospects of their application in the main ventilation fans (MVF).

The research results are confirmed by experimental-industrial exploitation of MVF with installed with sealing
complexes. MFSC tests were carried out on the mine axial fan BO/[-30M (m. Ternovskaya, Pavlograd) and centrifugal
mine fan BI]-25 (m. Yubileinaya, Pavlograd).
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MATHITOPIAUHHI TEPMETU3ATOPHU AJIA NIAJIIUITHUKOBHUX BY3JIB IIAXTHHUX
BEHTUJATOPIB 'OJIOBHOI'O ITPOBITPIOBAHHSA

Ilpoananizosano ymosu pobomu 6eHMUIAMOPI6 20106HO20 NPOBIMPIOBAHHA MA IX GNIUE HA HAOJIUHICIb YWiTbHEHD
NIOWUNHUKOBUX B8Y371i68 geHmuaamopie. OOIPYHMOBAHO 3ACMOCYBAHHA MACHIMOPIOUHHUX 2epMemu3yiouux KOMNIeKcie
3aMicmb WMAmMHUX YUWiIbHeHb.

Tomy 6yn0 nposedeno Komn 'romepre MOOeNOBAHHs 3AEMONOS A3AHUX HENTHIUHUX MASHIMHUX ma 2I0pOOUHAMIY-
HUX npoyecié 6 aKkmueHill 30HI MacHimopiounHozo eepmemuszamopa (MPI) uucenvhum memooom KiHYesux eremeHmie
3a donomozoro nakemy npozpam Comsol npu eapitoeanni 3azopy 6 dianaszomi 0,1...1,0mm.

Pospaxyrok eukonysanu y 0éa emanu. Ha nepuiomy emani pospaxysanu po3nooin y CmamuyHux ymo8ax MazHimHoz2o
NoJs 8 AKMUBHII 30HI 2epMemu3amopa 3 ypaxy8auHaM HeIHIIHUX XApAKmepucmux MAazHimonpogooy ma y npunyujenti
Hacuuenns maenimnoi piounu (MP) M = Ms. Ilpu yvomy eusnauanu nonodxicenns kopoony MP, oomedicene izobapamu p =
= Ms - B = const, 0e B = |B| — Mooyne sexmopa maecnimnoi indykyii. Ha opyeomy emani pospaxosysanu eiopoouHamivumi
npoyecu 6 MK npu obepmanni any 6 npunyweHhi, uo Medxici MaeHimuoi piounu 30ieatomuscsi 3 Mexicamu pIOUHU 8 CMa-
muyHux ymosax. Ilpu yvomy epaxo8yeanu HeniHiiHYy eMNIipuyHy 3a1edcHicms 6 sazkocmi MP 6i0 eenuyunu MacHimHo2o
nonst ma HewiHitHi enacmueocmi pisnaunsa Hae ’e-Cmoxca. Takum uunom, 3a60anHs HA 080X emMAnax po32isaodiu aK ciao-
KO No8 A3aHi, o 0036801UN0 BUKOHAMU IXHE NOCTIO08HE PIlUEHHSL.

Pospobnena mamemamuuna Mooenb Ma2HimHUX ma 2iopoOUHAMIUHUX NPOYECI8, o 8i00VE8AIOMbCA 8 3a30pi cepmemit-
3amopa, 003801ULA CRHPOEKMYS8aAmu ma GNpoSAOUMU ONMUMI3068AHT KOHCMPYKYIT MAZHIMOPIOUHHO20 2epMemuU3y01020
xkomnnexcy (MPI'K) 0nis 060X 6eHmMUnsimopie 20106H020 NPOGIMPIOBAHHS PI3HUX MUNIE 3 YPAXYSBAHHAM RIOGUUEHUX 3430~
pis y pobouiti 30HL.

Ananiz 0oceioy excnayamayii MPI'K 00800umu nepcnekmugHicmy ix 3acmocy8ants y 6eHMUIAMOPAX 20108HO20 NPO-
simprosanus (BI'TI).

Pesynomamu docnioscenb niomeepodiceno 00CIiOHO-NPOMUCTIOB0I0 eKCHIYAMAYIEID BeHMUIAMOPIE 20108HO20 NPO-
8IMPIOBAHHA 13 6CIMAHOBIEHUMU 2epMemu3yIouumMu komniekcamu. bynu npoeedeni eunpodysannus MIKI'K na ocvoso-
my waxmuomy eewmunsimopi BO/[-30M (w. Tepuiecvka, m. Ilasnoepad) ma 8ioyeHmposomy waxmuHomy 6eHmMuIsmopi
BI[-25 (w. FOsinetina, m. Ilagnozcpao).

Knrouosi cnosa: macnimuopiouHHutl 2epmemu3amop, MacHimHa piouHd, 6eHMUIAMOP 20J106HO20 NPOBIMPIOBAHHS.

Formulation of the Problem

Any modern mine has a large high-performance ventilation systems to pump the air out of the mine. Themselves fans
can be both centrifugal and axial. As a conventional sealing the bearing assemblies are commonly used seal, consisting
of several elements — the centrifugal drop ring mounted on the surface of the shaft, groove seal, formed the central part of
the bearing unit lid and placed in the groove cover rubber reinforced lip seal with spring. The protective sleeve is installed
on shaft that protects the shaft from abrasion by sealing lip.

At first glance, the lip seal is in optimal conditions (rich lubricating of sealing lips, high, but not outrageous speed,
high quality surface of the protective sleeves, roller bearings, etc.) and seal bearing unit will work well for a long time.
The main factor that greatly complicates the lip seal and seal on the whole, are the working conditions in the mine [1].

Main ventilation fans, when working on the absorption, moves mine air, different from the atmospheric because of
presence in it of various gases, vapors, acids, significant number of small coal, dust and water. The large amount of solids
in the pumped air to the bearing assemblies of axial fans is a major factor adversely affecting the work of bearings units.
Intensively getting of particles under lip of lip seal wear the shaft surface and reduce seal sealing ability, expressed s an
increase in oil leakage and ingress of solid particles in the lubricating oil in the bearings, which can lead to very negative
consequences. Moisture and corrosive gases also penetrate into the bearing assembly, contributing to reduced reliability
and performance as the bearing assembly and the fan in general.

It is possible to eliminate the negative impact on the mine atmosphere on sealing lips by installing a hermetic seal
in front of the lip seal, guaranteed detaining abrasives particles, moisture, and corrosive gases. Really as such seal may
only be used magnetic fluid seal, which is really almost airtight seal. By and large, the magnetic fluid seal has only one
drawback — when sealing fluids, in MFS is possible the hydrodynamic mixing of sealed medium and magnetic fluid, which
will lead to a malfunction of MFS (problems arise at high linear velocities in the gap and/or held high pressure drop) [2, 3].

In this case, when MFS is installed outside of lip seal, these two types of seals reinforce strengths and compensate for
each other’s shortcomings — the MFS unit protects against ingress of solid particles on the outside, pushing them out of
the working gap filled with magnetic fluid cuff, the lip seal, working in plentiful greasing prevents leakage of lubricating
oil from the bearing assembly and oil from entering the working gap of MFS.
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The best solution is to combine the two sealing elements — the lip seal and the MFS — in one design as a combined
seal or MFSC [4].

Research Methodology

The function of the sealing element in MFS performs magnetic fluid, retained in the gap between the shaft and pole
pieces of MFS by magnetic field of permanent magnets. The gap is typically of 0.2—0.25 mm mainly due to the technical
and technological capabilities provide running clearance for the bearing unit or the mechanism as a whole.

However, working gap for MVF in MFS has to be increased up to 0.4—-0.7 mm, and even up to 1 mm. This is due
primarily to the significant size of shafts and bearings, for which the own radial gaps will increase; to the operating
conditions when wet dust adheres of on the fan impeller blades and causes its imbalance and the appearance of the
mechanism vibration; and with a significant aging of MVF (about 80 % of the fans are operated with exceed of the the
resource established by enterprises — manufacturers today) and the poor quality of repair work.

With an increase in the working gap will be a sharp weakening of the magnetic field and, as a consequence, the
deterioration of the sealing properties of MFS. However, questions of exploitation of MFS with the gaps of more than
0.3 mm are almost not discussed in the literature.

In addition, the diameters of shafts and linear velocities in the gap, typical for MVF, become a tangible negative effect
of the centrifugal forces acting on the magnetic fluid in the working gap [5].

Therefore, for a clear understanding of the behavior of the magnetic fluid in the gap of mine fans MFS must take
into account the high speed and the effect of centrifugal force, and the possible weakening of the magnetic field, and the
uneven flow in the gap caused by the radial runout of the shaft, as well as other factors.

It is particularly important to know the distribution of the magnetic field in the gap of MFS. This question is not
studied because of sharply inhomogeneous magnetic field in the gap, complex geometry because of teeth on pole pieces,
non-linear characteristics of permanent magnets, pole pieces and magnetic fluid. Even the use of numerical methods
for the calculation did not give significant results due to the high complexity of the calculations. Only in recent years,
the development of computer technology has allowed to solve such problems. However, work on the distribution of the
magnetic field at the gaps in excess of 0.2 mm, to date, does not exist.

The purpose of the work

The aim of this work is computer simulation of nonlinear magnetic processes in the core of MFS numerical finite
element method as a basis for recommendations to improve the design of MFS and to generalize the use of MFS for the
repair and modernization of MVF in mines.

Results and Discussion

Data on the distribution of the magnetic field in the gap is needed to understand the behavior of MF in the MFS gap,
as all the main characteristics of the seal are determined by the parameters of the magnetic field. Therefore, computer
simulation of nonlinear magnetic processes in the core of MFS numerical finite element method using the software package
Comsol by varying the gap in the range of 0.1...1.0 mm was carried out. The technique is described in detail in [6].

The calculation was performed in two stages. In the first stage distribution was calculated in static magnetic field
in the active zone of the seal considering the nonlinear characteristics of magnetic circuit and the magnetic fluid in the
magnetic saturation assuming M = Ms. It identifies the position of the MF boundary limited by isobars p = Ms - B = const,
where B = |B| — magnetic induction vector module. In the second stage hydrodynamic processes in MF while the shaft
rotates under the assumption that the magnetic fluid boundaries coincide with boundaries of liquid in static conditions
were calculated. At the same time we take into account the empirical nonlinear dependence of the viscosity MF on the
magnetic field and the nonlinear properties of the Navier-Stokes equations. Thus, the problem in two stages regarded as
loosely coupled (classification [7]), which allowed to perform consistent solution.

The examined MFS (Fig. 1) is characterized by the axial symmetry hence the field problem can be solved in two-
dimensional formulation in the cylindrical coordinate system in 70z plane. The computational domain for the magnetic
field analysis is shown in Fig. 1b and contains the regions with the magnetic materials of three types: the permanent
magnets, the magnets that magnetized in the axial direction, the ferromagnetic material of the magnetic system poles, and
the rotational shaft, as well as the region occupied by the ferrofluid.

The calculation results are presented in Fig. 2 and 3. The predicted decrease the induction should be noted (Fig. 4).

It is an interesting fact that when 6> 1,0 mm, the highly inhomogeneous field is no longer observed, which reached
at the presence of the magnetic flux concentrator. In Fig. 3 clearly shows the absence of the peak areas, which generally
indicates a lack of a magnetic field to keep the fluid in the gap.

While solving the hydrodynamic problem of a magnetic fluid flow in the MFS gap the following assumptions were
made: the position of free MF borders in dynamics during the rotation of the shaft coincides with the boundary in the
static; distribution of the magnetic field in the gap of MFS at the given position of the boundary MF coincides with the
calculated field distribution (see. Fig. 2).

Hydrodynamic calculation showed that for typical operating conditions of MVF (speed is less than 1000 rev/min)
vortex structures for all values of the gap up to 0.8 mm inclusive, in the magnetic fluid do not arise.
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Fig. 1. MFS design scheme
General view of a MFS standard design (@) and the core estimation area
with the applied finite element mesh (b) (1 — permanent magnet, 2 — pole piece, 3 — magnetic fluid 4 — shaft)
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Fig. 2. The distribution of the magnetic field lines (isolines 4,r), as magnetic induction, mm:
a-01;6-04;¢c-0.7;d-1

Fig. 5 shows the structure of the vortex originating in the magnetic fluid and formed by radial and azimuthal
velocity components at a gap of 1.0 mm. The structure with the highest speed of the vortex appears in the rightmost
field, which is caused by the presence of large size free liquid boundary. There are also vortex structures in other slot
regions; however, the maximum velocity therein is several times less intense due to braking of fluid by surrounding
magnetic circuit wall.
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Fig. 3. The distribution of radial component of magnetic induction on the surface of the shaft at the gap, mm:

a—01mm;b-04;¢c-0.7;d-1

B, Tnk
4 | | | N | |
| |
i a
35 o=
= = L
i —
| o
| I
3 1
25 i i i 6
I I 35
i o | T
2 DN 1 I L
I I —
i & A R =
I T—— [ |
i
15 HH BRI S o T
i G | !
1 ; !
| = | B
os B
I i 5 I I
o T I | | 1 -
(i} 01 0,2 03 04 05 0,6 07 08 09 1 h, MM

Fig. 4. The distribution of the magnetic field induction of the magnetic flux concentrator to the shaft:
a — on a magnetic flux concentrator; b — in the middle of the gap; ¢ — near the shaft surface
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Fig. 5. Vortex structures arising in the magnetic fluid and formed by the radial and azimuthal velocity
components

Hydrodynamic calculation results showed that the range of the working gap can be increased to at least up to 0.8 mm.

Tests of MFSC on main ventilation fans
MEFSC tests were carried out on the mine axial fan BO/[-30M (m. Ternovskaya, Pavlograd) and centrifugal mine fan

BII-25 (m. Yubileinaya, Pavlograd)
Design of MFSC of bearing fan assembly BII-25 is shown in Figure 6 [4].

Stondord fosteners

! »
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»
S 2 5
-~
3 =3 3
: 6

Fig. 6. Magnetic fluid sealing complex of bearing assembly fan BII-25: 1 — intermediate flange;
2 — M10 bolt; 3 — MFS; 4 — bolt M5; 5 — cutting ring 6 — cuff 250 x 290

The complex consists of an intermediate flange 1 and MFS 3. The end face of the intermediate flange has 10 holes
M6 for fixing the actual MFS 2 and the annular cavity, which houses the rubber-reinforced cuff 6, which serves as the
pre-compression stage.

MEFS design is shown in Fig. 7. Magnetic fluid sealer includes a non-magnetic body 1 with a flange, of the magnetic
system and nonmagnetic outer cover 2. The magnet system consists of magnets of Nd-Fe-B 6 disposed between two pole
pieces 4 and a non-magnetic spacer ring 6. At the surface facing the shaft cut surfaces of the annular pole pieces prongs
with grooves between them. The front surface of the cover 4 has a hole for threading the magnetic fluid, choked by bolt M5.
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|

Fig. 7. Magnetic fluid seal fan BII-25: 1 — a non-magnetic body; 2 — a cover; 3 — bolt M6; 4 — pole tip;
5 — magnet Nd-Fe-B; 6 — the spacer ring

Magnetic fluid confined by a magnetic field forms a kind of liquid oil seal that prevents ejection of the oil droplets and
vapors from the bearing housing. This oil will be mostly clipped by cuff, and already flying out of its working edge drops
and oil mist will be sealed by MFS. Oil stopped by MFS and collected in the cavity between the cuff and MFS, drilling
will come back into the cavity of the bearing assembly.

Cuff, which has an outside protection from the penetration of the dust into the working edge, works in almost perfect
conditions of abundant lubricant that provides long-term work of assemblywithout the need to replace it.

Construction of MFSC for BO/I-30M fan is shown in Figure 8, 9 [8].

MFSC is made detachable, like the bearing fan assembly cover.

The sealing complex consists of three parts — the big body 1, repeating outer part of the standard cover bearing
assembly and MFS mountable with the help of standard bolts 2, mounted on the end of a large body, and the front cover
(“boot”) 3. In the cavity between them cuff 4 is located — which serves as the pre-compression stage. MFS 2 is fixed on
the face of a large body 1 by bolts 5.

Umamepi kpenex

1

Eﬂ,

Fig. 8. The seal of the bearing assembly: 1 — the big body, 2 — MFS,
3 — front cover (“boot”), 4 — cuff 300 x 340, 5 — bolt M10, 6 — bolt M6

Y Ll

TN W Y

Fig. 9. The seal of the bearing assembly. Front view
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Magnetic fluid seal consists of a body with a flange and the magnetic system.

The front cover (“boot”) 3 serves as the second pole piece in the MFS, is inserted into the groove on the end face of
the flange MFS and clung to it by bolts 6 M6. On the facing surface of the shaft surface of the front cover (“boot”) 3 the
magnetic flux concentrator are cut — ring prongs with the grooves between them. The outer cylindrical surface of the MFS
flange 2 has an opening for filling the magnetic fluid, choked by screw M5.

MFSC:s for the centrifugal fan of BI[-25 were installed in 2010, and on the axial fan BOI-30M in 2011. Already at that
time the fans had been operated with a significant excess of the resource specified by the manufacturer of this equipment.
Maintenance personnel of mines controlled the performance of MFSC every month. Oil emissions were not observed
after four years of operation. During 2014-2015 years new main ventilation fans have been installed in the mines.

Conclusions

The developed mathematical model of magnetic and hydrodynamic processes occurring in the seal gap allowed to
design and implement optimized design of MFSC for two main ventilation fans of various types considering the increasing
gaps in the work area of seal.

Analysis of operating experience MFSC proves the prospects of their application in the MVF.
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