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The article presents the results of numerical calculations of magnetic circuits using the
finite element method. The modeling process of the seals with ferrofluid is described. The
influence of the main parameters and geometry of the seal on the distribution of magnetic field
is shown. The possibility of determining the distribution of the magnetic field in the working gap
of seals, which plays a major role in determining the maximum pressure that is perceived by
seal without losing density and is crucial in choosing the design dimensions of the seal.

Keywords: magnetic fluids, technical seals, finite element method.

Modern sealing with magnetic fluids are widely used in industry. This is due to their
advantages: high durability, reliability, low point resistance movement and a wide range of
settings in which they can work. These seals provide absolute density under static and
dynamic loads. However, during construction they require professional knowledge and
determine the distribution of the magnetic field that occurs in the seals, especially in the area
of the sealing ridge also.

Ferromagnetic fluids are colloidal suspensions of magnetic particles with sizes of 5-10 nm.
These particles are immersed in carrier fluid like water or synthetic oil. In addition to increase
stability of the ferromagnetic liquids they are covered in surfactant. The main area of
application of such substances is technical seals.

Magnetic fluid seals belong to the class of non-contact technical seals. By creating a
liquid barrier they provide complete tightness in the vacuum, gas and liquid environments.
These structures are also characterized by a small moment of resistance, which eliminates an
amount of heat generated during operation. These seals can work over a wide range of
operating parameters. The working temperature may vary in the range -100 to 200 °C, at a
rotating speed 0 to 10000 rpm, at pressures of 0 to 1 MPa. The construction this type of seal
consists of four basic elements. Typical construction is shown in (Fig. 1).

Rotating shaft 2 are located inside the fixed pole pieces 1. Pole pieces and the shaft
form a closed magnetic circuit. Magnetic fluid 4 is placed in a small gap (A-A view Fig. 1).
The source of the magnetic field is a permanent magnet or an electromagnet 3 polarized in the
axial direction. Ferrofluid 4 creates a liquid ring which is a barrier for sealing environment.

The whole construction is placed in a non-magnetic housing 6. The main advantages this type
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Fig 1. Construction of multistage magnetic fluid seal: 1- pole pieces, 2— shaft with
sealing stages, 3-source of magnetic field, 4 — magnetic fluid, 5 sealing
environment, 6— non-magnetic housing, view A-A shows the region of the sealing
stage. Geometrical parameters of magnetic fluid seals: Dn— nominal diameter of the
seal, Do- the diameter of the pole pieces, Ln— length of the pole pieces, Lm- the
length of the magnet source, Ry, Rmz— the width of the magnet source, o — angle,
z — size of the sealing gap, t— chamfer length

of seals are very low friction, high durability and the ability of self-regeneration, when the
breakdown of liquid ring occurs. The mechanism of tightness loss for this type of seals is
described in [1, 2]. Magnetic fluid seal works properly below its critical pressure value. For
this value some magnetic fluid is displaced from the gap and after decrease, liquid O-ring will
be rebuilt by magnetic field.

Objects and methods of investigation

Numerical simulations of magnetic field distribution in the seal.

In the design process for the proper selection of size, type, quantity of liquid, sealing
stages, overall dimensions, a source of the magnetic field, magnetic field distribution in the
structure must be taken into account, particularly in the region of the sealing gaps. The
maximum and minimum flux density determines the value of critical pressure in the seal. Due
to the nonlinear nature of this problem and sometimes complex geometries of the seal
construction there is difficulty in estimating this distribution by empirical formulas.

Analyses of magnetic circuits in the magnetic fluid seals were made by using the finite
element method. Program AnsysMultiphysic version 11" with Electromagnetic package was
used for this purpose. In the numerical simulations an axially symmetric model was assumed.
The size of the mesh was reduced in the gap area. Introduced the zero Dirichlet boundary
conditions, i.e. it was assumed that the magnetic flux direction is parallel to the edges of a
analyzed area, and the value of the magnetic stream at the border is zero. Numerical

calculation were performed for the magnetic fluid seal with a nominal diameter D, = 50 mm.
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In order to obtain the correct numerical solution it was necessary to adopt appropriate
magnetic induction curves for ferromagnetic materials, magnetic fluid and the source of the
magnetic field. The steel elements were modeled by B-H curve for steels with carbon content
up to 0,27 % [3] (Fig. 2b). Ferrofluid was modeled by B-H curve for magnetic fluid with
saturation magnetization Ms = 40 KA/m by [4] (Fig. 2a).
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Fig. 2. Curves of magnetic induction of magnetic circuit elements in the magnetic fluid
seal: a) magnetic fluid Ms = 40 kA / m, vacuum, b) steel with carbon content up to
0.27%, the magnetic fluid Ms = 40 KA / m, vacuum

Permanent magnet (trade name N38) was modeled as a ring with dimensions
@?80/228/5. Coercivity for this element is Hc = 937,4 kA / m and remanent flux density
Br=1,241 T. An example of the contour plot of magnetic induction distribution in the seal for
the geometry shown in (Fig. 1) is presented in (Fig. 3).
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Fig. 3. Contour plot of magnetic induction distribution in the
magnetic fluid seal geometry

The publication focuses on the distribution of magnetic induction in the region of the
gap. Magnetic fluid was modeled assuming that the liquid boundary occurs in the region of
constant magnetic induction. It was also adopted that the position of the liquid corresponds to
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the maximum operating pressure of the seal. Results of numerical calculation are presented
for measurement line (Fig. 4). The distance of the line is ~0,02 mm away from the surface of
pole pieces. This is the place for which magnetic induction has the smallest value and the

magnetic fluid seal will break down.

measurement
line

Fig. 4. Contour plot of magnetic induction distribution in the magnetic fluid region

The geometry of the sealing stage has a main influence on the magnetic induction in
the gap. It affects the value of critical pressure. The results of simulations determined for
different shapes of the sealing stages are shown in (Fig. 5). The most common geometry used
in the magnetic fluid seals in industrial solutions is asymmetrical trapezoidal shape (Fig. 5¢),
and therefore, further numerical analysis will be conducted for the geometry of this type.

Results and discussion

A key operating parameter for the magnetic fluid seals is the critical pressure. It is the
pressure value at which the break occurs in the liquid ring. It is possible to calculate the value
of this parameter based on the knowledge of magnetic fluid properties. For these calculations
it is necessary to obtain magnetic field distribution in the sealing gap [5]. In numerical
calculations of the critical pressure for the ferrofluid seal, saturation magnetization Ms and the
difference between magnetic induction Bmax-Bmin plays key role [6] (Fig. 6a).

APy = MAB e i (1)

Example of magnetic induction distribution along of the measurement line for the
modeled geometry with and without magnetic fluid is shown in (Fig. 6a). In the case when the
presence of the ferrofluid is taken into account, there is a drop of magnetic induction in the

curve. The value depends mainly on the saturation magnetization Ms.
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Fig. 5. Distribution of magnetic induction in the magnetic fluid seal depending on the
shape of the sealing stage, the size of the working gap «z» = 0.2 mm,
a— rectangle b— symmetrical trapezium, c— asymmetric trapezium

Conducted numerical calculation shows impact of the geometric parameters on the

magnetic fluid seals. Fig. 7 shows influence of the gap height on maximum induction B max.

Curve on figure (Fig. 7b) defines the relationship between different lengths of parameter «t»

(size of the chamfer) and Bax.
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Fig. 6: a — Distribution of magnetic induction on the length of the measurement line of

the analyzed geometry with and without magnetic fluid, «z» the size of the
working gap, b — Volume of magnetic field source and its influence on the
magnetIC indUCtlonZ Bmax, Bmin, Bmax—Bmin

The increase of the working gap size significantly reduces the value of Bmax, on the other

hand, using too small gaps it leads to costs increase of the construction. In the presence of an

axial throw of the sealing stage a blurring in the magnetic fluid seal may occur. Both parameters

«Z»

and «t» also determine the magnetic fluid volume applied in the seal. Frequently it is
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between 50 to 200 pl. The diagram (Fig. 7b) shows that the most optimal values of the «t»
parameter are in the range 0,6 + 1,2 mm. Using too strong magnetic field source may reduce the
value of the critical pressure due to decrease of difference Bmax—Bmin. The results of
numerical analyzes that show the impact of the permanent magnets volume in the magnetic
fluid seal in determining the critical pressure are presented in (Fig. 6b). This difference in strong

fields decreases mainly due to the increase of Bmin.
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Fig. 7: a — Influence of the working gap size «z» on the magnetic induction Bpax,
b — Influence of the chamfer length «t» on the magnetic induction Bpax

Conclusions

In the design process of the magnetic fluid seals several parameters must be taken into
account, such as, source of the magnetic field, the magnetic properties of materials, magnetic
and rheological properties of the ferrofluid. Analysis using finite element methods can be
helpful in the design and to determine the value of magnetic induction in the seal. Conducted
earlier considerations showed that the error between experiment and numerical analysis in
determining the critical pressure from equation (1) for the magnetic fluid seals with one
sealing stage may be less than 5%. The value of this error depends on the quality and the

accuracy of structural elements and adopted B-H curves in the simulation.
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H. Cangincoxuit, B. Fopax, M. Illuey

Yucnoeuit ananiz MazHimHuX J1aHUI02i6 ¢ yuiiibHIoeauax 3 heppopioun

Y cmammi npedcmaeneni pezyiomamu 4ucio8ux po3paxyHKie MacHimHUX 1aHYl02ie 3
BUKOPUCTNAHHAM MemoOy KiHyegux enemenmis. Onucano npoyec mMooeno8anHs YujilbHeHb 3
geppopiounolo, noxkazaHuti 6NIUE OCHOBHUX NApaAMempis i ceomempii YWilbHeHHS HA
POo3n00in maznimnozo noas. Ilokazano mMoxicaugicmes 6UHaUenHs po3noodiny MaeHIMHO20 NOJis
8 po6oUOMY 3a30pi YWiNbHEHHs, WO 8i0iepac OCHOBHY POlb NPU GUSHAUEHH] MAKCUMATLHO2O
MUCKY, AKUL CHPUUMAEMbCA YWINbHEHHAM 6e3 8mpamu WINbHOCMI Ul MA€ BUPIUATbHE
3HAYeHHs npu 8UOOPI 2abapumie KOHCMPYKYIi YUinbHeHHs..

Kniouosi cnosa:. macnemuyni piounu, mMexHiyHi YWinoHIO8aui, Memoo KiHyesux
elleMeHmis.

H. Caneunckuii, B. I'opax, M. IlTueu

Yucnennulil ananu3z MAzZHUMHBIX Yenei 6 yRioOmHUmenax u3 pepporxcuoxocmeit

B cmamuve I’lpeaCMCZGﬂQHbZ pesyibmanibl YUCIEHHbLX pacdemos MACHUNHbLX L;eneﬁ C
UCNOIb30BAHUEM MEmOo0d KOHEeYHbIX demenmos. Onucvieaemcs MOO@JZMpOGCZHM@ ynﬂomHeHuﬁ
us gbeppoofcukocmeﬁ, NOKA3AHO 6/UAHUE OCHOBHbLLX napamempose u ceomempuu ynjiloniHeHusl
HAa pacnpedeﬂeHue MacHumnoeo nois. lloxazana 603mM0HCHOCHb onpedeﬂeHuﬂ pacnpedeﬂeHuﬂ
MACHUMHO20 NOoJjisl 8 pa6oqu 3azope  YniomHeHusd, uno ucpaem OCHOBHYIO pOJlb npu
onpe()eﬂeﬁuu MAKCUMATIbHO20 OCZ@JZBHM}Z, Komopoe eocnpunumaemcs YnjiOmHEeHUuem bes
nomepu njiomrocmu U umeem pewlarowee 3HadeHue npu 6bl60p€ 2a6apum06 KOHCmMpPYKyuu
YNJ10OMHEHUA.

Knwouegvie cnosa. macnemuyeckue HCUOKOCMU, MeXHUYECKUE YNIOMHUMENU, MEMOO
KOHEUHbIX 971eMEHMO8.
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