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Effect of Motor Shaft Eccentricity on the Performance of a High-Speed
Magnetic Fluid Sealer

Nesterov S.A. and Baklanov V.D.
Ivanovo State Power Engineering University,
Ivanovo, Russian Federation

Abstract. The objective of the study is to develop recommendations for accounting during the design
stage and the feasibility of operating a magnetic fluid seal with a significant eccentricity of the rotating
shaft relative to stationary pole attachments. This goal is achieved through conducted experimental re-
search, the selection of necessary equations, boundary conditions, assumptions, and physical properties
of the magnetic fluid when constructing a numerical mathematical model of the working gap of the
magnetic fluid seal. The most important results of the study include obtained and analyzed distributions
of the magnetic field, velocity field, and pressure in the magnetic fluid, as well as the evaluation results
of the impact of absolute and relative shaft misalignment in the magnetic fluid seal, centrifugal forces
arising during shaft rotation, on the retained pressure drop by the seal. A significant reduction in the
retained pressure drop occurs at an eccentricity of up to 40% of the working gap, and with further in-
creases in eccentricity, the rate of pressure drop reduction slows down. The significance of the results
lies in the potential utilization of the provided numerical model, as well as the outcomes of physical and
mathematical experiments, in the development of a magnetic fluid seal operating with significant misa-
lignment between the rotating shaft and the housing. The dimensionless dependencies obtained allow
for consideration, during the design stage, of the reduction in retained pressure drop with shaft eccen-
tricity, taking into account the magnitude of the working gap, magnetic induction, and linear velocity.
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Influenta excentricititii arborelui motorului electric asupra performantei unui dispozitiv de etansare cu
fluid magnetic de mare viteza
Nesterov S.A., Baklanov V.D.

Universitatea de Stat de Inginerie Energetica din Ivanovo, numita dupa V.I. Lenin, Ivanovo, Federatia Rusa
Abstract. Scopul lucrarii este elaborarea recomandarilor cu privire la modul in care trebuie luate in considerare in
faza de proiectare si posibilitatea de a opera un etansant cu fluid magnetic cu o excentricitate semnificativa a
arborelui de rotatie in raport cu atasamentele stilpilor stationari. Acest obiectiv este atins prin cercetare
experimentald, selectarea ecuatiilor necesare, conditiilor la limita, ipotezelor si proprietitilor fizice ale fluidului
magnetic atunci cand se construieste un model matematic numeric al intervalului de lucru al sigilantului fluid
magnetic. Cele mai importante rezultate ale lucrarii sunt distributiile obtinute si analizate ale campului magnetic
si ale campului vitezelor si presiunii in fluidul magnetic, rezultatele evaluarii influentei dezalinierii absolute si
relative a arborelui de etansare a fluidului magnetic, fortele centrifuge aparute in timpul rotatiei arborelui pe
caderea de presiune retinutd de etansant. S-a demonstrat ca dispozitivul de etansare cu fluid magnetic isi pastreaza
eficienta si performanta chiar si la o excentricitate a arborelui rotativ de pana la 80% din spatiul de lucru. O scadere
semnificativa a caderii de presiune retinuta are loc la o excentricitate de pana la 40% din spatiul de lucru, iar cu o
crestere suplimentara a excentricitatii, rata de scadere a presiunii retinute incetineste. Semnificatia rezultatelor
consta in posibilitatea utilizarii modelului numeric prezentat, a rezultatelor experimentelor fizice si matematice in
dezvoltarea unui dispozitiv de etansare cu fluid magnetic care functioneaza cu o dezaliniere semnificativa a
arborelui rotativ si a carcasei. Dependentele adimensionale obtinute fac posibild in faza de proiectare sa se tina
cont de scaderea caderii de presiune retinuta cu excentricitatea arborelui, tindnd cont de dimensiunea spatiului de
lucru, inductia magnetica si viteza liniara.

Cuvinte-cheie: fluid magnetic, etansare fluidului magnetic, excentricitate, cadere de presiune, modelare numerica.
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BiiMsiHMe 3KCIIEHTPHCHTETA BaJia 3JeKTPOABHUIaTe/Is1 Ha pa00TOCIIOCOOHOCTh BHICOKOCKOPOCTHOIO
MAarHMTOKHIKOCTHOIO repMeTH3aTopa
Hecrtepos C.A., bakiaaunos B.JI.
OI'BOY BO MBanOBCcKHif rocyaapcTBEHHBIN SHEpreTHIecKnid yHuBepcuTeT nMenn B.U. JlennHa,
r. IBanoBo, Poccuiickas ®enepanus

Annomayus. Lensio paboThl sSBIIsIETCS BRIPA00TKA peKOMEH AN 10 CrIoco0y y4uéTa Ha 3Tare NpOeKTHPOBAHMS
U BO3MOXHOCTH 3KCILTyaTallud MarHUTOXKHUKOCTHOTO 'epMEeTH3aTOpa CO 3HAUUTEIbHBIM HKCIIEHTPUCUTETOM Bpa-
HIAOIIErocs Bajla OTHOCUTENIBHO HETIOIBUKHBIX MOJIFOCHBIX IPUCTAaBOK. [locTaBiaeHHas LeNb JOCTUTaeTCs 3a CYET
MPOBEAEHHOTO 3KCIEPHUMEHTAIBHOTO MCCIECAOBAHNUS, BEIOOpA HEOOXOOUMBIX YPaBHEHUS, TPAHMYHBIX yCIIOBHH,
JOMTYIICHAA ¥ (PU3MYECKUX CBOWCTB MAarHUTHOW JKUIKOCTH TP ITOCTPOSHUH YHCICHHOW MaTeMaTHYecKOH Mo-
Jen pabodvero 3a30pa MarHUTOXKHUAKOCTHOTO TepMeTn3aTopa. Hanbosee BasKkHBIMK pe3yabTaTaMu pabOTHI SBIIS-
I0TCS TTOJy4EHHbIC W TPOAHAIN3UPOBAHHbIE PACIIPEICICHISI MArHUTHOTO TOJISI M TTOJISI CKOPOCTEH M IaBJICHUS B
MarHUTHOH >KHUIKOCTH, PE3YIbTaThl OLICHKU BINSHHS a0COIIOTHONH M OTHOCHTEIIFHOI HECOOCHOCTH Bajla MarHH-
TOXHUJKOCTHOTO F€PMETH3aTOPa, IEHTPOOEKHBIX yCHIIHH, BO3HUKAIOIINX PH BPAILICHNH Bajla, HA YACPKUBACMbIH
repMeTH3aTopoM Iiepenaj AaBieHus. [loka3zaHo, YTO MarHUTOXHUIKOCTHBIA TepPMETHU3ATOP COXPAHSET CBOIO d(¢-
(heKTUBHOCTh M PabOTOCIIOCOOHOCTh JaKe MPHU IKCIICHTPUCUTETE Bpariaromierocs saga 10 80 % OT BEIUYUHBI
pabouero 3azopa. CylecCTBEHHOE CHIKCHUE YACPKHBAEMOT0 Tepernaia JaBIeHUs] IPOUCXOUT MIPU IKCIEHTPH-
cutete 10 40 % OT BeNMYMHBI pabouero 3a3opa, a Mpu JaTbHEUIIeM YBETUUSHUH IKCIEHTPUCUTETA TEMIT CHIDKE-
HUS YAEP)KHBAaEeMOro AaBieHus 3ameisiercs. [Ipu yBenndyenun sxkcuentpucurera 10 80 % ot pabovero 3a3opa
yAep)KuBaeMoe JaBJICHUE CHMXKaeTcs Ha 45 % Mo CpaBHEHMIO C COOCHBIM PAcIIOJIOKEHHEM Bajla U MOJIIOCHBIX
MPUCTaBOK. BhImomHeHne 3yOoB Ha BaTy Aa&T MPUPOCT YAEPKMBAEMOTO TIeperiaia JaBICHIUs IIPH JINHEHHOH CKo-
POCTH Ha TIOBEpXHOCTH Bana 25 m/c B cpenHeM Ha 30 % 1o cpaBHEHHMIO ¢ KOHCTPYKIHUEH MarHUTOXXHAKOCTHOTO
repMeTH3aTopa ¢ 3yOnamMH Ha HETIOBIDKHBIX MOJTIOCHBIX NMPHUCTABKAX. 3HAYMMOCTb PE3yJIbTaTOB COCTOHT B BO3-
MOXHOCTH HCIIOJIb30BAHUS TPUBEAEHHON YHCICHHONH MOJAENH, Pe3yIbTaToB (U3MIECKOTO U MAaTeMaTHIECKOTO
9KCIIEPUMEHTOB TIPH Pa3padOTKe MarHUTOXKUAKOCTHOTO TE€pMETH3aTOpa, pabOTaroOMEro co 3HAUNTEIHLHON Heco-
OCHOCTBIO Bpallarolierocs Bajia 1 kopmyca. IlonydenHsie 0e3pa3mMepHbIe 3aBUCHUMOCTH MO3BOJISIIOT Ha ATarie po-
eKTHUPOBAHUS y4ecTh YMEHBIICHHE YAEP KHBAaeMOro Iepenajia AaBJIeHUs MPU IKCICHTPHUCUTETE Bajna ¢ y4ETOM
BEJINUMHBI pad0overo 3a30pa, MarHUTHON MHAYKIMHU U JIMHEWHON CKOPOCTH.

Knrouesvie cnosa: MarHUTHAS JKUIKOCTh, MATHUTOXKUKOCTHBIA T€pMETH3aTOpP, KCLIEHTPUCHUTET, IIepenas AaB-
JICHHS, YUCIIEHHOE MOJICTTUPOBAHUE.

magnetic material, is attached to a ring permanent

INTRODUCTION magnet 2 magnetized in the axial direction.
Sealing rotating shafts, bearings, and other On each side of the permanent magnet, there
mechanical systems using magnetic fluid (MF),  are pole attachments three made of ferromagnetic
confined in the sealing gap by a magnetic field,is ~ material with surfaces facing the ferromagnetic
a successful and simultaneously promising tech- shaft 4, featuring teeth — concentrators of the
nical solution [1-4]. magnetic field. A gap filled with MF 5 is present

Magnetic fluids used in magnetic fluid seals  between the shaft and the pole attachments. The
are colloidal suspensions of magnetic nanoscale =~ MF in the gap is retained by the magnetic field
particles (e.g., magnetite — Fe203) with a diame-  generated by the permanent magnet.
ter of approximately 10 nm in a carrier fluid (e.g., The thickness of the gap with MF typically
synthetic oil or silicone fluid). Particles of such  ranges from 0.1 to 0.3 mm for small-diameter
sizes are in constant motion due to the thermal  shafts and up to 0.5 mm for shafts with a diameter

Brownian motion of the carrier fluid molecules, of 100 mm or more [9-12].

forming a stable colloidal solution. During pro- The physics of the process ensuring the seal-

duction, a surfactant (e.g., oleic acid) is intro-  ing of MF seals differs significantly from the

duced into the carrier fluid, covering the surface mechanisms observed in other types of seals.

of the magnetic particles, thereby protecting them In connection with this, there is an opinion that

from aggregation and settling of formed multi-  the application of MF seal is primarily limited to

particle magnetic aggregates under the influence  precision machinery.

of gravitational and magnetic forces. MFs with This limitation is justified by the specific prop-

nanoscale particles exhibit high stability and du- erties of MFs, the necessity of using high-energy

rability of the colloidal system, with a lifespan ex-  permanent magnets, and the relatively high preci-

ceeding 20 years [5-8]. sion required in the manufacture of MF seal,
Figure 1 illustrates the design of a typical MF  along with the costliness of high-dispersion mag-

Seal for a rotating shaft. Housing 1, made of non- netic fluids.
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This combination of factors is the reason why
MF Seals currently do not find widespread use in
electric machines.

1 — housing, 2 — ring permanent magnet, 3 — pole
attachments, 4 —shaft, 5 — magnetic fluid.

Fig. 1. Magnetic fluid seal of a typical design.

Despite the mentioned challenges, the evident
advantages of MF Seals, such as complete her-
meticity and low rotational resistance, contribute
to a growing interest in their application in de-
manding operational conditions. In these condi-
tions, they are often used in combination with
seals of traditional designs. MF seals has found
application in chemical, biochemical, and phar-
maceutical reactors, as well as in machines in the
petroleum refining industry, which frequently op-
erate under conditions involving uneven motion,
oscillations and/or vibrations, high temperatures,
and exposure to aggressive environments in the
form of vapors and aerosols.

A significant consideration in designing MF
seals for installation on general-purpose industrial
electric motors instead of traditional bearing co-
vers with labyrinth seals is the permissible eccen-
tricity, the displacement of the rotation axis of the
shaft relative to the axis of stationary pole attach-
ments, and the runout of the output end of the mo-
tor shaft.

In the overwhelming majority of publications
and studies, the magnetic system of MF seals is
considered as a set of concentric circles. Mentions
of eccentricity in publications are rare, not always
leading to its numerical specification, and even
less frequently being considered in mathematical
models [13-17].

Determining the critical pressure of MF seals
in dynamic conditions is significantly more com-
plex than in static conditions. This complexity
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arises because the MF in the working gap is sub-
ject not only to magnetic forces but also to flow
processes and centrifugal forces. The latter influ-
ences the position of the MF in the gap and alters
the retained pressure [18-23].

RESEARCH METHODS

The inability to accurately model the redistri-
bution of the magnetic field that occurs with the
eccentricity of MF seals in a two-dimensional or
axisymmetric setup necessitates the use of a
three-dimensional representation, despite the sig-
nificantly increased calculation time. Numerical
calculation of the hydrodynamic flow in the MF
seal gap, due to large gradients compared to the
magnetic field, requires a much finer mesh in the
computational domain. Therefore, the decision
was made to perform a three-dimensional calcu-
lation of the magnetic field redistribution at one
tooth pitch of the MF seal with shaft eccentricity.
Based on the obtained distribution of magnetic in-
duction, a calculation of the interacting magnetic
and hydrodynamic fields was carried out in a two-
dimensional setup. The computational domain
with the utilized boundary conditions is depicted
in Fig. 2 and consists of a stationary steel tooth
mounted on the housing (Fig. 2a) or located on
the shaft and rotating (Fig. 2b), both filled with
magnetic fluid in the working gap.

Bui housing
steel tooth MF
Tshaft
steel tooth
shaft B,
) Tshaft
a) b)

a — tooth on the pole; b — tooth on the shafft.

Fig. 2. Investigated area of the magnetic fluid
sealer.

Hydrodynamic calculation of laminar flow of
viscous incompressible liquid is carried out based
on the Navier-Stokes equation:

p[(;-v)\_z} —Vp+V(n(V;+(V\_/)TD+ZF(1)
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where v, p, p and 5 are, respectively, veloc-

ity, pressure, density, and dynamic viscosity of
the magnetic fluid; F is the sum of the volumetric
forces acting on the MF.

As assumptions in the calculation, it is consid-
ered that the viscosity of the MF is constant and
independent of the magnetic induction, shear rate,
and temperature.

The magnetic fluid is retained in the seal gap
due to an additional volumetric magnetic force:

F=p,MVH, (2)

where M is the magnetization of the FF; H isthe

magnetic field intensity, which establishes the

connection between the magnetic and hydrody-
namic fields in the calculation.

The gravitational force is significantly smaller
than the magnetic force and is not considered in
the calculation.

The calculation of the magnetic field is per-
formed using Maxwell's equations. The magnetic
properties of the tooth are defined by the magnet-
ization curve of steel 3.

The MF is in a state of saturation, and its rela-
tive magnetic permeability is assumed to be 1.

The magnetic field is specified through the
normal component of the magnetic induction vec-
tor at the boundaries, as shown in Fig. 2a.

Because of the combined calculation of the hy-
drodynamic and magnetic fields, distributions of
velocity and pressure fields in the working gap of
the MF seal are obtained. The pressure distribu-
tion inside the MF follows the Bernoulli equation:

2 H
pv—+p—u0JMdH:const .
0

> 3

To verify the results obtained through numer-
ical modeling and experimental investigation of
the influence of shaft eccentricity on the perfor-
mance of the MF seal, an experimental setup has
been developed, as shown in Fig. 2.

An asynchronous motor rotates the shaft of an
electromagnet. The motor's rotation frequency is
controlled by a frequency converter.

The MF seal is installed on the upper part of
the electromagnet. The stationary pole attachment
and the seal shaft form the working gap of the MF
seal, which is filled with MF.
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1 — connector Input/Output board, 2 — magnetic fluid
seal, 3 — pressure sensor, 4 — inlet valve, 5 — needle
faucet, 6 — exhaust valve, 7 — frequency inverter con-
trol panel, 8 — DC power supply, 9 — electromagnet,
10 - electric motor.

Fig. 3. Experimental bench.

The eccentricity of the working gap is defined
by the displacement of the MF seal housing rela-
tive to the shaft. The precision of their mutual po-
sitioning is monitored by three spring-loaded
probes set into the working gap with a 120-degree
displacement, as shown in Fig. 4.

1 — seal shaft, 2 — pole attachment, 3 — working gap,
4 — spring-loaded probes set.

Fig. 4. Positioning of the housing and shaft of the
magnetic fluid seal.

RESULTS

The results obtained from the numerical model
calculation of magnetic induction distribution,
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flow velocity, and pressure in the MF are depicted
in Fig. 4. In Fig. 4a, the magnetic field pattern is
shown with contour lines of equal induction, rep-
resenting the location of the free surface of the
MF plug when the shaft of the MF seal is station-
ary. The magnetic induction value on the shaft
surface varies from 0.81 T in the minimum gap
zone to 0.34 T in the inter-tooth space. Using a
known formula, it is possible to analytically cal-
culate the maximum pressure drop retained by the
seal when the shaft is stationary [2, 3, 4]

Ap=M (B

max

=40000(0.81—-0.34) =18,8 kPa.

-B

min) =

In Fig. 5b, the velocity field in the MF during
the rotation of the MF seal shaft is depicted. It can
be observed that under the tooth tip, in the region
of the minimum gap, the velocity gradient is max-
imized. When installing the MF seal on two-pole
alternating current electric motors with large-di-
ameter shafts (over 150 mm) and a rotational fre-
quency of 3000 or 3600 rpm, intense heat gener-
ation and significant heating of the MF occur due
to the high velocity gradient in this zone. An ef-
fective method to reduce viscous losses in the MF
is to increase the size of the working gap, leading
to a reduction in the shear rate of MF layers under
the tooth tip.

6)

The volumetric magnetic force acting on the
MF under the influence of the magnetic field cre-
ates magnetic pressure in the liquid, the distribu-
tion of which corresponds to the lines of equal in-
duction shown in Fig. 5a.

Figure 5c shows the pressure distribution in
the working gap of the MF seal at a linear veloc-
ity on the rotating shaft's surface equal to 25 m/s.
In this pressure distribution, besides the volumet-
ric magnetic force, centrifugal forces have a sig-
nificant impact, trying to detach the MF from the
shaft's surface. This leads to a decrease in the re-
tained pressure drop by the seal.

In high-speed MF seals units, to compensate
for the decrease in retained pressure due to cen-
trifugal forces, it is necessary to increase the mag-
nitude of the magnetic induction in the working
gap, thereby enhancing the magnetic force acting
on the MF.

The literature-recommended limit on the max-
imum induction in the MF seal gap of up to 0.8 T
is associated with a significant redistribution of
the magnetic phase within the liquid when the
shaft is stationary and the entrainment of mag-
netic particles into the area of the minimum gap.
This increases the initial moment of MF grab-
bing, which can be neglected in general-purpose
industrial motors.

v, P,
m/s kPa
20 20
15 15
10
10
5
> 0
0 -5

a — magnetic field, 6 — velocity field at v = 25 m/s, 6 — pressure distribution at v = 25 m/s.

Fig. 5. Results of numerical calculation of physical fields.

Figure 6 illustrates the variation in the retained
pressure drop with the increase in linear velocity
on the surface of the shaft for the design of the
MF seal with teeth and concentrators of the
magnetic field located on the engine shaft, as
shown in Fig. 2b.

The maximum induction value in the working
gap has been increased to 1.2 T. In this case, the
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magnetic field in the inter-tooth space has also
grown to a value of 0.53 T. The retained pressure
drop by the seal with a stationary shaft and no
eccentricity (curve 0) is 26.8 kPa.

In MF seals with teeth on the shaft, as the
rotation frequency increases, centrifugal forces
shift the boundary of the MF droplet along the
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tooth towards the region of maximum induction,
causing an increase in the retained pressure drop.

0 5 10 15 20 v, m/s

0 — eccentricity 0 mm (0 a.u.), I — 0.1 mm (0.2 a.u.),
2-02mm (0.4 au.), 3—0.3 mm (0.6 a.u.),
4—0.4mm (0.8 a.u.).

Fig. 6 Pressures from shaft speed.
Tooth on the shaft, gap 0.5 mm.

With eccentricity, the distribution of the
magnetic field in the MF seal gap changes. The
magnetic induction value increases in the area of
the minimum gap, while it decreases on the side
of the maximum gap. The retained pressure drop
by the MF seal is determined by the smaller
induction gradient observed in the region of the
maximum gap.

Lines 1-4 in Fig. 6 show the change in the
retained pressure drop of the MF seal with shaft
eccentricity. From the analysis of the
dependencies, it is evident that with eccentricity
up to 0.2 mm (40% of the working gap size), there
is a significant decrease in the retained pressure
drop. With further increases in eccentricity, the
rate of pressure drop reduction slows down,
which is associated with the nonlinearity of the

P,
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07 \\.\\\ﬁ\‘ 3 >
—
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0.5
\“\5
04
0 0.2 04 0.6
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/|
y

0.8 e, au.

magnetic properties of the steel tooth and its
saturation in the area of the minimum gap.

Solid lines in Fig. 6 represent the results of
experimental research, while dashed lines
represent the results of mathematical modeling. It
can be observed that there is good agreement
between the experiment and the model. However,
in a real MF seal, with the initiation of shaft
movement, the retained pressure drop initially
decreases. This is because the non-ideal geometry
of the MF seal tooth and the vibration from the
rotating shaft reduce the stability of the MF plug,
which is not considered in the model.

The dependencies in Fig. 7 illustrate the
variation in the retained pressure drop of the MF
seal with increasing relative eccentricity of the
shaft. As the eccentricity increases to 80% of the
gap, the retained pressure decreases by 45%
compared to the concentric arrangement of the
shaft and pole tips. However, despite such a
significant eccentricity, the seal maintains its
tightness even with a rotating shaft.

Comparing the dependencies in Fig. 7a and
Fig. 7b, it can be concluded that increasing the
magnitude of magnetic induction in the gap of the
MF seal does not affect the change in the relative
retained pressure drop with eccentricity.
However, it reduces the pressure variation with
increasing linear speed on the surface of the shaft,
enhancing the stability of the seal's
characteristics. At a linear speed on the shaft
surface of 25 m/s, having teeth on the shaft rather
than on the stationary pole tips increases the
retained pressure drop by 25% at an induction of
1.2 T and by 35% at an induction of 0.8 T, proving
to be an effective measure for retaining the MF
in the gap of high-speed MF seals.

P,
a.u. A
1.0 k\\
. 9\\ N
TR RN
0.7 2\,
06 3
0.5
5
0.4 0 0.2 04 0.6 0Kk e, au.
b)

a - induction 0.8 T, b - induction 1.2 T. Gap 0.5 mm. 1 -v = 0m/s, 2 - v = 10 m/s, tooth on the shaft,
3 -v =25 m/s, tooth on the shaft, 4 - v = 10 m/s, tooth on the pole, 5 - v = 25 m/s, tooth on the pole.

Fig. 7 Pressure from relative eccentricity.
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In Fig. 8, the reduction in retained pressure
drop with an increase in the relative eccentricity
of the shaft is shown for different values of the
working gap of the MF seal.

P’
a.u.
1.0
0.8 —
: 1
0.6 §m2
3
0.4
0.2
0 01 02 03 04 05 06e¢ au

1 —gap 0.1 mm, 2—0.3 mm, 3—-0.5 mm.

Fig. 8 Pressure from the relative eccentricity value
for different gap values.

When striving to maintain a minimal gap in
the seal at 0.1 mm and a shaft eccentricity of 60%
of the gap, which is 0.06 mm in absolute terms,
the retained pressure drop decreases by 23%
compared to a concentric arrangement of the shaft
and pole tips. If, during the design stage, the
initial working gap of the MF seal is increased to
0.3 mm, the relative eccentricity decreases to
20%, and the retained pressure drop by the seal
decreases by 12%, enhancing the stability and
predictability of the MF seal characteristics.

CONCLUSIONS

The conducted research and analysis of the
results have demonstrated that the MF seal
maintains its efficiency and performance even
with an eccentricity of the rotating shaft up to
80% of the working gap magnitude.

During the design stage of the MF seal, the
influence of shaft eccentricity can be accurately
considered based on dimensionless dependencies
obtained through numerical modeling, taking into
account the working gap magnitude, magnetic
induction, and linear velocity at the shaft surface.

In electric machines of general industrial
application, the starting torque of the rotor after
prolonged downtime is not critically important.
An effective method to compensate for the
decrease in retained pressure drop, considering
the evolving eccentricity and shaft vibrations
during bearing wear, is to increase the maximum
induction in the working gap of the seal.

With the increase in the diameter of the sealed
shaft, permissible deviations in the geometric
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dimensions of electric machine components and
the MF seal inevitably grow. Increasing the
working gap during the design stage allows for
reducing the relative eccentricity of the shaft and
enhancing the stability of MF seal characteristics
under the same actual misalignments. Achieving
the required magnetic induction value in the MF
seal gap is possible by utilizing modern high-
coercivity magnets.
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