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A B S T R A C T

Magnetorheological fluids can be used as a smart lubricant as a result of the fact that its properties can be
changed with the use of a magnetic field. Local flow resistance and local pressure can be generated by applying a
local magnetic field. This work presents a hydrostatic bearing in which the pressure profile of a conventional
hydrostatic bearing is recreated with solely the use of a magnetic field and a magnetorheological fluid. The
magnetic field is applied only locally at the outer edges of the bearing with the use of an electromagnet. The
principle is demonstrated with the use of an experimental setup and a model from literature.

1. Introduction

The bearing has made a lot of progress since its inception, and the
typical lifetime has increased considerably combined with a sig-
nificantly reduced friction [1,2]. Still the system is not perfect, and the
cost of energy losses due to friction and system failure for society are
still huge. In addition, the CO2 emissions due to friction are especially
important nowadays. Estimations show that in total about 23% (119 EJ)
of the world's total energy consumption is caused by tribological con-
tacts [3].

One way to improve bearings systems even further be may be with
the use of smart fluids. Examples exist that use the addition of magnetic
fields together with ferrofluids [4–7] and magnetorheological (MR)
fluids [8–17] to boost the performance. Other examples exist that use
the addition of electric field together with electrorheological (ER) fluids
to boost the performance [18–21].

The common property of these MR and ER lubricated bearings is
that the variable rheological properties of the lubricant add an extra
design variable to the system. This extra variable opens up a completely
new dimension of bearing configuration. Conventional bearing system
use local changes in the bearing surface geometry, so called local tex-
tures, to create a local change in flow resistance. Bearing systems using
MR fluids can create that local change by the application of local
magnetic fields, so called MR textures [22–26].

This research demonstrates the potential of this MR texturing by
demonstrating the similarities of a hydrostatic bearing using only
geometrical surface textures and a hydrostatic bearing using only MR
textures (Fig. 1). An experimental setup, a numerical and an analytical

model show the load capacity in function of the fluid film height. This
work furthermore shows the potential of the manipulation of the
magnetic field to facilitate active control of the bearing properties.

2. Method

Three different methods demonstrate the behaviour of a hydrostatic
bearing with MR texturing in this paper. Firstly, an experimental setup
is built that is able to measure the load capacity in function of the fluid
film height. Secondly, a numerical model is built that simulates the
behaviour of the experimental setup as closely as practically possible.
Lastly, an analytical model from literature simulates this same situation
in a more approximate but time efficient way. Fig. 1 presents the dif-
ferent geometrical parameters used throughout this research.

2.1. Syntheses of the fluid

The MR fluid used in the experiments consists of a mixture of a low
viscosity mineral oil (Shell Tellus S2 VX 15) with oleic acid (OA) and
fine iron particles (BASF Carbonyl Iron Powder HS,

= −d μm[1.8 2.3]part ). The OA has as function to put the particles easily
back into suspension. At rest the particles will slowly settle at the
bottom due to the large size of the particles [27]. OA makes this sedi-
ment soft and easy to mix again, the absence of OA makes the sediment
very hard and almost impossible to mix back into suspension. The
substances are mixed in a mass ratio of =φ kg kg0.720 /iron ,

=φ kg kg0.228 /oil , =φ kg kg0.0520 /OA into a total mixture of =m kg5.48t .
The mixture is stirred for 24 h, first by hand, later by using a
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mechanical mixer.
Constant mixing was present in the lubricant reservoir during the

experiments to minimize the sedimentation. Still some sedimentation
occurred. For this reason, a density measurement is performed during
the bearing measurements by taking samples =V ml0.1samp of lubricant
with a micropipette and measuring its weight. The density is measured
with a set of 20 measurements that lead to a mean density of

=ρ kg l1,94 /lub exp, with a standard deviation of kg l0,24 / . This density is
significantly lower than the expected density of =ρ kg l2,38 /lub ini, . From
these numbers it is assumed that the realised content of the iron is

=φ kg kg0.63 /iron exp, or =δ l l0.15 /iron exp, .

2.2. Material properties

Table 1 presents the susceptibility and saturation magnetization of
different carbonyl iron (CI) particles found in literature. The work of
[28] presents the material properties of the same CI particles as used in
this research The particles have a magnetic permeability of

= − ≈μ χ1 3.5i and an assumed saturation magnetization of
=M kA m1600 /s CI, . The Maxwell-Garnett relation given in (EQ (1)) de-

scribes the effective permeability of the MR fluid [29]. The saturation
magnetization scales with the volumetric particle concentration of the
fluid which results in a saturation magnetizing of =M 240kA/m s or

=B 0.3T(EQ2)s [30–34].

=
− + +

− + +
=μ

δ μ μ
δ μ μ

2 ( 1) 2
(1 ) 2

1.22eff
iron exp i i

iron exp i i

,

, (1)

= =M δ M kA m240 /s iron exp s CI, , (2)

A Bingham plastic fluid model (EQ (3)) approximates the viscous
behaviour of the MR fluid [39]. Here both the yield stress and the
viscosity are a function of the magnetic field intensity. The drawback of
this model is that it gives some difficulties during numerical simulation
as a result of the non-zero yield stress at zero shear rate. Using the
Bingham-Papanastasiou model (EQ (4)) solves this since that approx-
imates the behaviour of the yield stress by generating a very high
viscosity at low shear rates [40,41]. A regularization parameter m is
chosen such that he the Bingham-Papanastasiou model follows the
Bingham plastic model down to a shear rate of = −γ s˙ 1 1. Shear rates
lower than = −γ s˙ 1 1 are assumed to be of negligible influence to the
solution. Fig. 2 presents the Bingham plastic model and the Bingham-
Papanastasiou model for a yield stress present at M2 of Table 2 in
function of a range of relevant shear rates. A regularization parameter
of =m 10 is chosen such that the Bingham-Papanastasiou model closely
follows the Bingham plastic model down to a shear rate of = −γ s˙ 1 1.

= +η η
τ
γ̇
y

0 (3)

= + − −( )η η
τ
γ

e
˙

1y m γ
0

˙

(4)

There are different methods to measure the properties of yield stress
fluids [42,43]. In this research, a commercial cone-plate viscometer
(Anton Paar MCR302) measures the viscous behaviour of the fluid. The
viscous behaviour as a function of shear rate and magnetic field is
measured. The shear rate is measured in a range from = −γ s˙ 0.1low mes,

1

to = −γ s˙ 100high mes,
1. The magnetic field is measured in a range from

Fig. 1. A set of magnets mimics a geometrical surface structure Only the outer
rim has a magnetic field such that the fluid experiences only resistance at the
outer rim of the bearing resulting in a declining pressure there.

Table 1
Susceptibility and saturation magnetization of CI particles.

d μm[ ]part χ M kA m[ / ]s CI, Source

1 ±20.46 0.19 1700 [35]
2 5 1600 [36]
2 2.53 n.a. [28]

−2.8 3.5 4.76 1500 [37]
1 5 1700 [38]

Fig. 2. Comparison between the Bingham plastic fluid model and the Bingham-
Papanastasiou model used in the numerical computation.

Table 2
Measurement specific parameter values.

Parameter Symbol Value M0 Value M1 Value M2 Unit

Current I 0 1 2 A
Pressure ps ×4 105 ×4 105 ×3 105 Pa
Average yield stress, τyield avg, 0 160 450 Pa
Viscosity η 0.073 1 3 Pa s
Number of measurement sets Nsets 7 9 5 −
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=B mT0low mes, to =B mT645high mes, . The measurement is done six times
for each combination of shear rate and magnetic field. The shear rate
range is relatively low due to high thermal dissipation in combination
with a high magnetic field strength; the cooling system was not able to
cool the fluid properly causing inaccurate results. The magnetic field
was measured up to the saturation point of the fluid [44]; the yield
stress did not increase further from this point. A fluid sample is taken
from the fluid reservoir of the experimental setup during the mea-
surement of the load curve. This made sure that the same fluid prop-
erties are measured as present during the load curve measurement.

The Bingham model defines the fluid behaviour in the numerical
modelling of the bearing behaviour [34]. The parameters of the
Bingham model are fitted to the data measured with the rheometer
[45]. This leads to one specific yield stress and one specific viscosity for
every measured flux density. The functions presented in (EQ (5)) and
(EQ (6)) are fitted to the different yield stresses and viscosities such that
the complete rheological behaviour is turned into an analytical relation
in function of the magnetic field and the shear rate [46]. See Table 3 for
the explanation of the different parameters.

= + − −∞ ∞
− −( )τ τ τ τ e e2( ) 0.5y y y y

α B α B
0

2sτy sτy (5)

= + − −∞ ∞
− −( )η η η η e e2( ) 0.5y

α B α B
0

2sη sη (6)

Fig. 3 presents three shear stress vs shear rate measurements per-
formed on the fluid. The points present the different measurements and

the solid line presents the resulting fit of that measurement. Fig. 4
presents the fit values of all the viscosity measurements done.

2.3. Experimental setup

The drawing presented in Fig. 5 presents the experimental setup
that mimics the behaviour of the mechanical texturing of Fig. 1. The
setup consists of two planar disk-shaped bearing surfaces in which a
lubricant enters at the center of the bottom surface and leaves at the
edge of the surfaces. Two concentric coils under the bearing surface
control the magnetic field strength in the bearing gap. A centrifugal
pump (SKF FLM12-2000) pressurizes the fluid to a pressure of

=p bar5p . A pressure relief valve (SKF WVN200-10E6) supplies the
lubricant at a constant pressure to the system (Fig. 7). The bearing
obtains its normal stiffness from a linear restrictor (SKF VD1-105)

Table 3
General parameter values of the experimental setup.

Parameter Symbol Value Unit

Bearing radius rb 0.02 m
Inner cavity r0 0.0025 m
Length of land rΔ 0.01 m
Restrictor Rs ×8.3 1011 Pas m/ ˆ3
Saturated yield stress ∞τy 3355 Pa
Starting yield stress τy0 10 Pa
Saturation speed αsτy 0.0056 −T 1

Saturated viscosity ∞η 10 Pas
Starting viscosity η0 0.073 Pas
Saturation speed αsη 0.01 −T 1

Fig. 3. Three viscosity measurement for different magnetic fields.

Fig. 4. Yield stress and viscosity values fitted to the viscosity measurements and
used in the Bingham model. The confidence interval of the fit is 90%.

Fig. 5. Schematic of the cross section of the experimental bearing setup.

Fig. 6. Picture of the experimental setup.

S.G.E. Lampaert and R.A.J. van Ostayen Current Applied Physics 19 (2019) 1441–1448

1443



which has a restrictor value of = ×R Pas m8,3 10 / ˆ3s
11 for the lubricant

viscosity when no magnetic field is applied. A cylindrical diaphragm
flexure suspends the upper bearing surface such that it can move up and
down. The flexure is relatively compliant in the tilting direction of the
bearing such that it allows self-aligning of the bearing surfaces. The out
of plane stiffness of the flexure is much lower than the stiffness of the
bearing such that it does not influence the measurements. The upper
bearing surface accommodates a FUTEK LLB400-500lb-FSH03891
button-type force sensor. A precise positioning stage pushes against the
force sensor from the top such that all applied force flows through the
force sensor. A stepper motor controls the stage using a recirculating
ball screw to convert the rotational motion onto a translational motion.
The optoNCDT1402 laser sensor from Micro-Epsilon measures the
height of the bearing gap. The sensor measures the distance between
the moving part of the stage and the side rim of the bearing housing
(Fig. 6). The stiffness of the force sensor and the construction is much
larger than the stiffness of the bearing, so only the stiffness of the
bearing is measured. A basic feedback algorithm makes sure that the
bearing gap stays at a constant value. The complete system is able to
position with a precision of μm1 and measure the force with a precision
of N1 . Production of the bearing surfaces with a lathe guarantees the
smoothness while finishing by polishing guarantees a low surface
roughness. The roughness and flatness of the surface are measured with
a Bruker ContourGT-K.

The two coils produce a magnetic field in opposite direction such
that there is large field at the sides of the bearing and no field in the
middle of the bearing. The ratio between the two coils is derived for the
situation that there is no magnetic fluid present in the baring gap.
Adding a magnetic fluid in the bearing causes the field distribution to
change slightly due to the magnetic properties of the fluid. The nu-
merical model takes these effects into account. This makes it possible to
validate the shape of the magnetic field by using a Goudsmit HGM09
Gaussmeter. The minimum measured magnetic field intensity in the
centre and the maximum field intensity at the sides validate the mag-
netic field intensity of the numerical model.

The experimental procedure consists of three series of measure-
ments. Table 2 presents the measurement specific parameter values and
Table 3 presents the general parameter values of the setup. A mea-
surement series consists of multiple measurements sets. One measure-
ment set consists of one sweep of load capacities measured from high
fly height to complete contact between the bearing faces. The first series
with a current of =I A00 functions to calibrate and validate the ex-
perimental setup. The other two sets function as experimental results of
the load characteristic of the hydrostatic bearing with an activated the
MR fluid.

2.4. Analytical model

Another paper related to this work and presented in Ref. [25] dis-
cusses the analytical model used in the paper extensively. This paper
only repeats the important steps in the method. The derivation of the
analytical model start from the potential divider of Fig. 8 that makes
sure that the bearing systems has stiffness. The linear inlet restrictor Rs
and bearing film resistance Rl together define the pressure entering the
recess pr as described by (EQ (7)). The recess pressure finally defines
the load capacity of the bearing. The load carrying capacity is calcu-
lated for two situations, without and with magnetic field (EQ (7)). is
valid for both situations. Figs. 1 and 8, Tables 2 and 3 presents the
explanations of the different parameters used.

=
+

p R
R R

pr
l

l s
s (7)

Without the magnetic field, the MR lubricant exhibits no yield stress
and thus behaves as a Newtonian fluid. The resistance of a circular
hydrostatic bearing as given by (EQ (8)) can reasonable describe the
resistance in that situation [47,48].

=
( )

R
η

πh

6 ln
l

r
r

3

b
0

(8)

Substituting (EQ (8)) into (EQ (7)) gives the recess pressure. This
result together with the relation given by (EQ (9)) describes the load
capacity [47,48].

=
+ −

= +( )
F π r Δr r

p
2

( /2)

ln
b τ

b
r Δr

r

r, 0

2
0
2

( / 2)y b
0 (9)

Subjecting the MR lubricant to a magnetic field results in a yield
stress for the fluid, and thus the fluid behaves as a Bingham plastic
fluid. Solving the set of relations presented in (EQ (10)), (EQ (11)) and
(EQ (12)) for either Rn or pb results in an analytical expression for the
pressure coming out of the restrictor. These relations are taken from the
related work presented in Ref. [25]. These relations practically include
the effect of having a plug in the middle of the flow caused by the yield
stress of the fluid. Relation (EQ (11)) uses the assumption of modelling
the resistance of the bearing by a slit with a length of rΔ at a radial
distance of rb. The contribution of the resistance of the inner section
(recess) where there is negligible magnetic field is neglected.

R
R R⎜ ⎟= ⎛

⎝
+ − + ⎞

⎠∞
p

τ
h

Δr R
R

2
1

2
(2 3 )s

y

n

s
n n

3

(10)

= =∞R
ηΔr

Lh
ηΔr

πr h
12 12

b
3 3 (11)

R =
τ
h

Δr
p

2
n

y

r (12)

The pressure consequently goes down from the point −r Δr/2b till
the edge of the bearing defined by +r Δr/2b . The leads to the following
relation for the load capacity:

Fig. 7. Hydraulic system used in the experimental setup.

Fig. 8. The pressure in the recess pr is defined by a potential divider of the
restrictor resistance Rs and the land resistance Rl.
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2.5. Numerical model

The numerical model package COMSOL Multiphysics 5.3a is used to
develop a finite element model of the bearing system. This work again
follows the same procedure as presented in the related work [25]. The
axisymmetric design of the setup facilitates an axisymmetric numerical
model. The first step in the modelling is calculating the magnetic field
followed by a flow calculation. Section 2.2 presents the specifications of
the magnetic properties and the method of validating the field. This
magnetic field functions as an input for the flow calculation since it
defines the yield stress of the material. A Stokes flow models the flow of
the fluid. The walls of the channel have a zero slip boundary condition.
An input pressure in function of the flow that flows through the bearing
defines the behaviour of the linear restrictor as presented in (EQ (14)).

= −p p Q Rr in out s (14)

A zero pressure condition defines the output of the flow at the
outside rim of the bearing surfaces. Section 2.2 presents the properties
of the fluid used in the model. The free triangular mesh is very small at
the walls in order to account for the high shear gradient expected at the
walls due the expected large size of the plug. The maximum size of the
element near the walls scale such that enough elements are present to
model the behaviour of the fluid. In addition, the use of P3+P2 ele-
ments (third order velocity and second order pressure) increases the
form freedom of the elements near the walls. A nonlinear solver ac-
commodates for the nonlinear behaviour of the fluid. Numerical itera-
tions both for the magnetic field and for the flow field are continued
until a relative tolerance of − 10 4 on the residual is reached. The mod-
elling results consists of three series. Table 2 presents the measurement
specific parameter values and Table 3 presents the general parameter
values of the setup. Computations are done on an Intel Xeon CPU E5-
1620 V3 @ 3.50 GHz with 32 GB of Ram.

3. Results

Fig. 9 presents the magnetic field distribution over the radius of the
bearing in the presence of a magnetic fluid. The distribution has a
minimum in the centre of the bearing and a maximum at the outer
radius of the bearing. Table 4 presents the measurements with the
Teslameter on the experimental setup without a magnetic fluid present.
Again, a minimum is present in the centre and a maximum is present at

the outer radius. The minima and maxima present in the measurement
compare well with those in the numerical model, and this validates the
magnetic field used in the numerical model.

Fig. 9 also presents the yield stress distribution over the radius of
the bearing film for the two different field intensities investigated while
there is a magnetic field present in-between the two bearing faces.
Fig. 10 presents the flow of the flux in the system. Note that within the
bearing gap, the flux flows radially, either inwards or outwards. The
realised shape of the magnetic field resembles the mechanical equiva-
lent of Fig. 1.

Fig. 11 presents the first measurement series in the absence of a
magnetic field. The graph shows both the raw measurements, the pre-
dicted analytical model and the fitted model. The measurements and
the predicted analytical model show an offset in force. A correction
factor of =f 0.9fit force, has been applied in the fitted model, demon-
strating the accurate trend of the predicted model. This shows that the
model is about 10% off. The other measurements do not make use of
this fitting factor.

Fig. 13 and Fig. 14 present respectively the results of measurement

Fig. 9. Magnetic field without a magnetic fluid present in the bearing gap. The
solid line presents the magnetic field at a fly height of =h mm0.1 and the
dashed line presents the corresponding yield stress.

Table 4
Magnetic flux density measured on the experimental setup without a magnetic
fluid present.

Current Measured flux density centre Measured flux density side

=I A11 =B mT3cent,1 =B mT57side,1
=I A22 =B mT7cent,2 =B mT132side,2

Fig. 10. Plot of the magnetic field produced in the system. The arrows have a
normalized size.

Fig. 11. Load capacity of the bearing in the absence of a magnetic field. The
graph shows both the measurements, the predicted model and the fitted model.
The boxplots presents the measured data.
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condition M1 and M2 presented in Table 2. The different boxplots
present the different performed measurements. The solid line presents
the analytical model and the line with circles presents the results from
the numerical model. Fig. 12 presents the three analytical models

discusses in this paper for a wider range of film heights and a constant
pressure source, all other parameter values are the same as elsewhere in
this paper. Fig. 15 and Fig. 16 presents the pressure distribution in
between the bearing surfaces the situation of =I A11 and =I A2  2 for
respectively a film height of =h 0.2mm and =h 0.1mm. Note that the
difference between the two situations presented in Fig. 15 is only small
due to the difference in source pressure.

4. Discussion

The discussion of this paper first discusses the individual measure-
ments done in this research. It does this by interpreting the individual
measurements, analysing the validity and possible relating them to
other work. The discussion ends with a general discussion the simila-
rities of a hydrostatic bearing using only geometrical surface textures
and a hydrostatic bearing using only MR textures.

The viscous model presented in Fig. 3seems to overestimate the
viscous behaviour of the fluid at lower shear rates ( <γ̇ 100). This in-
troduces some error when the flow rates are small resulting in model-
ling a more viscous fluid than actually is the case. The spread in the
viscous behaviour presented in Fig. 4 shows to be very large at high
magnetic flux densities. This has no significant effects on the results of
the numerical model since the maximum field strength present in the
fluid stays well under the T0,2 as can be seen from Fig. 9. Fig. 9

Fig. 12. Load capacity generated with the parameters used in the different
graphs.

Fig. 13. Load capacity of the bearing in situation M1.

Fig. 14. Load capacity of the bearing in situation M2.

Fig. 15. Pressure distribution in the bearing film over the radius of the bearing
for a film height of =h mm0.1 .

Fig. 16. Pressure distribution in the bearing film over the radius of the bearing
for a film height of =h mm0.2 .
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furthermore shows that there is no proportional relation between the
yield stress of the fluid and the flux density present. Most of the yield
stress is present at the sides of the bearing.

The properties measured with the cone-plate rheometer only mea-
sures the fluid properties in the direction tangent to the shear rate and
tangent to the speed of the flow. Research showed that the rheological
properties are lower in the other two orthogonal direction [49–55].
Applying a magnetic field to an MR fluid causes pillars of magnetic
particles to form in the fluid aligning with the magnetic field [56,57].
The work of [51,52] demonstrates that the yield stress can differ as
much as a factor 5 in different directions due to this effect. Fig. 10
shows that most of the field is perpendicular to the bearings surfaces
but some part of the field (that is near the peak of the field) is parallel to
the bearing surfaces. This results in the situation that the resulting yield
strength and viscosity near that peak are in reality lower than assumed
in the numerical and analytical model. Since the magnetic field in this
research is relatively uniform, the effect of the anisotropic behaviour is
relatively small. The effect can be large in other systems that do not
have a uniform magnetic field; there the anisotropy should be included
into the calculations to have accurate representation of the system.

The data presented in Fig. 11 shows a slight offset of 10% between
the measured load capacity and the modelled load capacity. This in-
accuracy is probably due to some inaccuracies in the experimental
setup. Some possible inaccuracies are for example the value of the
linear restrictor, the flatness and parallelism of the bearing faces and
the hysteresis of the pressure control valve. The magnitude of this error
demonstrates that the setup in itself is working properly.

The data presented in Figs. 13 and 14 show a good accordance at
higher fly heights. Both the analytical model and the numerical model
are well within the inaccuracy of the measurements. The difference
between the numerical model and analytical model is larger for a
current of =I A22 than for a current of =I A11 . Fig. 16 presents a reason
for this difference by presenting the pressure distribution of the radius
of the bearing for the film height of =h mm0.2 . The graph shows that
pressure distributions calculated numerically and analytically show
more difference in the situation of =I A22 than in the situation
of =I A11 . This leads to a larger difference in load in the situation of

=I A22 than in the situation of =I A11 .
The pressure distributions presented in Figs. 15 and 16 show a clear

decline in pressure at the locations where the field intensity is high. Still
a small decline in pressure is visible where the field strength is small
which means that the viscosity in the absence of a magnetic field still
causes a significant resistance. These losses are not taken into account
in the analytical model, which is the main reason of the differences
between the analytical and numerical model. The losses in the absence
of a magnetic field can be included in the analytical model but then the
big advantage of a simple insightful model is lost.

Offsets between the analytical models, the numerical models and
the experimental measurements are large at lower fluid film heights.
This indicates that some inaccuracies are present in the pressure dis-
tribution over the radius of the bearing. An error in the resistance of the
bearing itself is not likely since the resistance does not significantly
influence the load capacity at low fly heights. Fig. 15 shows that the
pressure distribution assumed in the analytical model is a less good fit
to the numerical calculated pressure distribution when compared to the
data presented in Fig. 16. The difference between the calculations and
the measurements is probably due to the assumption of the Bingham
plastic material model. Fig. 3shows that the difference of the assumed
fluid model and the measured fluid model is larger for relatively low
shear rates compared to the measured values. The shear rates become
lower for lower fluid film heights since both the fluid speed and film
height decreases. This causes an error in the yield stress in that situa-
tion. This error is larger at the sides of the bearing than in the centre of
the bearing since the plug is larger at the sides due to the lower speed
there. This results in the situation that the effect of an overestimated
yield stress is especially significant at the sides of the bearing. This

means that the pressure should decline faster in radial direction than is
currently assumed. A faster declining pressure eventually results in a
lower load capacity. This situation might be resolved by using the
Herschel-Bulkley model.

Fig. 12 shows the recess pressure calculated with the analytical
model for a wider range of fluid film height and the same pressure
source. These lines show the effect of applying a magnetic field to the
system at a larger scale.

The analytical model is a good addition in the analyses of hydro-
static bearings lubricated with MR fluids. The model might be less ac-
curate compared to the numerical model, but it way less computational
demanding. The total computation time of the numerical model is 5.5 h
while the total computation time of all other calculations for this re-
search only took a few seconds. This makes is possible to check quickly
the effect of certain parameters and the simplicity of the model facil-
itates the development of some insight into the effects of certain
parameters.

In general, the research stated that a hydrostatic bearing with MR
structure mimics the behaviour of a hydrostatic bearing with geome-
trical surface textures. The experimental setup present in this research
has only two flat bearing surfaces, a resistance at the outer sides of the
bearing surfaces is created by using a MR fluid and applying a magnetic
field at the outer locations of the bearing. Figs. 16 and 15 show pressure
distributions that are similar to the one found in conventional hydro-
static bearings with geometrical surface textures. The behaviour is si-
milar but not the same since the resistance of a MR structure scales
different with the fluid film height and applied pressure compared to a
geometrical surface texture as can be seen from Fig. 12.

The magnetic field effects the flow in a similar way as does the
geometry of the bearing. This means that for a computation, the shape
of the magnetic field should be treated the same as the shape of the
geometry of the bearing. This means that both the geometry and the
shape of the magnetic field function as inputs of the flow modelling in
the bearing.

Interesting to note is that the theory presented in this research is
also applicable to hydrostatic bearings lubricated with a Bingham
plastic lubricant. A hydrostatic bearing configuration using a geome-
trical texture as a resistance at the sides of the bearing faces shall show
a similar bearing stiffness as the one presented here.

5. Conclusions

This research presents the load characteristic of a hydrostatic
bearing using MR structures by means of an experimental setup, a nu-
merical model and an analytical model. The research demonstrates that
a local magnet together with a magnetorheological fluid generates si-
milar effects as a local decrease in fluid film height. Similar but not
identical since the resistance scales different compared to a change in
fluid film height and applied pressure.

The three different models give characteristics that are in the same
order of magnitude which means that they are useful in the design of a
hydrostatic bearing lubricated with magnetorheological fluids. The
analytical model is the coarsest but has as advantage that it is very
quick to calculate. The numerical model is more precise but suffer from
the fact that the computation is very demanding. The main reason for
the inaccuracy of the analytical model are the coarse assumptions. The
inaccuracy of the computation model is the result of an inaccurate
material model. Furthermore, interesting to note is that the theory is
also applicable for any other lubricant that behaves as a Bingham
plastic.
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