Forschung im Ingenieurwesen (2025)89:26
https://doi.org/10.1007/s10010-025-00813-2

ORIGINALARBEITEN/ORIGINALS

®

Check for
updates

Geometric design of axial piston machine slipper-bearings made of
high-performance plastics

Felix Schlegel' @ - Katharina Schmitz’

Received: 13 September 2024 / Accepted: 12 February 2025
© The Author(s) 2025

Abstract

Oil hydraulic drivetrains are crucial in several industrial applications due to their high power density and dynamics, making
them irreplaceable by electric drives. These systems consist of pumps that convert mechanical power into hydraulic power
through pressure and volume flow, with axial piston machines being the most commonly used type. The performance
and longevity of these pumps are largely determined by their tribological contacts, particularly the slipper-swashplate
contact, which typically consists of a hard-soft material pairing of non-ferrous metal and hardened steel. Copper alloys are
usually used, which are often alloyed with 0.1 to 23 % lead to improve malleability, corrosion resistance and emergency
running properties. However, lead toxicity and copper’s role in accelerating oil aging raise environmental and cost concerns.
This study explores the potential of replacing conventional brass slippers with tribologically optimized high-performance
plastics. With an FEM-based geometry study several slipper design features are analyzed and their potential for wear
reduction are discussed. The focus is on the design of the slipper socket and the attachment of a plastic running surface as
well as its influence on the deformation of the running surface. In this context, both conventional non-ferrous metal and
plastic slippers are investigated.

Geometrische Konstruktion von Hochleistungskunststoff-Gleitschuhen fiir Axialkolbenmaschinen

Zusammenfassung

Olhydraulische Antriebsstriinge sind aufgrund ihrer hohen Leistungsdichte und Dynamik in zahlreichen industriellen An-
wendungen von entscheidender Bedeutung und werden in naher Zukunft durch elektrische Antriebe nicht zu ersetzen
sein. In diesen Systemen wandeln Pumpen mechanische Leistung durch Druck und Volumenstrom in hydraulische Leis-
tung. Der am hiufigsten genutzte Pumpentyp ist dabei die Axialkolbenmaschine. Die Leistung und Langlebigkeit dieser
Pumpen wird weitgehend durch ihre tribologischen Kontakte bestimmt, insbesondere durch den Kontakt zwischen Gleit-
schuh und Schrigscheibe, der in der Regel aus einer Hart-Weich-Materialpaarung aus Buntmetall und gehirtetem Stahl
besteht. Ublicherweise kommen dabei Kupferlegierungen zum Einsatz, die oft mit 0,1 bis 23 % Blei legiert werden, um die
Formbarkeit, Korrosionsbestindigkeit und die Notlaufeigenschaften zu verbessern. Die Toxizitit von Blei und die Rolle
von Kupfer bei der Beschleunigung der Olalterung werfen jedoch Umwelt- und Kostenprobleme auf. In dieser Studie
wird diskutiert, ob tribologisch optimierte Hochleistungskunststoffe ein Ersatz fiir Buntmetall im Gleitschuh-schrigscheibe
Kontakt sein konnten. Anhand einer FEM-basierten Geometriestudie werden verschiedene Designmerkmale von Gleit-
schuhen analysiert und deren Potenzial zur Verschleiireduzierung diskutiert. Der Fokus liegt dabei auf der Gestaltung des
Gleitschuhsockels und der Anbringung einer Kunststofflauffliche sowie deren Einfluss auf die Verformung der Lauffldche.
In diesem Zusammenhang werden sowohl konventionelle Buntmetall- als auch Kunststoffgleitschuhe untersucht.
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1 Introduction

Hydraulic drive systems are widely used in technical ap-
plications like aviation, industry, mobile machinery and
robotics to meet demands for power density, damping, and
dynamics [1]. These systems convert mechanical energy
into hydraulic energy for efficient power transmission,
movement conversion, and generation of comparatively
high forces or torques. Typically, an electric motor or
combustion engine powers a pump, converting mechanical
energy into hydraulic energy, which is then reconverted
into mechanical power via a hydraulic motor or cylinder.
The type of hydraulic machine most used in industry and
research is the axial piston machine (AKM), which can be
used both as a pump and as a motor [2]. The tribological
contacts of such a machine are usually made from hard-
soft material pairings consisting of hardened steel and non-
ferrous metals. Due to environmental concerns, including
toxic alloy additives and oil aging, alternative materials
such as high-performance plastics are being explored, de-
spite challenges in their wear properties. In this context, this
paper uses a FEM study to investigate how the geometric
design of the slipper-swashplate bearing affects its defor-
mation. As this deformation determines the lubrication gap
shape, it directly influences wear due to the gap height-
dependent contact pressure distribution. After a comparison
of conventional materials with high-performance plastics
in Sect. 1.2, design adaptations that may enable the use of
polymers are identified. In the second section, the structure
of a Finite-Element-Method (FEM) model is introduced,
with the help of which various geometric features are
analyzed in the third section.

Fig. 1 Structure of an axial tribological interfaces

piston machine

1.1 Slipper-bearings in axial piston machines

Axial piston machines use the displacement of a cyclical
piston movement to convey a volume flow. A basic distinc-
tion is made between three designs: swashplate-, bent-axis-
and wobble-plate type machine [1]. The focus of this pub-
lication is on the swashplate type, whose functionality is
discussed based on its structure shown in Fig. 1 afterwards.

In pump operation, the drive shaft rotates a cylinder
block containing multiple pistons. Due to this motion, an
angled swash plate forces the pistons into an oscillating
movement. A valve plate regulates fluid flow. During the
suction stroke, the valve plate connects the piston chambers
to the suction line (low pressure LP), causing the extending
pistons to draw in fluid. In the delivery stroke, the chambers
are connected to the delivery line (high pressure HP), and
the retracting pistons push out fluid. High axial forces on
the pistons caused by inertia and pressure, are supported
by slippers on the swashplate. These slippers are connected
to the pistons by ball joints, to ideally follow the swash-
plate without macroscopic tilting. Nevertheless, those ball
joints enable a multi-axis microscopic tilting of the slippers,
which enables the formation of a convergent lubrication gap
and thus the build-up of a hydrodynamic force. In motor op-
eration the machine works the other way round: pressurized
oil pushes the pistons, driving the shaft. The pump’s lifetime
and efficiency are determined by three key tribological con-
tacts: the slipper-swashplate, the cylinder block-valve plate,
and the piston-bushing contact. This paper focuses on the
slipper-swashplate contact, which itself consists of three tri-
bological interfaces, that are highlighted in Fig. 1: 1% the
running surface-swashplate, 2" the slipper-retainer and 3%
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the ball joint contact. The running surface-swashplate and
the ball joint contact are hydrostatically relieved due to the
high normal loads, illustrated in Fig. 1 on the left. A de-
fined leakage flow is diverted from the machine’s volume
flow and is fed in the tribological contacts via a throttle,
reducing the remaining normal load. The design of the so-
called compensated slipper area, which forms the sealing
gap, allows for setting a defined relief force. The degree
of load reduction is referred to as the degree of hydrostatic
relief which is usually 92-105 % for the running surface-
swashplate [2, 3] and approx. 50 % for the ball joint contact
[3]. The course of the remaining normal force is shown in
Fig. 2 based on the author’s calculations from [4]. Here,
a positive force points from the slipper to the swashplate.
A detailed analytical description of this force and a study
on the influence of operating conditions and pump design
parameters can also be found in [4].

As shown in Fig. 2, the load on the slipper alternates
between a high and a low-pressure level every 180° of ro-
tation, creating a cyclic load with a frequency twice the ma-
chine speed, which can lead to fatigue damage. The highest
tribological load occurs during the high-pressure phase at
the reversal points. Hydrodynamics and hydrostatic relief
can reduce this force, but excessive reduction may cause
the normal force on the slipper to become negative, lifting
it off the swash plate. On the one hand, this leads to a loss
of the sealing function, increasing leakage and on the other
hand, macroscopic slipper tilting can occur, causing severe
wear. To prevent this, axial piston machines usually con-
tain a retainer, either limiting lift-off height (fixed clear-
ance retainer) or applying additional force that increases
with stroke (positive force retainer) [2]. During lift-off the
ball joint is exposed to tensile stress due to the retainer’s
counterforce. This can cause ball cup breakage or expan-
sion, leading to axial play, that enables an impacting load
in the joint, potentially causing fatigue-induced failure [5].
Below, fatigue is not considered further, as the mapping of
cyclic loads would require a dynamic EHL simulation and
fatigue occurs mainly in the joint and not on the running
surface, which is the focus of the analysis.

1.2 Materials for slipper-bearings

The slipper-swashplate contact is typically made of self-
adjusting hard-soft material combinations, such as non-fer-
rous metals and hardened steel, to enable run-in, the stor-
age of hard particles and the reduction of adhesion risk due
to differing lattice structures. Common materials are usu-
ally copper-based alloys like brass, bronze, and gunmetal,
often alloyed with lead to improve formability, machin-
ability, corrosion resistance, and emergency self-lubrication
[6]. A typical conventional lead containing copper alloy for
slippers is CuZn40A12Mn2Si with the brand name Aeterna

3838. However, due to lead’s toxicity and copper’s ten-
dency to oxidize and catalyze oil degradation, research is
focusing on alternatives. There are several approaches for
meeting those disadvantages. Holzer et al. [7] and Ivantysyn
[8] explored the characteristics of lead-free copper alloys
like CuZn36Mn3AlsSilSn and CuZn28Al4Ni3SilMn al-
though this does not eliminate the downsides of copper.
Wu [9] examined steel slippers made of 38CrMoAIA and
1Cr18Ni9Ti, that showed higher frictional coefficients than
typical non-ferrous metal alloys and have a significant ad-
hesion risk. Kalin et al. [10] investigated Diamond-Like-
Carbon (DLC) coatings and Schuhler [11] tested DLC-WC
(tungsten carbide) coatings. Similar tests were also carried
out by Rizzo for nanocoated [12] and by Tang [13] for
MoS, coated slippers. Basically, those coatings can prevent
adhesion and lower friction, but due to thin layer thick-
ness and scratch sensitivity, the contact is no longer self-
adjusting, which limits lifetime. Holzer et al. [14] investi-
gated metal matrix composite coatings like 316L(75 vol.%)
and SiC (25vol.%) in axial piston machines, that provide
a greater layer thickness, but which lead to hard wear par-
ticles in the hydraulic system. There a more approaches for
new slipper materials, however, a particularly promising ap-
proach, which is considered below, is the use of polymers,
as they combine the advantages of a hard-soft pairing with
particularly low frictional coefficients, whereby increased
deformation and wear represent hurdles.

1.3 Plastic slippers and research objective

The use of plastics in oil-hydraulic applications has been
little researched to date. With a general analysis, Stryczek
[15] shows that fluid power components made of plastic
can be used and that the performance depends on the de-
sign of the components. More extensive work exists on
the use of plastic in water-hydraulic applications. In this
context, plastic slippers for axial piston pumps have been
explicitly researched and there is already a commercially
available water pump series from Danfoss GmbH that uses
plastic slippers (look at [16]). However, the main reason
for the use of plastic slippers in water hydraulics is not
the avoidance of lead and copper, but the poorer lubri-
cating properties of water and the lower friction of plas-
tic. In his review [17], Yang provides a basic overview of
various tribological studies on plastic-steel pairings under
water lubrication and discusses their use in axial piston
pumps. Therefore, only studies that explicitly refer to slip-
pers are discussed below. Liu [18] conducted a material
screening of plastic slippers made from fiber-filled phenol,
carbon fiber-reinforced (CFR) polyamideimide (PI), and
polyetheretherketone (PEEK) against mating surfaces of
1Cr18Ni9Ti, 2Crl13, and ZrO2-coated 1Cr18Ni9Ti. Based
on wear volume measurements, he concluded that plastic
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Fig.3 Comparison of slipper . . .
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slippers are suitable for common water pumps. However,
due to the lack of geometric data for the test specimens, the
wear volumes cannot be converted into standard wear co-
efficients, such as those from Archard’s law [19]. Ma [20]
investigated theoretical and experimentally the influence of
the sea depth on the leakage mechanisms of polymer slip-
pers in seawater AKM. Li [21] compared experiments with
CFR-PEEK against 316L and 1Crl17Ni2 steel under wa-
ter lubrication using a “pin-on-disc” tribometer and real
plastic slippers in a water AKM. He observed greater steel
wear in the AKM, with no significant change in the plas-
tic. The measured wear coefficients were on the order of
107mm*Nm. Li found that hydrostatic pressure affects
wear, attributing it to the micro deformation of the poly-
mer matrix causing the graphite fibers to bear more load.
Guan [22] previously demonstrated this effect using a disc-
on-disc tribometer with CFR-PEEK and 431SS in water
lubrication. Furthermore, Li investigated the failure mech-
anisms of the ball-joint contact of plastic slippers in [23]
and he carried out a calculation study on the heat input
into water during operation of a water AKM in [24]. Nie
investigates in [25] the performance and wear of a water
hydraulic plastic slipper depending on an annular orifice
damper. He calculates the slipper’s normal force and per-
forms a sensitivity analysis of the load carrying capacity
depending on the design of the damper. Rokala studied
the deformation behavior of plastic slippers experimentally
and through simulations [26]. He demonstrated that plastic
slippers are viable for water-hydraulic applications and that
PEEK’s pv-limit can be exceeded at higher speeds due to
hydrodynamics [27]. However, he noted that increased plas-
tic wear necessitates maximizing the degree of hydrostatic
relief. His EHL simulations revealed significant deviations
in deformation behavior from conventional slipper design
equations, a finding supported by Schoemacker’s simula-
tions [28]. Rokala identified a precise understanding of de-
formation behavior as crucial for optimizing the degree of
hydrostatic relief and enabling plastic slipper use. However,
his research was limited to a simple one-land slipper with-
out support lands or other common modern design features.

@ Springer

While insights from water pump studies are valuable,
this publication focuses on plastic slippers for oil-hydraulic
axial piston machines, which operate under different force
and lubrication conditions. In [4], the author measured the
friction and wear properties of various plastics under typical
oil-hydraulic conditions (oil-lubrication in HLP46, 40°C,
relative velocity up to 15 m/s, contact pressure up to 3 MPa)
using an abstracted “slipper-on-disc” tribometer. Key ma-
terial parameters of this study for 30 vol.% CFR-PEEK are
shown in Fig. 3.

In [4], the author reaches a similar conclusion as Rokala
for water-hydraulic applications. PEEK’s dry pv-limit is
significantly exceeded under oil lubrication. However, in-
creased wear compared to conventional non-ferrous metals
is a challenge and necessitates geometric modifications. The
higher elastic modulus and swelling complicate the slipper
design. Furthermore, the author conducted an analytical ge-
ometry study [29], identifying forces such as mass-, cen-
trifugal-, and hydrodynamic forces as key disturbing fac-
tors, whose exact knowledge is necessary for optimizing the
degree of hydrostatic relief, alongside the effect of surface
deformation discussed by Rokala. Moreover, in [4] the au-
thor used a Finite-Element-Method (FEM) geometry study
to investigate the influence of various design parameters of
the slipper’s running surface on its deformation behavior.
A load-independent, uniform deformation is not only neces-
sary, to be able to precisely adjust the degree of hydrostatic
relief, but also to avoid an uneven contact pattern and thus
locally increased solid contact pressure (Fig. 4).

Figure 4 presents an EHL simulation of the contact pat-
tern and solid contact pressure curves for CuZn40AI12Mn2Si
in various surface treatment states, calculated using the
Greenwood-Williamson and Tripp contact model [30] with
MC-Cool’s parameter identification [31]. This reveals that
even sub-micrometer surface irregularities can cause signif-
icant contact pressure variations in the MPa range. For this
example, this leads to increased local wear, with the max-
imum contact pressure being about 1.8 times higher than
the nominal pressure, resulting in local wear approximately
twice as fast as expected.
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Fig.4 Typical contact pressure distribution of a slipper-bearing

This paper builds on Rokala’s work and the author’s
prior findings, using an FEM geometry study to explore
how the slipper deformation can be controlled. The goal is
to prevent wear from localized contact pressure increases
and to enable a load-independent optimization of the degree
of hydrostatic relief. The study is focusing on the design
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of the ball cup socket and the base socket. Initially, the
study addresses non-ferrous metal for general applicabil-
ity. Additionally, it evaluates the fastening mechanism and
deformation of plastic slippers.
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Fig.6 FEM-Study on axial play and neck tension depending on the wrap angle

2 Simulation structure

A structural FEM simulation model based on the software
ANSYS Mechanical is used for the geometry study pre-
sented in this paper. The direct Ansys MAPDL Solver was
used for the solution. The geometry, modeling structure and
boundary conditions are shown in Fig. 5. The same basic
geometry of the slipper was used for all simulations and
only the design feature under discussion was changed.
The simulations account for both piston and swash plate
deformations, at a temperature of 40 °C, which is common
in oil hydraulics. In this study, the swash plate is modeled
as a semi-infinite plate with significantly larger dimensions
than the area affected by deformation and is fixed at the un-
derside. All steel parts are modeled as linear 42CrMoV4.
The polymer parts are calculated with nonlinear deforma-
tion based on stress-strain data from the manufacturer. The
applied loads include piston pressure pp, case pressure pc,
and the logarithmic pressure drop of the hydrostatic pres-
sure pys calculated from Eq. 1. Where r is the radial vari-
able, r, the sealing lands inner and R, the sealing lands outer
radius R; [2].
In(r/rs)
pus=rr (1= i) @
Unlike Rokala’s simulations, which couple a static
FEM with a static flow calculation to account for pressure
changes from gap geometry variations, these simulations
simplify the process, reducing computation time and com-
plexity. This allows for a broader analysis of geometric
features to provide a more general overview. Rokala dis-
cusses that this assumption leads to an underestimation of
the hydrostatic pressure force, that increases with the pis-
ton pressure. For 100 bar piston pressure, Rokala calculated
an error of 11.4% and for 350bar an error of 22.3 % for
his investigated geometry [26]. The results in Sect. 3 are
presented along a line with 90° offset from the pressure
relief grooves (Fig. 5), facilitating a variant comparison.

@ Springer

3 Results and discussion

This chapter presents results on slipper geometry study, fo-
cusing on the ball cup, the base socket, and plastic running
surface attachments to assess their impact on the slipper’s
lubrication gap deformation. Typically, the ball cup socket
design is determined by the ball joint’s geometry and loads
rather than surface deformation. As shown in Fig. 2, the ball
joint experiences both compressive and tensile stresses, par-
ticularly when entering the suction stroke. The stress in the
ball cup neck not only depends on its wall thickness and
the ball size, but also on the wrap angle, which defines the
ball cup overlap area. Figure 6 illustrates that increasing
the wrap angle from 10° to 20 ° under a 600N tensile load
reduces maximum stress from 66.37 MPa to 27.25 MPa and
decreases elastic axial play by approx. 17 um. These stresses
would not lead to direct breakage of the slipper due to over-
load. Howeyver, as these stresses are not constant, but oscil-
lates between suction and delivery stroke with each pump
revolution, higher stresses will lead to a shorter lifetime due
to the materials fatigue strength. It follows from this, that
one aim of design should be the reduction of these stresses.
Elastic axial play refers to deformation-induced play, that
must be distinguished from permanent axial play caused
by plastic deformation and wear. Excessive axial play can
accelerate fatigue due to the greater impact stroke and pos-
sible particle intrusion into the joint can cause severe con-
tact pressure peaks. However, increasing the wrap angle
while remaining the piston neck diameter requires a swivel
angle (swashplate inclination) reduction due to the slipper
tilt limit. To mitigate stress and elastic axial play without
reducing the swivel angle, alternative measures like increas-
ing the socket diameter or changing ball size, as shown in
Fig. 7, are needed.

Figures 7, 8, 9, 10 and 11 each show the impact of
four design features on running surface deformation. The
base geometry (Fig. 5) remains unchanged, only the fea-
tures under investigation, which are displayed below the
deformation curves, are varied. As shown in Fig. 5, the
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Fig. 7 Geometry study results for the ball cup socket and ball. Based on the author’s prior work, two inner support lands are included in the plastic

slipper analysis to reduce overall deformation

results depict the surface deformation along a line, focus-
ing on the left half of the slipper due to symmetry. The
curves highlight relative deformation differences caused by
changes in individual design features. Figure 7 shows that
no clear optimization path exists for the ball cup socket
diameter, because lowering its diameter leads to lifting at
the inside and increasing its diameter leads to lifting at
the outside. A larger diameter reduces stress in the ball cup
neck and elastic axial play but lowers the outer running sur-
face and increases deformation due to hydrostatic pressure
in the slipper’s center. This occurs because the wider ball
cup socket transfers the ball force further outward into the
base socket, furthermore, affecting where the outer surface
bends due to geometrically induced stiffness changes. The
ball cup socket height has minimal effect on these phenom-
ena, while ball size shifts the force application point. The
base socket height significantly affects deformation, as with
increased height more material between the ball and the hy-
drostatic pressure field can be compressed. Therefore, the
ball cup socket diameter and the base socket height must
be considered together. The following diagrams depict the
same brass slipper with one inner and outer sealing land,
with only one feature varied in each case.

Figure 8 depicts that a conical base socket increases run-
ning surface deformation, making it undesirable. The defor-

mation effect becomes noticeable only at larger cone angles
and seems to be not linear. A conical inner edge on the inner
land in turn raises the lowest point of the surface, shifting
the main bearing outward and thus reducing contact pres-
sure peaks. Furthermore, a 2-level ball cup socket similarly
affects hydrostatic deformation, like changing base socket
height. The diameter of this additional socket influences the
inflection point of the running surface, and if the socket is
conical, it smooths transitions between outer lands, reduc-
ing edge pressure. In Fig. 9 it is apparent that the geometry
of the throttle bore outlet, particularly its height and diam-
eter, significantly changes the running surface deformation.
A long throttle outlet appears to be unfavorable, although
this length cannot be freely selected due to the throttle ge-
ometry. Another occasionally encountered design feature of
the base socket is the use of a groove on its outside. This
appears to influence the deformation only slightly and in no
clear direction.

A common method to increase the swivel angle is by in-
verting the slipper ball joint, creating an “inverted” slipper.
Figure 10 shows that this design leads to greater running
surface deformation, as the piston force is concentrated in
the center of the base socket and is not guided through the
neck into the running surface. For an inverse slipper en-
tirely made of brass, the deformation is more than three
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Fig. 10 Geometry study results for inverse and plastic slippers

times higher than for the conventional slipper, as can be
seen in Fig. 10. The conventional slipper (1) is the same
as in the graphics shown above. To reduce this deforma-
tion and to increase slipper neck strength, the slipper body
can be made of steel with a non-ferrous metal running sur-
face. Deformation decreases with thinner running surfaces,
but a larger inner radius increases edge deformation. An-
other method for increasing the swivel angle even more are
inclination grooves, used to enhance slipper tilting. These
grooves further increase deformation, leading to the conclu-
sion that methods to increase the swivel angle worsen gap
deformation properties. Despite this, the study explores in-
vers plastic slippers below, as only inverse steel versions are
currently available, which could potentially be adapted with
plastic running surfaces in future research. Figure 10 shows
that using CFR materials like PEEK-CF40 achieves similar
deformation to brass. Non-ferrous metal running surfaces
are typically joined to steel bases by soldering or friction
welding. For plastic slippers, alternative fastening methods
must be developed to handle frictional forces.

Figure 11 compares various force-fit and form-fit fas-
tening methods, showing that form-fit variants with surface
overlap are particularly effective concerning surface defor-
mation.

A conical fastening leads to greater deformations than
a form-fit fixation. In Fig. 11 (bottom right), it is evident

that the increased plastic wall thickness in the slippers cen-
ter causes a significant lifting of the inner lands. Figure 4
shows that a 1um difference in gap height can result in
several MPa difference in contact pressure. As a result,
the contact pressure in the lifted areas is significantly de-
creased. However, since the contact must still support the
entire load, this leads to pressure peaks at the lower re-
gions, particularly at the edges near the 4mm and 14 mm
radii. To summarize, the author designed two plastic slip-
pers based on the geometry in Fig. 5, with their deformation
shown in Fig. 12. One features thin lands, offering better
deformation and suitability for a broader operating range
due to reduced hydrodynamics. The other has wider lands,
which worsen deformation but lower average contact pres-
sure through increased surface area. Both designs include 2
outer and 3 inner support lands, a multi-stage conical base
matching the land arrangement, no inclination grooves or
socket grooves, and external form-fit fastening. It should be
noted that while the multi-land design favors deformations,
previous research indicates higher wear of such a design
in heavily solid-contaminated oil [32]. Future experiments
must determine which design performs better.
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4 Conclusion and outlook

This paper addresses the need to replace current slipper
bearing materials due to issues like toxicity and oil aging.
Fiber-reinforced high-performance plastics are proposed as
an alternative, though they present design challenges due to
increased wear. To use plastics effectively, it is crucial to

@ Springer
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reduce the slipper’s load, which is primarily possible by en-
hancing hydrostatic relief. In addition to exact knowledge
of all forces acting on the slipper, a calculable, uniform run-
ning surface deformation is key for a borderline tuning of
hydrostatic relief and preventing excessive wear from local-
ized contact pressure increases. FEM studies have shown
that adjusting the ball cup socket diameter and base socket
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height can minimize running surface deformation. Multi-
stage sockets and cones on the socket and the inner slipper
edge can further stabilize deformation. The study also indi-
cates that plastic slippers can achieve similar deformation
patterns like brass slippers and that form-fit fastenings for
plastic running surfaces are feasible. Future work will in-
volve EHL simulations to assess how hydrostatic pressure
changes with deformation impact the results shown here
and to precisely calculate all slipper forces. Finally some
test slippers will be qualified in a test rig to evaluate the
potential of polymer slipper bearings.
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