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Abstract – This contribution shows an innovative approach concerning a new type of rotor main bearings for wind
turbines. The bearing is designed for the specific loads and operating conditions of a wind turbine and includes
major novelties in the field of sliding bearing technology.
In contrast to the established radial and axial bearing designs, this bearing is equipped with conical sliding surfaces,
inspired by tapered roller bearings. This design has three major advantages. It has the ability to carry axial and
radial forces as well as bending moments in one bearing, which allows to design a very short drivetrain so that the
power density of the entire system can be increased. Secondly the bearing is designed segmented, so that these
segments can be easily exchanged on the tower in the case of failure and no external crane is required, as in the
case when replacing fully enclosed roller bearings.
And finally, a novel pad connecting structure is used to ensure a uniform load distribution and to avoid edge wear.
This is done without the use of elaborate tilting segments, by a specifically designed elastic connecting structure
of the bearing segments. Accounted by the wind typical big dimensions of the bearing it is a challenge to handle
system deformations during operation and the tilting of the shaft within the bearing clearance. The flexible designed connecting structure allows the adjustment of each segment position to the actual bearing load and ensures
thereby a smooth pressure distribution by a parallel gap between the shaft and the segments.
In the contribution the design and calculation process of such conical sliding bearing and corresponding validation
measurements of a full-scale demonstrator test in the application of a wind turbine main bearing will be shown. In
order to investigate the new bearing concept under real conditions, an extensive measuring campaign has been
carried out on a full-scale 1 MW system test bench. Among other matters the load-bearing properties and the
overall bearing performance have been investigated.
Keywords – Wind Turbine, Main Bearing, Conical Sliding Bearing, Journal Bearing, EHD
operating conditions (e.g. propeller shafts of ships).
New research results show, however, that plain bearings can be used for the main bearings of wind turbines despite the low rotational speeds and high dynamic loads [11].

Introduction
Rolling element bearings currently used in components of wind turbines (WT) often fail well before
the planned service life [1 to 3] and are a strong
driver of electricity production costs due to the
costly replacement.
The WT main bearing in particular, as one of the
core components of the drive train, causes very high
costs in the event of damage, since the entire drive
train of the turbine has to be dismantled for the bearing replacement [4, 5]. Particularly in the offshore
sector, the failure of such a main component can
quickly jeopardize the economic viability of the entire wind project [6], since replacement requires the
use of ship cranes and at least the dismantling of the
rotor [7 to 9]. Ship cranes are a significant cost
driver, as charter costs are very high at 200,000 300,000 € per day [4] and availability for unscheduled operations is poor [10]. In addition, there is the
strong dependence on weather, wind and swell, especially in autumn and winter.
That’s why in the recent past, a change in technology
from roller bearings, to plain bearings has been discussed in order to improve the technical reliability of
the main bearing of the wind turbine. However, plain
bearings in the area of heavy-duty drivetrains are
more established in applications with high rotational
speeds (e.g. power plant turbines) or in applications
with stationary

Figure 1: WT drive train with double row tapered roller
main bearing (top) [23] and three-point suspension
drivetrain (bottom) [23, picture modified]

WT drivetrains with a double row tapered roller
main bearing (also called moment bearing), like
shown in the top picture of Figure 1, take all wind
loads in one compact bearing and have advantages
compared to other drivetrain concepts, as the whole
drivetrain can be designed very short. That leads to
lightweight components (esp. shaft) and a short load
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path from the rotor to the tower and the currently demanded power density requirements are met. The
bottom picture of Figure 1, shows a classical threepoint suspension for comparison.
On the other hand, the big diameter of double row
tapered roller main bearings in combination with the
high number of rollers can lead to fatigue issues due
to the high number of rollovers. Also accounted by
the big diameter, it is a big challenge to handle tolerances in the manufacturing process and system deformations during operation. Both have a big influence on the pressure distribution and consequently
also on the bearing lifetime [11, 1]. The application
of sliding bearings instead of roller bearings offers
the chance to dismantle these barriers, which motivated the investigations on a sliding main bearing for
this type of WT drivetrain.
The replacement with a tapered (conical) sliding
bearing for the application in such a wind turbine
promises a high potential from several points of
view, as it combines the advantages of a sliding bearings with the advantages of moment bearings:
- The easy exchangeability of individual sliding segments on the tower allows for an increase in availability and a reduction in operating costs.
- The compact design as a tapered moment
bearing can handle all loads (forces and
bending moment) in one bearing and meets
thereby the demands for a high power density.
- Compared to rolling bearings, system deformations are not critical with the appropriate design measures (e.g. tilting pads,
elastic connection of the pads).
- Compared to rolling bearings, the segmentability simplifies the scalability to larger diameters.
However, a tapered bearing is largely unknown in
sliding bearing technology, since usually pure radial
and pure axial bearings with a big supporting width
are combined. Design methods and guidelines are
available for these designs [ex. 12 to 14], but do not
exist for plain bearings with tapered sliding surfaces,
so that fundamental investigations are of interest.
The overall objective of this work is therefore to
show a procedure for the design of a conical sliding
bearing and to validate this by means of a functional
verification in original size.
For the selected bearing design, measures to avoid
edge wear are necessary for a proper functionality of
the bearing. Due to the large bearing diameter and
the resulting large absolute bearing clearance, as
well as the short supporting width of the tapered
bearing, the effect of edge load is increased. An even
load distribution and the avoidance of edge loading
is particularly important to prevent increased wear.
Therefore, the next chapter begins with a description
of the bearing design and the measures taken to
avoid edge-wear. Then the test rig used to validate
the bearing is described.

This is followed by a presentation of the measurement results of the tests carried out, which are used
to validate the new bearing concept and the simulations carried out during design process.

1. Bearing Design and Test Setup
In the conceptual design process, simulations of a
rigid conical sliding bearing [18] were accomplished, which showed distinctive issues concerning
edge wear and high contact pressures, shown in Figure 2.
a)
Shaft
Load

b)

Uniform
pressure
distribution

c)

edge loading/
contact pressures
Figure 2: Load- taking capability of a conical sliding
bearing

According to the illustrations in Figure 2, a conical
sliding bearing is capable to handle axial loads and
radial loads applied in the middle of the shaft without
any special measures (Figure 2, a,b). This can be
seen by moderate and well distributed hydrodynamic
pressures as in this cases the bearing gap “closes”
parallel. But in the case of bending moments as they
show up in wind turbines (Figure 2, c) the shaft tilts
slightly within the bearing clearance which leads to
high contact pressures and edge wear. This effect is
amplified by the short supporting width and the comparatively high bearing clearance due to the large diameter of the bearing [16, 17].
A flexible designed connection structure of the bearing pad allows the pads to follow the movement of
the shaft. By a slight deformation of the connecting
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structure, a smooth pressure distribution without
edge wear and a long durability is ensured (Figure
3).

Table 1: Static Design Load Case

Fx
Fy
Fz
My
Mz

a)
Outer
flexibility

load

101,1 kN
6,0 kN
-87,0 kN
100,3 kNm
79,6 kNm

Concerning these loads a basic geometry was first
defined with the help of a pre-dimensioning strategy
shown in [18], followed by extensive EHD calculations. This EHD calculations have been performed
in order to investigate the design parameters of the
bearing and especially the ideal stiffness combination of the “inner” and “outer” flexibility [16, 17].

connecting
structure
sliding pad
b)
Inner
flexibility

c
c)

sliding pad
connecting
structure

Combined
flexibility

Figure 4: cross-sectional view and picture of manufactured bearing

Figure 3: Novel design of pad connecting structure to ensure a uniform hydrodynamic pressure build up without
edge wear

Figure 4 shows the result of the design process. According to the functional principle, the stiffness of
the segment connection (blue part) controls the
yielding. The constructional properties of this part
(length, thickness, groove (see detail), etc.) are particularly relevant.
On the next page, Figure 5 shows the bearing
mounted on the machine carrier of a 1 MW system
test bench, where it replaces the original roller main
bearing.

Depending on the actual load distribution on each
bearing segment, the connecting structure will yield
with the outer flexibility (Figure 3, a) and the inner
flexibility (Figure 3,, b) to a combined double flexibility (Figure 3, c). By this a “parallel” and well lubricated gap is ensured. Compared to other opportunities to align a bearing pad (for example tilting
pads), this design has major benefits in its simplicity
and the absence of sensitive bearing joints.
Once the functional principle of this new sliding
bearing has been proved by elasto-hydrodynamic
(EHD) calculations, a 1MW wind turbine has been
chosen as a demonstrator platform to design, simulate and test this bearing in full-scale. Therefore, the
hub-loads are calculated by a Co-Simulation of Simpack and Simulink, considering the WT controller
and wind conditions according to IEC 61400 [15,
22].
For the design of the bearing, a static design load
case (among others), was derived from this, which is
shown in the following table.

Conical sliding bearing
1m

load application
1 MW WT
unit
machine carrier

servo motor

Figure 5: Test setup on CWDs 1 MW System Test Bench

The system test bench is equipped with a hydraulic
load application unit. This unit is capable to emulate
the forces and bending moments resulting from the
wind exposed WT rotor and load values can be set
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created to validate the design procedure as well as
individual calculation and simulation results.
This chapter therefore describes the experimental
work on the manufactured bearing. Chapter 0 starts
with the description of the investigations regarding
the load bearing behaviour under two selected load
scenarios. This is then followed by an evaluation of
the deformation behaviour of the elastic connecting
structure of the segments in chapter 3.2 and further
investigations of the general bearing performance
under low rotational speeds in chapter 3.3.
All measurements taken on the test bench are compared with the simulation models which were used
for the design process of the bearing. This enables
the possibility to validate the models.
The following picture in Figure 7 shows the manufactured bearing without the shaft, which is tested on
CWDs 1 MW WT system test bench.

according to the results of the hub-load analysis. The
main bearing absorbs all forces and bending moments directly and without a second bearing point in
the gearbox, so that it is possible to simplify the test
setup by testing without the main gearbox. A servomotor is installed on the gearbox position, which applies the rotational speed to the bearing.
In order to be able to evaluate the characteristics of
the bearing in operation, the bearing is equipped with
a large number of different sensors in the test setup.
Temperature sensors are applied to evaluate the
global load-bearing behaviour and to detect critical
operating conditions at an early stage. For this purpose, two temperature sensors were applied in each
of the 32 bearing pads in small bores under the sliding surface. In each sliding segment one sensor is located at the outer diameter and one at the inner diameter, so that information about the local load distribution can be derived and, in particular, any edge
loading can be detected early.
Figure 6 shows a picture of a sliding segment including the connection structure with the positions
of the two temperature sensors highlighted.
Connecting
structure
Sliding
segment
Temp. Sensor
(under sliding
surface)

Figure 7: Picture of the manufactured bearing without
shaft

Figure 6: Position of temperature sensors on each sliding
segment

In addition, six tactile LVDT (Linear Variable Differential Transformer) displacement transducers are
positioned on six of the upper pads to detect the displacement of the segment connection relative to the
center carrier. This makes it possible to check
whether the actual deformation under load also corresponds to the dimensioning.
In addition to all operating variables of the test
bench, the test setup is equipped with a torque sensor
between the servo motor and the bearing. Thereby
the frictional state (solid friction, mixed friction,
fluid friction) can by evaluated.

2.1. Validation of Load Bearing Behaviour
To validate the new bearing concept, as well as the
related EHD-Simulation models, tests from synthetic uniaxial loads (static) to real dynamic loads
have been carried out. Temperature sensors, of
which one is installed on the outer- and one on the
inner position of each pad, are best suited to evaluate
the overall load bearing behaviour and the load zone.
Of course, also critical operating conditions due to
mixed friction or edge wear can be detected at an
early stage.
For a better understanding of how the load is distributed over the bearing, a simple synthetic load at
nominal rotational speed (28 rpm) is first presented.
The thrust is ramped up in 7 steps up to 101 kN,
whereby every step is hold for 10 minutes of operation. Figure 8 shows the temperature distribution, in
which the continuous lines indicate the temperatures
at the end of the last load step (t1 ; 101 kN thrust).
The blue line indicates the temperatures at the outer
ring measurement points and the red line shows the

2. Validation
In order to test the new bearing concept under the
real conditions of a wind turbine, a measurement
campaign was carried out with the bearing manufactured in original size. The aim is to prove the functionality of such a new sliding bearing in the main
bearing. In addition, the necessary data basis will be
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Nm to 1047 Nm during this time. At the same time,
the entire oil sump warms up during the test from 25
°C to 33 °C.
A simulation with the built up simulation model and
the operating state (101 kN thrust, dead weight,
nominal speed) reflects the measurement results, as
shown in Figure 9.

inner ring measurement points. The front sliding surfaces are named V1 to V16 in clockwise direction in
view of the opening cone (starting with V1 at 13
o'clock), the rear sliding surfaces analogously with
H1 to H16. The dotted lines show the temperatures
at the beginning of the test.
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The load is also distributed over the front cone in the
simulation, whereby the pressure build-up on the
outer ring is higher due to the higher circumferential
speed. Corresponding to the low measured temperatures, overall very moderate pressures and no peaks
due to contact pressures caused by mixed friction
can be detected.
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Figure 9: simulation result at 101 kN uniaxial static thrust
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Figure 10 shows the load bearing performance under
the 4-dimensional design load case according to the
loads shown in Table 1.

Figure 8: Temperature distribution during uniaxial thrust
test (Top: Front Cone with, pad #H1-H16, Middle: Rear
cone with pad #V1-V16 [18])

V

The measurements proof the expectation, that the
front pads become warmer as they take the load in
the case of pure thrust. Also under pure hydrodynamic conditions the gap between the shaft and the
pad is getting smaller in the loaded zone, which results in more liquid friction and a higher heat input
into the pad. Figure 8 also shows that the pads are
very equally loaded due to the very similar temperature distribution, which is an indicator for proper position tolerances of the bearing pads. The outer ring
measurement points generally become a bit warmer
(~2-3°C), as the bearing diameter is larger at the
outer ring measurement points resulting in a higher
circumferential speed. Visible is also the gravity influence on the 1700 kg shaft. In the measurements as
well as in the simulation (s.Figure 9) the rear bottom
pads become slightly warmer.
The measured temperatures are far below the critical
temperatures for plain bearings, which already indicates purely hydrodynamic conditions without
mixed friction. According to DIN 31652, empirical
values for the maximum permissible bearing temperature are between 90 and 125 °C [48], depending on
the type of lubrication, whereby the application limits of the lubricant and the sliding layer material must
be observed.
The analysis of the frictional torque confirms this.
Despite an increase in the load from 0 kN at the beginning of the test to 101 kN at the end of the test,
the frictional torque increases by only 25% from 833
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Figure 10: Temperature distribution during 5-DOF Design-Load test [18]

As to be expected, the area of the load zone becomes
larger at this higher load and the maximum measured
temperatures are also higher. With the same test duration of 110 minutes (compared to pure thrust) and
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very similar initial temperatures at the start of the
tests, the maximum temperature in this 4-dimensional load case of 46°C is greater than the maximum
temperature at pure thrust (42°C).
The simulation result in Figure 11 shows that the
load carrying behaviour of the bearing corresponds
very well with the measured condition.

Pressure [MPa]

0

H1
H2
H3

V1

Pressure distribution from
EHD-Simulation

V2
V3

0.5
Pressure distribution applied
to FE model
1

H6 Peak:
11.5 MPa

Figure 11: simulation result of related static design load
case according to Table 1.

The high simulated pressures with the associated
narrow lubrication gap at the rear cone on the segments H5, H6 and H7 would lead to higher temperatures at the corresponding measuring points. However, these sliding segments are located directly in
the oil sump, where they experience the best possible
cooling from the environment.
Generally the measurement proofs, also according to
the simulation, that the hydrodynamic pressure is always distributed evenly over the loaded segments
with uncritical hydrodynamic pressures and without
any contact pressures. The measured bearing temperatures are also very moderate in all cases.

Peak
271 MPa

Stresses and Deformations in
structure according to pressure load

Figure 12: Procedure for determining the deformation behaviour

According to the shown procedure the pressure distribution calculated with the EHD simulation software is discretized via a Matlab script and then applied to the sliding segments as a surface load in the
FE software Abaqus. In contrast to a "standard" contact condition between the shaft and the sliding segments, this ensures that the load introduction takes
place under consideration of the real, hydrodynamic
load.
It has been determined that the maximum, absolute
structural deformation occurs under pure bending
load, since the smallest number of sliding segments
is loaded under this load condition. In the case of
simultaneous thrust loading, for example, the influence of the bending moment is reduced because the
loading zone increases and thus the number of
loaded segments increases. This behaviour is equivalently visible in the test bench measurements. For
the evaluation of the elastic behaviour the load case
of pure max bending moment (100,3 kNm) is therefore selected.
As expected, the area with the highest stresses is located at the transition from the stiff central structure
to the relatively soft segment connections. Here, local stresses of up to 271 MPa occur, which is about
30% of the yield strength of the material used

2.2. Validation of the elastic pad-connection
structure
In the previous chapter, it was shown that the bearing
ensures uniform load carrying capacity without critical edge loading. Since the adaptation of the sliding
segments to the load conditions is realized by the deformation of the connection structure, the deformation behaviour will be analysed and evaluated
more precisely in the following.
With the procedure shown in Figure 12, the deformation of the structural components can be determined under consideration of the real hydrodynamic
load to the sliding segment.
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Displacement [mm]

(1.7225 (42CrMo4); yield strength untempered 900
N/mm²).
The FKM guideline also specifies a material fatigue
strength under bending stress (σW,b,N) of 525
N/mm2 for this material [19]. Under pulsating bending load (σbSchN), which is even more appropriate
for the type dominating load in a WT, a strength of
855 N/mm2 is specified [20]. On the one hand, the
calculated stresses are far below the critical values
and, on the other hand, the loads on the bearing are
much lower during most of the operating time, so
that the deformation with regard to fatigue can be assessed as uncritical.
A more detailed analysis of the deformation of the
segment connection and the absolute displacement
of the segments themselves are now of interest. For
this purpose, the FE simulation model was provided
with "markers" along the segment running surface
and on the rear side of the segment connection structure and the displacement relative to the central part
of the bearing was read out. The connection of these
displacement points then corresponds to a discretized bending line. Figure 13 shows these bending
lines of the highest loaded segment V1 under the applied load condition.
1

line is almost linear. At the same time, the connecting structure (blue line) deforms as desired "sshaped" so that a parallel displacement of the sliding
segment is possible.
The figure at the bottom of Figure 13 shows the deformation measured by the displacement sensors
during a test where pure bending moment is stepwise
applied on the bearing to the maximum value of
100.3 kNm.
At this load, the largest displacement of 0.7 mm is
measured at the sensor of segment V1 (red line,
SV1a). This segment is located clockwise just to the
right of the 12 o'clock position and is therefore, as
the analysis of the load bearing behaviour under this
load case showed, the most heavily loaded.
Considering the sensor position on the back of the
connecting structure (blue part) the measured deformation corresponds very good to the simulation.
Despite static operating points with regard to load
and speed, all displacement sensors detect a small
speed-dependent, circumferential periodic and load
step-independent movement with a maximum amplitude of about 25 µm (see detail in Figure 13, bottom). This indicates that the segments also react elastically to manufacturing tolerances, such as roundness deviations of the shaft. This is a great advantage, especially in comparison to rolling bearings, where in this case forced forces quickly occur
between the rolling elements and the bearing rings.
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2.3. Validation of Bearing Performance under
low rotational speeds
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In [18] it is shown that the mixed friction limit is
passed already at very low rotational speeds whereby
normal operation points are far away from this rotational speed so that full lubrication is ensured under
nominal conditions. A special focus is now placed
on the analysis and evaluation of the wear behaviour
during mixed friction at start/stop conditions of the
wind turbine. Since under these conditions the hydrodynamic pressure build-up does not completely
separate the surfaces, this operating condition is particularly critical.
In order to investigate the properties of the bearing
and its coated sliding surface during the start-up processes, these conditions were simulated on the system test bench. For this purpose, the real start-up
loads and the associated rotational speed ramp were
applied on the bearing in accordance with the load
simulation. This procedure is repeated in cycles. In
order to shorten the cycle time and thus the overall
test duration, the entire run-up to the rated speed (28
rpm) was not tested. The cycle was only run up to a
speed of 7.5 rpm, as it had already been demonstrated that higher rotational speeds were not critical
regarding mixed friction and wear. Figure 14 shows
the applied cycle with driven speed ramp and the
measured drive torque.

Segment position [mm]

Figure 13: simulated displacement of connection structure
and sliding pad (top) and measured displacement at
100.3 kNm uniaxial bending moment

It can be seen that the stiffness ratio has been chosen
so that the deformation mainly takes place in the
(blue) connecting structure, while the segment itself
sees almost no defrmation (as it holds the sensitive
sliding material). The displacement of the segment
is only determined by the displacement of the connecting structure and along the segment the bending
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increases the adhesive interactions between the contact surfaces [21]. In the third phase (III, "sliding")
relative movements take place in the entire contact
area of the surface. The coefficient of friction during
sliding then depends on the properties of the nearsurface boundary area [21].
In total 8000 of these start-stop cycles were carried
out and only polishing was detectable on the bearing
segments. The arithmetic height (Sa) as characteristic value for the roughness reduced from 7.9 µm to 5
µm, so only a slight smoothing of the surfaces accrued. The number of tested cycles represent already
about 40% of the wind turbines lifetime.
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Figure 14: Friction torque and rotational speed during
first phase of WT-start up

It can be seen that with the beginning of rotation the
measured torque initially increases rapidly. In this
phase, the breakaway torque must first be overcome
and the friction torque reaches its maximum
(Mr(max)) at a speed of 1.1 rpm. From then on, the
hydrodynamic separation of the surfaces begins and
the solid-contact share of the mixed friction decreases with increasing speed. Despite a further increase in speed, a plateau in the torque curve is
reached from 5.1 rpm onwards. This is a reliable indicator that the transition speed is exceeded here and
that the range of pure hydrodynamic lubrication is
reached. Up to this point, the bearing was operated
in mixed friction for 10.5 seconds.
On the next figure, Figure 15, the same curve is
shown again in a different time-scale, so that the
transition from static friction to liquid friction can be
analysed more precisely. Thereby the friction characteristics can be compared to the classical friction
behaviour according to [21].

II

III

I

Figure 15: Top: Detailed Friction torque and rotational
speed during first phase of WT-start up; Bottom: friction
characteristics according to [21]

The illustration shows that despite the comparatively
complex bearing geometry with a total of 32 distributed sliding segments, the friction characteristics of
classic friction pairings according to [21] can be recognized in the measurement data. In the first phase
(I, adhesion) there is no local sliding in the contact
surface and the friction moment curve increases linearly [21]. In the second phase (II, breaking free) the
transition to sliding takes place and local slippage or
adhesion occurs at adjacent surface contact points.
The width of this transition increases with the surface roughness present in the friction pairing. The
maximum depends on the local deformation in the
roughness contact, since the associated plastification
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3. Summary

ulated load-bearing behaviour over all load situations with very good agreement. For the entire operating range, the functional capability for the designed bearing could be proven and, with 8,000
start-up processes tested under real conditions,
clearly exceeded expectations with regard to wear
behaviour.
Regarding the current state of the art, this work made
an important and previously unproven contribution
to the design and real-size application of sliding
bearings for WT main bearings.

The failure of the main bearing in a WT increases the
levelized cost of energy (LCOE) due to the costly replacement. In contrast to the roller bearings used exclusively up to now, plain bearings promise quick
and cost-effective replacement on the tower due to
their segmentability, without the need to dismantle
the rotor and drive train.
The aim of this contribution was to qualify this new
bearing technology for the main bearing of WT with
theoretical investigations based on simulations and a
related experimental validation.
Although state of the art sliding bearing arrangements are usually equipped with pure radial- and axial sliding bearings, this contribution follows and
analyses the use of a tapered (conical) sliding bearing arrangement for the main bearing.
The conical design combines the advantages of the
established moment rolling bearing (especially
compact and light design of the whole turbine,
compare Figure 1) with the advantages of sliding
bearings (especially exchangeability of segments).
Irrespective of the area of application in wind turbines, this design represents a novelty in sliding
bearing technology, so no guidelines for the design
process are available.
Therefore, in the first part of this paper the design
procedure was described. It was shown that this new
bearing type has a strong tendency for edge loading,
which is mainly due to the tilting of the shaft within
the lubrication gap. Due to the large bearing diameter and the resulting large absolute bearing clearance, as well as the short supporting width of this
bearing type, this effect occurs more strongly. A
double spring-elastic mounting of the sliding segments effectively prevents the edges from being carried and at the same time is characterised by a simple
constructional implementation. The use of maintenance-intensive and expensive tilting joints can thus
be completely eliminated. The carefully designed
stiffness of the segment connection ensures the necessary parallel alignment of the sliding segments to
the shaft and thus ensures a uniform load carrying
without "edge loading". Through this design measure the space-saving conical design can be implemented in a functional and cost-effective manner.
With the help of extensive EHD simulations the tapered bearing was designed including this new connection structure and was then manufactured in original size to be tested on a 1 MW WT system test
bench. Here, a comprehensive measurement campaign was carried out under the real loads and operating conditions of a WT to prove its functionality.
Among other things, the load-bearing capacity of the
bearing, the deformation of the flexible connection
structure of the bearing segments, as well as the
mixed friction limit and the start-up behaviour were
examined. All the tests carried out delivered results
that made it possible to validate the related simulations. For example, the temperature distribution
measured in the bearing was used to validate the sim-
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