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DESCRIPTION

[0001] The invention describes a bearing gauge arrangement; a generator; and a method of
detecting a bearing deformation.

[0002] A large bearing for use in a large machine should last for many years, since it is an
expensive part and is also difficult to access, often requiring the machine to be disassembled in
order to be replaced. The main bearing of a wind turbine generator for example may be
expected to have a useful lifetime of 20 - 25 years. For such large bearings, it is therefore very
important to know how the geometry of the bearing might change during its lifetime. The main
bearing of a large machine such as a wind turbine generator is often realised as a roller
bearing, with essentially cylindrical rollers that transfer load from rotor to stator (or vice versa,
depending on generator type) while allowing the rotor to rotate smoothly about the stator. To
operate efficiently, it is important to ensure that the rollers are supported evenly along their
lengths. The roller races (or "raceways") must also be as even as possible so that the load is
evenly distributed over the rollers.

[0003] US 5 226 736 A shows measuring between rings in a bearing by inserting sensors
between the cylindrical bearing rollers. The sensors are inserted between the cages in which
the cylindrical bearing rollers are placed. The rings imply the existence of races (or raceways),
which is what the cylindrical bearing rollers ride in. However the above measures the shape of
the races or rings, e.g. dents. Distance between rings is measured by a sensor placed on a
ring.

[0004] A bearing specification for a large machine such as a wind turbine generator must
ensure that these conditions are fulfilled over the expected bearing lifetime, and prescribes the
use of material such as hardened or tempered steel and highly precise machining steps. Such
a bearing can therefore be very expensive. However, even when manufactured to a very
demanding specification, external influences that act on the bearing once it is operational may
reduce its load-carrying capacity. For example, bolts may be used to fasten a bearing ring to
another structure, and the act of tightening these bolts may distort the bearing slightly. Such a
slight deformation of the bearing cannot be visually identified, and the bearing will continue to
function. However, even only a slight deformation can change the support length of the rolling
elements, and the reduced load-bearing capacity can significantly shorten the bearing lifetime.

[0005] It is therefore an object of the invention to provide a method of assessing the condition
of a bearing during operation.

[0006] This object is achieved by the bearing gauge arrangement of claim 1; by the generator
assembly of claim 11; and by the method of claim 14 of detecting a deformation of a bearing.

[0007] According to the invention, the bearing gauge arrangement comprises a holding frame
arranged between an inner race and an outer race of a bearing to replace a rolling element of
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the bearing; at least one distance gauge arranged in the holding frame to measure a distance
between the inner race and the outer race during operation of the bearing; and an evaluation
unit realized to evaluate distance measurement values from a distance gauge relative to a
bearing reference dimension in order to detect a bearing deformation.

[0008] In the context of the invention, the expression "during operation of the bearing" is to be
understood to mean "during operation of the machine that incorporates the bearing", since the
purpose of the bearing is to reduce friction between a moving part (e.g. the rotor) and a
stationary part (e.g. the stator) of a machine such as a generator. An advantage of the bearing
gauge arrangement according to the invention is that by monitoring the distance between the
opposing races from within the bearing, any relative deformation between the inner and outer
bearing rings can be identified. The invention makes this possible by arranging the distance
gauge(s) in the cavity between the races, so that any departure from a reference or
specification distance can be directly identified during operation of the bearing, allowing the
identification of any change in bearing shape. The bearing gauge arrangement according to
the invention can identify any relative change between the inner and outer rings of the bearing.

[0009] According to the invention, the generator assembly comprises a main bearing between
a rotor and a stator, and a bearing gauge arrangement according to the invention, wherein the
holding frame of the bearing gauge arrangement replaces a rolling element of the main
bearing.

[0010] An advantage of the inventive generator assembly is that the condition of its main
bearing can be reliably evaluated during operation, and any slight distortion of the bearing can
be identified from within the bearing. This allows pre-emptive corrective measures to be taken
so that the lifetime of the bearing can be ensured or even extended.

[0011] According to the invention, the method of detecting a deformation of a bearing during
operation comprises the steps of arranging a number of distance gauges in a holding frame,
which holding frame is dimensioned according to a rolling element of the bearing; substituting a
rolling element of the bearing by the holding frame; applying the distance gauges to measure
distance between the inner race and the outer race of the bearing during operation of the
bearing; and evaluating the measurements relative to a reference bearing dimension.

[0012] The inventive method advantageously allows the relevant - i.e. critical - dimensions of
the bearing to be thoroughly monitored during operation of the bearing prior to installation
and/or after installation. Any deviation from an expected or reference dimension - e.g. a
specified distance between inner and outer races - can easily be identified. This allows a
bearing deformation which would otherwise go undetected, for example a very slight
deformation, to be identified in good time and can allow corrective measures to be taken. The
inventive method can therefore advantageously be applied pre-emptively to avoid wear of the
rollers that would otherwise arise from an uneven load distribution. Particularly advantageous
embodiments and features of the invention are given by the dependent claims, as revealed in
the following description. Features of different claim categories may be combined as
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appropriate to give further embodiments not described herein.

[0013] In the following, it may be assumed that the generator is a large generator of the type
used in a wind turbine. In a large wind turbine such as a direct-drive type, the hub and outer
rotor are connected to the inner stator by means of a large roller bearing. In the following,
without restricting the invention in any way, it may be assumed that the bearing is a component
of a generator installed in a wind turbine. In such a large machine, the main bearing may
preferably comprise a conical or tapered roller bearing, since this type of bearing is very well
suited to the heavy load it must carry. A roller bearing can have a single "row" of rollers,
arranged in an annular configuration. In a double-row roller bearing, two such annular
arrangements of rollers (which may be cylindrical or tapered)are placed in a back-to-back
configuration.

[0014] Any suitable kind of distance gauge may be used in the inventive bearing gauge
arrangement. Preferably, a distance gauge is arranged to measure the perpendicular distance
between the opposing race surfaces of the bearing. In one embodiment, a distance transducer
can be implemented, for example a differential variable reluctance transducer (DVRT). A
distance gauge could also be realized as a linear potentiometer. The distance gauge is
preferably chosen to have a degree of accuracy depending on the dimensions and field of use
of the bearing in which the distance gauge arrangement is to be used. For example, distance
gauges with an accuracy of 2 micrometres may be preferred to monitor the quality of a conical
bearing between the rotor and stator of a wind turbine generator.

[0015] One or more contactless distance gauges can equally be implemented, for example
eddy-current transducers, laser distance gauges, etc. A contactless distance gauge essentially
does not have any parts that could wear out, but can still deliver measurements to the
necessary degree of precision.

[0016] A distance gauge can be connected to the evaluation unit over a data interface so that
the evaluation unit can receive measurement values from the distance gauge. This can be
realized using a cable connection. For example, if an evaluation procedure is only to be
performed before and after installation of the machine and bearing, for example, the evaluation
unit can be physically connected to the distance gauges(s) using appropriate cables. After
evaluating the bearing status, and after performing any corrective measures, the evaluation
unit can be disconnected and removed. Alternatively, the evaluation unit may remain in place
as a permanent part of the arrangement, so that bearing evaluation procedures can be
performed at any time.

[0017] Of course, the bearing gauge arrangement can comprise any number of wireless
distance gauges. In such an embodiment, the distance gauges can transmit their
measurement values over a suitable interface such as a wireless LAN to a corresponding
receiver of the evaluation unit. Such a realization may be advantageous when the bearing
gauge is implemented in a bearing on a remote site. For example, the bearing gauge
arrangement may be used to perform real-time evaluations for the main bearing of an
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operational wind turbine, in order to observe the effects of wind loading on the bearing during
changing wind conditions, i.e. in a "live" manner. The evaluation unit may be realised as part of
a wind turbine controller network, so that the evaluation of the measurement values can be
accessed by a remote operator, for example an offshore wind park operator.

[0018] The holding frame is to be understood as any suitable construction that is realised to
hold or support one or more distance gauges in a defined orientation and/or position relative to
one or both bearing races. In a preferred embodiment of the invention, the position of a
distance gauge is fixed relative to the holding frame, which effectively acts as a frame of
reference. The position of the holding frame is also preferably fixed relative to a bearing race.
In this way, any measurement value obtained by a distance gauge can be related to a fixed
reference, for example the stationary bearing ring, or the bearing ring that is not bolted.

[0019] In a preferred embodiment of the invention, a distance gauge arrangement can be
spring-loaded against a race surface. For example, the distance gauge can comprise a
transducer with its effective direction essentially perpendicular to the surface of the outer race,
and a steel roller ball in contact with the outer race, held in a spring-loaded element which is
free to move along an axis parallel to the effective direction of the distance transducer. Any
deformation in the outer bearing ring relative to the inner ring will be transferred to the
transducer.

[0020] In a large bearing such as a ball bearing or a roller bearing, the bearing elements may
be contained in a cage. The cage can comprise a framework with a compartment for each
bearing element. This design is in contrast with other bearing designs in which the bearing
elements are free to move about relative to both rings. In a further preferred embodiment of
the invention, therefore, the holding frame is preferably also held in a cage compartment. The
holding frame may be constructed to fit into a compartment of a bearing cage secured to one
of the bearing rings, or it may act as a cage to hold the distance gauge arrangement at a fixed
orientation relative to the bearing races.

[0021] As indicated above, the holding frame is contained in the bearing such that it effectively
substitutes or replaces a bearing element. This means that there will be a bearing element on
either side of the holding frame. The purpose of the holding frame is essentially to hold the
distance gauge(s) in a fixed and predetermined position relative to one or both of the bearing
races. Preferably, the bearing gauge arrangement comprises two distance gauges. These are
preferably arranged to measure the race surface separation over as wide a distance as
possible, i.e. across the width of the bearing. To this end, the two distance gauges are
preferably arranged one essentially at each outer edge of the bearing, i.e. near the outer
perimeter of a race. Such an arrangement can favourably increase the accuracy of the
measurement values, allowing even very small angular deformations to be detected in good
time.

[0022] Preferably, the distance gauge arrangement is used in an initial calibration run for the
bearing to obtain a record of the initial inner bearing space. This can be performed before
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initial installation of the bearing in the machine in which it will be used, i.e. before the bearing
has been exposed to any significant loading. After installation in the machine, an evaluation run
can again be carried out. The results can be analysed relative to the calibration results to
identify any anomalies and to identify any corrective measures that may need to be taken.

[0023] An annular bearing generally acts as an interface between a rotating component and a
stationary component, for example in the case of a generator. Each bearing ring may be bolted
or otherwise secured to its associated component. This may result in minor but far-reaching
deformations in the bearing. Therefore, in a preferred embodiment of the invention, the
method comprises the steps of evaluating measurements from the number of distance gauges
during operation of the bearing prior to a final installation procedure; performing the final
installation procedure; and subsequently evaluating measurements from the distance gauge
during operation of the after the final installation procedure. In such an embodiment, the "final
installation procedure" may involve a procedure of finally tightening any bolts to secure a
bearing ring to a generator component during a wind turbine installation, for example. Equally,
the expression may apply to a step of tightening bolts during a maintenance procedure.

[0024] As indicated above, the evaluation unit is preferably realised to receive measurement
values from the distance gauges and to analyse the information in order to identify any
deformation of the bearing, for example a deformation of a bearing ring after fastening it to a
bedframe by a plurality of bolts. Preferably, the evaluation unit is realized to relate the distance
gauge measurements to corresponding regions along the bearing circumference. For
example, a comparison of measurement values received from one distance gauge over one
complete rotation of the bearing can be compared to a reference or expected value. Any
departure from this expected value will indicate a deformation in the bearing. The evaluation
unit may be supplied with information regarding the beginning and end of a complete rotation,
for example by using a Hall-effect sensor. The rotational velocity of the bearing can usually be
assumed to be constant, particularly in the case of a main bearing of a large direct-drive wind
turbine. With this information, it is relatively straightforward to interpret the measurement
values received from a distance gauge to determine the location of a deformation. Preferably,
the information provided by a pair of distance gauges arranged over the width of the bearing
race is interpreted to identify the extent of an angular deformation of the bearing. Such a
deformation might arise on account of tightening bolts between a bearing ring and a carrying
structure, and/or on account of external loading on the bearing.

[0025] In a particularly preferred embodiment of the invention, the measurement data provided
by the distance gauges is augmented by data relating to an external bearing load. An example
of such an external load might be wind load forces acting on the main bearing of a wind
turbine. In such a realisation, an evaluation unit is preferably realized to identify a relationship
between the external load and a bearing deformation identified on the basis of the distance
gauge measurement values.

[0026] The evaluation can be preformed essentially continually, or at regular intervals chosen
according to the machine in which the bearing is installed. For example, if the bearing is
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installed in a direct-drive wind turbine whose outer rotor has a relatively slow rotational velocity,
it may be sufficient to run an evaluation sequence once per hour. Preferably, the evaluation
sequence is performed over a period of time following a maintenance or installation step, in
which fastening bolts are tightened or otherwise adjusted. In such a situation, the results of an
evaluation can be used to determine to what extent the tension of one or more bolts could be
adjusted in order to correct an unsatisfactory measurement. Other objects and features of the
present invention will become apparent from the following detailed descriptions considered in
conjunction with the accompanying drawings. It is to be understood, however, that the
drawings are designed solely for the purposes of illustration and not as a definition of the limits
of the invention.

Fig. 1 shows a partial cross-section through a roller bearing with an embodiment of the bearing
gauge arrangement according to the invention;

Fig. 2 shows a further partial cross-section through the bearing of Fig. 1;
Fig. 3 shows a further partial cross-section through the bearing of Fig. 1;
Fig. 4 shows a simplified cross-section through a tapered roller bearing;

Figs. 5 - 8 show evaluation results based on measurements collected by an embodiment of the
bearing gauge arrangement according to the invention.

[0027] In the diagrams, like numbers refer to like objects throughout. Objects in the diagrams
are not necessarily drawn to scale.

[0028] Fig. 1 shows a partial cross-section through a double-row roller bearing 2 taken along a
plane through the axis of rotation of the bearing 2 (which is mounted vertically in a machine),
and showing a bearing gauge arrangement 1 according to an embodiment of the invention,
taking the place of a roller in one of the races. Aroller 22 in the other race is shown to the right
of the diagram. The roller bearing 2 can be of the type described in Fig. 2 which is another
partial cross-section through the bearing 2 (taken along a plane orthogonal to the plane of Fig.
1 and to the axis of rotation of the bearing 2) showing an inner ring 20 and an outer ring 21 of
the bearing 2, and a number of rollers 22. The bearing 2 is constructed such that the inner
race and outer race are separated by a distance D. Highly precise machining, milling and
polishing steps and the use of high-quality materials are required to achieve a constant
distance D over the entire circumference of the bearing. This distance D should also remain
constant in order to ensure that loads are evenly distributed over the rollers 22 and so that the
rollers 22 are not unduly subject to wear. For the sake of simplicity, these diagrams show
cylindrical rollers, but it should be noted that the bearing could equally well be realised as a
tapered roller bearing, for which each raceway is a segment of a cone, and in which the rollers
have a slightly tapered conical form.

[0029] In Fig. 1, one of the rollers 22 has been replaced by an embodiment of the inventive



DK/EP 3208571 T3

bearing gauge arrangement 1. The bearing gauge arrangement 1 comprises a holding frame
10, to which two distance gauges G1, G2 have been mounted. In this exemplary embodiment,
the holding frame 10 has essentially the same maximum dimensions as the roller that it
replaces. The rollers 22 are contained in a cage (not shown in the diagram), so that the outer
ends of each roller 22 are at a distance from the vertical raceway faces. To ensure that the
holding frame 10 maintains a steady orientation relative to the races, it is spring-loaded using
springs 11 to press it against an appropriate surface of the bearing at all times. In this
exemplary embodiment, a distance gauge G1, G2 is a distance transducer, for example a
DVRT type distance gauge or an eddy-current transducer. Each distance gauge G1, G2 is
arranged to make contact with a raceway at all times during rotation of the bearing, in this case
with the outer raceway 210. This can be achieved in any suitable manner as will be known to
the skilled person. Each transducer G1, G2 is arranged so that its effective direction is
essentially perpendicular to the outer raceway 210. Any departure from the specified distance
D will then translate into a corresponding movement of the transducer G1, G2 along its
effective direction. This movement is converted by the transducer G1, G2 into an appropriate
signal. A prior calibration of the bearing gauge arrangement 1 in this bearing 2 allows the
signal to be interpreted as a distance measurement value. When the bearing 2 is used in a
wind turbine to support the generator, one of the distance gauges G1, G2 will be towards the
front of the generator and may be referred to as the "upwind distance gauge", while the other
distance gauge may be referred to as the "downwind distance gauge".

[0030] Fig. 3 shows another view of the inventive bearing gauge arrangement 1 as part of an
annular section through a bearing. The diagram shows a number of rollers 22 on either side of
a holding frame 10 that replaces a roller. The rollers 22 and holding frame 10 are arranged in
a cage 23. A first distance gauge G1 is arranged at a distance d1 from an inner edge of the
bearing 2, and a second distance gauge G2 is arranged at a distance d2 from an outer edge of
the bearing. The distance transducers G1, G2 have their effective directions into or out of the
page, to monitor the distance D between inner and outer races 200, 210 as the bearing 2
rotates. Each distance gauge G1, G2 effectively tracks a circular path P1, P2 that is parallel to
an edge of the bearing 2. For the sake of simplicity, the embodiments of Figs. 1 - 3 show a
cylindrical roller bearing, but the bearing could equally well be realised as a tapered roller
bearing, for which each raceway is a segment of a cone, and in which the rollers have a slightly
tapered conical form. Fig. 4 shows, in simplified form, a greatly exaggerated cross-section
through such a tapered roller bearing 4, showing the conical form of the inner ring 40 and
outer ring 41, and also the conical form of the tapered roller 42. The bearing 4 may be
regarded as having a length L over the raceways. The distance Dmax at one end of the
bearing 4 is larger than the distance Dmin at the outer side of bearing 4. When used in such a
bearing 4, a distance gauge of the inventive bearing gauge arrangement would track a
distance (indicated by the dotted lines) between these two extremes. The distance gauge at
the larger end will track a distance DL, while the distance gauge at the smaller end will track a
distance DS. The difference between these will generally only be a few micrometers.

[0031] Returning to Fig. 3, measurement values M1, M2 are sent from the distance gauges
G1, G2 to an evaluation module 11 during a bearing inspection procedure. To relate the
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measurement values M1, M2 to angular values over a full rotation of the bearing, the
evaluation module 11 may be supplied with data 110 relating to the sampling rates of the
distance gauges G1, G2 and the rotational velocity of the bearing 2. Alternatively, a Hall-effect
sensor may be used to detect a full rotation of the bearing 2. The evaluation module 11 can
provide output 111 for displaying the results of the inspection, for example as shown in the
following diagrams.

[0032] The inventive bearing gauge arrangement can be used to very precisely measure a
bearing before and after it has been mounted to a machine. It is important to ensure that a
bearing has been machined accurately before finally installing it on a machine such as a wind
turbine generator, since even only very minor flaws can lead to severe problems later on
during operation of the machine. A double-row cylindrical roller bearing is usually constructed
so that one of the bearing rings is a split ring, held together by a number of bolts during
transport. A further set of bolts may be used to mount the bearing to the generator or other
machine. It is very important to ensure that all parts are correctly and precisely aligned before
the machine becomes operational.

[0033] Figs. 5 and 6 show test results for the inventive bearing gauge arrangement used to
monitor a double-row tapered roller bearing of the type described above, with a split or two-
piece inner ring. In Fig. 5, the monitored distance DS is tracked as the bearing 4 rotates. An
encoder was used to relate the measured distance values to an angular path of travel through
360°. The upper curve 50 is a plot of distance values collected by the distance gauge that
monitors distance DS during operation. Ideally, this distance should be essentially constant.
The test results show discrepancies relating to a number of provisional bolts used to hold
together the split inner ring together before mounting to a generator. Each "peak" corresponds
to the position of such a bolt. The distance DS oscillates within a lower bound DSmin_0 and an
upper bound DSmax_0. In the test, the upper bound DSmax_0 was measured at 55480 ym,
and the lower bound DSmin_0 was measured at about 55460 ym.

[0034] The lower curve 51 is a plot of distance values collected by the distance gauge
monitoring distance DS during operation of the bearing after mounting it to the generator using
a further set of bolts. The distance DS now oscillates within a lower bound DSmin_1 and an
upper bound DSmax_1. In the test, the upper bound DSmax_1 was measured at 55450 ym,
and the lower bound DSmin_0 was measured at about 55430 ym. These boundary values
DSmin_1, DSmax_1 are each about 30 pym less than their counterparts in curve 50. After
mounting the bearing to the generator and tightening the relevant bolts, the inner (smaller)
diameter of the bearing 4 has effectively been decreased.

[0035] In Fig. 6, the monitored distance DL is tracked as the bearing 4 rotates through 360°.
Here, the lower curve 60 is a plot of distance values collected by the distance gauge
monitoring distance DL during operation of the bearing before it was mounted to the generator.
The distance DL oscillates within a lower bound DLmin_0 and an upper bound DLmax_0. In
the test, the upper bound was measured at about 58150 ym, and the lower bound DLmin_0
was measured at about 58130 ym. Here also, the monitored distance DL should ideally appear
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as a straight line.

[0036] The upper curve 61 is a plot of distance values collected by the distance gauge
monitoring distance DL after the bearing was mounted to the generator. The distance DL now
oscillates within a lower bound DLmin_1 and an upper bound DLmax_1. In the test, the upper
bound was measured at about 58175 ym, and the lower bound DLmin_0 was measured at
about 58145 pm. These boundary values DLmin_1, DLmax_1 are greater than their
corresponding values in curve 60. After tightening the bolts, therefore, the outer or larger
diameter of the bearing 4 has effectively been increased.

[0037] Figs. 5 - 6 show that the inventive bearing gauge arrangement can very effectively
identify any flaws or inaccuracies in the bearing even at a prototype stage, e.g. during tests
performed on the prototype bearing for a new machine generation. Such changes - even if
only in the micrometer range - are significant and can lead to uneven wear on the bearings.
Any such flaws or inaccuracies in the bearing can then be remedied in good time, i.e. before
going into large-scale production. This can allow considerable savings in costs that might
otherwise arise from damage to the bearing and generator arising from an undetected bearing
flaw.

[0038] Fig. 7 is another diagram showing the effect of tightening the bolts on a tapered roller
bearing 4. Each graph 70, 71 indicates the departure from an ideal or specified distance Dg

along the length L of the bearing after tightening the bolts. Graph 70 shows a situation in which
the bolts have been tightened to a torque of 3300 Nm, resulting in a compression AS of about
30 ym at the small end of the bearing and an opening AL of about 25 ym at the large end of
the bearing. Graph 71 shows a situation in which the bolts have been tightened to a torque of
4500 Nm, resulting in a compression AS of about 30 ym at the small end of the bearing and an
opening AL of about 30 ym at the large end of the bearing. The diagram clearly shows that the
higher torque results in a significantly greater "opening" at the large end of the bearing, while
the compression at the small end of the bearing is the same in each case.

[0039] Fig. 8 illustrates angular misalignment in a double-row roller bearing mounted to the
generator of a wind turbine. The first graph 80 corresponds to measurements collected by a
distance gauge at the upwind side of the bearing (e.g. measuring the distance DL indicated in
Fig. 4) at three stages T1, T2, T3. The second graph 81 corresponds to measurements
collected by a distance gauge at the downwind side of the bearing (e.g. measuring the
distance DS indicated in Fig. 4). The Y-axis indicates departure in micrometres [um] from an
initial measurement taken at a first stage T1, when the inner ring of the bearing is held
together for transport by a first set of bolts. The initial measurement can be the average
distance measured during a complete revolution of the bearing.

[0040] At a second stage T2, the bearing has been mounted to the generator, and the
mounting bolts have been tightened to a first torque. The diagram shows that the distances
measured by the upwind and downwind gauges now differ from the initial measurement, but to
a different degree.
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[0041] At a second stage T2, the bolts have been tightened to a second, higher torque. The
distances measured by the upwind and downwind gauges have departed even further from the
initial measurement.

[0042] Figs. 7 and 8 show that the inventive bearing gauge arrangement can very effectively
be used to identify changes in the bearing when it is mounted to its destination machine. The
distances between the raceways monitored by the gauges can be used to identify problems
associated with structural aspects of the bearing and can be used as a basis for remedial
measures.

[0043] Although the present invention has been disclosed in the form of preferred
embodiments and variations thereon, it will be understood that numerous additional
modifications and variations could be made thereto without departing from the scope of the
invention as defined by the appended claims.

[0044] For the sake of clarity, it is to be understood that the use of "a" or "an" throughout this
application does not exclude a plurality, and "comprising" does not exclude other steps or
elements. The mention of a "unit" or a "module" does not preclude the use of more than one
unit or module.
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Patentkrayv

1. Indretning til maling af leje (1), omfattende

- en holderamme (10), som er dimensioneret til at erstatte et baerende element
(22, 42) mellem en indvendig krans (200, 400) og en udvendig krans (210,
410) af et leje (2, 4);

- mindst én afstandsmaler (G1, G2), som er anbragt i holderammen (10) for at
male en afstand (D, DL, DS) mellem den indvendige krans (200, 400) og den
udvendige krans (210, 410) under driften af lejet (2, 4); og

- en vurderingsenhed (11), der er udfert til at vurdere malinger (M1, M2) fra en
afstandsmaler (G1, G2) i forhold til en lejereferencedimension (Dmin, Dmax,
Do).

2. Indretning til maling af leje ifglge krav 1, hvor positionen af en afstandsmaler
(G1, G2) forbliver fast i forhold til holderammen (10).

3. Indretning til maling af leje ifglge krav 1 eller krav 2, hvor positionen af hol-
derammen (10) forbliver fast i forhold til en lejering (20, 21, 40, 41).

4. Indretning til maling af leje ifglge et hvilket som helst af de foregaende krav,

omfattende to afstandsmalere (G1, G2).

5. Indretning til maling af leje ifglge et hvilket som helst af de foregaende krav,
hvor en afstandsmaler (G1, G2) omfatter en forskydningstransducer.

6. Indretning til maling af leje ifelge et hvilket som helst af de foregaende krav,
omfattende en tradlgs graenseflade mellem en afstandsmaler (G1, G2) og vur-

deringsenheden (11).

7. Indretning til maling af leje ifelge et hvilket som helst af de foregaende krav,

omfattende mindst en fijederbelastet kontakt mod en lgbebaneflade (200, 210,
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400, 410).

8. Indretning til maling af leje ifelge et hvilket som helst af de foregaende krav,
hvor holderammen (10) er konstrueret til at passe indvendigt i et rullelejebur
(23).

9. Indretning til maling af leje ifglge et hvilket som helst af de foregaende krav,
hvor vurderingsenheden (11) er udfert til at relatere en malevaerdi (M1, M2) af

afstandsmaleren til et punkt langs lejeomkredsen.

10. Indretning til maling af leje ifalge et hvilket som helst af de foregaende krav,
hvor vurderingsenheden (11) ogsa modtager data vedrgrende en udvendig le-
jebelastning, og er udformet til at identificere et forhold mellem en lejedefor-

mering og den udvendige lejebelastning.

11. Generatorenhed, isaer en vindmegllegeneratorenhed, omfattende et leje (2,
4) mellem rotor og stator, og en indretning til maling af leje (1) ifelge et hvilket
som helst af kravene 1 til 10, indrettet pd en sadan made, at holderammen
(10) af indretningen til maling af leje (1) erstatter et baerende element (22, 42)
af hovedlejet (2, 4).

12. Generatorenhed ifglge krav 12, hvor lejet (4) omfatter et konisk rulleleje.

13. Generatorenhed ifglge krav 12, hvor lejet (4) omfatter et dobbeltradet rul-

leleje.

14. Fremgangsmade til detektering af en deformation af et leje (2, 4), hvor
fremgangsmaden omfatter felgende trin

- tilvejebringelse af en indretning til maling af leje (1) med et antal afstandsma-
lere (G1, G2) i en holderamme (10), dimensioneret i overensstemmelse med
et rullende element (22, 42) af lejet (2, 4);



10

DK/EP 3208571 T3

- erstatning af et rullende element (22, 42) af lejet (2, 4) med holderammen
(10);

- anvendelse af afstandsmalerne (G1, G2) til male en afstand (D, DL, DS) mel-
lem en indvendig krans (200, 400) og en udvendig krans (210, 410) af lejet (2,
4) under driften af lejet (2, 4); og

- vurdering af malingerne (M1, M2) i forhold til en lejereferencedimension
(Dmin, Dmax, Do).

15. Fremgangsmade ifglge krav 14, omfattende felgende trin

- vurdering af malingerne (M1, M2) forud for en installeringsfremgangsmade;
- udfgrelse af installeringsfremgangsmaden; og

- vurdering af malingerne (M1, M2) efter installeringsfremgangsmaden.



DK/EP 3208571 T3
DRAWINGS

FIG 1 1




DK/EP 3208571 T3

FIG 3 110vi 121

| VY1 —
] /_‘ ‘ -

\ /_ 5 o | _/
Z / | \
¢ .




DK/EP 3208571 T3

FIG 4
Drmax — 5 DS~ | - Dmin
DL ! &2
400
V \ AET .
NN
- : -



DK/EP 3208571 T3

360°

270°

FIG 5

180°

90°



DK/EP 3208571 T3

FIG 6

Seme .’To'ol . l.t L TY!

o hO D@D SoeaE 8 Wom

cie S5

360°

270°

180°

90°



DK/EP 3208571 T3

i
r




DK/EP 3208571 T3




