(19 DANMARK (10 DK/EP 2530367 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: F 16 N 29/04 (2006.01) F03 D 11/00 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2015-06-01

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2015-03-04

(86) Europeeisk ansggning nr.: 12169733.8

(86) Europzeisk indleveringsdag: 2012-05-29

(87) Den europaeiske ansggnings publiceringsdag: 2012-12-05
(30) Prioritet: ~ 2011-05-31 US 201113149396

(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV
MC MK MT NL NO PL PT RO RS SE Sl SK SM TR

(73) Patenthaver: GENERAL ELECTRIC COMPANY, 1 River Road, Schenectady, NY 12345, USA

(72) Opfinder: Davis, John Paul, 1 River Road, Schenectady, NY New York 12345, USA
Mazzaro, Maria Cecilia, 300 Garlington Road, Greenville, SC South Carolina 29615, USA
Oates, Jack Darrin, 300 Garlington Road, Greenville, SC South Carolina 29615, USA

(74) Fuldmeegtig i Danmark: PLOUGMANN & VINGTOFT A/S, Rued Langgaards Vej 8, 2300 Koebenhavn S, Danmark
(54) Benaevnelse: System og fremgangsmader til overvagning af olietilstande af en vindmollegearkasse

(56) Fremdragne publikationer:
WO-A1-2007/071239
US-A- 4 053 868
US-A1- 2007 194 801
US-B1- 6 286 363



DK/EP 2530367 T3



DKJ/EP 2530367 T3
DESCRIPTION

[0001] The present subject matter relates generally to wind turbines and, more particularly, to a system and/or methods for
monitoring the condition of oil contained within a gearbox of a wind turbine.

[0002] US 4,053,868 relates to a vehicle system monitor for indicating the existence of one or more undesirable operating
conditions.

[0003] Generally, a wind turbine includes a tower, a nacelle mounted on the tower, and a rotor coupled to the nacelle. The rotor
generally includes a rotatable hub and a plurality of rotor blades coupled to and extending outwardly from the hub. Each rotor
blade may be spaced about the hub so as to facilitate rotating the rotor to enable kinetic energy to be converted into usable
mechanical energy, which may then be transmitted to an electric generator disposed within the nacelle for the production of
electrical energy. Typically, a gearbox is used to drive the electric generator in response to rotation of the rotor. For instance, the
gearbox may be configured to convert a low speed, high torque input provided by the rotor to a high speed, low torque output that
may drive the electric generator.

[0004] Lubrication systems are often used within wind turbines to circulate oil throughout the gearbox, thereby decreasing the
friction between the moving components of the gearbox as well as providing cooling for such components. However, over time, the
condition of the oil can degrade significantly. As such, the oil condition must be inspected periodically to prevent unnecessary
damage to the gearbox due to, for example, component wear caused by excessive amounts of metallic particles and/or other
debris contained within the oil. Currently, gearbox inspection methods require that a wind turbine be shutdown to permit a
maintenance worker to climb into the nacelle and gain access to the interior of the gearbox. Thus, conventional inspection
methods can be very costly as well as time and labor intensive. As a result, scheduled inspections of the gearbox are typically
infrequent, thereby increasing the likelihood of damage occurring to the gearbox due to degraded oil conditions.

[0005] Accordingly, a system and/or methods that allow for the online monitoring of oil conditions within the gearbox would be
welcomed in the art.

[0006] Various aspects and advantages of the invention will be set forth in part in the following description, or may be clear from
the description, or may be learned through practice of the invention.

[0007] Various aspects and embodiments of the present invention are defined by the appended claims.

[0008] Various features, aspects and advantages of the present invention will become better understood with reference to the
following description and appended claims. The accompanying drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention and, together with the description, serve to explain the principles of the
invention. In the drawings:

FIG. 1 illustrates a perspective view of one embodiment of a wind turbine of conventional construction;
FIG. 2 illustrates a perspective, interior view of one embodiment of a nacelle of a wind turbine;

FIG. 3 illustrates a schematic diagram of one embodiment of suitable components that may be included within one or more
controllers used to perform the methods disclosed herein;

FIG. 4 illustrates a flow diagram of one embodiment of a method for monitoring the condition of oil contained within a gearbox of a
wind turbine;

FIG. 5 illustrates a portion of one embodiment of decision logic that may be used to monitor the condition of oil contained within a
gearbox of a wind turbine;

FIG. 6 illustrates another portion of one embodiment of decision logic that may be used to monitor the condition of oil contained
within a gearbox of a wind turbine;

FIG. 7 illustrates a further portion of one embodiment of decision logic that may be used to monitor the condition of oil contained
within a gearbox of a wind turbine; and,

FIG. 8 illustrates yet another portion of one embodiment of decision logic that may be used to monitor the condition of oil
contained within a gearbox of a wind turbine.
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[0009] Reference now will be made in detail to embodiments of the invention, one or more examples of which are illustrated in the
drawings. Each example is provided by way of explanation of the invention, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that various modifications and variations can be made in the present invention without
departing from the scope or spirit of the invention. For instance, features illustrated or described as part of one embodiment can
be used with another embodiment to yield a still further embodiment. Thus, it is intended that the present invention covers such
modifications and variations as come within the scope of the appended claims and their equivalents.

[0010] In general, the present subject matter discloses a system and/or methods for online monitoring of the condition of oil
contained within a gearbox of a wind turbine. For instance, in several embodiments, one or more sensors may be mounted
through and/or disposed within the gearbox to permit one or more oil parameters (e.g., oil temperature, oil viscosity, particle
count, particle size and/or water content) of the gearbox to be measured. The sensors may permit the oil condition to be
monitored locally or remotely in real time by transmitting signals corresponding to the oil parameter measurements to a controller
(e.g., a turbine controller of the wind turbine and/or a separate controller located remote to the wind turbine) for subsequent
analysis using suitable software, algorithms and/or decision logic. As a result of the acquisition and analysis of such
measurements, it may be determined and/or predicted when damage may occur to any of the components of the gearbox and/or
the severity/extent of any damage that may have already occurred due to degrading oil conditions. Accordingly, a recommended
course of action (e.g., reactive and/or proactive maintenance) may be determined to prevent further and/or future damage from
occurring to the gearbox.

[0011] Referring now to the drawings, FIG. 1 illustrates a perspective view of one embodiment of a wind turbine 10 of
conventional construction. As shown, the wind turbine 10 includes a tower 12 extending from a support surface 14, a nacelle 16
mounted on the tower 12, and a rotor 18 coupled to the nacelle 16. The rotor 18 includes a rotatable hub 20 and at least one
rotor blade 22 coupled to and extending outwardly from the hub 20. For example, in the illustrated embodiment, the rotor 18
includes three rotor blades 22. However, in an alternative embodiment, the rotor 18 may include more or less than three rotor
blades 22. Each rotor blade 22 may be spaced about the hub 20 to facilitate rotating the rotor 18 to enable kinetic energy to be
transferred from the wind into usable mechanical energy, and subsequently, electrical energy. For instance, the hub 20 may be
rotatably coupled to an electric generator 24 (FIG. 2) positioned within the nacelle 16 to permit electrical energy to be produced.

[0012] As shown, the wind turbine 10 may also include a turbine control system or a turbine controller 26 centralized within the
nacelle 16. However, it should be appreciated that the turbine controller 26 may be disposed at any location on or in the wind
turbine 10, at any location on the support surface 14 or generally at any other location. In general, the turbine controller 26 may
be configured to transmit and execute wind turbine control signals and/or commands in order to control the various operating
modes (e.g., start-up or shut-down sequences) and/or components of the wind turbine 10. For example, the controller 26 may be
configured to control the blade pitch or pitch angle of each of the rotor blades 22 (i.e., an angle that determines a perspective of
the rotor blades 22 with respect to the direction 28 of the wind) to control the load and power output generated by the wind
turbine 10 by adjusting an angular position of at least one rotor blade 22 relative to the wind. For instance, the turbine controller
26 may control the pitch angle of the rotor blades 22, either individually or simultaneously, by transmitting suitable control
signals/commands to a pitch drive or pitch adjustment mechanism (not shown) of the wind turbine 10. Further, as the direction 28
of the wind changes, the turbine controller 26 may be configured to control a yaw direction of the nacelle 16 about a yaw axis 30
to position the rotor blades 22 with respect to the direction 28 of the wind, thereby controlling the load and power output
generated by the wind turbine 10. For example, the turbine controller 26 may be configured to transmit control signals/commands
to a yaw drive mechanism (not shown) of the wind turbine 10 such that the nacelle 16 may be rotated about the yaw axis 30.

[0013] Referring now to FIG. 2, a simplified, internal view of one embodiment of a nacelle 16 of a wind turbine 10 is illustrated. As
shown, a generator 24 may be disposed within the nacelle 16. In general, the generator 24 may be coupled to the rotor 18 of the
wind turbine 10 for producing electrical power from the rotational energy generated by the rotor 18. For example, as shown in the
illustrated embodiment, the rotor 18 may include a rotor shaft 32 coupled to the hub 20 for rotation therewith. The rotor shaft 32
may, in turn, be rotatably coupled to a generator shaft 34 of the generator 24 through a gearbox 36. As is generally understood,
the rotor shaft 32 may provide a low speed, high torque input to the gearbox 36 in response to rotation of the rotor blades 22 and
the hub 20. The gearbox 36 may then be configured to convert the low speed, high torque input to a high speed, low torque
output to drive the generator shaft 34 and, thus, the generator 24.

[0014] It should be appreciated that the gearbox 36 may generally comprise any suitable gearbox known in the art. For instance,
in one embodiment, the gearbox 36 may comprise a planetary gearbox including a plurality of gears (e.g., planetary, ring and/or
sun gears) and bearings (not shown) for converting the low speed, high torque input of the rotor shaft 32 to a high speed, low
torque output for the generator 24. Additionally, in one embodiment, the gearbox 36 may include multiple gears stages, with each
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gear stage increasing the input speed and decreasing the input torque. Moreover, the gearbox 36 may include a lubrication
system (not shown) or other means for circulating oil throughout the gearbox 36. As is generally understood, the oil may be used
to reduce friction between the moving components of the gearbox 36 and may also be utilized to provide cooling for such
components, thereby decreasing component wear and other losses within the gearbox 36 and increasing the lifespan of the
gearbox 36.

[0015] Additionally, as indicated above, a turbine controller 26 may also be located within the nacelle 16 of the wind turbine 10.
For example, as shown in the illustrated embodiment, the turbine controller 26 is disposed within a control cabinet 38 mounted to
a portion of the nacelle 16. However, in other embodiments, the turbine controller 26 may be disposed at any other suitable
location on and/or within the wind turbine 10 or at any suitable location remote to the wind turbine 10.

[0016] Moreover, the wind turbine 10 may also include one or more sensors for detecting, sensing and/or measuring one or
more operating parameters and/or operating conditions of the wind turbine 10. Thus, in several embodiments, the wind turbine 10
may include one or more sensors 40 (shown in dashed lines) for detecting, sensing and/or measuring one or more oil parameters
of the gearbox 36. As used herein, the term "oil parameter" may refer to any characteristic and/or property that provides an
indication of the operating state and/or condition of the oil contained within the gearbox 36. For instance, in one embodiment, oil
parameters may include, but are not limited to, oil temperature, oil viscosity, the number of particles and/or debris (e.g., metallic
particles due to component wear) contained within the oil (referred to herein as "particle count"), the size of the particles and/or
debris contained within the oil (referred to herein as "particle size') and/or the water content of the oil.

[0017] In general, the sensor(s) 40 may comprise any suitable sensors and/or other sensing devices known in the art for
detecting, sensing and/or measuring one or more of the oil parameters of the gearbox 36. For example, to measure the oil
temperature, the sensor(s) 40 may comprise one or more temperature sensors mounted through and/or disposed within the
gearbox 36. Suitable temperature sensors may include, but are not limited to, thermocouples, thermometers, fiber optic
temperature sensors, thermal imagers and/or the like. Similarly, to measure the oil viscosity, the sensor(s) 40 may comprise one
or more viscosity sensors mounted through and/or disposed within the gearbox 36. For example, suitable viscosity sensors are
known that perform temperature compensated viscosity measurements using capacitance and/or dielectric methods. Moreover,
other suitable viscosity sensors are known that utilize micromechanical resonators and/or microacoustic devices, together with
signal processing algorithms, to measure oil viscosity.

[0018] Additionally, to measure particle count and particle size, the sensor(s) 40 may comprise one or more particle and/or
debris sensors mounted through and/or disposed within the gearbox 36. For instance, suitable metallic particle and/or debris
sensors are known that utilize inductive coil technology, magnetometry technology and/or electromagnetic technology, together
with suitable algorithms, to determine both the count and size of metallic particles contained within oil. Similarly, to measure the
water content of the oil, the sensor(s) 40 may comprise one or more moisture and/or humidity sensors mounted through and/or
disposed within the gearbox 36. For example, suitable moisture and/or humidity sensors are known that determine water content
by measuring the percentage relative humidity of oil using electronic impedance and/or capacitance sensors together with
suitable algorithms.

[0019] It should be appreciated that the disclosed sensor(s) 40 need not be limited to the sensor technologies described above.
Rather, any suitable sensor technology may be utilized to measure the oil parameters of the gearbox 36. Additionally, one of
ordinary skill in the art should appreciate that oil condition sensors are known in the art that are capable of measuring multiple oil
parameters. For example, known oil conditions sensors are available that measure both oil temperature and oil viscosity.

[0020] Further, as shown in FIG. 2, in several embodiments, the turbine controller 26 may be communicatively coupled to a
separate controller 42 (shown in dashed lines) to allow control and/or command signals to transmitted from the separate
controller 42 to the turbine controller 26 and/or to allow signals/data received by the turbine controller 26 to be transmitted to the
separate controller 42. For instance, in one embodiment, the turbine controller 26 may be communicatively coupled to the
separate controller 42 through a wired connection, such as by connecting the controllers 26, 42 through a suitable communicative
link (e.g., a suitable cable). Alternatively, the turbine controller 26 may be communicatively coupled to the separate controller 42
through a wireless connection, such as by using any suitable wireless communications protocol known in the art.

[0021] In general, the separate controller 42 may comprise any suitable computer and/or processing unit positioned remote to
the turbine controller 26. For example, in several embodiments, the separate controller 42 may comprise a farm controller
configured to control multiple wind turbines 10 within a wind turbine farm, a remote monitoring system for remotely monitoring
operational data of the wind turbine 10, a centralized controller for remotely controlling the wind turbine 10 and/or any other
suitable controller, monitoring system and/or processing unit.
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[0022] It should be appreciated that, in several embodiments of the present subject matter, the disclosed sensor(s) 40 may be
communicatively coupled to the turbine controller 26 to permit signals corresponding to oil parameter measurements captured by
the sensor(s) 40 to be transmitted to the turbine controller 26. Thus, in embodiments in which the turbine controller 26 is
communicatively coupled to the separate controller 26, the signals received from the sensors 40 may then be transmitted to the
separate controller 42 to allow for remote monitoring of the oil condition of the gearbox 36. However, in alternative embodiments,
the disclosed sensor(s) 40 may be directly coupled to the separate controller 42 such that signals transmitted from the sensor(s)
40 may be communicated directly to the separate controller 26.

[0023] Referring now to FIG. 3, there is illustrated a block diagram of one embodiment of suitable components that may be
included within the turbine controller 26 and/or the separate controller 42 in accordance with aspects of the present subject
matter. As shown, the turbine controller 26 and/or the separate controller 42 may include one or more processor(s) 46 and
associated memory device(s) 48 configured to perform a variety of computer-implemented functions (e.g., performing the
methods, decision logic, steps, operations, calculations and the like disclosed herein). As used herein, the term "processor" refers
not only to integrated circuits referred to in the art as being included in a computer, but also refers to a controller, a
microcontroller, a microcomputer, a programmable logic controller (PLC), an application specific integrated circuit, and other
programmable circuits. Additionally, the memory device(s) 48 may generally comprise memory element(s) including, but are not
limited to, computer readable medium (e.g., random access memory (RAM)), computer readable non-volatile medium (e.g., a flash
memory), a floppy disk, a compact disc-read only memory (CD-ROM), a magneto-optical disk (MOD), a digital versatile disc (DVD)
and/or other suitable memory elements. Such memory device(s) 48 may generally be configured to store suitable computer-
readable instructions that, when implemented by the processor(s) 46, configure the turbine controller 26 and/or the separate
controller 42 to perform various functions including, but not limited to, executing the method elements and/or decision logic
described below. The memory device(s) 48 may also be used to store temporary input and output variables and other immediate
information during execution by the processor(s) 46 of the computer-readable instructions and/or to record/archive oil parameter
measurements transmitted by the sensor(s) 40.

[0024] Additionally, the turbine controller 26 and/or separate controller 42 may also include a communications module 50 to
facilitate communication with the various components of the wind turbine 10. In several embodiments, the communications module
50 may include a sensor interface 52 to permit the disclosed sensor(s) 40 to transmit output signals (e.g., corresponding to oil
parameter measurements) to the turbine controller 26 and/or separate controller 42. Specifically, as shown, the sensor(s) 40 may
be communicatively coupled to the turbine controller 26 and/or the separate controller 42 through the sensor interface 52.

[0025] It should be appreciated that, in one embodiment, the sensor(s) 40 may be communicatively coupled to the sensor
interface 52 through a wired connection, such as by coupling the sensor(s) 40 to the sensor interface 52 through a cable or other
suitable communicative link. Alternatively, the sensor(s) 40 may be communicatively coupled to the sensor interface 52 through a
wireless connection. For example, the sensor(s) 40 may be equipped with a suitable antenna(s) for transmitting signals/data to
the sensor interface 52 through any suitable wireless communications protocol. In such an embodiment, the communications
module 50 may also include a suitable antenna for receiving the signal/data transmissions and/or for otherwise wirelessly
communicating with the sensor(s) 40.

[0026] It should also be appreciated that a suitable sensor interface 52 may include, for instance, one or more analog-to-digital
converters configured to convert analog signals into digital signals that can be received and/or used by the processor(s) 46 of the
turbine controller 26 and/or the separate controller 42.

[0027] Referring now to FIG. 4, a flow diagram of one embodiment of a method 100 for monitoring the condition of the oil
contained within the gearbox 36 (FIG. 2) is illustrated in accordance with aspects of the present subject matter. As shown, the
method 100 generally includes receiving a signal corresponding to a measurement of an oil parameter of the gearbox 102,
comparing the measurement to a predetermined limit for the oil parameter 104, assigning a severity level based on the
comparison of the measurement to the predetermined limit 106 and determining a recommended course of action for the wind
turbine based on the severity level 108. It should be appreciated that, although the various method elements 102, 104, 106, 108
of the disclosed method 100 are illustrated in a particular order in FIG. 4, the method elements 102, 104, 106, 108 may generally
be performed in any sequence and/or order consistent with the disclosure provided herein.

[0028] In general, the disclosed method 100 may permit the oil condition of the gearbox 36 (FIG. 2) to be monitored locally or
remotely in real time by obtaining measurements of one or more of the oil parameters using the disclosed sensor(s) 40 (FIG. 2)
and transmitting signals corresponding to such measurements to the turbine controller 26 and/or the separate controller 42 for
subsequent analysis using software, algorithms and/or decision logic stored as computer-readable instructions within such
controller(s) 26, 42. Such online monitoring of the oil condition generally provides numerous advantages. For example, the
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acquisition and analysis of real time data corresponding to the oil condition of the gearbox 36 may allow for the determination
and/or estimation of the severity and/or extent of any damage that may be presently occurring to the components of the gearbox
36 and/or for the determination and/or estimation of when such components may begin to be subject to damage due to degrading
oil conditions and/or any other detectable gearbox 36 failure modes (e.g., degrading gear and/or bearing conditions). As a resullt,
a recommended course of action (e.g., reactive and/or proactive maintenance) may be established based on the determination of
the oil condition and/or any damage that has or may occur to the gearbox 36. For instance, based on the analysis of the oil
parameter measurements, it can be determined whether immediate action may need to be performed (e.g., by shutting down the
wind turbine 10 to prevent significant damage to the gearbox 36 or the wind turbine 10) or if some maintenance operation (e.g.,
changing the oil within the gearbox 36 and/or replacing the oil filter) may need to be performed at a particular time in the future.

[0029] Additionally, it should be appreciated that, in several embodiments, the various method elements 102, 104, 106, 108
shown in FIG. 4, as well as the decision logic described below, may be performed solely by the turbine controller 26, solely by the
separate controller 42 or partly by the turbine controller 26 and partly by the separate controller 42. For example, as indicated
above, in one embodiment, the turbine controller 26 may be communicatively coupled to the sensor(s) 40 and, thus, may be
configured to receive the oil parameters measurements provided by the sensor(s) 40. In such an embodiment, the turbine
controller 26 may also include suitable computer-readable instructions that, when implemented, enable the turbine controller 26 to
analyze the oil parameter measurements, such as by analyzing the measurements in accordance with the decision logic shown in
FIGS. 5-8. Alternatively, the turbine controller 26 may be configured to transmit the oil parameter measurements to the separate
controller 42 for subsequent analysis of the measurements by such controller 42.

[0030] Referring now to FIGS. 5-8, one embodiment of a detailed flowchart that may be utilized in performing the methods
disclosed herein is illustrated in accordance with aspects of the present subject matter. In particular, the illustrated flowchart
provides decision logic that may be performed by the turbine controller 26 and/or the separate controller 42 for locally and/or
remotely monitoring the condition of the oil contained within the gearbox 36 (FIG. 2). For instance, FIG. 5 illustrates a portion of
the flowchart corresponding to decision logic for monitoring the oil parameters and/or the service interval of the gearbox 36 and
for comparing such parameters and/or interval to predetermined parameter and/or time limits. Similarly, FIGS. 6 and 7 illustrate a
portion of the flowchart corresponding to decision logic for determining both the Severity Level of an oil parameter measurement
that exceeds one or more of the predetermined parameter limits and the steps taken for each Severity Level. Additionally, FIG. 8
illustrates a portion of the flowchart corresponding to decision logic for determining when to schedule maintenance when a time
measurement of the gear box 32 exceeds one or more of the predetermined time limits.

[0031] As shown in FIG. 5, in 202, the oil parameters and/or the time measurements of gearbox 36 may be monitored. As
indicated above, the oil parameters may be continuously monitored using the disclosed sensor(s) 40 (FIG. 2). Thus, at a
predetermined timestep or sampling rate (e.g., every 10 minutes), the sensor(s) 40 may be configured to measure the oil
parameters and transmit such measurements to the turbine controller 26 and/or separate controller 42 for subsequent analysis.

[0032] In addition, the turbine controller 26 and/or separate controller 42 may include suitable software instructions for
monitoring time measurements within the current service interval of the gearbox 36. As used herein, the term "service interval"
refers to an amount of time referenced from the last maintenance operation performed on the gearbox 36 (e.g., changing the oil
and/or replacing the oil filter). For example, in several embodiments, the service interval may comprise a time measurement
corresponding to the amount of operational hours of the wind turbine since the last maintenance operation was performed on the
gearbox 36 and/or a time measurement corresponding to the amount of elapsed time since the last maintenance operation was
performed gearbox 36. In such embodiments, the turbine controller 26 and/or the separate controller 42 may include suitable
software instructions for monitoring the amount of operational hours and/or elapsed time since the last maintenance operation
was performed.

[0033] In 204, each oil parameter measurement may be compared to an operational limit. In general, each operational limit may
correspond to a predetermined measurement value for each oil parameter at which it is believed that the gearbox 36 may begin to
be subject to damage (i.e., damage above that of normal wear and tear). For instance, in one embodiment, the operational limit
for the oil temperature within the gearbox 36 may correspond to a predetermined temperature value at which it is believed that the
gearbox 36 may begin to be subject to damage due to excessive temperatures. As shown in FIG. 2, if at least one of the oll
parameter measurements exceeds its corresponding operational limit, the decision logic pertaining to the Severity Level of the oil
parameter measurement may be performed (described below with reference to FIGS. 6 and 7). However, if none of the oil
parameter measurements exceed their corresponding operational limits, the decision logic pertaining to change rate limits shown
in 206 may be performed.

[0034] It should be readily appreciated that the operational limit for each oil parameter may generally vary depending on
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numerous factors including, but not limited to, the operating conditions of the gearbox 36, the size and oil capacity of the gearbox
36, the material properties of the components contained within the gearbox 36 and/or any historical data available regarding
operation of the gearbox 36. However, it is well within the purview of one of ordinary skill in the art to determine such operational
limits based on the characteristics of the gearbox 36 and/or any other suitable factors. In 206, each oil parameter measurement
may be compared to a change rate limit. In general, the change rate limit may correspond to a predetermined differential value for
each oil parameter at which it is believed that the gearbox 36 may begin to be subject to damage (i.e., damage above that of
normal wear and tear) due to the differential between consecutive measurements for a particular oil parameter. For instance, in
one embodiment, the change rate limit for the oil temperature may correspond to a predetermined temperature differential (e.g., a
predetermined increase in temperature between consecutive oil temperature measurements) at which it is believed that the
gearbox 36 may begin to be subject to damage due to significant temperature variations within the gearbox 36. As shown in FIG.
5, if at least one of the oil parameter measurements exceeds its corresponding change rate limit, the decision logic pertaining to
the Severity Level of the oil parameter measurement may be performed (described below with reference to FIGS. 6 and 7).
However, if none of the oil parameter measurements exceed their corresponding change rate limits, the decision logic pertaining
to the operational hour limit shown in 208 may be performed.

[0035] It should be readily appreciated that the change rate limit for each oil parameter may generally vary depending on
numerous factors including, but not limited to, the operating conditions of the gearbox 36, the size and oil capacity of the gearbox
36, the material properties of the components contained within the gearbox 36 and/or any historical data available regarding
operation of the gearbox 36. However, it is well within the purview of one of ordinary skill in the art to determine such change rate
limits based on the characteristics of the gearbox 36 and/or any other suitable factors.

[0036] Referring still to FIG. 5, in 208, the amount of operational hours within the current service interval may be compared to an
operational hour limit for the gearbox 36. In general, the operational hour limit may correspond to a predetermined time
measurement at which, due to the amount of hours that the wind turbine 10 and, thus, the gearbox 36 has been operating since
the last maintenance operation was performed, it is believed that the gearbox 36 may begin to be subject to damage (i.e.,
damage above that of normal wear and tear). As shown in FIG. 5, if the amount of operational hours exceed the operational hour
limit, the decision logic pertaining to scheduling maintenance operations on the gearbox 36 may be performed (described below
with reference to FIG. 8). However, if the amount of operational hours does not exceed the operational hour limit, the decision
logic pertaining to the elapsed time limit shown in 210 may be performed.

[0037] It should be readily appreciated that the operational hour limit for the gearbox 36 may generally vary depending on
numerous factors including, but not limited to, the operating conditions of the gearbox 36, the predetermined lifespan of the
gearbox 36 and/or any historical data available regarding operation of the gearbox 36. However, it is well within the purview of one
of ordinary skill in the art to determine the operational hour limit for the gearbox 36 based on the characteristics of the gearbox
36, routine maintenance scheduling practices and/or any other suitable factors.

[0038] In 210, the amount of elapsed time within the current service interval may be compared to an elapsed time limit for the
gearbox 36. In general, the elapsed time limit may correspond to a predetermined time measurement at which, due to the total
amount of time elapsed since the last maintenance operation was performed on the gearbox 36, it is believed that the gearbox 36
may begin to be subject to damage (i.e., damage above that of normal wear and tear). As shown in FIG. 5, if the amount of
elapsed time exceeds the elapsed time limit, the decision logic pertaining to scheduling maintenance operations for the gearbox
36 may be performed (described below with reference to FIG. 8). However, if the amount of elapsed time does not exceed the
elapsed time limit, the decision logic may be returned to START. In other words, when the amount of elapsed time does not
exceed the elapsed time limit, the flowchart generally assigns a healthy or Severity Level #0 status to the oil parameter
measurement, indicating that no further action within the decision logic is required for that particular sequence and returning to
decision logic to START, whereat new oil parameter and/or time measurements will be obtained in accordance with 202.

[0039] It should be readily appreciated that the elapsed time limit for the gearbox 36 may generally vary depending on numerous
factors including, but not limited to, the operating conditions of the gearbox 36, the predetermined lifespan of the gearbox 36
and/or any historical data available regarding operation of the gearbox 36. However, it is well within the purview of one of ordinary
skill in the art to determine the elapsed time limit for the gearbox 36 based on the characteristics of the gearbox 36, routine
maintenance scheduling practices and/or any other suitable factors.

[0040] Referring particularly now to FIGS. 6 and 7, one embodiment of a Severity Level logic sequence that may be performed
when it is determined that one of the oil parameter measurements exceeds the predetermined operational and/or change rate
limit for a particular oil parameter is illustrated. As shown, in 212, a Severity Level is assigned to the oil parameter measurement.
The particular Severity Level assigned may generally vary depending on the extent to which the oil parameter measurement
exceeds its parameter limit. For instance, as shown in FIG. 6, in several embodiments, the decision logic includes three different
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Severity Levels (i.e., Severity Level #1, Severity Level #2 and Severity Level #3). Each of the Severity Levels for a particular oil
parameter measurement may generally correspond to a predetermined range of values above the exceeded parameter limit at
which it believed that there is an increased likelihood that the gearbox 36 may be subject to damage (i.e., damage above that of
normal wear and tear), with the likelihood of damage increasing with each sequential Severity Level. For example, Severity Level
#1 may correspond to a range of values closest to the exceeded parameter limit and Severity Level #3 may correspond to a
range of values furthest from the exceeded predetermined parameter limit. Thus, in one embodiment, assuming that the oil
temperature in the gearbox 36 has exceeded its operational limit, Severity Level #1 may correspond to range of temperature
values between the predetermined temperature value at the operational limit and a second temperature value exceeding the
predetermined temperature value. Similarly, Severity Level #2 may correspond to a range of temperature values between the
second temperature value and a third temperature value exceeding the second temperature value, with Severity Level #3
corresponding to a range of temperature values between the third temperature value and a fourth temperature value exceeding
the third temperature value.

[0041] In alternative embodiments, it should be appreciated that the decision logic may include any other suitable number of
Severity Levels, such as by including less than three Severity Levels or greater than three Severity Levels.

[0042] It should also be appreciated the particular value ranges corresponding to the Severity Levels for each oil parameter and
each predetermined parameter limit may generally vary depending on numerous factors including, but not limited to, any historical
data available regarding operation of the gearbox 36 and/or any operating constraints of the gearbox 36. However, it is well within
the purview of one of ordinary skill in the art to determine what value ranges should be utilized with each Severity Level for a
given oil parameter and parameter limit based on the characteristics of the gearbox 36 and/or any other suitable factors.

[0043] Additionally, as shown FIGS. 6 and 7, the decision logic may generally vary depending on which of the Severity Levels is
assigned to the oil parameter measurement exceeding one or more of its predetermined parameter limits. For instance, in several
embodiments, as the number for the Severity Level increases, the degree, complexity and/or urgency of the recommended
course of action may also increase. Thus, as will be described below, the Severity Level #1 decision logic may simply require
analysis of a second oil parameter measurement whereas the Severity level #3 decision logic may require immediate shutdown of
the wind turbine 10.

[0044] Thus, as shown in 214, when Severity Level #1 is assigned to an oil parameter measurement exceeding one or more of
its predetermined parameter limits, the first measurement for that particular oil parameter may be stored/archived (e.g., stored in
a memory device 48 (FIG. 3) of the turbine controller 26 and/or the separate controller 42) and a second measurement may be
taken. Additionally, in 2186, the second measurement may be compared to the predetermined operational limit for that particular oil
parameter (i.e., the same operational limit compared to the first measurement in 204 (FIG. 5)). If the second measurement
exceeds the operational limit, the status may be elevated to Severity Level #2 and the decision logic pertaining to Severity Level
#2 may then be performed (described below with reference to FIG. 7). However, if the second measurement does not exceed the
operational limit, the decision logic pertaining to the change rate limit shown in 218 may be performed.

[0045] In 218, the second measurement may be compared to the predetermined change rate limit for the particular oil parameter
being analyzed (i.e., the same change rate limit used to assess the two preceding measurements in 206 (FIG. 5)). As indicated
above, the change rate limit may initially be analyzed in 206 by comparing the limit to the difference between consecutive
measurements for a particular oil parameter. For instance, in one embodiment, the difference between an initial base
measurement and a subsequent first measurement may be compared to the change rate limit. In such an embodiment, the
difference between the initial base measurement and the second measurement (i.e., the measurement taken directly after the first
measurement) may be utilized for the comparison required in 218. If the second measurement still produces a rate of change that
exceeds the change rate limit, the status may be elevated to Severity Level #2 and the decision logic pertaining to Severity Level
#2 may then be performed (described below with reference to FIG. 7). However, if second measurement does not produce a rate
of change exceeding the operational limit, the decision logic may be returned to START (FIG. 5). In other words, the status may
be downgraded to healthy or Severity Level #0, indicating that no further action within the decision logic is required for that
particular sequence and returning the decision logic to START, whereat new oil parameter and/or time measurements will be
obtained in accordance with 202.

[0046] Referring particularly now to FIG. 7, in 220, when Severity Level #2 is assigned to an oil parameter measurement
exceeding one or more of its predetermined parameter limits, a statistical analysis may be performed on one or more of the oil
parameters. For instance, in one embodiment, all of the previous measurements made for the oil parameter exceeding its
predetermined parameter limit(s) may be analyzed using one or more suitable statistical models (e.g., one or more probability
distribution functions and/or one or more probability density functions) in order to provide a means to predict the likelihood of
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damage occurring to the gearbox 36 based on the historical data available for that particular oil parameter. Additionally, in 222,
the results of the statistical analysis (e.g., the determined statistical trends) may then be compared to an allowable trend limit. In
such an embodiment, the allowable trend limit may generally correspond to a predetermined correlation between the particular oil
parameter being analyzed and the likelihood of damage occurring to the gearbox 36. For example, it may be expected that normal
gearbox usage should generate a linear rate of change over time with respect to the number of particles contained within the oil
(i.e., particle count). Thus, the allowable trend limit for particle count may correspond to a predetermined amount of variation from
this expected linear trend (e.g., a predetermined amount of slope change from the linear trend). If the results of the statistical
analysis exceed the allowable trend limit, the status may be elevated to Severity Level #3 and the decision logic pertaining to
Severity Level #3 may then be performed. However, if the results of the statistical analysis do not exceed the allowable trend limit,
the decision logic pertaining to previous Severity Level #2 sequences shown in 224 may then be performed.

[0047] In other embodiments of the present subject matter, the statistical analysis performed in 220 may correspond to a
statistical analysis of one or more oil parameter pairings. For instance, in a particular embodiment, a statistical analysis of one or
more of the following oil parameter pairings may be performed: oil temperature and oil viscosity, particle count and particle size,
oil temperature and particle count and/or oil viscosity and water content. Of course, it should be appreciated that various other
suitable oil parameter pairings may also be analyzed. Regardless of the parameter pairing(s) being utilized, any previous
measurements taken for the oil parameters included in the pairing(s) may be analyzed using one or more suitable statistical
models (e.g., one or more probability distribution functions and/or one or more probability density functions) in order to provide a
means to predict the likelihood of damage occurring to the gearbox 36 based on the historical data available for such parameter
parings. Additionally, in 222, the results of the statistical analysis (e.g., the determined statistical trends) may then be compared
to an allowable trend limit. In such an embodiment, the allowable trend limit may generally correspond to a predetermined
correlation between the parameter pairing(s) being analyzed and the likelihood of damage occurring to the gearbox 36. For
instance, it may be expected that changes in oil viscosity are at least partially dependent on changes in oil temperature (e.g., as
the oil temperature increases, it may be expected that the oil viscosity may also increase by a predetermined amount). Thus, the
allowable trend limit for the parameter pairing of oil temperature and oil viscosity may correspond to a predetermined amount of
variation from the expected relationship between such parameters. Similar to the embodiment described above, if the results of
the statistical analysis exceed the allowable trend limit, the status may be elevated to Severity Level #3 and the decision logic
pertaining to Severity Level #3 may then be performed. However, if the results of the statistical analysis do not exceed the
allowable trend limit, the decision logic pertaining to previous Severity Level #2 sequences shown in 224 may then be performed.

[0048] It should be readily appreciated that the allowable trend limits utilized in 222 may generally vary depending on numerous
factors including, but not limited to, any historical data available regarding operation of the gearbox 36 and/or any operating
constraints of the gearbox 36. However, it is well within the purview of one of ordinary skill in the art to determine such allowable
trend limits based on the characteristics of the gearbox 36 and/or any other suitable factors.

[0049] Referring still to FIG. 7, in 224, it is determined whether any previous Severity Level #2 logic sequences have been
performed during the current service interval. If a Severity level #2 logic sequence has already been performed, the decision logic
for Severity Level #2 is reinitiated by taking another measurement and performing another statistical analysis in accordance with
220. However, if a Severity Level #2 logic sequences had not been previously performed, the status may be downgraded to
Severity Level #1 and the decision logic pertaining to Severity Level #1 (FIG. 6) may then be performed.

[0050] Additionally, as shown in 226, when Severity Level #3 is assigned to the oil parameter measurement exceeding one or
more of its predetermined parameter limits, an immediate shutdown of the wind turbine is initiated and suitable maintenance
operations are scheduled for the gearbox 36. Such immediate action may generally be required when the oil parameter
measurement is substantially in excess of one or more of its predetermined parameter limits, thereby indicating a substantial
likelihood of present and/or future damage to the gearbox 36. In addition to shutting down and scheduling maintenance, some or
all of the oil parameter measurements that were recorded leading up to the wind turbine shutdown may also be downloaded in
order to make such information available for immediate analysis.

[0051] Additionally, due to the extreme nature of an immediate shutdown of the wind turbine 10, it may be desirable to check the
status of the disclosed sensor(s) 40 (FIG. 3) to determine whether the oil parameter measurements being transmitted by the
sensor(s) 40 are likely to be accurate. For instance, as is generally known, measurements transmitted by sensors may contain
anomalies due to sensor failures and/or mis-readings. Thus, as shown in FIG. 7, in one embodiment, a sensor failure analysis
may be performed in 228 (indicated by the dashed lines) to check for anomalies prior to performing the shutdown. In general, any
suitable method known in the art for detecting sensor failures may be utilized in 228. For instance, known methods for detecting
sensors failure include, but are not limited to, statistical methods (e.g., hypothesis testing, cluster analysis, hidden Markov Models
and the like), artificial intelligence methods (e.g., neural networks) and/or model-based methods capable of generating residuals
for failure detection (e.g., Kalman filters and extension, parameter estimation, empirical adaptive system identification and the
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like).

[0052] It should be appreciated that, in alternative embodiments, the sensor failure analysis provided in 228 may be performed
at any other suitable point in the decision logic shown in FIGS. 5-8. For example, in one embodiment, the sensor failure analysis
may be performed during the data acquisition process (e.g., contemporaneously with and/or immediately after monitoring the oil
parameters in accordance with 202 (FIG. 5)). In another embodiment, the sensor failure analysis may be performed at a different
point within the Severity Level logic sequence, such as by being performed before or after a Severity Level is assigned in
accordance with 212 (FIG. 6), so that sensor failures may also be detected prior to the performance of any decision logic under
Severity Level #1 and/or Severity Level #2.

[0053] Referring particularly now to FIG. 8, one embodiment of a maintenance logic sequence that may be performed when it is
determined that one or more of the time measurements for the current service interval exceed one or more of the predetermined
time limits (e.g., the operational hour and/or elapsed time limits) is illustrated. As shown, in 230, it is determined whether more
than one Severity Level #1 logic sequences have been performed within the current service interval. If multiple Severity Level #1
events have not occurred, the decision logic pertaining to Severity Level #2 events shown in 234 may be performed. However, if
multiple Severity Level #1 events have occurred, in 232, it may be determined whether the amount of Severity Level #1 events
exceed a Level #1 recurrence limit corresponding to a predetermined number of allowable Severity Level #1 events. If the amount
of Severity Level #1 events does exceed the Level #1 recurrence limit, a maintenance operation for the gearbox 36 may need to
be scheduled in order to check the status of the components of the gearbox 36 and/or to perform other suitable maintenance
operations (e.g., changing the oil contained within the gearbox 36 and/or replacing the oil filter within the gearbox 36). However, if
the amount of Severity Level #1 events does not exceed the Level #1 recurrence limit, the decision logic pertaining to Severity
Level #2 events shown in 234 may be performed.

[0054] In 234, it is determined whether a Severity Level #2 logic sequences has been performed within the current service
interval. If a Severity Level #2 event has not occurred, the decision logic pertaining to service interval updates shown in 238 may
be performed. However, if a Severity Level #2 event has occurred, in 2386, it is determined whether the amount of Severity Level
#2 events that have occurred exceeds a Level #2 recurrence limit corresponding to a predetermined number of allowable Severity
Level #2 events. If the amount of Severity Level #2 events exceeds the Level #1 recurrence limit, a maintenance operation for the
gearbox 36 may need to be scheduled in order to check the status of the components of the gearbox 36 and/or to perform other
suitable maintenance operations (e.g., changing the oil contained within the gearbox 36 and/or replacing the oil filter within the
gearbox 36). However, if the amount of Severity Level #2 events does not exceed the Level #2 recurrence limit, the decision logic
pertaining to service interval updates shown in 240 may be performed.

[0055] Referring still to FIG. 8, in both 238 and 240, it is determined whether a one-time update has been made to the current
service interval. If a one-time update has already been made, a maintenance operation for the gearbox 36 may need to be
scheduled in order to check the status of the components of the gearbox 36 and/or to perform other suitable maintenance
operations (e.g., changing the oil contained within the gearbox 36 and/or replacing the oil filter within the gearbox 36). However, if
a one-time update has not yet been made, the current service interval may be updated and the decision logic may be returned to
START.

[0056] It should be appreciated that the one-time update may generally correspond to a change made to the time measurements
being monitored within the current service interval. For instance, in 242, the amount of operational hours and/or elapsed time
within the current service interval may be reduced to allow the wind turbine 10 to operate for a longer period of time before
scheduling maintenance given the fact that multiple Severity Level #1 events have not occurred within the service interval (230)
and that a Severity Level #2 event has not occurred within the service interval (234). Similarly, in 244, the amount of operational
hours and/or elapsed time within the current service interval may be reduced to allow the wind turbine to operate for a longer
period of time before scheduling maintenance given the fact that multiple Severity Level #2 events have not occurred within the
service interval (236). However, it should be appreciated that the one-time update provided in 244 may generally differ in
magnitude from the one-time update provided in 242 given that a Severity Level #2 has already occurred within the sequence
prior to performing the update in 244.

[0057] It should also be appreciated that, in several embodiments, the scheduling of maintenance operations in accordance with
the above described decision logic may take into account whether any other maintenance operations have already been
scheduled for the wind turbine. For instance, in one embodiment, maintenance on the gearbox 36 may be scheduled at the same
time as other scheduled maintenance in order to limit the amount of turbine downtime and/or to save on labor costs. Alternatively,
maintenance on the gearbox 36 may be scheduled irrespective of any other scheduled maintenance.
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[0058] Additionally, one of ordinary skill in the art should appreciate that the method 100 shown in FIG. 4 and the decision logic
shown in FIGS. 5-8 are provided only as examples of methods and/or steps that may be taken to monitor the condition of oil
contained within a wind turbine gearbox 36. Thus, it should be appreciated that numerous variations of the method 100 shown in
FIG. 4 and the decision logic shown in FIGS. 5-8 may be performed within the scope of the present disclosure. For instance, one
or more of the method elements shown in FIG. 4 may be combined with one or more of the steps provided in the decision logic
shown in FIGS. 5-8 to create a different oil condition monitoring method. Similarly, only a portion of the method elements shown in
FIG. 4 and/or only a portion of the steps provided in the decision logic shown in FIGS. 5-8 may be utilized to perform a suitable oil
condition monitoring method.

[0059] For instance, in one embodiment of the present subject matter, a suitable method for monitoring the oil condition may
include receiving signals corresponding to a plurality of measurements of an oil parameter of the gearbox 36 (e.g., the plurality of
oil parameter measurements recorded within the memory device 48 of the turbine controller 26 and/or the separate controller 42
for each oil parameter), determining a time measurement of a service interval of the gearbox 36 (e.g., the amount of operational
hours and/or elapsed time within the current service interval), comparing the time measurement to a predetermined time limit
(e.g., the operational hour limit and/or the elapsed time limit) and, in the event that the time measurement exceeds the
predetermined time limit, determining a recommended course of action based on analysis of the plurality of measurements (e.g.,
performing the maintenance logic shown in FIG. 8).

[0060] Additionally, it should be appreciated that the present subject mater is also directed to a system for monitoring the
condition of oil contained within a gearbox 36 (FIG. 2) of a wind turbine. In general, the system may comprise any suitable
components that allow for the real time monitoring of oil conditions within a gearbox 36. For instance, in several embodiments, the
system may include one or more sensors 40 (FIG. 2) configured to measure an oil parameter of the gearbox 36. Additionally, the
system may include a controller (e.g., the turbine controller 26 and/or the separate controller 42) communicatively coupled to the
sensor(s) 40, such as through a wired or wireless connection, so that the oil parameter measurements made by the sensor(s) 40
may be transmitted to the controller. Additionally, the controller may include suitable computer-readable instructions that, when
implemented, configure the controller to analyze the oil parameter measurements (e.g., by implementing the decision logic shown
in FIGS. 5-8). Thus, in one embodiment, the controller may be configured to compare the oil parameter measurements to a
predetermined limit for the oil parameter (e.g., the operational limit and/or the change rate limit) and assign a severity level to the
oil parameter measurement.

[0061] This written description uses examples to disclose the invention, including the preferred mode, and also to enable any
person skilled in the art to practice the invention, including making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention is defined by the claims, and may include other examples that occur
to those skilled in the art. Such other examples are intended to be within the scope of the claims if they include structural
elements that do not differ from the literal language of the claims, or if they include equivalent structural elements with
insubstantial differences from the literal languages of the claims.
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Patentkrav

1. Fremgangsmade til overvagning af tilstanden af olie indeholdt i en gearkasse
(36) af en vindmglle (10), fremgangsmaden omfattende:
at modtage et signal tilsvarende en maling af et olieparameter af
gearkassen (36);
at sammenligne mélingen med en forudbestemt graense for
olieparameteret;
at tildele et alvorlighedsniveau baseret p& sammenligningen af malingen
med den forudbestemte graense; og kendetegnet ved:
at bestemme en anbefalet handleplan for vindmgllen (10) baseret pa
alvorlighedsniveauet, ved
at modtage et signal tilsvarende en anden méling af
olieparameteret; og
at sammenligne den anden maling med den forudbestemte graense;
fremgangsmaden endvidere omfattende at fortsaette drift af
vindmgllen (10) i tilfaeldet at den anden maling ikke overskrider den
forudbestemte graanse;
at udfgre en statistisk analyse af mindst olieparameteret i det
tilfeelde at den anden maling overskrider den forudbestemte
graense;
at sammenligne resultater af den statistiske analyse med en
tilladelig udviklingsgraense; og
at lukke vindmgllen (10) ned i det tilfaelde at resultaterne af den
statistiske analyse overskrider den tilladelige udviklingsgraense eller
fortsaette drift af vindmgllen (10) i det tilfaelde at resultaterne af den

statistiske analyse ikke overskrider den tilladelige udviklingsgraense.

2. Fremgangsmade ifglge krav 1, hvor olieparameteret omfatter mindst en af
olietemperatur, olieviskositet, partikelantal af olien, partikelstgrrelsen af olien og

vandindholdet af olien.

3. Fremgangsmade ifglge et hvilket som helst af de foregédende krav, hvor at
bestemme den anbefalede handleplan for vindmgllen (10) baseret pa

alvorlighedsniveauet omfatter:
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2

at udfgre en statistisk analyse i det tilfaelde at malingen overskrider den
forudbestemte graense; og
at sammenligne resultater af den statistiske analyse med en tilladelig

udviklingsgreense.

4. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, endvidere
omfattende at modtage signaler tilsvarende malinger af en flerhed af
olieparametre af gearkassen (36), hvor at udfgre den statistiske analyse i det
tilfaelde at malingen overskrider den forudbestemte graense omfatter at udfgre en
statistisk analyse af mindst to af flerheden af olieparametre i det tilfaelde at

malingen overskrider den forudbestemte graense.

5. Fremgangsmade ifglge et hvilket som helst af de foregdende krav, endvidere
omfattende at lukke vindmgllen (10) ned i det tilfeelde at resultaterne af den
statistiske analyse overskrider den tilladelige udviklingsgreense eller fortsaette drift
af vindmgllen (10) i det tilfaelde at resultaterne af den statistiske analyse ikke

overskrider den tilladelige udviklingsgrasnse.

6. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor
alvorlighedsniveauet er en af tre forskellige alvorlighedsniveauer (#1, #2, #3).
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