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TOOLS AND METHODS FOR UPTOWER MAINTENANCE

TECHNICAL FIELD

[0001] The present disclosure relates generally to tools, systems, processes, and

methods configured for use in conjunction with maintenance, assembly, rebuilding,
or other procedures which involve displacing components of an assembly. These
tools, systems, and methods may be used in conjunction with a crane or other lifting
device.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The embodiments disclosed herein will become more fully apparent from

the following description and appended claims, taken in conjunction with the
accompanying drawings. The drawings depict only typical embodiments, which
embodiments will be described with additional specificity and detail in connection
with the drawings in which:

[0003] Figure 1A is a front view of a lifting tool.

[0004] Figure 1B is a side view of the lifting tool of Figure 1A.

[0005] Figure 1C is a perspective view of the lifting tool of Figure 1A.

[0006] Figure 1D is a second perspective view of the lifting tool of Figure 1A.
[0007] Figure 2A is a front view of a plate adaptor.

[0008] Figure 2B is a side view of the plate adaptor of Figure 2A.

[0009] Figure 2C is a perspective view of the plate adaptor of Figure 2A coupled
to a plate.

[0010] Figure 3A is a front view of a portion of a planet carrier adaptor.

[0011] Figure 3B is a side view of the portion of the planet carrier adaptor of
Figure 3A.

[0012] Figure 3C is a perspective view of the portion of the planet carrier adaptor
of Figure 3A.

[0013] Figure 3D is a perspective view of the planet carrier adaptor of Figure 3A,
including a coupling member, and a planet carrier.

[0014] Figure 4A is a side view of a planet gear adaptor.

[0015] Figure 4B is a front view of the planet gear adaptor of Figure 4A.

[0016] Figure 4C is a perspective view of the planet gear adaptor of Figure 4A
and a planet gear.
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[0017] Figure 4D is a second perspective view of the planet gear adaptor and
planet gear of Figure 4C.

[0018] Figure 5A is a front view of a portion of a ring gear adaptor.

[0019] Figure 5B is a top view of the portion of the ring gear adaptor of Figure 5A.
[0020] Figure 5C is a perspective view of the portion of the ring gear adaptor of
Figure 5A.

[0021] Figure 5D is a perspective view of the ring gear adaptor of Figure 5A,
including a coupling member, and a ring gear.

[0022] Figure 6A is a front view of a rotor lock.

[0023] Figure 6B is a side view of the rotor lock of Figure 6A.

[0024] Figure 6C is a perspective view of the rotor lock of Figure 6A disposed in
an input housing.

[0025] Figure 7 is a perspective view of an assembled gearbox and related
components.

[0026] Figure 8 is a perspective view of the gearbox of Figure 7 with ancillary
components removed and a jib crane installed.

[0027] Figure 9 is a perspective view of the gearbox of Figure 7 with the related
generator and oil cooler removed.

[0028] Figure 10 is a perspective view of the gearbox of Figure 7 with a mainshaft
support installed.

[0029] Figure 11 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool removing an output housing.

[0030] Figure 12 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool removing a high speed gear.

[0031] Figure 13 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool and plate adaptor removing the mid-plate.

[0032] Figure 14 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool and planet carrier adaptor removing the output planetary carrier.

[0033] Figure 15 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool and planet adaptor removing a planet gear.

[0034] Figure 16 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool and ring adaptor removing the ring gear.

[0035] Figure 17 is a perspective view of the gearbox of Figure 7, shown with a
lifting tool and planet carrier adaptor installing a rotor lock.
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[0036] Figure 18 is a partially exploded view of the gearbox of Figure 7.
DETAILED DESCRIPTION
[0037] It will be readily understood that the components of the embodiments as

generally described and illustrated in the Figures herein could be arranged and
designed in a wide variety of different configurations. Thus, the following more
detailed description of various embodiments, as represented in the Figures, is not
intended to limit the scope of the disclosure, but is merely representative of various
embodiments. While the various aspects of the embodiments are presented in
drawings, the drawings are not necessarily drawn to scale unless specifically
indicated.

[0038] The phrases “connected to” and “coupled to” refer to any form of
interaction between two or more entities, including mechanical, electrical, magnetic,
electromagnetic, fluid, and thermal interaction. Two components may be coupled to
each other even though they are not in direct contact with each other. For example,
two components may be coupled to each other through an intermediate component.
[0039] Wind turbines may comprise various components and systems disposed
at the top of the wind turbine tower. For example, transmissions, gearboxes,
generators, oil coolers, and so forth may be disposed within a housing or platform on
the wind turbine tower. As used herein, “uptower” refers to the position of such
components on a turbine tower, when the tower is erect. In other words, “uptower”
maintenance refers to processes or methods of maintaining systems or components
disposed uptower. For example, a crane or other lifting device may be utilized to
manipulate components uptower. In some embodiments the systems, tools, and
methods disclosed below may be used in conjunction with the uptower rebuilding or
maintenance of a gearbox or other turbine components. Uptower gearbox
maintenance refers to processes wherein certain components of a gearbox may be
disassembled and removed from the tower without displacing the entire gearbox
from the tower at once.

[0040] In some embodiments, removing an entire gearbox of similar components
from a wind turbine tower may require the use of a large crane or other lifting device,
in order to displace the entire assembly at once. Methods and systems configured to
displace separate components of a gearbox may allow use of smaller cranes. Such

systems may thus reduce the expense of a maintenance operation.
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[0041] Though specific examples herein may refer to wind turbines, the present
disclosure is applicable to maintenance, rebuilding, or disassembly of gearboxes or
related components in other applications as well. For example, the disclosed
methods may be applicable to maintenance of similar components in various difficult-
to-access positions or applications, in addition to uptower wind turbine applications.
[0042] Figures 1A-6C, discussed below, illustrate various tools and components
which may be used in conjunction with uptower maintenance. Figures 7-18 illustrate
an exemplary maintenance procedure, which may utilize one or more of the
components illustrated in Figures 1A-6C. Various procedures are within the scope of
the disclosure. The procedure described below is exemplary only; various
procedures within the scope of this disclosure may incorporate only portions of the
exemplary procedure and may comprise additional steps. Additionally, not every
procedure within the scope of the disclosure will necessarily utilize every component
or tool shown or described below.

[0043] Figures 1A-1D illustrate a lifting tool 110: Figure 1A is a front view of the
lifting tool 110; Figure 1B is a side view of the lifting tool 110; Figure 1C is a
perspective view of the lifting tool 110; and Figure 1D is a second perspective view
of the lifting tool 110.

[0044] The lifting tool 110 may be configured to couple one or more components
of an assembly or system to a lifting device, such as a crane. For example, the
lifting tool 110 may comprise a first portion 114 and a second portion 116. The first
114 and second 116 portions may be portions of one integrally formed member, or
partially or wholly comprise separate components coupled together (for example, by
welding). In the illustrated embodiment, the first portion 114 may be configured to
extend generally horizontally when the lifting tool 110 is in use. The lifting tool 110
may be configured to be coupled to a crane cable or other lifting device. For
example, the first portion 114 may comprise holes or other attachment points
configured to couple to a crane cable. The second portion 116 may extend away
from the first portion 114, offsetting an end of the second portion 116 from the
attachment points. In the illustrated embodiment, the second portion 116 is
configured to extend generally vertically when the lifting tool 110 is in use.

[0045] The first 114 and second 116 portions may further be configured to
balance a load applied to the lifting tool 110 and/or to orient the lifting tool 110 in a

particular direction when coupled to a lifting device. Lifting tools comprising a variety
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of shapes, including embodiments wherein the first and second portions are
generally aligned vertically and in U-shaped designs, squares, frames, and so forth,
are within the scope of this disclosure.

[0046] The lifting tool 110 may comprise a coupling member 112 configured to
couple the lifting tool 110 to a component of a gearbox assembly, a related
component, an adaptor, or so forth. In some embodiments, the coupling member
112 may be coupled to the second portion 116 such that the coupling member 112
can rotate or otherwise move with respect to the second portion 116. For example,
in the illustrated embodiment, the coupling member 112 is pinned to the second
portion 116 such that the coupling member 112 may rotate with respect to the
second portion 116. A hydraulic ram 118 may be operatively coupled to the first 114
or second 116 portion and to the coupling member 112 to control relative rotation of
the coupling member 112.

[0047] Rotation of the coupling member 112 with respect to the first 114 or
second 116 portion may facilitate alignment of the coupling member 112 with other
components. For example, during use, it may be difficult to manipulate the position
of the lifting tool 110 to align it with another component, using just the crane cable.
Manipulation of the position of the coupling member 112 (for example, by
manipulating the hydraulic ram 118), either separate from or in conjunction with
manipulation of the entire lifting tool 110, may facilitate orientation of the coupling
member 112 with another part or component.

[0048] The coupling member 112 may be configured to couple the lifting tool 110
directly to a component of a system to be maintained (such as a component of a
gearbox) and/or may be configured to couple the lifting tool 110 to an adaptor which,
in turn, couples to such a component.

[0049] Figures 2A-2C illustrate a plate adaptor 120, which may be configured for
use in conjunction with the lifting tool 110 of Figures 1A-1D. Figure 2A is a front view
of the plate adaptor 120; Figure 2B is a side view of the plate adaptor 120; and
Figure 2C is a perspective view of the plate adaptor 120 coupled to a plate 20.
Adaptors such as the plate adaptor 120 may be configured to facilitate coupling of
the lifting tool (110 of Figure 1A) to another component, such as the plate 20. A
variety of adaptors may each be configured to couple to the same lifting tool (110 of
Figure 1A), while each adaptor is designed to couple to one or more specific
components of an assembly. This may facilitate exchange of components during a

5
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process, as a common lifting tool (110 of Figure 1A) may be adapted to couple to a
wide variety of parts.

[0050] The plate adaptor 120 of Figures 2A-2C may comprise arms 124
configured to engage a plate 20. The arms 124 may be sized or otherwise designed
for a specific plate 20 of a system or may be adjustable to fit a variety of similarly
sized or shaped components. Figure 2C illustrates an example of the plate adaptor
120 being coupled to a plate 20. The plate adaptor may further comprise a coupling
portion 122 configured to mate with the coupling member (112 of Figure 1A) of the
lifting tool (110 of Figure 1A).

[0051] Figures 3A-3D illustrate a planet carrier adaptor, which may be an output
planetary carrier adaptor 130, which may be configured for use in conjunction with
the lifting tool 110 of Figures 1A-1D. Figure 3A is a front view of a portion of the
output planetary carrier adaptor 130; Figure 3B is a side view of the portion of the
output planetary carrier adaptor 130; Figure 3C is a perspective view of the portion of
the output planetary carrier adaptor 130; and Figure 3D is a perspective view of the
planet carrier adaptor 130, including a coupling portion 132, coupled to an output
planetary carrier 30.

[0052] The output planetary carrier adaptor 130 may comprise arms 134
configured to interact with an output planetary carrier 30 to couple the output
planetary carrier 30 to the output planetary carrier adaptor 130. The coupling portion
132 of the output planetary carrier adaptor 130 may be configured to mate with the
coupling member (112 of Figure 1A) of the lifting tool (110 of Figure 1A). The
planetary carrier adaptor, like other components, may be tailored to complement the
design of various transmissions. For example, a circular planetary carrier adaptor
may be modified so that the perimeter of the planetary carrier forms an irregular
shape to complement the structure and design of a particular transmission.

[0053] Figures 4A-4D Illustrate a planet gear adaptor 140, which may be
configured for use in conjunction with the lifting tool 110 of Figures 1A-1D. Figure 4A
is a side view of the planet gear adaptor 140; Figure 4B is a front view of the planet
gear adaptor 140; Figure 4C is a perspective view of the planet gear adaptor 140
coupled to a planet gear 40; and Figure 4D is a second perspective view of the
planet gear adaptor 140 coupled to the planet gear 40. The planet gear adaptor 140
may comprise a coupling portion 142 configured to mate with the coupling member
(112 of Figure 1A) of the lifting tool (110 of Figure 1A). The planet gear adaptor 140

6
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may also comprise a gear interface extension 144 configured to couple the planet
gear adaptor 140 to a planet gear 40 of an assembly. The gear interface extension
144 may be configured to interact with any surface of a gear, including one or more
teeth of the gear.

[0054] Figures 5A-5D illustrate a ring gear adaptor 150, which may be configured
for use in conjunction with the lifting tool 110 of Figures 1A-1D. Figure 5A is a front
view of a portion of the ring gear adaptor 150; Figure 5B is a top view of the portion
of the ring gear adaptor 150; Figure 5C is a perspective view of the portion of the
ring gear adaptor 150; and Figure 5D is a perspective view of the ring gear adaptor
150, including a coupling member 152, coupled to a ring gear 50.

[0055] The ring gear adaptor 150 may comprise a coupling portion 152
configured to mate with the coupling member (112 of Figure 1A) of the lifting tool
(110 of Figure 1A). The ring gear adaptor 150 may further comprise arms 154
configured to mate with, and/or otherwise couple the ring gear adaptor 150 to, a ring
gear 50. In some embodiments, the arms 154 may interact with the teeth of the ring
gear 50 and/or may be directly coupled to the ring gear 50 with a fastener such as a
bolt.

[0056] Figures 6A-6C illustrate a rotor lock 160 which may be used in conjunction
with some maintenance processes. Figure 6A is a front view of the rotor lock 160;
Figure 6B is a side view of the rotor lock 160; and Figure 6C is a perspective view of
the rotor lock 160 disposed in an input housing 60. The rotor lock 160 may be
coupled to the lifting tool (110 of Figure 1A) or other components, as further
described below.

[0057] The lifting tool 110 or any of the adaptors or other components referenced
in Figures 1A-6C may be used in a variety of procedures. The lifting tool 110 may be
used to couple a variety of components to a lifting device (such as a crane) to
assemble or disassemble portions of a gearbox or related components. The
gearbox and related components may be disposed uptower during such
maintenance, with only certain components (such as those removed during
disassembly) taken down from the tower. The lifting tool 110 and/or any of the
adaptors or other components may be coupled to each other or other components in
a variety of ways. In some instances these components may be coupled by

fasteners such as bolts.
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[0058] Figures 7-18 are perspective views of a wind turbine gearbox 1 and
related components. The exemplary procedure described below may be used to
rebuild a General Electric Transportation gearbox while the gearbox is disposed
uptower. Analogous procedures may be used to rebuild or maintain various other
gearboxes, including other gearboxes comprising planetary gears. Further, though
particular tools referenced herein may be described as adaptors for particular
components (e.g., a mid-plate adaptor) it is within the scope of this disclosure to
analogously apply such disclosure to various analogous components (e.g., an
adaptor configured for use with any plate of an assembly).

[0059] In the Figures discussed below, the translucent shell around the gearbox 1
represents an outer housing, or nacelle, of a wind turbine assembly; the entire outer
housing may be disposed uptower during the exemplary process outlined below.
The outer housing may be partially removed (for example, the top may be removed
by a crane) to facilitate access to the gearbox 1 and related components.

[0060] Figure 7 is a perspective view of an assembled gearbox 1 and related
components. In one exemplary process, the gearbox 1 and related components may
be disposed uptower and rebuilt or disassembled as described below. The bulk of
the assembly may remain uptower during the process, with only the components
which are removed brought down.

[0061] Figure 8 is a perspective view of the gearbox 1 with various ancillary
components 3 removed from the assembly. The ancillary components 3 may
comprise elements such as pinion gears, slip tube sun pinions, covers, and so on.
Further, in the embodiment of Figure 8, a jib crane 2 is installed uptower. The jib
crane 2 may be hoisted uptower using a lifting device such as a larger crane. The
ancillary components 3 may be brought down from the tower using the lifting device.

[0062] Figure 9 is a perspective view of the gearbox 1 with the related generator
and oil cooler (4 of Figure 8) removed. The generator and oil cooler (4 of Figure 8)
may be brought down the tower using the crane.

[0063] As shown in Figure 10, a perspective view of the gearbox 1, a mainshaft
support 5 may then be installed. The mainshaft support 5 may be configured to
resist rotation of a shaft or other components of the gearbox 1 during maintenance.
The mainshaft support 5 may be hoisted uptower using the crane.

[0064] In some embodiments, a front housing 10 of the gearbox 1 may then be
removed. Figure 11 is a perspective view of the gearbox 1, shown with the lifting

8
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tool 110 (also described above) coupled to a front housing, the output housing 10.
The lifting tool 110 may also be coupled to the crane (or other lifting device) though a
crane cable is not shown in this or subsequent views. The lifting tool 110 may be
configured to couple directly to the output housing 10 without the use of an adaptor.
Removal of the output housing 10 may expose a high speed gear 15 disposed under
the output housing 10.

[0065] Once the output housing 10 is removed, the exposed high speed gear 15
may be removed from the gearbox. Figure 12 is a perspective view of the gearbox
1, shown with the lifting tool 110 coupled to and removing the high speed gear 15.
The lifting tool 110 may be configured to couple directly to the high speed gear 15,
as shown in Figure 12. Removal of the high speed gear 15 may then facilitate
access to the mid-plate 20, disposed within the gearbox assembly.

[0066] As shown in Figure 13, a perspective view of the gearbox 1 shown with the
lifting tool 110 and plate adaptor 120 coupled to the mid-plate 20, the mid-plate 20
may then be removed to expose the planetary gears and associated components
within the gearbox assembly. Specifically, removal of the mid-plate 20 may expose
the output planetary carrier 30 of the gearbox.

[0067] The output planetary carrier 30 may then be removed as shown in Figure
14 by coupling the lifting tool 110 and the output planetary carrier adaptor 130 to the
output planetary carrier 30. Removal of the output planetary carrier 30 may then
expose the planet gears 40 of the gearbox 1. Figure 15 shows the lifting tool 110
coupled to the planet gear adaptor 140, which may then be used to remove one or
all of the planet gears 40. Once the planet gears 40 are removed, the ring gear 50
may then be removed using the lifting tool 110 and ring gear adaptor 150, as shown
in Figure 16.

[0068] Upon removal of the components described above, the lifting tool 110 and
the output planetary carrier adaptor 130 may then be used to hoist and install the
rotor lock 160, as shown in Figure 17. The rotor lock 160 may be configured to
prevent rotation of components within the gearbox 1 and may be coupled to a
housing, such as the input housing 60. The rotor lock 160 illustrated herein is
exemplary, various designs and configurations of components configured to secure
rotation of components of the gearbox 1 are within the scope of this disclosure. For
example, a rotor lock that remains uptower in the housing may be used to prevent
rotation of gearbox components. In the illustrated embodiment, the output planetary

9
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carrier adaptor 130 may be configured to couple to either the output planetary carrier
(30 of Figure 14) or the rotor lock 160. Any of the other adaptors may be designed
or configured to mate with multiple components in this way. Further, the lifting tool
110 may be configured to mate directly with additional components in some
embodiments.

[0069] The rotor lock 160 may work in conjunction with the main shaft support 5
to arrest the rotation of the assembly while portions of the gearbox 1 are displaced
from the assembly. In some embodiments, the rotor lock 160 may be left in place as
new parts are obtained, removed parts are repaired, and so forth.

[0070] After components are repaired or otherwise rebuilt, the entire assembly
may be reassembled using an analogous procedure (in reverse order) to that
described above. Further, procedures wherein fewer or additional components are
removed are within the scope of the disclosure. Components may be removed for
repair, replacement, refurbishment, lubrication, replacement of seals, and so forth.
[0071] Figure 18 is a partially exploded view of the gearbox 1 showing the relative
position of various components. Again, any number or subset of these components
may be removed, reinstalled, replaced, or so forth. Figure 18 illustrates the gearbox
1, the jib crane 2, and the generator and oil cooler 4. Additional components of the
gearbox 1, including the output housing 10, high speed gear 15, mid-plate 20, output
planetary carrier 30, planet gears 40, and ring gear 50, are shown in an exploded
configuration.

[0072] Without further elaboration, it is believed that one skilled in the art can use
the preceding description to utilize the present disclosure to its fullest extent. The
examples and embodiments disclosed herein are to be construed as merely
illustrative and exemplary and not as a limitation of the scope of the present
disclosure in any way. It will be apparent to those having skill in the art, and having
the benefit of this disclosure, that changes may be made to the details of the above-
described embodiments without departing from the underlying principles of the

disclosure herein.
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Claims

A method of maintaining an uptower wind turbine gearbox comprising:

coupling a lifting device to a housing component of the gearbox and
displacing the housing from the gearbox such that at least one gear is
exposed;

coupling the lifting device to a gear of the gearbox and displacing the
gear from the gearbox;

coupling the lifting device to a plate of the gearbox and displacing the
plate from the gearbox;

coupling the lifting device to a planet carrier of the gearbox and
displacing the planet carrier from the gearbox;

coupling the lifting device to a first planet gear of the gearbox and
displacing the planet gear from the gearbox; and

coupling the lifting device to a ring gear and displacing the ring gear
from the gearbox.
The method of claim 1, further comprising installing a clamp configured to
resist rotation of the gearbox components during the procedure.
The method of claim 1, further comprising displacing a plurality of planet
gears from the gearbox.
The method of claim 1, further comprising installing a secondary rotor lock
configured to resist rotation of the gearbox components.
The method of claim 1, wherein the lifting device comprises a crane.
The method of claim 5, wherein the crane is sized to lift components of the
gearbox but not the entire gearbox.
The method of claim 5, further comprising coupling a lifting tool to the crane.
The method of claim 7, further comprising coupling one or more adaptors to
the lifting tool, each adaptor configured to couple the lifting tool to one or more
components of the gearbox.
The method of claim 1, further comprising reassembling the gearbox.
A system for maintaining an uptower wind turbine gearbox comprising:

a lifting tool configured to be coupled to a lifting device, the lifting tool
configured to couple the lifting device to one or more components of the
gearbox; and

11
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a plurality of adaptors configured to couple the lifting tool to one or
more components of the gearbox.

The system of claim 10, wherein the lifting tool comprises a hydraulic ram
configured to manipulate at least a portion of the lifting tool.

The system of claim 10, wherein the lifting device comprises a crane.

The system of claim 12, wherein the crane is sized to displace components of
the gearbox, but not the entire gearbox.

The system of claim 10, wherein an adaptor of the plurality of adaptors
comprises an adaptor configured to couple the lifting tool to a plate
component.

The system of claim 10, wherein an adaptor of the plurality of adaptors
comprises an adaptor configured to couple the lifting tool to a planet carrier.
The system of claim 10, wherein an adaptor of the plurality of adaptors
comprises an adaptor configured to couple the lifting tool to a planet gear.

The system of claim 10, wherein an adaptor of the plurality of adaptors
comprises an adaptor configured to couple the lifting tool to a ring gear.

A lifting tool configured to couple a crane to one or more components of an
uptower gearbox, the lifting tool comprising:

a first portion configured to couple to a crane cable;

a second portion coupled to and extending from the first portion to an
interface portion;

a coupling member operably coupled to the interface portion, the
coupling member configured to couple the lifting tool to one or more
components of a gearbox; and

a hydraulic ram operably coupled to the coupling member and the first
portion, the hydraulic ram configured to allow an operator to manipulate the
position or orientation of the coupling member with respect to the first portion.

12
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