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Description
BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
lifting of loads, such as heavy machinery.

[0002] A variety of industrial and commercial applica-
tions may use heavy machinery, such as generators and
turbomachinery (e.g., turbines, compressors, and
pump). The heavy machinery may be moved for many
reasons, such as initial installation, servicing, or replace-
ment. Unfortunately, the heavy machinery may be in-
stalled in locations that are difficult to access, moving or
instable, and/or lack space for cranes. For example, the
heavy machinery may be installed in ships. The heavy
machinery also may be difficult to move due to variations
in weight, size, shape, center of gravity, or other charac-
teristics. As aresult, the heavy machinery may be difficult
to move.

BRIEF DESCRIPTION OF THE INVENTION

[0003] Certain embodiments commensurate in scope
with the originally claimed invention are summarized be-
low. These embodiments are not intended to limit the
scope of the claimed invention, but rather these embod-
iments are intended only to provide a brief summary of
possible forms ofthe invention. Indeed, the invention may
encompass a variety of forms that may be similar to or
different from the embodiments set forth below.

[0004] In afirst embodiment, a system includes a load
moving machine, including a frame and a movable as-
sembly coupled to the frame. The movable assembly in-
cludes a lift portion, a rotational portion, a first transla-
tional portion, and a second translational portion.
[0005] In a second embodiment, a system includes a
load moving machine including a movable assembly cou-
pled to a frame. The movable assembly includes a
spreader bar coupled having one or more load couplings,
a lift portion coupled to the spreader bar, a rotational por-
tion coupled to the lift portion, a first translational portion,
and a second translational portion. The lift portion in-
cludes a first drive configured to raise and lower the
spreader bar in a vertical direction. The rotational portion
includes a second drive configured to rotate the lift portion
and the spreader bar. The first translational portion in-
cludes a third drive configured to translate the rotational
portion, the lift portion, and the spreader bar in a first
horizontal direction. The second translational portion in-
cludes afourth drive configured to translate the rotational
portion, the lift portion, and the spreader bar in a second
horizontal direction crosswise to the first horizontal direc-
tion.

[0006] In a third embodiment, a method includes con-
trolling movement of a lift portion, a rotational portion, a
first translational portion, and a second translational por-
tion of a movable assembly coupled to a frame of a load
moving machine to move a load.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] These and other features, aspects, and advan-
tages of the present invention will become better under-
stood when the following detailed description is read with
reference to the accompanying drawings in which like
characters represent like parts throughout the drawings,
wherein:

FIG. 1 is a schematic view of an embodiment of a
load moving system having a load moving machine
with a moveable assembly disposed in a frame,
wherein the moveable assembly has a lift portion, a
rotational portion, a first translational portion with a
first rail guided structure, and a second translational
portion with a second rail guided structure;

FIG. 2 is a schematic side view of an embodiment
of the load moving system of FIG. 1, illustrating the
moveable assembly having the rotational portion
and the lift portion coupled to a spreader bar, which
supports one or more loads;

FIG. 3 is a schematic cross-sectional top view of an
embodiment of the rotational portion of the moveable
assembly of FIGS. 1-2;

FIG. 4 is a schematic side view of an embodiment
of the lift portion of the moveable assembly coupled
to the spreader bar of FIGS. 1-2;

FIG. 5 is a schematic side view of an embodiment
of the lift portion of the moveable assembly coupled
to the spreader bar of FIGS. 1-2;

FIG. 6 is a partial cutaway schematic view of an em-
bodiment of the lift portion taken within line 6-6 of
FIG. 5, illustrating a first stabilizing guide disposed
in a slot of the spreader bar and second and third
stabilizing guides disposed on opposite sides of the
spreader bar;

FIG. 7 is a schematic top view of an embodiment of
the first rail guided structure taken within line 7-7 of
FIG. 2, illustrating the rotational portion, the lift por-
tion, and a plurality of wheels disposed along a pair
of first rails;

FIG. 8 is a partial schematic top view of an embod-
iment of the second rail guided structure taken within
line 8-8 of FIG. 1, illustrating a plurality of wheels
disposed along one of a pair of second rails;

FIG. 9 is a diagram of an embodiment of the first
and/or second rail guided structure and a drive sys-

tem having a drive coupled to a rack and pinion;

FIG. 10 is a diagram of an embodiment of the first
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and/or second rail guided structure and a drive sys-
tem having a motor, a pump, and a fluid driven as-
sembly; and

FIG. 11 is a diagram of an embodiment of the first
and/or second rail guided structure and a drive sys-
tem having a drive coupled to a rotary screw.

DETAILED DESCRIPTION OF THE INVENTION

[0008] One or more specific embodiments of the
present invention will be described below. In an effort to
provide a concise description of these embodiments, all
features of an actual implementation may not be de-
scribed in the specification. It should be appreciated that
in the development of any such actual implementation,
as in any engineering or design project, numerous im-
plementation-specific decisions must be made to
achieve the developers’ specific goals, such as compli-
ance with system-related and business-related con-
straints, which may vary from one implementation to an-
other. Moreover, it should be appreciated that such a
development effort might be complex and time consum-
ing, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure.

[0009] When introducing elements of various embod-
iments of the present invention, the articles "a," "an,
"the," and "said" are intended to mean that there are one
or more of the elements. The terms "comprising," "includ-
ing," and "having" are intended to be inclusive and mean
that there may be additional elements other than the list-
ed elements.

[0010] The disclosed embodiments are directed to-
ward load moving systems that facilitate movement of a
load (e.g., heavy machinery) with at least four degrees
of freedom while stabilizing (e.g., balancing) the load.
For example, the load may include turbomachinery (e.g.,
a turbine, a compressor, or a pump), a generator, or a
reciprocating internal combustion engine. As discussed
in detail below, embodiments of the load moving systems
may enable horizontal movement in first and second
crosswise directions via respective first and second rail
guided structures, vertical movement via a lift portion,
and rotational movement via a rotational portion. Alto-
gether, these systems enable four degrees of freedom
with controlled movement and stability to ensure protec-
tion of the load and the surrounding structures (e.g., deck
of a ship).

[0011] The first and second rail guided structures may
be movably coupled to first and second pairs of rails dis-
posed in a frame, wherein each rail guided structure may
include a plurality of wheels (e.g., horizontal and vertical
wheels) disposed in each of the rails. In some embodi-
ments, the first rail guided structure may be movably
mounted in the second rail guided structure. For exam-
ple, the second rail guided structure may include the first
rails supporting the wheels of the first rail guided struc-
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ture. The second rail guided structure may be movably
mounted in the frame. For example, the frame may in-
clude the second rails supporting the wheels of the sec-
ond rail guided structure. The first and second rail guided
structures may be coupled to a drive system (e.g., electric
or fluid drive). For example, the drive system may include
a liquid or gas driven piston and shaft assembly, an elec-
trical motor driven shaft, a rack and pinion system, a ro-
tary screw system, or any combination thereof. The first
rail guided structure may also include the rotational por-
tion, the lift portion, and a spreader bar configured to
couple to the load.

[0012] The rotational portion may include a drive sys-
tem (e.g., electric or fluid drive) configured to rotate a first
portion relative to a second portion, wherein the first por-
tion is a rotary portion and the second portion is a sta-
tionary portion. For example, the first and second por-
tions may be coaxial or concentric with one another, and
the drive system may be configured to rotate the first
portion externally about or internally within the second
portion. The first portion also may be coupled to the lift
portion and/or the spreader bar. The lift portion may in-
clude a telescopic joint having a plurality of concentric
sleeves configured to extend and retract relative to one
another in response to a drive system (e.g., electric or
fluid drive, winch, cable and pulley, etc.). The lift portion
may include one or more stabilizing guides, such as first,
second, and third stabilizing guides, coupled to a first
plate and movable through a second plate. For example,
the first stabilizing guide may be disposed in a slot in the
spreader bar, while the second and third stabilizing
guides may be disposed on opposite sides of the stabi-
lizing guide.

[0013] Turning now to the drawings, FIG. 1 is a sche-
matic view of an embodiment of a load moving system
10 configured to move a load 11 in a plurality of transla-
tional/linear directions and a plurality of rotational direc-
tions (e.g., horizontal directions, vertical directions, and
rotational directions about one or more axes). For pur-
poses of this discussion, reference may be made to a
first horizontal axis or direction 2, a second horizontal
axis or direction 4 disposed crosswise (e.g., substantially
perpendicular) to thefirst axis 2, a vertical axis or direction
6, and a rotational or circumferential direction 8 disposed
about the vertical axis 6. As used herein, the terms hor-
izontal and vertical may include some degree of deviation
(e.g., 5, 10, 15, 20, 25, or 30 degrees) from horizontal
and vertical, and the terms may be used for convenience
to indicate that the axes, directions, and/or planes are
generally crosswise (e.g., substantially perpendicular) to
one another. The load moving system 10 is configured
to move the load 11, in a controlled and stabilized man-
ner, in opposite directions along the first horizontal axis
2, the second horizontal axis 4, the vertical axis 6, and
the rotational direction 8.

[0014] The load moving system 10 may be used in a
variety of applications, such as moving the load 11 in a
vessel at sea, an automotive assembly line, an industrial



5 EP 3 336 042 A1 6

plant, apower plant, a chemical plant, or any combination
thereof. The load 11 may include turbomachinery (e.g.,
a turbine, a compressor, or a pump), a generator, a re-
ciprocating internal combustion engine, other heavy ma-
chinery, or any combination thereof. The load 11 also
may include a vehicle or vehicle components, a vessel,
a combustion system, a reactor, or engine support com-
ponents (e.g., filter units, exhaust stack, lubrication sys-
tems, etc.). In certain embodiments, the load 11 may in-
clude a gas turbine engine having a compressor section
with one or more compression stages, a combustor sec-
tion with one or more combustors, and a turbine section
with one or more turbine stages.

[0015] The load moving system 10 includes a load
moving machine 12 having a frame 14 supporting a
moveable assembly 16. The frame 14 includes a plurality
of structural supports extending in the directions 2, 4, and
6, thereby defining a three-dimensional framework
around the load 11. The moveable assembly 16 is con-
figured to support, lift, and move the load 11 in the various
directions 2, 4, 6, and 8 within and beyond the perimeter
of the frame 14. The load moving system 10 includes a
drive system 18 coupled to the moveable assembly 16,
wherein the drive system 18 comprises a plurality of
drives 17 and transmissions 19 configured to drive move-
ment in the various directions 2, 4, 6, and 8.

[0016] The drives 17 of the drive system 18 may in-
clude an electric drive (e.g., an electric motor), a fluid
drive (e.g., a liquid or hydraulic drive and/or a gas or
pneumatic drive), or a combination thereof. The fluid
drive may include a piston driven assembly having a pis-
ton disposed in a cylinder. The transmissions 19 may
include a translational or rotational shaft, a gear box or
gear assembly, a telescopic assembly having a plurality
of concentric sleeves or shafts that extend and retract
relative to one another, a cable and pulley system having
awinch, aworm gear assembly, a planetary gear assem-
bly, a rack and pinion gear assembly, or any combination
thereof. The drive system 18 may include anindependent
drive 17 and transmission 19 for movement in each of
the directions 2, 4, 6, and 8, or the drive system 18 may
share drives 17 and/or transmissions 19 for movement
in two or more of the directions 2, 4, 6, and 8.

[0017] Thedrive system 18 is coupled to a control sys-
tem 20, which may include one or more controllers 21
(e.g., electronic controllers) having a processor 22 and
memory 23 (e.g., random access memory, read only
memory, flash memory, volatile or non-volatile memory,
hard drive, etc.). The controllers 21 are configured to
store instructions in the memory 23 and execute the in-
structions via the processor 22 to control operation of the
drive system 18. In particular, the controllers 21 may ex-
ecute instructions to control the drives 17 to balance the
load 11 and to provide a stable rate of movement in the
directions 2, 4, 6, and 8 based on a size, weight, shape,
or other characteristics of the load 11, the stability of the
locations (e.g., mounted on a ship), and so forth. For
example, the controllers 21 are configured to control the
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movement of the load 11 via the moveable assembly 16,
including a lift portion 26, a rotational portion 28, a first
translational portion 30, and a second translational por-
tion 32. The control system 20 may communicatively cou-
ple to various sensors throughout the load moving sys-
tem 10 and use sensor feedback to help improve the
movementoftheload 11. The sensors may include speed
sensors, accelerometers, wind sensors, humidity sen-
sors, vibration sensors, noise or acoustic sensors, force
orresistance sensors, load level sensors, load tilt orangle
sensors, load weight sensors, location stability sensors
(e.g., motion caused by waves), water sensors (e.g.,
sense rainfall or water in vicinity of lifting area), or any
combination thereof. The control system 20 also may in-
clude a user interface or control panel having a display
(e.g., LED, LCD, or touch screen display), user inputs
(e.g., buttons, keypad or keyboard, touchpad, mouse,
etc.), outputs or alerts (e.g., audio or visual alarms), or
any combination thereof.

[0018] As described in further detail below, the move-
able assembly 16 may include a spreader bar 24, the lift
portion 26, the rotational portion 28, the first translational
portion 30, and the second translational portion 32. The
first translational portion 30 may include a first rail guided
structure 34 disposed along one or more first rails 36
(e.g., first and second parallel rails 36), while the second
translational portion 32 may include a second rail guided
structure 38 disposed along one or more second rails 40
(e.g., first and second parallel rails 40). In certain em-
bodiments, the first and second translational portions 30
and 32 (e.g., first and second rail guided structures 34
and 38) may be independent and separate from one an-
other. In the illustrated embodiment, the first and second
translational portions 30 and 32 (e.g., first and second
rail guided structures 34 and 38) are dependent on one
another in a nested arrangement, wherein the first rail
guided structure 34 is configured to move along the sec-
ond rail guided structure 38, while the second rail guided
structure 38 is configured to move along the frame 14.
As a result, parts of the second rail guided structure 38
support the first rail guided structure 34.

[0019] In the illustrated embodiment, the first rail guid-
ed structure 34 includes a first framework or support
structure 42 (e.g., a spider trolley), while the second rail
guided structure 38 includes a second framework or sup-
port structure 44. The first framework 42 of the first rail
guided structure 34 supports the load 11, the spreader
bar 24, the lift portion 26, and the rotational portion 28,
wherein the elements 11, 24, 26, and 28 may be coupled
together in any suitable arrangement. For example, the
spreader bar 24 may be coupled to the load 11 via one
or more load couplings 25, the lift portion 26 may be cou-
pled to the spreader bar 24 via one or more lift couplings
27 (as shown in FIG. 2), the rotational portion 28 may be
coupled to the lift portion 26 via one or more couplings
and/or stabilizing guides 76 (as shown in FIG 2), and the
rotational portion 28 may be coupled to the first frame-
work 42 via one or more couplings 78 (as shown in FIG
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2). The first framework 42 of the first rail guided structure
34 also includes a plurality of wheels 46 (e.g., horizontal
and vertical wheels) configured to roll along the first rails
36 and one or more movable lock assemblies 47 to se-
lectively block movement along the first rails 36. For ex-
ample, the control system 20 may be coupled to actuator
controlled lock assemblies 47 that rotate and/or extend
and retract a lock or stop structure between a locked
position and an unlocked position relative to the first rails
36. In the illustrated embodiment, the first rails 36 are
coupled to, integrated with, and/or part of the second
framework 44. Forexample, parallel beams of the second
framework 44 may include a C-shaped cross-section to
define the first rails 36. In the illustrated embodiment, the
first rails 36 are oriented along or parallel with the first
horizontal axis 2. The second framework 44 of the second
rail guided structure 38 supports the first rail guided struc-
ture 34, and thus supports the load 11, the spreader bar
24, the lift portion 26, the rotational portion 28, and the
first framework 42. The second framework 44 of the sec-
ond rail guided structure 38 also includes a plurality of
wheels 48 (e.g., vertical wheels 84 and horizontal wheels
86, as showninFIG. 2) configured toroll along the second
rails 40 and one or more movable lock assemblies 49 to
selectively block movement along the second rails 40.
For example, the control system 20 may be coupled to
actuator controlled lock assemblies 49 that rotate and/or
extend and retract a lock or stop structure between a
locked position and an unlocked position relative to the
second rails 40. In the illustrated embodiment, the sec-
ond rails 40 are coupled to, integrated with, and/or part
of the frame 14. For example, parallel beams of the frame
14 may include a C-shaped cross-section to define the
second rails 40. In the illustrated embodiment, the sec-
ond rails 40 are oriented along or parallel with the second
horizontal axis 4. As a result, the first and second rails
36 and 40 are oriented crosswise to one another (e.g.,
substantially perpendicular to one another) in a horizontal
plane.

[0020] In certain embodiments, the control system 20
is configured to simultaneously, sequentially, dependent-
ly, and/or independently control movement of the move-
able assembly 16 via a first drive 17, 50 and a first trans-
mission 19,51, asecond drive 17, 52 and a second trans-
mission 19, 53, a third drive 17, 54 and a third transmis-
sion 19, 55, and a fourth drive 17, 56 and a fourth trans-
mission 19, 57. For example, the first drive 17, 50 and
the first transmission 19, 51 are drivingly coupled to the
first rail guided structure 34 to selectively translate (e.g.,
linearly move) the first rail guided structure 34 along the
first rails 36 in opposite first and second directions 58,
59 along the first horizontal axis 2. By further example,
the second drive 17, 52 and the second transmission 19,
53 are drivingly coupled to the second rail guided struc-
ture 38 to selectively translate (e.g., linearly move) the
second rail guided structure 38 along the second rails 40
in opposite first and second directions 60, 61 along the
second horizontal axis 4. By further example, the third
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drive 17, 54 and the third transmission 19, 55 are drivingly
coupled to the rotational portion 28, the lift portion 26,
the spreader bar 24, and/or the load 11 to selectively
rotate these components 28, 26, and/or 11 in opposite
first and second directions 62, 63 about the vertical axis
6. By further example, the fourth drive 17, 56 and the
fourth transmission 19, 57 are drivingly coupled to the lift
portion 26, the spreader bar 24, and/or the load 11 (and
optionally the rotational portion 28) to selectively trans-
late (e.g., linearly move) these components 26, 24,
and/or 11 (and optionally 28) in opposite firstand second
directions 64, 65 (as shown in FIG. 2) along the vertical
axis 6. Again, the control system 20 may be configured
to control these drives 17 to cause movements simulta-
neously, sequentially, dependently, and/or independent-
ly to provide a desired stable movement of the load 11.
[0021] As discussed in detail below, each of the drives
17 and transmissions 19 may have a variety of structures
and components to induce movement of the moveable
assembly 16 in the desired directions. For example, the
first transmission 19, 51 may include an elongated struc-
ture 66 (e.g., a threaded shaft) that is threaded into a
portion of the first rail guided structure 34 and/or the frame
14, such that rotation of the shaft 66 causes translational
motion of the first rail guided structure 34. However, as
discussed in detail below with reference to FIGS. 9-11,
the first transmission 19, 51 may include a variety of
mechanisms to move the first rail guided structure 34 in
response to the first drive 17, 50. In the illustrated em-
bodiment, the first drive 17, 50 is coupled to a sliding
support structure 68, which is slidingly mounted in and
moves linearly along a pair of third rails 70 (or sliding
guide supports) in opposite first and second directions
67, 69. In some embodiments, the first drive 17, 50 and
the first transmission 19, 51 may be configured to simul-
taneously translate the first rail guided structure 34 along
the first rails 36 while moving the sliding support structure
68 along the third rails 70 (e.g., between a first position
71 shownin dashedlines and a second position 72 shown
in solid lines). In the illustrated embodiment, the sliding
support structure 68 may first move at least partially or
entirely along the length of the third rails 70 from the first
position 71 to the second position 72 while the first rail
guided structure 34 is locked in position relative to the
first rails 36 via the lock assemblies 47. For example,
while the sliding support structure 68 is disposed in the
first position 71, the control system 20 may selectively
actuate the lock assemblies 47 to engage the first rails
36 (e.g., extension of lock structures), thereby securing
the first rail guided structure 34 in position. Once the
structure 34 is secured in position, the first drive 17, 50
and the first transmission 19, 51 may be configured to
rotate the threaded shaft 66 relative to the first rail guided
structure 34, thereby driving the sliding support structure
68 from the first position 71 to the second position 72.
Once the structure 68 is in the second position 72, the
control system 20 may selectively actuate the lock as-
semblies 47 to disengage the first rails 36 (e.g., retraction
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of lock structures), thereby releasing and allowing free
movement of the first rail guided structure 34 along the
first rails 36. In addition, the control system 20 may se-
lectively actuate lock assemblies 73 to engage the third
rails 70 (e.g., extension of lock structures), thereby lock-
ing and blocking free movement of the sliding support
structure 68 along the third rails 70. At this point, the
control system 20 may selectively actuate the first drive
17, 50 to rotate the threaded shaft 66 relative to the first
rail guided structure 34, thereby driving movement of the
first rail guided structure 34 along the first rails 36 in the
firstdirection 59. The control system 20 also may operate
the first drive 17, 50, the lock assemblies 47, and the lock
assemblies 73 in the reverse order to move the first rail
guided structure 34 in the second direction 58. Although
a specific controlled procedure has been described for
movement of the first rail guided structure 34, any simul-
taneous or sequential movements of the first rail guided
structure 34 and the sliding support structure 68 may be
implemented to cause movement of the load 11 coupled
to the spreader bar 24.

[0022] In certain embodiments, the second transmis-
sion 19, 53 may include an elongated structure 74 (e.g.,
a threaded shaft) that is threaded into a portion of the
second rail guided structure 38 and/or the frame 14, such
that rotation of the shaft 74 causes translational motion
of the second rail guided structure 38. Again, the control
system 20 may selectively actuate lock assemblies 49
to engage the second rails 40 (e.g., extension of lock
structures) or disengage the second rails 40 (e.g., retrac-
tion of lock structures), thereby selectively blocking or
enabling free movement of the second rail guided struc-
ture 38 along the second rails 40. The lock structures
may include a locking peg that selectively moves in and
out of a lock housing, thereby extending and retracting
the locking peg relative to the respective rails. As dis-
cussed in detail below with reference to FIGS. 9-11, the
second transmission 19, 53 may include a variety of
mechanisms to move the second rail guided structure 38
in response to the second drive 17, 52. Likewise, the third
and fourth transmissions 19, 55, 57 also may include a
variety of mechanisms to rotate and lift the spreader bar
24, and thus the load 11. Embodiments of these trans-
missions 19, 55, 57 are shown and described with refer-
ence to FIGS. 2-6.

[0023] FIG. 2 is a schematic side view of an embodi-
ment of the moveable assembly 16 of FIG. 1, illustrating
the load 11 supported by the spreader bar 24 (e.g., cou-
pled via load couplings 25), the spreader bar 24 coupled
to the lift portion 26 via lift couplings 27, the rotational
portion 28 coupled to the lift portion 26 via one or more
couplings 76, and first framework 42 coupled to the ro-
tational portion 28 via one or more couplings 78. The
couplings 25, 27, 76, and 78 may include threaded fas-
teners (e.g., bolts and/or nuts), brackets, hooks that fit
into slots, dovetail joints, threaded flanges, clamps, weld-
ed joints, or any combination thereof. In the illustrated
embodiment, the rotational portion 28 is disposed verti-
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cally above the lift portion 26. In some embodiments, the
rotational portion 28 is disposed vertically below the lift
portion 26. The rotational portion 28 is driven by the drive
17, 54 to cause rotation of the lift portion 26, the spreader
bar24,andtheload 11 inopposite directions 62, 63 about
the vertical axis 6. The lift portion 26 is driven by the drive
17, 56 to cause vertical movement of the lift portion 26,
the spreader bar 24, and the load 11 in opposite vertical
directions 64, 65 along the vertical axis 6. The first rail
guided structure 34 (including the first framework 42, the
rotational portion 28, the lift portion 26, the spreader bar
24, and the load 11) is driven to move along the first rails
36 via the drive 17, 50 and the transmission 19, 51 (e.g.,
shaft 66, as shown in FIG. 1). For example, the shaft 66
may be coupled to a receptacle 80 (e.g., a threaded re-
ceptacle), such that rotation of the shaft 66 causes trans-
lation of the first rail guided structure 34 in the first hori-
zontal direction 2 along the first rails 36. The first rails 36
have a C-shaped cross-section 82 (or C-shaped extru-
sion) configured to support the plurality of first wheels
46, such as a plurality of vertical wheels 84 and a plurality
of horizontal wheels 86. The vertical wheels 84 are con-
figured to provide vertical stabilization of the first rail guid-
ed structure 34, while the horizontal wheels 86 are con-
figured to provide horizontal stabilization of the first rail
guided structure 34.

[0024] FIG. 3 is a perspective view of an embodiment
of the rotational portion 28 of the moveable assembly 16
of FIGS. 1-2. As described above, the rotational portion
28 may be coupled to a first framework 42. The rotational
portion 28 may include a first portion 90 and a second
portion 92 disposed in a nested arrangement, such as a
coaxial or concentric arrangement with the portions 90
and 92 disposed about one another and a central axis
94. For example, the first and second portions 90 and 92
may be concentric annular portions, wherein at least one
rotates relative to the other. In the illustrated embodi-
ment, the first portion 90 comprises a fixed portion (e.g.,
a fixed housing or casing) and the second portion 92
comprises a rotational portion. The first and second por-
tions 90 and 92 may be coupled together along an an-
nular rail and/or bearing assembly 96, thereby blocking
axial movement while allowing rotational movement be-
tween the portions 90 and 92. The first portion 90 (e.g.,
fixed portion) may be coupled to the first framework 42
via the plurality of couplings 78, which may include
threaded fasteners (e.g., threaded receptacles, bolts,
nuts, etc.), clamps, rods, receptacles, welds, or any com-
bination thereof. Likewise, the second portion 92 (e.g.,
rotational portion) may be coupled to the lift portion 26
via the plurality of couplings 76, which may include
threaded fasteners (e.g., threaded receptacles, bolts,
nuts, etc.), clamps, rods, receptacles, welds, or any com-
bination thereof. In the illustrated embodiment, the third
transmission 19, 55 includes a first or drive gear 98 cou-
pled to or integral with the third drive 17, 54, and a second
or driven gear 100 coupled to or integral with the second
portion 92 (e.g., rotational portion) of the rotational por-



11 EP 3 336 042 A1 12

tion 28. For example, the drive gear 98 may include a
threaded shaft or worm, while the driven gear 100 may
include a worm gear or annular gear having outwardly
facing teeth. In operation, the third drive 17, 54 is con-
trolled by the control system 20 to rotate the drive gear
98, which in turn drives rotation of the driven gear 100.
As the driven gear 100 rotates, the third transmission 19,
55 drives rotation of the lift portion 26, the spreader bar
24, and the load 11. The first portion 90 may be coupled
to the first framework 42 in a fixed or stationary position,
while the second portion 92 rotates in response to the
third drive 17, 54 and third transmission 19, 55. In re-
sponse to the control system 20, the second portion 92
of the rotational portion 28 may be driven to rotate in the
opposite directions 62 and 63 in a smooth continuous
manner, in a stepwise manner (e.g., increments of 0.1,
1,2, 3, 4,5, or 10 degrees), or any combination thereof.
The range of rotation may be 45, 60, 90, 180, 270, or 360
degrees, or any suitable rotational distance. In some em-
bodiments, the first and/or second portions 90 and 92
may be partially or entirely integrated with, recessed into,
or housed by the first framework 42. The first portion 90
may include an outer housing wall 102 (e.g., sealed con-
tainer) configured to contain and protect the second por-
tion 92, the bearing assembly 96, and the gears 98 and
100, thereby blocking any ingress of debris, water, dirt,
and/or other external contaminants. In some embodi-
ments, the first portion 90, the second portion 92, the
bearing assembly 96, the wall 102, and/or the third drive
17, 54 may include a lubricant fitting 104 (e.g., a grease
fitting) to provide lubricant (e.g., grease) for the rotational
components.

[0025] FIGS. 4-6 illustrate features of the lift portion 26
of the movable assembly 16. For example, FIG. 4 is a
schematic side view of an embodiment of the lift portion
26 of the moveable assembly 16 coupled to the spreader
bar 24 of FIGS. 1-2. The lift portion 26 may include a
telescopic joint 110 that moves in the vertical direction
6. The telescopic joint 110 may be coupled to the lift por-
tion 26 at a first end 106 by welding, brazing, a flange
with connecting members, or any other suitable process.
The telescopic joint 110 may include a plurality of con-
centricsleeves 112 (e.g., 2, 3,4,5,6,7,8,9, 10, or more)
arranged concentrically around a longitudinal axis of the
telescopic joint 110. Smaller concentric sleeves 112 may
be nested within larger concentric sleeves 112 when the
telescopic joint 110 is retracted. The concentric sleeves
112 may be cylindrical, square, rectangular, or any other
suitable geometry. The concentric sleeves 112 may ax-
ially extend andretractrelative to one another to translate
the load 11 in the vertical direction 6. The concentric
sleeves 112 may extend and retract in the vertical direc-
tion 6, in opposite directions 64 and 65 to translate the
load 11 to various positions in response to the control
system 20. The concentric sleeves 112 also may be sized
(e.g., diameter, wall thickness, etc.) and spaced (e.g.,
clearance) to improve stability while lifting and lowering
the load 11. For example, the concentric sleeves 112
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may generally block laterally movement of the lift portion
26 and the load 11 in the horizontal directions 2 and 4.
Mechanical stops or protrusions may be disposed around
the sides of the concentric sleeves 112 to control the
extension and retraction of the concentric sleeves when
they are translated. The inner and outer surfaces of the
concentric sleeves 112 may be coated with a material
such as grease to reduce the effect of friction between
the concentric sleeves 112 when concentric sleeves
move relative to one another. The fourth drive 17, 56 and
fourth transmission 19, 57 may be utilized to translate
the telescopic joint 110 in the vertical direction 6. The
fourth transmission 19, 57 may include a variety lifting
assemblies, such as an electrical chain hoist, an electri-
cal wire rope hoist, a hydraulic winch, or other suitable
lifting mechanism to lift and/or lower the load 11. For ex-
ample, the fourth transmission 19, 57 may include a hoist
or winch system 114 having a spool 116 coupled to the
fourth drive 17, 56, and aline 118 coiled around the spool
116 and coupled to the spreader bar 24 at the coupling
27 (e.g., lift coupling). The line 118 may include a cable,
achain, arope, or any combination thereof, made of met-
al, fabric, plastic, etc. The coupling may include a plurality
of mounting flanges or plates, such as a first plate 119
coupled to the end 108 of the telescopic joint 110 and a
second plate 120 coupled to the spreader bar 24. The
plates 119, 120 may be coupled together via threaded
fasteners, welds, clamps, or any suitable joints.

[0026] FIG. 5 is a schematic side view of an embodi-
ment of the lift portion 26 of the moveable assembly 16
coupledtothe spreaderbar24 of FIGS. 1-2. As described
above, the rotational portion 28 may include the first por-
tion 90 and the second portion 92, wherein the second
portion 92 may be coupled to the lift portion 26 via the
plurality of couplings 76 (e.g., threaded fasteners, hooks,
clamps, welds, etc.). In the illustrated embodiment, the
lift portion 26 includes opposite first and second plates
122 and 124 (e.g., upper and lower supports), which are
spaced apart from one another in a substantially parallel
arrangement and move toward and away from one an-
other via the fourth drive 17, 56 and fourth transmission
19, 57. Thefirst plate 122 is coupled to the second portion
92 of the rotation portion 28 via the couplings 76, while
the second plate 124 is coupled to the spreader bar 24
via the couplings 27 (e.g., threaded fasteners, hooks,
clamps, welds, etc.).

[0027] The lift portion 26 also includes a plurality of
stabilizing guides 123 (e.g., vertical stabilizing guides),
such as first, second, and third stabilizing guides 125,
126, and 127 coupled to the first plate 122. For example,
the stabilizing guides 123 may be coupled to the first
plate 122 via fixed couplings (e.g., welded joints or one-
piece construction), removable couplings (e.g., threaded
joints, threaded fasteners, clamps, hooks, etc.), or any
combination thereof. The stabilizing guides 123 may be
vertically oriented shafts, rods, or structural supports,
which generally extend along the vertical axis 6 in a par-
allel orientation relative to one another and a crosswise
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(e.g., perpendicular) orientation relative to the first and
second plates 122, 124. The stabilizing guides 123 also
may be offset from one another in a stabilizing arrange-
ment 121, such as a triangular arrangement (as shown
in FIG. 6).

[0028] In theillustrated embodiment, the second plate
124 is configured to move in opposite vertical directions
64, 65 along a length of the stabilizing guides 123. For
example, the second plate 124 includes a plurality of sta-
bilizing guide supports or receptacles 128 (e.g., annular
supports with bores), which are configured to receive the
plurality of stabilizing guides 123 (e.g., stabilizing guides
125, 126, and 127). The stabilizing guides 123 are con-
figured to slide in the vertical directions 64, 65 through
the receptacles 128 during lifting and lowering. The sta-
bilizing guides 123 and receptacles 128 may be cylindri-
cal, elliptical, square, rectangular, or any other polygonal
shape. In the illustrated embodiment, the stabilizing
guide supports or receptacles 128 may be coupled to the
second plate 124 via fixed couplings (e.g., welded joints
or one-piece construction), removable couplings (e.g.,
threaded joints, threaded fasteners, clamps, hooks, etc.),
or any combination thereof. The illustrated stabilizing
guide supports or receptacles 128 also protrude from the
second plate 124 to provide a greater length and stability
for the stabilizing guides 123 received therein. For ex-
ample, the stabilizing guide supports or receptacles 128
may include bushings, sleeves, cylindrical bearings, or
any combination thereof. The stabilizing guide supports
or receptacles 128 also may be offset from one another
in a stabilizing arrangement 129 (as shown in FIG. 6),
such as atriangular arrangement, to match the stabilizing
arrangement 121 of the stabilizing guides 123.

[0029] As depicted, one or more of the stabilizing
guides 123 may be disposed in the spreader bar 24
through a spreader bar slot 136, which extends length-
wise along the spreader bar 24 (e.g., along a centerline).
For example, the spreader bar 24 may include 1, 2, 3, 4,
5, 6, or more spreader bar slots 136 that receive corre-
sponding stabilizing guides 123. In the illustrated embod-
iment, the first stabilizing guide 123, 125 is disposed in
the spreader bar slot 136, while the second stabilizing
guide 123, 126 and the third stabilizing guide 123, 127
are disposed on opposite first and second sides 135 and
137 of the spreader bar 24. The placement of the stabi-
lizing guides 123 both internally within the slot 136 of the
spreader bar 24 and externally along the sides 135, 137
of the spreader bar 24 helps to provide additional stability
during lifting and lowering of the spreader bar 24 and the
load 11. The stabilizing guides 123 may extend a partial
depth, a complete depth, or greater than the complete
depth of the spreader bar 26 to provide stability. Moreo-
ver, the first stabilizing guide 123, 125 and the second
stabilizing guide 123, 126 can slide relative to spreader
bar slot 136 on axis 4 so that is centered to differentloads
11 center of gravity.

[0030] In the illustrated embodiment, the control sys-
tem 20 is configured to selectively operate the fourth drive

10

15

20

25

30

35

40

45

50

55

17, 56 and fourth transmission 19, 57 to raise and lower
the second plate 124 with receptacles 128, the spreader
bar 24, and the load 11, while the first plate 122 and the
stabilizing guides 123 generally remain stationary (e.g.,
no vertical movement). During this movement, the stabi-
lizing guide supports or receptacles 128 of the second
plate 124 slide up and down the stabilizing guides 123,
while the spreader bar 24 slides up and down the stabi-
lizing guides 123 at the spreader bar slot 136 and oppo-
site sides 135 and 137 of the spreader bar 24. In this
manner, the stabilizing guides 123 provide stability and
lateral support, thereby resisting lateral movement, tilt,
or pivoting away from the vertical axis 6. The fourth trans-
mission 19, 57 may include a variety lifting assemblies,
such as an electrical chain hoist, an electrical wire rope
hoist, a hydraulic winch, or other suitable lifting mecha-
nism to lift and/or lower the load 11. For example, the
fourth transmission 19, 57 may include a hoist or winch
system 114 having a spool 116 coupled to the fourth drive
17, 56, and a line 118 coiled around the spool 116 and
coupled to the spreader bar 24 at the coupling 27 (e.g.,
lift coupling such as a hook 130 in a receptacle 132). The
line 118 may include a cable, a chain, a rope, or any
combination thereof, made of metal, fabric, plastic, etc.
The hoist or winch system 114 also may include one or
more pulleys 134 to route the line 118 from the spool 116
to the coupling 27.

[0031] The orientation of the components of the lift por-
tion 26 and the rotational portion 28 may be further un-
derstood with respectto FIGS. 6 and 7. FIG. 6 is a partial
cutaway schematic view of an embodiment of the lift por-
tion 26 taken within line 6-6 of FIG. 5, illustrating the first
stabilizing guide 123, 125 disposed in the slot 136 of the
spreader bar 24 and the second and third stabilizing
guides 123, 126, 127 disposed on the opposite sides
135, 137 of the spreader bar 24. In particular, FIG. 6
illustrates the second plate 124 from a plane between
the first and second plates 122, 124, cut through the sta-
bilizing guides 123, and looking downwardly on the sec-
ond plate 124 and the spreader bar 24. As illustrated, the
stabilizing guides 123 (e.g., 125, 126, 127) extend mov-
ably through the stabilizing guide supports or receptacles
128 in the triangular arrangements 121, 129, which helps
to increase stability of the lift portion 26 during lifting and
lowering. The first and/or second plates 122, 124 also
may have a triangular shape as illustrated, or a rectan-
gular shape, a circular shape, an oval shape, or a com-
bination thereof. In the illustrated embodiment, the first
stabilizing guide 123, 125 is disposed on a first end por-
tion (e.g., a tip portion or reduced width portion) of the
second plate 124, while the second and third stabilizing
guides 123, 126, 127 are both disposed at a longitudinal
offset away from the first stabilizing guide 123, 125 on a
second end portion (e.g., an enlarged width portion) of
the second plate 124. The first stabilizing guide 123, 125
may be sized to fit closely within the slot 136 and the
guide supports or receptacles 128 to improve stability,
while leaving sufficient clearance to enable movement
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up and down in the vertical directions 64, 65. Similarly,
the second and third stabilizing guides 123, 126, 127 may
be sized to fit closely within the guide supports or recep-
tacles 128 and spaced closely about a width of the
spreader bar spreader bar 24 to improve stability, while
leaving sufficient clearance to enable movement up and
down in the vertical directions 64, 65. In the illustrated
embodiment, the stabilizing guides 123 and the guide
supports or receptacles 128 have acircular cross-section
or cylindrical shape. In some embodiments, the stabiliz-
ing guides 123 and the guide supports or receptacles
128 may be rectangular, square, triangular, oval, hexag-
onal, circular, or any combination thereof

[0032] FIG.7isaschematictop view of anembodiment
of the first rail guided structure 34 taken within line 7-7
of FIG. 2, illustrating the rotational portion 28, the lift por-
tion 26, and the plurality of wheels 46 disposed along the
pair of first rails 36. As illustrated, the first framework 42
(e.g., spider trolley) has a plurality of structural supports
138 diverging outwardly from the rotational portion 28
toward the pair of first rails 36 (e.g., first and second pairs
of V-shaped structures defining an X-shaped structure).
The first framework 42 supports a plurality of sets of
wheels 46 on each of the pair of first rails 36, thereby
helping to improve stability and movement of the first rail
guided structure 34 along the first rails 36. For example,
each ofthe structural supports 138 may include a plurality
of wheels 46, such as one or more vertical wheels 84
and one or more horizontal wheels 86, disposed in the
adjacent first rail 36. In addition, one or more of the struc-
tural supports 138 may include the lock assembly 47,
which may have a movable lock structure 139 that se-
lectively extends into the first rail 36 as indicated by
dashed lines, and selectively retracts out of the first rail
36 as indicated by solid lines. The control system 20 may
be communicatively coupled to each of the lock assem-
blies 47, thereby selectively controlling actuation of the
movable lock structures 139 via a drive (e.g., an electric
drive, a fluid drive, a solenoid, or any combination there-
of). As discussed in detail above, when the lock assem-
blies 47 secure the first rail guided structure 34 relative
to the firstrails 36, the drive 17, 50 may rotate the thread-
ed shaft 66 along a threaded receptacle 140, thereby
driving the sliding support structure 68 as shown in FIG.
1. When the lock assemblies 47 release the first rail guid-
ed structure 34 relative to the first rails 36, the drive 17,
50 may rotate the threaded shaft 66 along the threaded
receptacle 140, thereby driving the first rail guided struc-
ture 34 along the first rails 36 as shown by arrows 58, 59.
[0033] FIG. 8is a partial schematic top view of an em-
bodiment of the second rail guided structure 38 taken
within line 8-8 of FIG. 1, illustrating a plurality of wheels
48 disposed along one of a pair of second rails 40. As
illustrated, the second framework 44 has a plurality of
structural supports 138 that extend to the second rails
40, wherein each support 138 may include a set of wheels
48 (e.g., one or more vertical wheels 84 and one or more
horizontal wheels 86) to improve stability and movement
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of the second rail guided structure 38 along the second
rails 40. In addition, one or more of the structural supports
138 may include the lock assembly 49, which may have
amovable lock structure 139 that selectively extends into
the second rail 40 as indicated by dashed lines, and se-
lectively retracts out of the second rail 40 as indicated by
solid lines. The control system 20 may be communica-
tively coupled to each of the lock assemblies 49, thereby
selectively controlling actuation of the movable lock
structures 139 via a drive (e.g., an electric drive, a fluid
drive, a solenoid, or any combination thereof). As dis-
cussed in detail above, when the lock assemblies 49 re-
leases the second rail guided structure 38 relative to the
second rails 40, the drive 17, 52 may rotate the trans-
mission 19, 53 which can be also another threaded shaft
74 along a threaded receptacle 141, thereby driving the
second frame or support structure 44 (as shown in FIG.
1) to a translational movement as shown with arrows 60,
61.

[0034] FIGS. 9-11 are diagrams of embodiments of the
rail guided structure 34, 38, the drive system 18, and the
transmission 19 as illustrated in FIGS. 1-8. In each em-
bodiment, the drive system 18 (e.g., drive 17) is config-
ured to selectively move the rail guided structure 34, 38
via movement (e.g., axial movement, rotational move-
ment, or a combination thereof) of the transmission 19.
The transmission 19 may include a track, a guide, a rod
or shaft, a threaded shaft, a gear, a geared structure, a
rack and pinion assembly, a worm and worm gear as-
sembly, a piston and cylinder assembly, a chain, a cable,
or any combination thereof. The drive system 18 (e.g.,
drive 17) may create rotational or linear motion, which
may be used to drive the transmission 19 via rotational
motion, axial motion, or a combination thereof. The drive
17 may include a fluid drive (e.g., a pneumatic or hydrau-
lic drive), an electric drive or motor, or any combination
thereof.

[0035] FIG. 9 is a diagram of an embodiment of the
first and/or second rail guided structure 34, 38 and the
drive system 18 having the drive 17 coupled to a rack
and pinion assembly 142. In the illustrated embodiment,
the rack and pinion assembly 142 includes a linear gear
or rack 144 and a circular gear or pinion 146 coupled to
the drive 17 of the drive system 18. In operation, the drive
17 is configured to rotate the pinion 146, which in turn
causes movement of the rack 144 in opposite first and
second directions 147 depending on the direction of ro-
tation. The rack 144 is coupled to the rail guided structure
34, 38, and thus movement of the rack 144 causes move-
ment of the rail guided structure 34, 38 in the directions
147.

[0036] FIG. 10 is a diagram of an embodiment of the
first and/or second rail guided structure 34, 38 and the
drive system 18 having a fluid drive 148 with a motor 150
(e.g., an electric motor) and a pump 152 driven by the
motor 150, and the transmission 19 having a fluid driven
assembly 153 driven by fluid from the pump 152. In the
illustrated embodiment, the fluid driven assembly 153 in-
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cludes a piston-cylinder assembly 154 fluidly coupled to
the pump 152. The piston-cylinder assembly 154 in-
cludes a piston 156 disposed in a cylinder 158, wherein
the piston 156 is further coupled to a shaft 159. In oper-
ation, the controller 21 may control the motor 150 to drive
the pump 152, which in turn pumps a fluid (e.g., liquid or
gas) into the cylinder 158 of the piston-cylinder assembly
154. The fluid then drives the piston 154 to move in one
ofthe directions 147, thereby driving the rail guided struc-
ture 34, 38 in one of the directions 147. For example,
fluid pumped into the right hand side of the cylinder 158
causes the piston 154, the shaft 159, and the rail guided
structure 34, 38 to move in the leftward direction 147.
Alternatively, fluid pumped into the left hand side of the
cylinder 158 causes the piston 154, the shaft 159, and
the rail guided structure 34, 38 to move in the rightward
direction 147. The controller 21 may be configured to
vary the speed of the motor 150 and pump 152, thereby
varying the speed of movement of the piston 154 and rail
guided structure 34, 38. For example, the controller 21
may operate the fluid drive 148 at a first speed during a
first stage of movement, a second speed during a second
stage of movement, and a third speed during a third stage
of movement, wherein the first, second, and third speeds
are progressively greater or lesser than one another.
[0037] FIG. 11 is a diagram of an embodiment of the
first and/or second rail guided structure 34, 38 and the
drive system 18 having the drive 17 coupled to a rotary
screw or threaded shaft 160 of the transmission 19. In
the illustrated embodiment, the shaft 160 may be thread-
ed into mating threads 162 (e.g., threaded receptacle) in
the rail guided structure 34, 38, such that rotation 161 of
the shaft 160 causes axial movement of the rail guided
structure 34, 38 in one of the opposite directions 147.
The drive 17 may include an electric motor, a fluid drive,
or any combination thereof, configured to rotate the shaft
160. In certain embodiments, the transmission 19 may
include a worm and worm gear assembly. The drive sys-
tem 18 also may include a plurality of bearings 164 dis-
posed about the threaded shaft 160, e.g., in non-thread-
ed portions of the shaft 160.

[0038] Technical effects of the disclosed embodiments
include a load moving machine 12 having a frame 14 and
a movable assembly 16 coupled to the frame 14, wherein
the moveable assembly 16 is configured to move the load
11 in a plurality of directions (e.g., first and second hor-
izontal directions, vertical directions, and rotational direc-
tions about one or more axes). These four degrees of
freedom enable the load 11 to be balanced, be lifted,
lowered, moved, or otherwise translated to dynamically
move the load 11. The load moving machine 12 also in-
cludes a plurality of stabilizing structures to help resist
undesired movement, rotation, tilting, pivoting, or any
combination thereof, during a controlled movement by
the drive system 18, the transmission 19, and the control
system 20.

[0039] This written description uses examples to dis-
close the invention, including the best mode, and also to
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enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able 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 have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal language of the
claims.

[0040] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A system, comprising:
a load moving machine, comprising:
a frame; and

a movable assembly coupled to the frame,
wherein the movable assembly comprises
alift portion, a rotational portion, afirst trans-
lational portion, and a second translational
portion.

2. The system of clause 1, wherein the movable as-
sembly comprises a spreader bar coupled to the
movable assembly, and the spreader bar comprises
one or more load couplings.

3. The system of any preceding clause, wherein the
spreader bar comprises a slot extending lengthwise
along the spreader bar, the lift portion comprises a
first stabilizing guide disposed in the slot, and the lift
portion comprises second and third stabilizing
guides disposed outside of the slot on opposite sides
of the spreader bar.

4. The system of any preceding clause, wherein the
lift portion comprises a hoist having a spool, a drive
coupled to the spool, and a cable disposed about
the spool and coupled to a lift coupling.

5. The system of any preceding clause, wherein the
lift portion comprises a telescopic joint having a plu-
rality of concentric sleeves configured to extend and
retract relative to one another.

6. The system of any preceding clause, wherein the
lift portion comprises a plurality of stabilizing guides
of afirst plate movably disposed in a plurality of sta-
bilizing receptacles of a second plate, and the lift
portion is configured to move the first and second
plates toward and away from one another.

7. The system of any preceding clause, wherein the
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lift portion is coupled to the rotational portion, the lift
portion comprises a first drive, and the rotational por-
tion comprises a second drive.

8. The system of any preceding clause, wherein the
rotational portion comprises first and second por-
tions disposed coaxial relative to one another, the
second portion is configured to rotate relative to the
first portion, the first portion is coupled to the first
translational portion, and the second portion is cou-
pled to the lift portion.

9. The system of any preceding clause, wherein the
first translational portion comprises a first rail guided
structure disposed along one or more first rails and
the second translational portion comprises a second
rail guided structure disposed along one or more sec-
ond rails.

10. The system of any preceding clause, wherein
the first rail guided structure comprises the lift por-
tion, the rotational portion, and one or more first
wheels disposed along each of a plurality of the first
rails, wherein the second rail guided structure com-
prises a plurality of the second rails, wherein the sec-
ond rail guided structure comprises one or more sec-
ond wheels disposed along each of a plurality of the
second rails.

11. The system of any preceding clause, wherein
the one or more first wheels comprise first and sec-
ond wheels oriented crosswise to one another, and
the one or more second wheels comprise third and
fourth wheels oriented crosswise to one another

12. The system of any preceding clause, wherein
the load moving machine is configured to balance a
load while moving the load with the lift portion, the
rotational portion, the first translational portion, and
the second translational portion.

13. The system of any preceding clause, comprising
a controller coupled to one or more drives of the lift
portion, the rotational portion, the first translational
portion, or the second translational portion, wherein
the controller is configured to control movement of
a turbomachine.

14. A system, comprising:
a load moving machine comprising a movable
assembly coupled to a frame, wherein the mov-

able assembly comprises:

a spreader bar coupled having one or more
load couplings;

a lift portion coupled to the spreader bar,
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wherein the lift portion comprises a first
drive configured to raise and lower the
spreader bar in a vertical direction;

arotational portion coupled to the lift portion,
wherein the rotational portion comprises a
second drive configured to rotate the lift por-
tion and the spreader bar;

a first translational portion comprising a
third drive configured to translate the rota-
tional portion, the lift portion, and the
spreader bar in a first horizontal direction;
and

a second translational portion comprising a
fourth drive configured to translate the rota-
tional portion, the lift portion, and the
spreader bar in a second horizontal direc-
tion crosswise to the first horizontal direc-
tion.

15. The system of any preceding clause, wherein
the second translational portion comprises the fourth
drive configured to translate the first translational
portion.

16. The system of any preceding clause, wherein
the load moving machine is configured to balance a
load on the spreader bar.

17. A method, comprising:

controlling movement of a load with a first de-
gree of freedom in a first translational direction;

controlling movement of the load with a second
degree of freedom in a second translational di-
rection;

controlling movement of the load with a third de-
gree of freedom in a third translational direction,
wherein the first, second, and third translational
directions are crosswise to one another; and

controlling movement of the load with a fourth
degree of freedom in a first rotation direction.

18. The method of any preceding clause, wherein
the first and second degrees of freedom are dis-
posed in a first plane, the third degree of freedom is
disposed in a second plane, and the first and second
planes are crosswise to one another.

19. The method of any preceding clause, wherein
an axis of rotation of the fourth degree of freedom is
crosswise to the first plane.
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20. The method of any preceding clause, comprising
controlling balancing of the load while controlling
movement of the load with the first, second, third,
and fourth degrees of freedom.

Claims

1.

A system, comprising:
a load moving machine, comprising:

a frame; and

a movable assembly coupled to the frame,
wherein the movable assembly comprises
alift portion, arotational portion, afirst trans-
lational portion, and a second translational
portion.

The system of claim 1, wherein the movable assem-
bly comprises a spreader bar coupled to the movable
assembly, and the spreader bar comprises one or
more load couplings.

The system of claim 2, wherein the spreader bar
comprises a slot extending lengthwise along the
spreader bar, the lift portion comprises a first stabi-
lizing guide disposed in the slot, and the lift portion
comprises second and third stabilizing guides dis-
posed outside of the slot on opposite sides of the
spreader bar.

The system of claim 1, 2 or 3, wherein the lift portion
comprises a hoist having a spool, a drive coupled to
the spool, and a cable disposed about the spool and
coupled to a lift coupling.

The system of claim 1, 2 or 3, wherein the lift portion
comprises a telescopic joint having a plurality of con-
centric sleeves configured to extend and retract rel-
ative to one another.

The system of claim 1, 2 or 3, wherein the lift portion
comprises a plurality of stabilizing guides of a first
plate movably disposed in a plurality of stabilizing
receptacles of a second plate, and the lift portion is
configured to move the first and second plates to-
ward and away from one another.

The system of claim 1, 2 or 3, wherein the lift portion
is coupled to the rotational portion, the lift portion
comprises a first drive, and the rotational portion
comprises a second drive.

The system of any preceding claim wherein the ro-
tational portion comprises first and second portions
disposed coaxial relative to one another, the second
portion is configured to rotate relative to the first por-
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10.

1.

12.

tion, the first portion is coupled to the first transla-
tional portion, and the second portion is coupled to
the lift portion.

The system of any preceding claim, wherein the first
translational portion comprises a first rail guided
structure disposed along one or more first rails and
the second translational portion comprises a second
rail guided structure disposed along one ormore sec-
ond rails.

The system of any preceding claim, comprising a
controller coupled to one or more drives of the lift
portion, the rotational portion, the first translational
portion, or the second translational portion, wherein
the controller is configured to control movement of
a turbomachine.

A system, comprising:

a load moving machine comprising a movable
assembly coupled to a frame, wherein the mov-
able assembly comprises:

a spreader bar coupled having one or more
load couplings;

a lift portion coupled to the spreader bar,
wherein the lift portion comprises a first
drive configured to raise and lower the
spreader bar in a vertical direction;
arotational portion coupled to the lift portion,
wherein the rotational portion comprises a
second drive configured to rotate the lift por-
tion and the spreader bar;

a first translational portion comprising a
third drive configured to translate the rota-
tional portion, the lift portion, and the
spreader bar in a first horizontal direction;
and

a second translational portion comprising a
fourth drive configured to translate the rota-
tional portion, the lift portion, and the
spreader bar in a second horizontal direc-
tion crosswise to the first horizontal direc-
tion.

A method, comprising:

controlling movement of a load with a first de-
gree of freedom in a first translational direction;
controlling movement of the load with a second
degree of freedom in a second translational di-
rection;

controlling movement of the load with a third de-
gree of freedom in a third translational direction,
wherein the first, second, and third translational
directions are crosswise to one another; and
controlling movement of the load with a fourth



13.

14.

15.
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degree of freedom in a first rotation direction.

The method of claim 12, wherein the first and second
degrees of freedom are disposed in a first plane, the
third degree of freedom is disposed in a second
plane, and the first and second planes are crosswise
to one another.

The method of claim 12 or 13, wherein an axis of
rotation of the fourth degree of freedom is crosswise
to the first plane.

The method of claim 12, 13 or 14, comprising con-
trolling balancing of the load while controlling move-
ment of the load with the first, second, third, and
fourth degrees of freedom.
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