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Crane Having Effectively Coincident Gantry and Boom Forces
Upon an Upperstructure

Technical Field

[0001] The present invention relates to a crane having a boom and a gantry

mounted to an upperstructure rotationally mounted on a base.

Backeround Art

[0002] A common form of crane has a base, an upperstructure rotationally
mounted on the base, a boom having a proximal end pivotally attached to the
upperstructure and having a distal end supporting a load line for raising a payload,
and a gantry mounted on the upperstructure and having an upper end supporting a
boom line coupled to the distal end of the boom for supporting the distal end of the
boom. This common form of crane is often provided with a motor to swing the boom
around the base, a boom hoist to raise or lower the inclination of the boom to align the
distal end of the boom over the payload, and a load hoist to reel-in or reel-out the load
line in order to raise or lower the payload.

[0003] The common form of crane introduced above is often used for
pedestal mounted offshore cranes. An example is designated as a “Swing bearing
mounted lattice boom wire luffed crane”™ in Figure 1 on page 2 of American
Petroleum Institute Specification 2C, Offshore Pedestal Mounted Cranes, Seventh
Edition, March 2012. In this example, the support base is a cylindrical pedestal, the
upperstructure is generally rectangular, and the upperstructure is mounted to the
pedestal via a swing-circle assembly for rotation about a vertical axis of the pedestal.
The common gantry has a pair of rear legs mounted to the rear left and right of the
upperstructure, and a pair of front legs mounted to the front left and right of the
upperstructure, though different numbers of legs and different mounting positions for
them do exist. The boom is a lattice boom pivotally connected to the front of the
upperstructure, As a result, pedestal mounted offshore cranes typically use a four-
legged gantry and six attachment locations on the upperstructure, including two
attachment locations for a rear pair of gantry legs, two attachment locations for a front
pair of gantry legs, and two attachment locations for a pair of boom legs at the
proximal end of the boom. See, for example, Bonneson et al. U.S. Patent 4,216,870

issued Aug. 12, 1980.
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Disclosure of Invention

[0004] The present disclosure describes a way of mounting a gantry and a
boom to an upperstructure of a crane in order to reduce loading and bending moments
upon the upperstructure and permit the upperstructure to have a reduced mass and a
more compact size. The boom has a proximal end pivotally attached to the
upperstructure at a front attachment location, and the gantry includes at least one front
leg mechanically coupled to the front attachment location and inclined in a direction
away from the boom to apply, to the front attachment location, a horizontal force
component towards the boom that is opposed by a horizontal force component from
the boom towards the front leg. Therefore there is a reduction in the net force applied
from the front attachment location upon the upperstructure, and consequently a
reduced amount of structural mass is needed for reinforcing the front attachment
location and strengthening the upperstructure to resist these forces.

[0005] Due to the reduction in the net horizontal force applied from the
front attachment location of the boom to the upperstructure, the front attachment
location can be brought closer to the center of the base of the crane, resulting in an
additional reduction in the size and mass of the upperstructure. For a pedestal
mounted crane, the upperstructure mass can be reduced further by using a circular
turret as a primary component of the upperstructure, and locating the front attachment
location on the circle of the turret.

[0006] In a preferred arrangement, the front gantry leg provides a
horizontal force component towards the boom that is equal and opposite to the
horizontal force component from the boom towards the front gantry leg at the front
attachment location. This can be true for all payloads and for all boom inclinations.
The absence of any net horizontal force from the front attachment location to the
upperstructure provides a minimum of force upon the upperstructure.

[0007] For example, the gantry can have four legs including a front pair of
legs inclined in a direction away from the boom, and a vertical rear pair of legs, and
each of the front legs can be attached to the upperstructure at a respective front
attachment location at which the boom is pivotally attached to the upperstructure. In
this example, the rear pair of legs does not apply a horizontal force component to the
upperstructure, and consequently the front pair of legs provides a horizontal force

component that is equal and opposite to the horizontal force component from the
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boom at the two front attachment locations. In this case, when the attachment
locations for the rear legs are located on the rear of a circular turret, the horizontal
force component and any bending moment from the rear legs can also be eliminated.
This leads to an arrangement in which a four-legged gantry has four attachment
locations aligned over the circle of the turret, and the two front legs are attached to the
upperstructure at the two front attachment locations of the boom. For example, the
four attachment locations are located at the four corners of a square circumscribed by
the circle of the turret.

[0008] In the preferred arrangement, the predictable downward force
direction at all of the four attachment locations allows for further optimization of the
upperstructure by completely transforming its overall shape from rectangular to
circular. The circular pattern allows for direct integration of additional components of
the upperstructure (such as ball rings, which are circular due to their function) onto
the turret without needing any transitioning structure, making the upperstructure
extremely mass-efficient. The circular shape of the upperstructure then gives the
additional benefit of being naturally efficient at transmitting torque [which is why
nearly every torque transmitting shaft is circular]. When a crane is “twisted” due to a
load being not underneath the distal end of the boom, or a strong wind, the
upperstructure is what resists this load. The commonly used rectangular shapes are
not mass-efficient at resisting torque because they are prone to twist. Therefore, a
large amount of internal stiffening and support is required internal to most currently
built upperstructures. However, transforming to a circular upperstructure means that
the more efficient shape can resist the torsion without much additional bracing

structure.

Brief Description of the Drawings

[0009] Additional features and advantages of the present disclosure will be
described below with reference to the drawings, in which:

[00010] FIG. 1 is a top view of a crane having effectively coincident gantry
and boom forces upon an upperstructure;

[00011] FIG. 2 is a side view of the crane introduced in FIG. 1;

[00012] FIG. 3 is a top view of an assembly of a gantry and turret of the

crane introduced in FIG. 1;
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[00013] FIG. 4 is a side view of the assembly of FIG. 3;

[00014] FIG. S is a front view of the assembly of FIG. 3;

[00015] FIG. 6 is an oblique view of the assembly of FIG. 3;

[00016] FIG. 7 is an oblique view showing the proximal end of the boom
pivotally connected to the assembly of FIG. 3;

[00017] FIG. 8 is a side view showing the boom in a position of maximum
upward inclination with respect to the assembly of FIG. 3;

[00018] FIG. 9 is a side view of the assembly of FIG. 3 showing additional
components attached to the turret;

[00019] FIG. 10 is a top section view of the assembly of FIG. 9 along line
10-10 in FIG. 9;

[00020] FIG. 11 is an expanded side view within a boundary line 11-11 in
FIG. 9;

[00021] FIG. 12 is an expanded side view within a boundary line 12-12
in FIG. 9;

[00022] FIG. 13 is an oblique view of the assembly of FIG. 9;

[00023] FIG. 14 is another oblique view of the assembly of FIG. 9; and

[00024] FIG. 15 is an oblique view of the assembly of FIG. 9 after the
addition of optional cross bracing within the turret;

[00025] FIG. 16 is a front section view showing the shared connection of
the left front gantry leg and the left leg of the proximal end of the boom to the
upperstructure;

[00026] FIG. 17 is a front section view showing an alternative construction
in which a left foot pin attaches both the left front gantry leg and the left leg of the
boom to the upperstructure;

[00027] FIG. 18 is a front section view showing an alternative construction
of a shared connection using a first foot pin for attaching a left front gantry leg to the
upperstructure and a second foot pin for attaching a left boom leg the upperstructure;
and

[00028] FIG. 19 is a front section view showing an alternative construction
of a front attachment location for a crane that has a single front gantry leg and both
the single front gantry leg and the proximal end of the boom are attached to the

upperstructure at this front attachment location.
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[00029] While the invention is susceptible to various modifications and
alternative forms, specific examples have been shown in the drawings and will be
described in detail. It should be understood, however, that it is not intended to limit
the invention to the particular forms shown, but on the contrary, the intention is to
cover all modifications, equivalents, and alternatives falling within the scope of the

invention as defined by the appended claims.

Modes for Carrying Out the Invention
[00030] FIGS. 1 and 2 show a crane 20. In general, the crane 20 includes a

base (21 in FIG. 2), an upperstructure 22 rotationally mounted on the base 21, a boom
23 having a proximal end 24 pivotally attached to the upperstructure and having a
distal end (25 in FIG. 2) supporting a load line (26 in FIG. 2) for raising a payload (27
in FIG. 2), and a gantry 28 mounted on the upperstructure and having an upper end 29
supporting a boom line (30 in FIG. 2) coupling the gantry to the distal end of the
boom. The crane 20 also has a boom hoist 31 for reeling in or reeling out the boom
line 30 to raise or lower the inclination of the boom 23 to align the distal end 25 of the
boom over the payload 27, and a main load hoist 32 to reel-in or reel-out the load line
26 in order to raise or lower the payload.

[00031] In the example of FIGS. 1 and 2, a main load block (33 in FIG. 2)
having a hook (34 in F1G. 2) is used for mechanically coupling the load line 26 to the
payload 27. A two-part reeving of the load line 26 mechanically couples the load
block 33 to the distal end 25 of the boom 23, and the payload 27 is hung from the
hook 34. In a similar fashion, a two-part reeving of the boom line 30 mechanically
couples the upper end 29 of the gantry 28 to the distal end 35 of the boom.

[00032] The crane 20 in FIGS. 1 and 2 1s more specifically an example of a
pedestal-mounted offshore crane having a lattice boom 23.  The base 21 is a
cylindrical pedestal, and the upperstructure 22 is rotationally mounted to the pedestal
via a swing-circle assembly (35 in FIG. 2).

[00033] The swing circle assembly 35 selectively rotates the upperstructure
22 about a central vertical axis 36 of the pedestal 21, in order to swing the boom 23
around the pedestal. For example, the swing-circle assembly 35 has a circular array
of hydraulic motors (121 to 128 in FIG. 10) mounted to the upperstructure 22, and

each hydraulic motor has a pinion that meshes with a common internal gear mounted
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to the pedestal 21. A swing-circle assembly having such a gearing arrangement is
well known, and details are found in Bonneson et al. U.S. Patent 4,216,870 issued
Aug. 12, 1980.

[00034] A diesel engine 37 is mounted on the rear end of the upperstructure
22 to drive a hydraulic pump 38 for powering the hydraulic motors in the swing-circle
assembly 35. The hydraulic pump 37 also powers a hydraulic motor in the boom
hoist 31, and a hydraulic motor in the main load hoist 32. An operator’s cab 39 is
mounted on the right side of the upperstructure 22. The operator’s cab 39 includes
manual controls for controlling the hydraulic motors to the lift the payload 27 from an
initial location and to deposit the payload at a desired final location.

[00035] In the example of FIGS. 1 and 2, the boom hoist 31 is mounted on
the upperstructure 22 just to the rear of the gantry 28. (In an alternative construction,
the boom hoist 32 could be mounted on a pad (113 in FIGS. 9, 11, and 13-15)
between the feet of the rear legs of the gantry 28.) The main moist 32 is mounted to
the boom 23 near the proximal end 24 of the boom.

[00036] For handling light-weight payloads, the distal end 25 of boom 23
carries a jib (41 in FIG. 2) supporting an auxiliary load block (42 in FIG. 2). A two-
part reeving of an auxiliary load line (43 in FIG. 3) suspends the auxiliary load block
42 from the jib 41. An auxiliary load hoist 44 reels-in and reels-out the auxiliary load
line 43 in order to raise or lower a light-weight payload (not shown) suspended from a
hook on the auxiliary load block 42.

[00037]  Although the primary purpose of the gantry 28 is for supporting the
boom line 30, FIG. 2 shows a number of components mounted to the gantry for
secondary functions. A boom stop 51 is mounted to the gantry 28 for abutting against
the boom 23 when the boom reaches a maximum upward inclination. Ladders 52, 53,
and platforms 54, 55 are mounted to the gantry 28 for the convenience of maintenance
personnel. Horizontal jibs 56, 57, 58 are mounted to the gantry 28 for lifting,
removing, and replacing components that may need service. A horizontal jib 56 is
provided for servicing of the boom hoist 31. An extendable horizontal jib 57 is
provided for servicing the diesel engine 37. A horizontal jib 58 is provided for
servicing the main and auxiliary load hoists 32, 44.

[00038] It is desired to attach the gantry 28 and the boom 23 to the

upperstructure 22 in such a way that boom forces are effectively coincident with
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gantry forces so that the forces upon the upperstructure from the boom are minimized.
In the example of FIGS. 1 and 2, this is done by sharing the locations of attachment of
the proximal end 24 of the boom 23 on the upperstructure with two respective
locations of attachment of an inclined front pair of legs of the gantry 28 on the
upperstructure,

[00039] FIGS. 3, 4, 5, 6, and 7 show details of a left front location of
attachment 87 and a right front location of attachment 88 on a turret 60 of the
upperstructure. The front pair of gantry legs includes a left front leg 61 and a right
front leg 62. A foot 81 of the left front leg 61 stands on the left front attachment
location 87, and the left front attachment location 87 receives a left foot pin 103 for
pivotally attaching a left leg (101 in FIG. 7) of the boom 23 to the upperstructure.
The foot 81 is aligned with the left foot pin 102. A foot 82 of the right front leg 62
stands on the right front attachment location 88, and the right front attachment
location 88 receives a right foot pin 61 for pivotally attaching a right leg (102) of the
boom 23 to the upperstructure.

[00040] The pair of front legs 61, 62 of the gantry 28 extends from the two
respective front attachment locations 87, 88 on the upperstructure 22 to the upper end
29 of the gantry 28, and the proximal end 24 of the boom 23 is attached to the
upperstructure 22 at the two respective front attachment locations, and the pair of
front legs is inclined in a direction away from the boom 23 to apply, to each of the
two respective front attachment locations, a horizontal force component towards the
boom that is canceled by a horizontal force component applied by the boom towards
the pair of front legs. The horizontal force component applied by the pair of front
legs 61, 62 1s seen in FIG. 2 to arise from tension in the boom cable 30, which pulls
the upper part 29 of the gantry 28 towards the distal end 25 of the boom. Movement
of the upper part 29 of the gantry 28 in the horizontal direction towards the distal end
of the boom is resisted by an axial compression force in the front legs 61, 62. Due to
the inclination of the front legs 61, 62 away from the boom 23, this axial compression
force has a horizontal force component towards the boom, and this horizontal force
component is proportional to the axial compression force and the sine of the angle of
deviation of the pair of front legs 61, 62 from vertical.

[00041] Moreover, in the example of FIGS. 1 to 8, the gantry 28 has a rear

pair of legs 63, 64, and the rear pair of legs is vertical in comparison to the font pair of
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legs which is inclined backwards. Therefore, the rear pair of legs 63, 64 does not
apply any significant horizontal force to the upperstructure 22, and the rear pair of
legs 63, 67 applies a vertical upward force upon the upperstructure 22. Consequently,
the horizontal component of the force applied by the boom 23 upon the foot pins 103,
61 1is balanced by an opposing horizontal component of force applied by the pair of
front legs 67, 68 of the gantry 28 upon the two front attachment locations 87, 88.
Therefore the two front attachment locations do not transmit any significant
horizontal force to the upperstructure 22, and the net force is downward in a vertical
direction. This further minimizes the forces upon the upperstructure from the boom,
and further minimizes bending or torsion at all four locations 87, 88, 76, 77 where the
four gantry legs 61, 62, 63, 64 are attached to the upperstructure 20.

[00042] FIGS. 3, 4, 5, and 6 show further details of the gantry 28 and its
attachment to the turret 60 of the upperstructure. The two front legs 61, 62, are
similar to each other, and the two rear legs 63, 64 are similar to each other. Each rear
leg 63, 64 is a straight cylindrical steel tube. Each front leg 61, 62 is an elongated
steel assembly including a respective straight upper tubular section 65, 66 and a
respective straight lower section 67, 68. FEach straight lower section 67, 68 is
comprised of a pair of parallel spaced steel beams 69, 70 and 71, 72. The lower
sections 67, 68 of the front leg 61, 62 are parallel to each other. The upper sections
65, 66 of the front legs are not parallel to each other and instead taper towards each
other for a minimal spacing at the upper end 29 of the gantry 28. The lower section
67 of the left front leg 61 has a longitudinal axis that is aligned with the left front foot
pin 103, and the lower section 68 of the right-front leg 62 has a longitudinal axis that
is aligned with the right front foot pin 61.

[00043] The spacing between the two parallel spaced beams in each pair of
parallel spaced beams 69, 70 and 71, 72 provides a clearance fit with a respective leg
of the proximal end of the boom, so that an upper and rearward portion of the
respective leg of the proximal end of the boom is received between the two parallel
spaced beams when the boom is at a maximum upward inclination (as shown in FIG.
8). For example, each parallel spaced steel beam has an “I” or “T” shaped-cross
section, and the head of the “1” or “T” of one beam in each pair faces the head of the

“T” or “T” of the other beam in the pair.
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[00044] The turret 60 is a primary cylindrical component of the
upperstructure (22 in FIG. 2). The base of the turret 61 is configured to sit upon the
top of the pedestal base (21 in FIG. 2) in coaxial alignment with the vertical axis (36
in FIG. 2) of the pedestal base. The swing-circle assembly (35 in FIG. 2) rotationally
couples the base of the turret 61 with the top of the pedestal base (21 in FIG. 2) so that
any bending moments upon the turret about the vertical axis (36 in FIG. 2) are
transmitted to the pedestal base. Such bending moments arise during normal
operation of the crane due to the lifting of the payload (27 in FIG. 2).

[00045] Each rear leg 63, 64 of the gantry 28 has a respective foot 73, 74
that is a steel pad-eye plate, and the upper parts of the two feet 73, 74 are joined by a
horizontal steel beam 75. Each of the two feet 73, 74 are received between a
respective pair 76, 77 of parallel-spaced vertical steel pad-eye plates welded onto the
turret 60, and a respective foot pin 78, 79 attaches the respective foot 73, 74 to the
turret 60 via the respective pair 76, 77 of pad-eye plates welded to the turret.

[00046]  Each front leg 61, 22 has a respective foot 81, 82 including a
respective steel plate (83, 84, 85, 86 in FIG. 6) welded to the bottom end of each
beam 69, 70, 71, 72 so as to be perpendicular to the longitudinal axis of each beam.
Each front leg 71, 72 stands on a respective mount 87, 88 welded onto the turret 60.
Each mount 87, 88 includes a respective pair of parallel-spaced vertical steel pad-eye
plates (91, 92, 93, 94 in FIG. 6) welded onto the turret 60, and a respective inclined
steel plate (95, 96, 97, 98 in FIG. 6) welded perpendicular to each of the pad-eye
plates (91, 92, 93, 94 in FIG. 6) so as to be parallel to and aligned with a matching
plate on the foot of the neighboring front leg 61, 62. The foot of each front leg is
attached to the turret 60 by fastening the matching plates together, for example by
welding around the outer neighboring edges of the matching plates, or by bolting the
matching plates together.

[00047] A pair of parallel-spaced steel beams 99, 100 is disposed within
the turret to brace the gantry leg mount locations on the turret 60. A left beam 99 has
a front end welded to the internal surface of the turret 60 just below the left front
mount 87, and a rear end welded to the internal surface of the turret 60 just below the
left rear mount 76. A right beam 100 has a front end welded to the internal surface of
the turret 60 just below the right front mount 88, and a rear end welded to the internal

surface of the turret 60 just below the right rear mount 77.
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[00048]  FIG. 7 shows the proximal end 24 of the boom 23 attached to the
turret 60 at the front mounts 87, 88. The proximal end 24 of the boom 23 includes a
left leg 101 and a right leg 102. A left foot pin 103 secures a left foot of the left leg
101 in the left front mount 87, and a right foot pin 61 secures a right foot of the right
leg 102 in the right front mount 88. Each front gantry leg 61, 62 carries a
compressive force having a line of action passing through a pivot axis 200 of the
boom 23 at the respective front attachment location 87, 88. The line of action is the
longitudinal axis of the lower portion 67, 68 of the front gantry leg 61, 62. The pivot
axis 200 of the boom 23 extends from the left foot pin 103 to the right foot pin 61.
The left and right foot pins 103, 61 are coaxial with the pivot axis 200 of the boom 23,
so that longitudinal axis of the left front foot pin 103 is the pivot axis 200, and the
longitudinal axis of the right foot pin 61 is also the pivot axis 200.

[00049] FIG. 8 shows the boom 23 in a position of maximum upward
inclination. In this case the upper and rear part of the left leg 101 of the boom 23 is
received between the beams 69 and 70 of the left front gantry leg 61, and the upper
and rear part of the right leg 102 of the boom 23 is received between the beams 71
and 72 of the right front gantry leg 62. So as not to interfere with the beams 70 and
71, the first upper lateral (i.e., right-to-left) brace (107 in FIG. 7) of the boom 23 is
further from the proximal end 24 of the boom 23 than the first lower lateral brace (106
in FIG. 7) of the boom.

[00050] FIGS. 9, 10, 11, 12, 13, 14, and 15 show some additional

components mounted to the turret 60. An engine support structure 110 is mounted on
the rear of the turret 60. A cab support structure 111 is mounted on the right side of
the turret 60. These structures are made of steel beams welded to each other or
welded to the turret 60. As shown in FIGS. 10 and 13 to 15, a hydraulic motor
mounting structure 112 is disposed within the turret 60 and welded to the turret. As
shown in FIG. 9, 11, and 13 to 15, a boom hoist mounting pad 113 is welded to the
beam 75 between the rear legs 63, 64 of the gantry.

[00051]  FIG. 10 shows that the front attachment locations 87, 88 (for the
gantry front leg and the legs of the boom) and also the rear attachment locations 78,
79 (for the gantry rear legs) are each aligned over the circle of the turret 60. In

addition, the attachment locations 87, 88, 78, 79 are located at respective corners of a

square. FIG.10 also shows that the hydraulic motor mounting structure 112 mounts a
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circular array of hydraulic motors 122, 123, 124, 125, 126, 127, 128 shown in dashed
line representation. Each of the hydraulic motors drives a respective pinion that
meshes with a common internal ring gear mounted to the pedestal (21 in FIG. 2). The
respective pinion is coaxial with a central vertical axis of each motor, and the
respective pinion is located at the bottom of each motor. The common internal ring
gear is coaxial with the vertical axis (36 in FIG. 2) of the pedestal (21 in FIG. 2).
Therefore, the hydraulic motors can be powered to selectively rotate the turret 60
about the vertical axis of the pedestal in order to swing the boom (23 in FIG. 2)
around the pedestal.

[00052]  As shown in FIG. 15, optional cross beams 114, 115 have been
added to further strengthen the turret 60. This permits the turret 60 to be used in a
crane having an increased load capacity in comparison to a crane that would not use
the cross beams 114, 115.

[00053] FIGS. 16 to 19 show alternative constructions for front attachment
locations. In each of these examples, a front gantry leg, which is inclined in a
direction away from the boom, is mechanically coupled to the front attachment
location of the boom so that the front gantry leg applies, to the front attachment
location, a horizontal force component towards the boom that is opposed by a
horizontal force component applied by the boom towards the front leg,

[00054] FIG. 16 shows a front section view of the left front attachment
location 87. As described above, the foot 81 of the left front gantry leg includes a pair
of inclined steel plates 83, 84 attached to respective ones of the parallel spaced beams
69, 70. The left front attachment location 87 includes a pair of vertical parallel spaced
steel plates 91, 92 welded to the turret 60 over the circle of the turret, and a pair of
inclined steel plates 95, 96 welded to respective ones of the vertical parallel spaced
steel plates 91, 92. The inclined steel plates 83, 84 on the foot 81 of the left front
gantry leg rest upon and are attached to respective ones of the inclined steel plates 95,
96 on the left front attachment location 87. The left leg 101 on the proximal end of
the boom is received between the beams 69, 70 and the plates 83, 84 and 95, 96 and
91, 92. The left front foot pin 103 pivotally attaches the left leg 101 of the boom to
the vertical steel plates 91, 92 of the left front attachment location 87.

[00055] FIG. 17 shows an alternative construction in which a left foot pin

129 attaches both a left front gantry leg and the left leg 101 of the boom to the
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upperstructure. In this example, the lower portion of the left front gantry leg still
includes a pair of parallel spaced steel beams 121, 122 so that the left leg 101 of the
boom can be received between the parallel spaced steel beams 121, 122 when the
boom has a maximum upward inclination. The foot of the left front gantry leg also
has a pair of inclined steel plates 123, 124 welded to the ends of respective ones of the
parallel spaced steel beams 121, 122. 1In addition, parallel spaced steel pad-eye plates
131, 132 are welded to the ends of respective ones of the parallel spaced steel beams
121, 122. The pad-eye plates 131, 132 are received between a pair of vertical parallel
spaced steel plates 127, 128 welded to the turret 60. Two inclined steel plates 125,
126 are welded on top of respective ones of the vertical parallel spaced steel plates
127, 128 so that the inclined plates 123, 124 on the foot of the left front gantry leg
may rest upon respective ones of the inclined plates 125, 126 during assembly of the
gantry onto the upperstructure. The inclined plates 123, 124, 125, and 126 could be
omitted without loss of function by using jacks to load or unload the gantry from the
left foot pin 129. The foot of the boom left leg 101 is received between the parallel
spaced steel pad-eye plates 131, 132. The single left foot pin 129 pivotally attaches
the left leg 101 of the boom to the upperstructure and also attaches the left front leg of
the gantry to the upperstructure by passing through the eyes of the pad-eye plates 131,
132.

[00056] FIG. 18 is a front section view of an alternative construction for a
shared connection of a left front gantry leg 141 and a left boom leg 140 to the
upperstructure. In this example, the shared connection includes a first foot pin 153 for
attaching the left front gantry leg 141 to the upperstructure and a second foot pin for
pivotally attaching the left boom leg 140 to the upperstructure. The foot of the left
front gantry leg 141 includes a pair of inclined steel plates 143, 144 welded to the
bottom of the left front gantry leg 141, which is a cylindrical steel tube. Two parallel
spaced steel pad-eye plates 131, 132 are also welded to the bottom of the left front
gantry leg 141. The pad-eye plates 131, 132 are received between a pair of parallel-
spaced vertical steel plates 147, 148 welded to the turret 60. Two inclined steel plates
145, 146 are welded on top of respective ones of the vertical steel plates 147, 148,
The inclined plates 143, 144 welded to the bottom of the left front gantry leg 141 rest
upon respective ones of the inclined plates 145, 146 during assembly of the gantry

onto the upperstructure. The inclined plates 143, 144, 145, and 146 could be omitted,
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and then the bottom of the gantry leg 141 could rest on the top of each of the vertical
plates 147, 148 during assembly of the gantry onto the upperstructure. The first foot
pin 153 passes through the vertical steel plates 147, 148 and the eyes of the pad-eye
plates 131, 132 to attach the left front gantry leg 141 to the upperstructure. The
second foot pin 149 passes through the vertical steel plates 147, 148 and the foot of
the left leg 140 of the boom to pivotally attach the left leg 140 of the boom to the
upperstructure.

[00057] FIG. 19 is a front section view showing an alternative construction
of a front attachment location for a crane that has a single front gantry leg and both
the single front gantry leg and the proximal end of the boom are attached to the
upperstructure at this front attachment location. This alternative construction is
derived from the construction in FIG. 7 by moving the two front gantry legs (61, 62 in
FIG. 7) towards each other over the circle of the turret 60 until the two front gantry
legs merge into a single front gantry leg having three parallel-spaced steel beams 161,
162, 163. In this example, the outer steel beams 161, 163 each have a “T” shaped
cross section, and the middle steel beam 192 has an “I” shaped cross section. The
proximal end of the boom still has a left leg 176 and a right leg 177 but these two legs
176, 177 are closer together.

[00058] In FIG. 19, the left leg 176 of the boom is received between a first
pair of parallel spaced vertical steel plates 170, 171 welded to the turret 60. The right
leg 177 of the boom is received between a second pair of parallel spaced vertical steel
plates 172, 173 welded to the turret. An inclined steel plate 178 is welded on top of
the vertical plate 170. An inclined steel plate 179 is welded on top of the vertical
plates 171 and 172. An inclined steel plate 180 is welded on top of the vertical plate
173. An inclined steel plate 181 is welded on the bottom of the beam 161. An
inclined steel plate 182 is welded on the bottom of the beam 162. An inclined steel
plate 183 is welded on the bottom of the beam 163. The inclined steel plates 181,
182, 183 rest upon and are attached to the inclined steel plates 178, 179, 180 during
assembly of the gantry onto the upperstructure. For example, the inclined steel plates
181, 182, 183 are welded or bolted to the inclined steel plates 178, 179, 180 during
assembly. A single foot pin 174 passes through the legs 176, 177 of the boom and
through the vertical steel plates 170, 171, 172, 173 to pivotally attach the legs 176,

177 of the boom to the upperstructure
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[00059] The alternative connections in FIGS. 16 to 19 have bilateral
symmetry in their front views as shown. However, in some situations, it may be
desirable to have asymmetrical connections. One example is a mounting of an
undersized boom to the upperstructure of a crane having a turret and a four-leg gantry
as described above. The undersized boom may have two legs that are spaced from
each other by a distance shorter than the distance between the feet of the two front
gantry legs. In this case, for example, the foot of the left front gantry leg would not
be centered over the foot of the left leg of the boom, and the foot of the right front
gantry leg would not be centered over the foot of the right leg of the boom, and
instead the foot of the left front gantry leg would be offset towards the left of the
crane, and the foot of the right front gantry leg would be offset towards the right of
the crane.

[00060] Numerous examples are provided herein to enhance understanding
of the present disclosure. A specific set of examples are provided as follows.

[00061] In a first example, there is disclosed a crane comprising: a base; an
upperstructure rotationally mounted on the base; a boom having a proximal end
pivotally attached to the upperstructure at a front attachment location, and having a
distal end supporting a load line for raising a payload; and a gantry mounted on the
upperstructure and having an upper end supporting a boom line coupled to the distal
end of the boom for supporting the distal end of the boom; wherein the gantry
includes at least one front leg mechanically coupled to the front attachment location
and inclined in a direction away from the boom to apply, to the front attachment
location, a horizontal force component towards the boom that is opposed by a
horizontal force component applied by the boom towards the front leg,

[00062] In a second example, there is disclosed a crane according to the
preceding first example, wherein the front leg extends from the front attachment
location to the upper end of the gantry.

[00063] In a third example, there is disclosed a crane according to any of
the preceding examples first to second, wherein the horizontal force component
applied by the front leg towards the boom is equal to the horizontal force component

applied by the boom towards the front leg.
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[00064] In a fourth example, there is disclosed a crane according to any of
the preceding examples first to third, wherein the front leg carries a compressive force
having a line of action passing through a pivot axis of the boom.

[00065] In a fifth example, there is disclosed a crane according to the
preceding fourth example, wherein the pivot axis of the boom is a longitudinal axis of
a foot pin pivotally attaching the proximate end of the boom to the upperstructure.

[00066] In a sixth example, there is disclosed a crane according to any of
the preceding examples first to fifth, which further includes a foot pin pivotally
attaching the proximate end of the boom to the upperstructure at the front attachment
location, and the foot pin also attaches the front leg of the gantry to the upperstructure
at the front attachment location.

[00067] In a seventh example, there is disclosed a crane according to any of
the preceding examples first to sixth, wherein the upperstructure includes a circular
turret, and the front attachment location is aligned over a circle of the turret.

[00068] In an eighth example, there is disclosed a crane according to any of
the preceding examples first to seventh, wherein the base is a pedestal, the
upperstructure includes a swing circle assembly coupling the upperstructure to
pedestal for rotation of the upperstructure about a vertical axis of the pedestal.

[00069] In a ninth example, there is disclosed a crane according to any of
the preceding examples first to eighth, which further includes a motor mechanically
coupled to the upperstructure and the base to swing the boom around the base, a boom
hoist mechanically coupled to the boom line to reel in or reel out the boom line to
raise or lower the inclination of the boom, and a load hoist mechanically coupled to
the load line in order to reel in or reel out the load line.

[00070] In a tenth example, there is disclosed a crane according to the
preceding ninth example, wherein the motor is mounted to the upperstructure, the
boom hoist is mounted to the upperstructure or gantry, and the load hoist is mounted
to the upperstructure or boom.

[00071] In an eleventh example, there is disclosed a crane according to any
of the preceding examples first to tenth, wherein the boom is a lattice boom.

[00072] In a twelfth example, there is disclosed a crane according to any of
the preceding examples first to eleventh, wherein the gantry includes a left front leg

and a right front leg, the left front leg extends from a left front attachment location on
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the upperstructure to the upper end of the gantry, and the right front leg extends from
a right front attachment location on the upperstructure to the upper end of the gantry.

[00073] In a thirteenth example, there is disclosed a crane according to the
preceding twelfth example, wherein the upperstructure includes a pair of parallel
spaced vertical plates at each of the left front and right front attachment locations, and
the proximal end of the boom includes a pair of legs, and a foot of each of the legs of
the boom is disposed between the parallel spaced vertical plates at a respective one of
the left front and right front attachment locations, and a respective foot pin attaches
the foot of each of the legs of the boom to the parallel spaced plates at the respective
one of the left front and right front attachment locations.

[00074] In a fourteenth example, there is disclosed a crane according to the
preceding thirteenth example, wherein a foot of each of the front legs of the gantry is
secured on top of the parallel spaced plates at a respective one of two front attachment
locations.

[00075] In a fifteenth example, there is disclosed a crane according to any
of the preceding examples thirteenth to fourteenth, wherein each of the front legs
includes a pair of parallel spaced beams extending upward from a respective one of
the front attachment locations, and an upper and rearward portion of a respective leg
of the boom is receivable between the two beams in each pair of parallel spaced
beams when the boom is at a maximum upward inclination.

[00076] In a sixteenth example, there is disclosed a crane according to the
preceding fifteenth example, wherein the parallel spaced beams of the left front leg of
the gantry are parallel to the parallel spaced beams of the right front leg of the gantry.

[00077] In a seventeenth example, there is disclosed a crane according to
any of the preceding examples twelfth to sixteenth, wherein the upperstructure
includes a circular turret, the left front attachment location is aligned over a circle of
the turret, and the right front attachment location is aligned over the circle of the
turret.

[00078] In an eighteenth example, there is disclosed a crane according to
the preceding seventeenth example, wherein the left front attachment location is
spaced from the right front attachment location by a spacing between eighty to one

hundred degrees around the circle of the turret.
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[00079] In a nineteenth example, there is disclosed a crane according to any
of the preceding examples first to eighteenth, wherein the gantry further includes a
pair of rear legs, and the upperstructure includes a left rear attachment location
attaching a foot of a left rear leg of the gantry, and the upperstructure includes a right
rear attachment location attaching a foot of a right rear leg of the gantry.

[00080] In a twentieth example, there is disclosed a crane according to the
preceding nineteenth example, wherein the pair of rear legs is vertical.

[00081] In a twenty-first example, there is disclosed a crane according to
any of the preceding examples nineteenth to twentieth, wherein the gantry includes a
left front leg and a right front leg, the left front leg extends from a left front
attachment location on the upperstructure to the upper end of the gantry, the right
front leg extends from a right front attachment location on the upperstructure to the
upper end of the gantry, the upperstructure includes a circular turret, the left front
attachment location and the right front attachment location are aligned over a circle of
the turret, the left rear attachment location and the right front attachment location are
aligned over the circle of the turret, and the left front, right front, left rear, and right

rear attachment locations are located at respective corners of a square.
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Claims

1. A crane comprising:

a base;

an upperstructure rotationally mounted on the base;

a boom having a proximal end pivotally attached to the upperstructure at a
front attachment location, and having a distal end supporting a load line for raising a
payload; and

a gantry mounted on the upperstructure and having an upper end supporting a
boom line coupled to the distal end of the boom for supporting the distal end of the
boom;

wherein the gantry includes at least one front leg mechanically coupled to the
front attachment location and inclined in a direction away from the boom to apply, to
the front attachment location, a horizontal force component towards the boom that is
opposed by a horizontal force component applied by the boom towards the front leg;
and

wherein the upperstructure includes a circular turret, and the front attachment
location is aligned over a circle of the turret.

2. The crane as claimed in claim 1, wherein the front leg extends from the
front attachment location to the upper end of the gantry.

3. The crane as claimed in claim 1, wherein the horizontal force
component applied by the front leg towards the boom is equal to the horizontal force
component applied by the boom towards the front leg.

4. The crane as claimed in claim 1, wherein the front leg carries a
compressive force having a line of action passing through a pivot axis of the boom.

5. The crane as claimed in claim 4, wherein the pivot axis of the boom is
a longitudinal axis of a foot pin pivotally attaching the proximate end of the boom to
the upperstructure.

6. The crane as claimed in claim 1, which further includes a foot pin
pivotally attaching the proximate end of the boom to the upperstructure at the front
attachment location, and the foot pin also attaches the front leg of the gantry to the

upperstructure at the front attachment location.
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7. The crane as claimed in any of claims 1 to 6, wherein the base is a
pedestal, the upperstructure includes a swing circle assembly coupling the
upperstructure to pedestal for rotation of the upperstructure about a vertical axis of the
pedestal.

8. The crane as claimed in any of claims 1 to 6, which further includes a
motor mechanically coupled to the upperstructure and the base to swing the boom
around the base, a boom hoist mechanically coupled to the boom line to reel in or reel
out the boom line to raise or lower the inclination of the boom, and a load hoist
mechanically coupled to the load line in order to reel in or reel out the load line.

9. The crane as claimed in claim 8, wherein the motor is mounted to the
upperstructure, the boom hoist is mounted to the upperstructure or gantry, and the
load hoist is mounted to the upperstructure or boom.

10.  The crane as claimed in any of claims 1 to 6, wherein the boom is a
lattice boom.

11.  The crane as claimed in any of claims 1 to 6, wherein the gantry
includes a left front leg and a right front leg, the left front leg extends from a left front
attachment location on the upperstructure to the upper end of the gantry, and the right
front leg extends from a right front attachment location on the upperstructure to the
upper end of the gantry.

12. The crane as claimed in claim 11, wherein the upperstructure includes a
pair of parallel spaced vertical plates at each of the left front and right front
attachment locations, and the proximal end of the boom includes a pair of legs, and a
foot of each of the legs of the boom is disposed between the parallel spaced vertical
plates at a respective one of the left front and right front attachment locations, and a
respective foot pin attaches the foot of each of the legs of the boom to the parallel
spaced plates at the respective one of the left front and right front attachment
locations.

13.  The crane as claimed in claim 12, wherein a foot of each of the front
legs of the gantry is secured on top of the parallel spaced plates at a respective one of
two front attachment locations.

14.  The crane as claimed in claim 12, wherein each of the front legs
includes a pair of parallel spaced beams extending upward from a respective one of
the front attachment locations, and an upper and rearward portion of a respective leg
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of the boom is receivable between the two beams in each pair of parallel spaced
beams when the boom is at a maximum upward inclination.

15.  The crane as claimed in claim 14, wherein the parallel spaced beams of
the left front leg of the gantry are parallel to the parallel spaced beams of the right
front leg of the gantry.

16.  The crane as claimed in claim 11, wherein the upperstructure includes
a circular turret, the left front attachment location is aligned over a circle of the turret,
and the right front attachment location is aligned over the circle of the turret.

17. The crane as claimed in claim 16, wherein the left front attachment
location is spaced from the right front attachment location by a spacing between
eighty to one hundred degrees around the circle of the turret.

18. The crane as claimed in any of claims 1 to 6, wherein the gantry
further includes a pair of rear legs, and the upperstructure includes a left rear
attachment location attaching a foot of a left rear leg of the gantry, and the
upperstructure includes a right rear attachment location attaching a foot of a right rear
leg of the gantry.

19. The crane as claimed in claim 18, wherein the pair of rear legs is
vertical.

20.  The crane as claimed in claim 18, wherein the gantry includes a left
front leg and a right front leg, the left front leg extends from a left front attachment
location on the upperstructure to the upper end of the gantry, the right front leg
extends from a right front attachment location on the upperstructure to the upper end
of the gantry, the upperstructure includes a circular turret, the left front attachment
location and the right front attachment location are aligned over a circle of the turret,
the left rear attachment location and the right front attachment location are aligned
over the circle of the turret, and the left front, right front, left rear, and right rear

attachment locations are located at respective corners of a square.



