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HEIGHT ADJUSTMENT MECHANISM
FOR AN AUXILIARY MEMBER ON A CRANE

PRIORITY CLAIM

[0001]  The present application claims priority to and the benefit of U.S.
Provisional Patent Application Serial No. 62/073,839 filed October 31, 2014 and
titled Height Adjustment Mechanism for an Auxiliary Member On A Crane and
U.S. Provisional Patent Application Serial No. 61/931,948 filed January 27, 2014
and titled Lift Crane With Improved Movable Counterweight, the disclosures of

which are incorporated in their entirety by this reference.

BACKGROUND

[0002] The present application relates to lift cranes, and particularly to mobile
lift cranes having a counterweight that can be moved to different positions in an
effort to balance the combined boom and load moment on the crane.

[0003]  Lift cranes typically include counterweights to help balance the crane
when the crane lowers its boom and/or lifts a load. Sometimes the counterweight
on the rear of the crane is so large that the carbody is also equipped with
counterweight to prevent backward tipping when no load is being lifted. Further,
an extra counterweight attachment, such as a counterweight trailer, is sometimes
added to the crane to further enhance the lift capacities of the mobile lift crane.
Since the load is often moved in and out with respect to the center of rotation of
the crane, and thus generates different moments throughout a crane pick, move
and set operation, it is advantageous if the counterweight, including any extra
counterweight attachments, can also be moved forward and backward with respect
to the center of rotation of the crane. In this way a smaller amount of
counterweight can be utilized than would be necessary if the counterweight had to
be kept at a fixed distance.

[0004] A typical example of the forgoing is a Terex Demag CC8800 crane
with a Superlift attachment. This crane includes 100 metric tonne of carbody

counterweight, 280 metric tonne of upperworks counterweight, and 640 metric
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tonne on an extra counterweight attachment, for a total of 1020 metric tonne of
counterweight. The extra counterweight can be moved in and out by a telescoping
member. While all of this counterweight makes it possible to lift heavy loads, the
counterweight has to be transported whenever the crane is dismantled for moving
to a new job site. With U.S. highway constraints, it takes 15 trucks to transport
300 metric tonne of counterweight.

[0005] Since the crane needs to be mobile, any extra counterweight
attachments also need to be mobile. However, when there is no load on the hook,
it is customary to support these extra counterweights on the ground apart from the
main crane; otherwise the extra counterweight would generate such a moment that
the crane would tip backward. Thus, if the crane needs to move without a load on
the hook, the extra counterweight attachment also has to be able to travel over the
ground. This means that the ground has to be prepared and cleared, and often
timbers put in place, for swing or travel of the extra counterweight unit. Thus
there is a benefit to a crane design that has movable counterweight that does not
need to be supported by the ground except through the crawlers on the crane.
[00006] U.S. Patent No. 7,546,928 discloses several embodiments of mobile lift
cranes with a variable position counterweight that have high capacities with lower
amounts of counterweight, and the movable counterweight does not need to be
supported by the ground. While these embodiments are great improvements in the
high-capacity crane design, there are cranes with lower capacities for which it
would also be desirable to increase the capacity of the crane without increasing the
total counterweight of the crane, especially if the counterweight did not need to be
supported by the ground during crane operation. Further, the cranes in the ‘928
patent include a fixed position lattice mast structure from which the counterweight
is suspended by a tension member. Sometimes it is beneficial if the mobile lift
crane does not have a fixed mast structure, since the lattice mast structure requires
additional components to be delivered to a job site, and a high fixed mast is
sometimes an obstacle requiring clearance when the crane is repositioned. Thus
there is a need for further improvements in counterweight systems for mobile lift

crancs.
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[0007]  During operation, cranes are designed to be stable in a wide range of
operating conditions. In some atypical circumstances, such as an unintended loss
of'load or an application of an external force, such as a high wind, may cause a
crane to fall outside of its operating parameters. In extreme circumstances the
crane may become unstable, which is an obviously undesirable situation.
Therefore, there is a need for systems that contribute to the stability of the crane in
atypical and/or unintended circumstances, such as sudden loss of load, in which

the operating conditions fall outside the normal operating parameters

BRIEF SUMMARY

[0008] A mobile lift crane and method of operation has been invented for
smaller capacity cranes that use a reduced amount of total counterweight
compared to other cranes of the same capacity, but wherein the crane is still
mobile and can lift loads comparable to a crane using significantly more total
counterweight. In a first aspect, the invention is a lift crane comprising: a
carbody; movable ground engaging members mounted on the carbody allowing
the crane to move over the ground; a rotating bed rotatably connected to the
carbody about an axis of rotation, the rotating bed comprising a counterweight
support frame; a boom pivotally mounted about a fixed boom hinge point on the
front portion of the rotating bed and including a load hoist line for handling a load;
a boom hoist system connected to the rotating bed and the boom that allows the
angle of the boom relative to the plane of rotation of the rotating bed to be
changed; a counterweight unit supported on the counterweight support frame in a
movable relationship with respect to the counterweight support frame; and a
counterweight unit movement device connected between the rotating bed and the
counterweight unit so as to be able to move the counterweight unit toward and
away from the boom; wherein the crane is configured such that during crane
operation, when the counterweight unit is moved to compensate for changes in the
combined boom and load moment, the moment generated by the counterweight
unit acts on the rotating bed predominantly through the counterweight support

frame.
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[0009] In a second aspect, the invention is a lift crane comprising: a carbody;
ground engaging members elevating the carbody off the ground; a rotating bed
rotatably connected to the carbody about an axis of rotation, the rotating bed
having a rear-most fixed portion; a boom pivotally mounted on the front portion of
the rotating bed and including a load hoist line for handling a load; a mast
connected to the rotating bed, and adjustable-length boom hoist rigging connected
between the mast and the boom that allows the angle of the boom relative to the
plane of rotation of the rotating bed to be changed; a counterweight support beam
moveably connected to the rotating bed; a counterweight support beam movement
device connected between the counterweight support beam and the rotating bed
such that the counterweight support beam can be moved with respect to the length
of the rotating bed away from the rotational connection of the rotating bed and the
carbody, and extend rearwardly of the rear-most fixed portion of the rotating bed;
a tension member connected between the mast and the counterweight support
beam; a counterweight unit supported on the counterweight support beam in a
movable relationship with respect to the counterweight support beam; and a
counterweight unit movement device connected between the counterweight
support beam and the counterweight unit so as to be able to move the
counterweight unit toward and away from the boom; wherein the counterweight
unit may be moved to and held at a position in front of the top of the mast and
moved to and held at a position rearward of the top of the mast.

[0010] Embodiments of the various cranes include at least one auxiliary
member that includes a counterweight pad. The counterweight pad is configured
to not touch the ground during a pick, move, and set operation. A linear actuator
is configured to adjust a distance that the counterweight pad is above the ground.
[0011] In various embodiments, the auxiliary member is coupled to one of the
counterweight unit and the rotating bed. The linear actuator connects to the
auxiliary member and the counterweight pad.

[0012] In those cranes that include a counterweight support beam, the auxiliary

member optionally is coupled to one of the counterweight unit, the rotating bed,
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and the counterweight support beam. In yet another aspect, the linear actuator is
coupled to the rotating bed and the counterweight support beam.

[0013] In other aspects of the various embodiments, a crane includes a live
mast pivotably connected to the rotating bed, a fixed mast held in a fixed position
relative to the rotating bed during a pick, move, and set operation, and a tension
member connected to the fixed mast and connected to at least one of the
counterweight unit and the counterweight support beam. The linear actuator is
connected between at least a portion of the tension member and at least one of
another portion of the tension member, the fixed mast, the counterweight support
beam, and the counterweight unit. In yet another aspect, the linear actuator is
coupled to at least one of the rotating bed and the fixed mast.

[0014] In yet another aspect, the embodiments of a crane include a distance
detection system configured to calculate the distance that the counterweight pad is
above the ground. The distance detection system may include a sensor to detect a
distance, as well as an alert for the crane operator.

[0015] With the lift crane of the present invention, a counterweight can be
positioned far forward such that it produces very little backward moment on the
crane when no load is on the hook. As a result, the carbody need not have extra
counterweight attached to it. This large counterweight can be positioned far
backward so that it can counterbalance a heavy load. On the other hand, with one
embodiment of the invention the load can be lifted without the need for a lattice
mast from which the counterweight is suspended. Rather, in some embodiments
the rotating bed is equipped with counterweight support frame on which the
counterweight unit can move backwards. Interestingly, in some embodiments, the
basic model crane can also be equipped with a lattice mast and a movable
counterweight support beam to further increase the capacity of the crane. As with
the large capacity crane of U.S. Patent No. 7,546,928 of U.S., another advantage
of the preferred embodiment of the invention is that the counterweight need not be
set on the ground when the crane sets its load. There is no extra counterweight
unit requiring a trailer, and the limitations of having to prepare the ground for such

a trailer.
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[0016] These and other advantages of the invention, as well as the invention

itself, will be more easily understood in view of the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a side elevation view of a first embodiment of a mobile lift
crane to which the present invention may be applied, the crane having a variable
position counterweight, shown with the counterweight in a far forward position
and, for sake of clarity, without a boom, live mast and other components
traditionally found on a lift crane.

[0018] Figure 2 is a side elevation view of the mobile lift crane of Figure 1
with the counterweight in a mid-position, and showing the crane with its boom and
live mast.

[0019] Figure 3 is a side elevation view of the mobile lift crane of Figure 1
with the counterweight in a rearward position.

[0020] Figure 4 is a partial perspective view of the crane of Figure 1 with the
counterweight in a rearward position.

[0021] Figure 5 is a partial rear elevation view of the crane of Figure 1, taken
along line 5-5 of Figure 4.

[0022] Figure 6 is a partial side elevation view of the crane of Figure 1, taken
along line 6-6 of Figure 4.

[0023]  Figure 7 is a side elevation view of a counterweight support beam that
may be attached to the counterweight tray used on the crane of Figure 1 to produce
a second embodiment to which a mobile lift crane of the present invention may be
applied.

[0024]  Figure 8 is a side elevation view of the counterweight support beam of
Figure 7 attached to the counterweight tray.

[0025]  Figure 9 is an enlarged side elevation view of the attached portion of
the counterweight support beam of Figure 7 attached to the counterweight tray.
[0026]  Figure 10 is a side elevation view of the counterweight support beam of
Figure 7 attached to the counterweight tray with individual counterweights stacked

on the counterweight support beam.
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[0027]  Figure 11 is a rear elevation view of the counterweight support beam
and counterweights of Figure 10.

[0028]  Figure 12 is a top plan view of the counterweight support beam of
Figure 10.

[0029] Figure 13 is a side elevation view of the basic crane of Figure 1 with the
counterweight support beam and counterweights of Figures 10-12 attached, as
well as a lattice mast and boom, with the counterweight support beam and
counterweights both in a far forward position.

[0030] Figure 14 is a side elevation view of the crane of Figure 13 with the
counterweight support beam in a forward position and the counterweight unit in a
rearward position.

[0031] Figure 15 is a side elevation view of the crane of Figure 13 with the
counterweight support beam in an extended position and the counterweight unit in
a rearward position.

[0032] Figure 16 is a side elevation view of a third embodiment of a crane to
which the present invention may be applied the invention, utilizing the crane of
Figure 13 with the counterweight support beam in an extended position, the
counterweight unit in a rearward position and an additional auxiliary
counterweight attached to the rear of the counterweight support beam.

[0033]  Figure 16A is an enlarged, partially exploded view of the auxiliary
counterweight attached to the crane of Figure 16.

[0034] Figure 17 is a side elevation view of a fourth embodiment of a lift crane
to which the present invention may be applied, with an alternative counterweight
support beam attached, with the counterweight support beam and the
counterweight unit in a forward position.

[0035] Figure 18 is a side elevation view of the crane of Figure 17 with the
counterweight support beam and the counterweight unit in a rearward position.
[0036]  Figure 19 is a side elevation view of the counterweight support beam
and counterweight unit used on the crane of Figure 17.

[0037] Figure 20 is a top plan view of the crane of Figure 17 with the boom

and masts removed for sake of clarity.
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[0038] Figure 21 is a side elevation view of the crane of Figure 17 with the
boom and masts removed for sake of clarity.

[0039] Figure 22 is a rear elevation view of the crane of Figure 17 with the
boom and masts removed for sake of clarity.

[0040]  Figure 23 is a perspective view of a fifth embodiment of a mobile lift
crane to which the present invention can be applied, the crane having a variable
position counterweight, shown with the counterweight in a rearward position.
[0041] Figure 24 is a perspective view of a sixth embodiment of a mobile lift
crane to which the present invention can be applied, using the main crane
components of the crane of Figure 23 but without the fixed mast, shown with the
counterweight in a forward position.

[0042]  Figure 25 is a perspective view of the mobile lift crane of Figure 24
with the counterweight in a rearward position.

[0043]  Figure 26 is a partial rear perspective view of the crane of Figure 24
with the stacks of individual counterweights removed for sake of clarity, but with
the counterweight tray in a rearward position.

[0044] Figure 27 is a side elevation view of the crane of Figure 24 with the
counterweight in a forward position.

[0045] Figure 28 is a side elevation view of the crane of Figure 24 with the
counterweight in a rearward position.

[0046]  Figure 29 is an enlarged perspective view of the counterweight support
frame and stacks of counterweight of the crane of Figure 24 disconnected from the
crane.

[0047]  Figure 30 is a top plan view of the counterweight support frame of
Figure 29 and the counterweight unit movement device associated therewith.
[0048]  Figure 31 is a side elevation view of the counterweight support frame of
Figure 30.

[0049]  Figure 32 is a cross-sectional view taken along line 32-32 of Figure 31.
[0050]  Figure 33 is a cross-sectional view taken along line 33-33 of Figure 31.
[0051]  Figure 34 is a cross-sectional view taken along line 34-34 of Figure 31.
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[0052]  Figure 35 is a rear perspective view of the counterweight unit
movement device used on the crane of Figure 24 and shown in Figure 30.

[0053]  Figure 36 is a front perspective view of the counterweight unit
movement device shown in Figure 35.

[0054] Figure 37 is a rear elevation view of the counterweight unit movement
device shown in Figure 35.

[0055]  Figure 38 is a rear perspective view of the crane of Figure 23 with the
counterweight support beam and the counterweight unit in a rearward position.
[0056] Figure 39 is a side elevation view of the crane of Figure 23 with the
counterweight support beam and the counterweight unit in a forward, retracted
position.

[0057] Figure 40 is a side elevation view of the crane of Figure 23 with the
counterweight support beam in a forward, retracted position and the counterweight
unit in a rearward position on the counterweight support beam.

[0058] Figure 41 is a side elevation view of the crane of Figure 23 with the
counterweight support beam and the counterweight unit in a fully extended,
rearward position.

[0059]  Figure 42 is a front perspective view of the counterweight support beam
used on the crane of Figure 23 with the frame of the counterweight support beam
in a retracted position, and also shows the counterweight unit movement device
and counterweight tray, with the individual counterweights removed for sake of
clarity.

[0060]  Figure 43 is front perspective view of the counterweight support beam
of Figure 42 with the frame of the counterweight support beam in an extended
position.

[0061]  Figure 44 is an exploded view of the telescopic frame of the
counterweight support beam of Figure 42.

[0062]  Figure 45 is front perspective view of the counterweight support beam
of Figure 42 in a retracted position, with the top plates of the telescopic frame

members removed for sake of clarity.
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[0063]  Figure 46 is front perspective view of the counterweight support beam
of Figure 42 in an extended position, with the top plates of the telescopic frame
members removed for sake of clarity.

[0064]  Figure 47 is front perspective view of portions of the counterweight
support beam of Figure 42 in a retracted position, also showing the counterweight
unit movement device.

[0065]  Figure 48 is front perspective view of portions of the counterweight
support beam and counterweight unit movement device shown in Figure 47 in an
extended position.

[0066]  Figure 49 is side elevation view of the counterweight support beam of
Figure 42 in an extended position, with the counterweight unit movement device
and counterweight tray removed for sake of clarity.

[0067]  Figure 50 is top plan view of the counterweight support beam of Figure
49 in an extended position, with top plates of the frame members removed for sake
of clarity.

[0068]  Figure 51 is side elevation view of the counterweight support beam of
Figure 42 in an extended position, with the counterweight unit movement device
in a rearward position, but without the counterweight tray.

[0069]  Figure 52 is top plan view of the counterweight support beam of Figure
51 in an extended position.

[0070]  Figure 53 is a rear elevation view taken along line 53-53 of Figure 51.
[0071]  Figure 54 is a cross-sectional view taken along line 54-54 of Figure 51.
[0072]  Figure 55 is a cross-sectional view taken along line 55-55 of Figure 51.
[0073]  Figure 56 is a cross-sectional view taken along line 56-56 of Figure 51.
[0074]  Figure 57 is a cross-sectional view taken along line 57-57 of Figure 51.
[0075]  Figure 58 is a cross-sectional view taken along line 58-58 of Figure 51.
[0076]  Figure 59 is a cross-sectional view taken along line 59-59 of Figure 51.
[0077]  Figure 60 is a cross-sectional view taken along line 60-60 of Figure 51.
[0078]  Figure 61 is a side elevation view of the crane of Figure 23 like Figure
39, but showing alternate connection lugs rotating bed and the counterweight

support beam.
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[0079]  Figure 62 is a rear perspective view of the crane of Figure 61 showing
the details of the alternate connection lugs, with the left side portion on the left lug
of the counterweight support beam removed for sake of clarity.

[0080]  Figure 63 is a partial front perspective view of a seventh embodiment of
a mobile lift crane to which the present invention can be applied, using the main
crane components of the crane of Figure 10 but without the counterweight support
beam and shown with the counterweight unit in a rearward position.

[0081] Figure 64 is a partial side elevation view of the crane of Figure 63.
[0082] Figure 65 is a partial side elevation view of the crane of Figure 63 with
the counterweight unit in a forward position.

[0083]  Figure 66 is a partial rear perspective view of the crane of Figure 63
with the counterweight unit in a rearward position.

[0084]  Figure 67 is a close-up and partial rear perspective view of the crane in
Figure 63 and more particularly the counterweight movement unit.

[0085]  Figure 68 is a partial front perspective view taken from below of a
rotating body, counterweight support frame, counterweight unit, and
counterweight tray of the crane of Figure 63 with the counterweight unit in a
rearward position.

[0086]  Figure 69 is a partial rear perspective of the counterweight unit
movement device and trolley coupled to the counterweight support frame and
without the counterweight, all part of the crane of Figure 63.

[0087]  Figure 70 is a partial rear perspective view of the counterweight unit
movement device and trolley coupled to the counterweight support frame and
without the counterweight in taken through cross-section A-A of Figure 67.

[0088] Figure 71 is a partial side elevation view of the counterweight unit
movement device and trolley coupled to the counterweight support frame and
without the counterweight in taken through cross-section A-A of Figure 67.

[0089]  Figure 72 is a top perspective view of the counterweight tray without
the counterweight, the counterweight movement device, and the trolley of the

crane in Figure 63.
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[0090]  Figure 73 is a perspective view of an eighth embodiment of a crane to
which the present invention can be applied.

[0091] Figure 74 is a partial side elevation view of the crane in Figure 73 with
the counterweight unit in the forward position.

[0092] Figure 75 is a partial side elevation view of the crane in Figure 73 with
the counterweight unit in an intermediate position.

[0093] Figure 76 is a partial side elevation view of the crane in Figure 73 with
the counterweight unit in a rearward position.

[0094]  Figure 77 is a top perspective view of the counterweight support beam,
counterweight support beam movement device, the counterweight tray without
counterweight, and the counterweight unit movement device of the crane in Figure
73.

[0095]  Figure 78 is a bottom perspective view of the counterweight support
beam of the crane in Figure 73.

[0096]  Figure 79 is a top perspective view of the counterweight support beam
movement device of the crane in Figure 73.

[0097]  Figure 80 is a top perspective view of an embodiment of a shaft of the
counterweight support beam movement device of Figure 79.

[0098]  Figure 81 is an exploded top perspective view of the shaft of Figure 80.
[0099] Figure 82 is a partial top perspective view of a ninth embodiment of a
crane to which the present invention can be applied.

[00100] Figure 83 is a partial side elevation view of the crane in Figure 82 with
the counterweight unit in the forward position and without the counterweight for
clarity.

[00101] Figure 84 is a partial side elevation view of the crane in Figure 82 with
the counterweight unit in an intermediate position and without the counterweight
for clarity.

[00102] Figure 85 is a partial side elevation view of the crane in Figure 82 with
the counterweight unit in a rearward position and without the counterweight for

clarity.
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[00103] Figure 86 is a bottom perspective view of the rotating bed,
counterweight support frame, counterweight support beam, counterweight support
beam movement device, and counterweight tray without counterweight of the
crane in Figure 82.

[00104] Figure 87 is a top perspective view of the counterweight support beam,
counterweight support beam movement device, and counterweight tray without
counterweight, and the counterweight movement device of the crane in Figure 82.
[00105] Figure 88 is a top perspective view of the counterweight support beam
of the crane in Figure 82.

[00106] Figure 89 is a bottom perspective view of the counterweight support
beam of the crane in Figure 82.

[00107] Figure 90 is a side perspective view of a crane that includes an auxiliary
member and a counterweight pad utilizing the present invention.

[00108] Figure 91 is a side perspective view of the crane in Figure 90 with the
counterweight moved to a forward position.

[00109] Figure 92 is a side perspective view of a crane that includes a
counterweight support beam, an auxiliary member, and a counterweight pad
utilizing the present invention.

[00110] Figure 93 is a side perspective view of the crane in Figure 92 with a
second embodiment of the present invention.

[00111] Figure 94 is a side perspective view of the crane in Figure 92 with a
third embodiment of the present invention

[00112] Figure 95 is a side perspective view of the crane in Figure 92 with a

fourth embodiment of the present invention.

DETAILED DESCRIPTION

[00113] Relevant background and contextual information is first provided, and
then the present invention will be further described. In the following passages,
different aspects of the invention are defined in more detail. Each aspect so
defined may be combined with any other aspect or aspects unless clearly indicated

to the contrary. In particular, any feature indicated as being preferred or
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advantageous may be combined with any other feature or features indicated as
being preferred or advantageous.

[00114] Several terms used in the specification and claims have a meaning
defined as follows.

[00115] The term “rotating bed” refers to the upperworks of the crane (the part
that rotates with respect to the carbody), but does not include the boom or any
lattice mast structure. The rotating bed may be made up of multiple parts. For
example, for purposes of the present invention, the adapter plate disclosed in U.S.
Patent No. 5,176,267 would be considered to be part of the rotating bed of the
crane on which it is used. Also, if a crane is taken apart for transportation between
job sites, the rotating bed, as that term is used herein, may be transported in more
than one piece. Further, when a component, such as a counterweight support
frame shown in Figure 24, is attached to the remainder of the rotating bed in a
manner that it stays fixed to the remainder of the rotating bed until completely
removed, it can be considered to be part of the rotating bed.

[00116] The term “mast” refers to a structure that is attached to the rotating bed
and is part of the boom hoist system. The mast is used to create an elevated point
above the other parts of the rotating bed through which a line of action is
established so that the boom hoist system is not trying to pull the boom up along a
line nearly through the boom hinge pin during a set-up operation. In this regard, a
gantry or some other elevated structure on the rotating bed can serve as a mast.
The mast may be a fixed mast, a derrick mast or a live mast, depending on the
embodiment of the invention. A live mast is one that has fixed length pendants
between the mast and the boom during normal crane pick, move and set
operations, and the angle of the boom is changed by changing the angle of the live
mast. A fixed mast is designed to stay at a fixed angle with respect to the rotating
bed during normal crane pick, move and set operations. (However, a small degree
of movement may occur in a fixed mast if the balance of the counterweight
moment and the combined boom and load moment change so that the mast is
pulled backward by the counterweight. In that case mast stops are used to hold the

mast up, but those mast stops may allow for a small degree of movement.) Of
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course a mast which is fixed during normal crane operations may be pivotal during
crane set-up operations. A derrick mast is one that has adjustable length boom
hoist rigging between the mast and the boom, thus allowing the angle of the boom
with respect to the plane of rotation of the rotating bed to be changed, but also is
connected to the rotating bed in a pivotal fashion, and is connected to the rear of
the rotating bed with an adjustable-length connection. A derrick mast may be used
as a fixed mast by keeping the angle of the derrick mast with respect to the
rotating bed constant during a pick, move and set operation.

[00117] The front of the rotating bed is defined as the portion of the rotating bed
that is between the axis of rotation of the rotating bed and the position of the load
when a load is being lifted. The rear of the rotating bed includes everything
opposite the axis of rotation from the front of the rotating bed. The terms “front”
and “rear” (or modifications thereof such as “rearward”) referring to other parts of
the rotating bed, or things connected thereto, such as the mast, are taken from this
same context, regardless of the actual position of the rotating bed with respect to
the ground engaging members.

[00118] The rear-most fixed portion of the rotating bed is defined as the part of
the rotating bed that is designed to not move with respect to the rest of the rotating
bed during normal crane pick, move and set operations, and that is furthest from
the centerline of rotation between the rotating bed and the carbody.

[00119] The tail swing of the crane is used to signify the distance from the axis
of rotation of the crane to the furthest away portion of the rotating bed (or other
component that swings with the rotating bed). The tail swing is dictated by the
portion of the crane that swings with the rotating bed but is behind the axis of
rotation compared to the boom and which produces the broadest arc when the
crane rotates about the rotatable connection between the carbody and the rotating
bed. If a back corner of the rotating bed is 25 feet from the axis of rotation, the
crane is said to have a tail swing of 25 feet, and when the crane is set up to be
used, no obstructions can be present within that tail swing distance. In many
cranes the fixed counterweight is mounted on the rear of the rotating bed, and

constitutes the furthest away portion of the rotating bed, and thus dictates the tail
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swing of the crane. On cranes with a movable counterweight, often the
counterweight moving backwards to compensate for a greater load will increase
the tail swing of the crane. It must be remembered that the width of a part on the
rear of a crane may affect the tail swing, because the distance to the axis of
rotation of that part is a function of how far back on the rotating bed the part is,
and how far to the side it is from the centerline of the crane.

[00120] The position of the counterweight unit is defined as the center of
gravity of the combination of all counterweight elements and any holding tray to
which the counterweights are attached, or otherwise move in conjunction with.
All counterweights on a crane that are tied together so as to always move
simultaneously are treated as a single counterweight unit for purposes of
determining the center of gravity.

[00121] The term “upperworks counterweight” means the counterweight that is
attached to and rotates with the rotating bed during crane pick, move and set
operations. These may be stacks of individual counterweights. Often the
upperworks counterweight is removable from the rest of the rotating bed. The
term “upperworks counterweight unit” includes the upperworks counterweight and
any tray that holds the individual counterweights. If the counterweight is
movable, then “upperworks counterweight unit” includes elements that necessarily
move with the counterweight. For example, in the embodiment shown in Figures
38-60, the upperworks counterweight unit includes the tray 533, the individual
counterweights stacked on the tray, and the trolley 570, since it moves with the
counterweight. The outer frame member 532 is not part of the upperworks
counterweight unit because the counterweight unit can move independently of
outer frame member 532.

[00122] The term “total weight of the crane” means the weight of the crane
without a load on the hook, but includes the weight of all the components of the
crane as it is set up for a particular lift. Thus the total weight of a mobile lift crane
includes the weight of any counterweights that are included with the crane for the
lift, as well as the normal crane components, such as the crawlers, carbody, any

carbody counterweight, the rotating bed, any mast that is included, all of the
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rigging and hoist drums, and all other accessories on the crane that travel with the
crane when the assembled crane moves over the ground.

[00123] The term “total weight of the crane equipped with a basic boom length”
means the total weight of the crane when it is configured with a basic boom, which
is defined below.

[00124] The top of the mast is defined as the furthest back position on the mast
from which any line or tension member supported from the mast is suspended.
[00125] The combined boom and load moment is defined as the moment about
the center of rotation of the rotating bed created by the dead weight of the boom,
including the load hoist line and hook block, and any load suspended from the
boom. Ifno load is on the load hoist line, then the combined boom and load
moment will be the moment created by the dead weight of the boom. The moment
takes into consideration the length of the boom, the boom angle and the load
radius.

[00126] The movable ground engaging members are defined as members that
are designed to remain engaged with the ground while the crane moves over the
ground, such as tires or crawlers, but does not include ground engaging members
that are designed to be stationary with respect to the ground, or be lifted from
contact with the ground when they are moved, such as a ring on a ring supported
crane and outriggers commonly found on truck mounted cranes.

[00127] The term “move” when referring to a crane operation includes
movement of the crane with respect to the ground. This can be either a travel
operation, where the crane traverses a distance over the ground on its movable
ground engaging members; a swing operation, in which the rotating bed rotates
with respect to the ground; or combinations of travel and swing operations.
[00128] The term “center of gravity of the boom” refers to the point about
which the boom could be balanced. In calculating the center of gravity, all of the
components attached to the boom structure that have to be lifted when the boom is
initially raised, such as any sheaves mounted in the boom top for the load hoist

line, must be taken into account.
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[00129] Since booms may have various cross section shapes, but are designed
with a centerline about which compressive loads are preferably distributed, the
term “boom angle,” means the angle of the centerline of the boom compared to
horizontal.

[00130] The term “basic boom length” is the length of the shortest boom
configuration that a crane manufacturer has specified as acceptable for use with a
given model of crane.

[00131] The term “horizontal boom angle” refers to the boom being at a
position where the boom is at or very close to a right angle with the direction of
gravity. Likewise, the term “parallel to the ground” has the same meaning. Both
of these terms have a meaning that takes into account small variations that occur in
normal crane set-up and usage, but which a person of ordinary skill in the art
would still think of as being horizontal. For example, when a boom is originally
assembled on the ground before being lifted into an operational position, it is
considered to be at a horizontal boom angle even if the ground is not exactly level
or if parts of the boom are on blocks. The boom can be slightly above or slightly
below an exact horizontal position depending on the blocking used, and still be
considered to be at a horizontal boom angle and parallel to the ground.

[00132] Stability is mostly concerned with the crane as a whole being able to
stay upright during crane lifting operations. Rear tipping stability for lift cranes
that have an upperworks that rotates about a lowerworks may be expressed as a
ratio of a) the distance between the center of gravity of the entire crane and the
axis of rotation to b) the distance between the rear tipping fulcrum (typically the
center of the last roller in the frame of a crawler for a crawler crane) and the axis
of rotation. Thus if the distance between the center of gravity of the entire crane
and the axis of rotation were 3.5 meters, and the distance between the rear tipping
fulcrum from the axis of rotation were 5 meters, the stability would be 0.7. The
lower the value of this ratio, the more stable the crane is. Of course the center of
gravity of the crane is a function of the relative magnitudes and relative positions
of the centers of gravity of the different crane components. Thus, the length and

weight of the boom and the boom angle can greatly influence the location of the
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center of gravity of the entire crane, and thus the crane’s stability, as can the
weight and position of the counterweight unit. Backward tipping stability is of the
greatest concern at high boom angles with no load on the hook. Raising the boom
will decrease the rear tipping stability of a crane because the center of gravity of
the boom is brought closer to the axis of rotation, and thus the center of gravity of
the entire crane may be moved further behind the axis of rotation. The stability
number is thus higher, as the numerator of the ratio increases, signifying that the
crane is less stable.

[00133] When determining the center of gravity of the entire crane, it is often
useful to determine contributions to that center of gravity by considering the
weight of each individual crane component and the distance that the center of
gravity of that component is from a point of reference, and then use a summation
of the moments generated about that reference point by each crane component.
The individual values in the summation are determined by multiplying the weight
of the component by the distance between the center of gravity of that component
and the reference point. For rear tipping stability calculations, it is common to use
the axis of rotation as the reference point when making the summation to
determine the center of gravity of the entire crane.

[00134] When considering the moment generated by the boom, it is common to
separate the total boom weight, located at the center of gravity of the entire boom,
into two separate weights, one at the boom butt called the “boom butt weight”, and
one at the boom top called the “boom top weight”. The total weight of the boom
will be equal to the boom top weight plus the boom butt weight. Those weights
are determined by calculating what force would be generated if the boom were
simply supported at each end, with the assumptions that the load hoist line reaches
to but is not reeved through the boom top, and that the boom straps are connected.
Thus, if one scale were placed under the boom butt at the point the boom connects
to the rotating bed (the boom hinge point) and another scale were placed under the
boom top at the point the boom top sheaves are connected, the weight on the two

scales combined would of course be the weight of the boom, and the individual
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scale weights would be the boom butt weight and the boom top weight,
respectively.

[00135] Several embodiments of various cranes for use with the invention are
shown in the attached drawings. First, several crane embodiment with a variable
position counterweight are described without reference to the present invention,
then the present invention is described. A first basic crane model with a first
counterweight set-up configuration is shown in Figures 1-6. That same basic
crane model can be set up with a second counterweight set-up configuration, as
shown in Figures 13-15. A further modification of the first basic crane with a
third counterweight set-up configuration is shown in Figure 16. A second basic
crane model with a first counterweight set-up configuration is shown in Figures
24-28. That same second basic crane model can be set up with a second
counterweight set-up configuration, as shown in Figures 23 and 38-60. Figures
17-22 show a third basic crane model set up in a counterweight set-up
configuration similar to the second counterweight set-up configurations of the
other basic crane models. Figures 61-62 show an alternative design for the crane
of Figures 23 and 38-60. Figures 63-72 show a fourth basic crane model set up in
a first set-up configuration, and Figures 73-81 show the fourth basic model set up
in a second set-up configuration. Figures 82-89 show an alternative to the fourth
basic crane model set up in the second set-up configuration.

[00136] In the first embodiment, shown in Figures 1-6, the mobile lift crane 10
includes lowerworks, or carbody, 12 (best seen in Figures 4 and 5), ground
engaging members 14 elevating the carbody 12 off the ground; and a rotating bed
20 rotatably connected to the carbody 12 about an axis 2 of rotation. The movable
ground engaging members 14 on the crane 10 are in the form of two crawlers, only
one of which can be seen from the side view of Figure 1. (Figure 1 is simplified
for sake of clarity, and does not show the boom and mast.) The other ground
engaging member or crawler 14 can be seen in the perspective view of Figure 4
and in the rear view of Figure 5. In the crane 10, the movable ground engaging
members 14 could be multiple sets of crawlers, such as two crawlers on each side,

or other movable ground engaging members, such as tires. In the crane 10 the
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crawlers 14 provide front and rear tipping fulcrums for the crane. Figure 1 shows
the rear tipping fulcrum 16 and the front tipping fulcrum 17 of crane 10.

[00137] The rotating bed 20 is mounted to the carbody 12 with a slewing ring,
such that the rotating bed 20 can swing about an axis 2 with respect to the ground
engaging members 14. The rotating bed 20 supports a boom 22 pivotally mounted
in a fixed position on a front portion 4 of the rotating bed 20; a live mast 28
mounted at its first end 5 on the rotating bed 20; and a movable counterweight unit
35 having one or more counterweights or counterweight members 34 on a support
member 33 in the form of a counterweight tray. The counterweights 34 in this
embodiment are provided in two stacks of individual counterweight members on
the support member 33 as shown in Figures 4 and 5. The rotating bed 20 has a
rear-most fixed portion 3, which will be discussed in detail below. In the crane 10,
since the counterweight unit 35 is movable, it does not constitute the rear-most
fixed portion 3 of the rotating bed 20, even though when the counterweight unit 35
is moved to a rearward position the outside corner of the counterweights 34 will be
the furthest from the rotational axis or centerline 2 and thus define the tail swing
of the crane 10. However, when the counterweight unit 35 is pulled forward, as in
Figure 1, the rear-most fixed portion 3 of the rotating bed 20 will define the tail
swing of the crane 10.

[00138] A boom hoist system 6 on crane 10 allows the angle of the boom 22
relative to a plane of rotation 7 of the rotating bed 20 to be changed. The plane of
rotation 7 is typically perpendicular or nearly so to the axis of rotation 2. In the
crane 10, the boom hoist system 6 includes rigging connected between the rotating
bed 20, the mast 28, and the boom 22. The boom hoist system 6 includes a boom
hoist drum 21 and boom hoist line 27 reeved between a sheave or sheave set 8 on
a second end 9 of the mast 28 and a sheave or sheave set 23 on the rotating bed 20.
The mast 28 is pivotally connected to the rotating bed 20, and the boom hoist
rigging between the mast 28 and the boom 22 comprises only fixed length
members or pendants 25 (only one of which can be seen in the side view)
connected between the mast 28 and a top 11 of the boom 22. In addition the boom

hoist rigging includes multiple parts of boom hoist line 27 between sheaves 23 on
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the rotating bed 20 and sheaves 8§ on the second end 9 of the mast 28. A boom
hoist drum 21 on the rotating bed 20 can thus be used to take up or pay out boom
hoist line 27, changing an angle A of the live mast 28 with respect to the rotating
bed 20, which in turn then changes an angle B of the boom 22 with respect to the
rotating bed 20. (Sheaves 23 and drum 21 are not shown on Figures 4-6 for sake
of clarity.) Alternatively, the mast 28 could be used as a fixed mast during normal
crane operation, with boom hoist line 27 running between an equalizer and the top
of the mast 28 to change an angle C between the mast 28 and the boom 22.
[00139] A load hoist line 24 for handling a load extends from the boom 22,
supporting a hook 26. The rotating bed 20 may also includes other elements
commonly found on a mobile lift crane, such as an operator’s cab 1 and whip line
drum 29. The load hoist drum 13 for the hoist line 24 is preferably mounted on a
boom butt 50 of the boom 22, as shown in Figure 2. If desired, an additional hoist
drum 19 can be mounted at a base 52 of boom 22, as shown in Figures 2 and 3.
The boom 22 may comprise a luffing jib pivotally mounted to the top 11 of the
main boom 22, or other boom configurations.

[00140] The counterweight unit 35 is movable with respect to the rest of the
rotating bed 20. In the crane 10, the rotating bed 20 includes a counterweight
support frame 32, preferably in the form of a welded plate structure best seen in
Figures 4-6. The counterweight support frame 32 supports the movable
counterweight unit 35 in a movable relationship with respect to the counterweight
support frame 32. The counterweight support frame 32 comprises a sloped surface
54 provided by flanges 39 welded to the plate structure of the counterweight
support frame 32. The counterweight unit 35 moves on the surface 54 if the
flanges 39, the surface 54 sloping upwardly compared to the plane of rotation 7
between the rotating bed 20 and the carbody 12 as the counterweight support
frame 32 extends rearwardly. The counterweight tray 33 includes rollers 37,
which rest on the flanges 39. The rollers 37 are placed on the top of the
counterweight tray 33 so that the counterweight tray 33 is suspended beneath the
counterweight support frame 32. In the crane 10, the counterweight support frame

32 constitutes the rear-most fixed portion 3 of the rotating bed 20. Further, the
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counterweight support frame 32 is supported on the rotating bed 20 in a fashion
such that the moment generated by the counterweight unit 35 acts on the rotating
bed 20 predominantly, and in this case only, through the counterweight support
frame 32.

5 [00141] A counterweight movement system 58 is connected between the
rotating bed 20 and the counterweight unit 35 so as to be able to move the
counterweight unit 35 toward and away from the boom 22. The counterweight
unit 35 is movable between a position where the counterweight unit 35 is in front
of the rear-most fixed portion 3 of the rotating bed 20, such that the tail swing of

10  the crane 10 is dictated by the rear-most fixed portion 3 of the rotating bed 20 (as
seen in Figures 1 and 2), and a position where the counterweight unit 35 dictates
the tail swing of the crane 10 (as seen in Figures 3, 4 and 6). Preferably the
counterweight unit 35 can be moved to a point so that the center of gravity of the
counterweight unit 35 is near to, and preferably even in front of, the rear tipping

15  fulcrum 16 the crane 10, as seen in Figure 1.

[00142] The counterweight movement system 58 in the crane 10 comprises a
counterweight unit movement device 60 made up of a drive motor 40 and a drum
42 on arear 62 of the counterweight support frame 32. Preferably the
counterweight unit movement device 60 has two spaced apart identical assemblies,

20  and thus the drive motor 40 drives two drums 42, best seen in Figure 4. Each
assembly of the counterweight unit movement device 60 further includes a flexible
tension member 44 that passes around a driven pulley and idler pulley 41 (best
seen in Figure 1). The driven pulleys are provided by drums 42. The flexible
tension member 44 may be a wire rope as shown, or a chain. Of course if a chain

25  isused, the driven pulley will be a chain drive. Both ends of each flexible tension
member 44 connect to the counterweight tray 33 as seen in Figure 6, so that the
counterweight unit 35 can be pulled both toward and away from the boom 22.
Preferably this is accomplished by having an eye 43 on both ends of the flexible
tension member or wire rope 44 and holes in a connector 45 on the counterweight

30  tray 33, with pins through the eyes 43 and the connector 45. Thus, in the crane 10,
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the counterweight unit movement device 60 is connected between the
counterweight support frame 32 and the counterweight unit 35.

[00143] While Figure 1 shows the counterweight unit 35 in its most forward
position, Figure 2 shows the counterweight unit 35 in a mid-position, and Figures
3-6 show the counterweight unit 35 in its most rearward position, such as when a
large load is suspended from the hook 26, or the boom 22 is pivoted forward to
extend a load further from the rotating bed 20. In each of these positions, the
crane 10 is configured such that during crane operation, when the counterweight
unit 35 is moved to compensate for changes in the combined boom and load
moment, the weight of the counterweight unit 35 is transferred to the rotating bed
20 only through the counterweight support frame 32. The phrase “only through
the counterweight support frame” is meant to differentiate prior art cranes where a
tension member between the top of a mast and the counterweight provides at least
some of the support for the counterweight, such as the arrangement disclosed in
U.S. Patent No. 4,953,722, which has a backhitch pendant 149 connecting the rear
of the support beam 84 to mast 54, and thus supports the beam 84 from both ends.
In the crane 10, all of the counterbalance force provided by the counterweight unit
35 is transmitted through the counterweight support frame 32 to the rest of the
rotating bed 20. Meanwhile, the boom hoist rigging transfers forward tipping
forces from the boom 22 and any load on the hook to the rear of the rotating bed.
[00144] With the preferred embodiment of the present invention, the movable
counterweight unit 35 is never supported by the ground during normal operations.
The crane can performing a pick, move and set operation with a load wherein the
movable counterweight unit 35 is moved toward and away from the front portion 4
of the rotating bed 20 by operating hydraulic motor 40 and drums 42 to move the
counterweight unit 35 during the crane operation to help counterbalance the load,
but the counterweight unit 35 is never supported by the ground other than
indirectly by the movable ground engaging members 14 on the carbody 12.
Further, the movable counterweight unit 35 is the only functional counterweight
on the crane 10. The carbody 12 is not provided with any separate functional

counterweight. The fact that the counterweight unit 35 can be moved very near to
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the centerline of rotation 2 of the crane 10 means that the counterweight does not
produce a large backward tipping moment in that configuration, which would
otherwise require the carbody to carry additional counterweight. The phrase “not
provided with any separate functional counterweight” is meant to differentiate
prior art cranes where the carbody is specifically designed to include significant
amounts of counterweight used to prevent backward tipping of the crane. For
example, on a standard model 16000 crane from the Manitowoc Crane Company,
the carbody is provided with 120,000 pounds of counterweight, and the rotating
bed is provided with 332,000 pounds of upperworks counterweight. With cranes
of the present invention, all 452,000 pounds of that counterweight could be used in
the movable counterweight unit 35, and no functional counterweight added to the
carbody 12.

[00145] The positioning of the counterweight unit 35 may be manually
controlled, or the crane 10 can further comprise a sensor (not shown) that senses a
condition that is related to a need to move the counterweight unit 35. In its
simplest form, the counterweight unit 35 may be moved in response to a change of
boom angle B. In a more sophisticated manner, the combined boom and load
moment can be used to control movement of the counterweight unit 35, so that
either a change in boom angle B, or picking up a load, will result in movement of
the counterweight unit 35. If desired, this can be accomplished automatically if a
computer processor is coupled with the sensor. In that case, a computer processor
controlling the counterweight movement system 58, and possibly other operations
of the crane, receives signals from the sensor indicating the condition (such as the
boom angle B), or some other function indicative of the condition (such as tension
in the boom hoist rigging, which is indicative of the combined boom and load
moment, or the moment of the boom 22 and load about the hinge pins of the boom
22) and controls the position of the counterweight unit 35. The position of the
counterweight unit 35 may be detected by keeping track of the revolutions of
drums 42, or using a cable and reel arrangement (not shown). The crane 10 using

such a system will preferably comprise a computer readable storage medium
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comprising programming code embodied therein operable to be executed by the
computer processor to control the position of the counterweight unit 35.

[00146] Figures 13-15 show a second embodiment of a crane 110 of the present
invention. In addition to the live mast 128, this embodiment includes a fixed
position mast 117, which has some disadvantages compared to the crane 10 since
the fixed mast structure requires additional components to be delivered to a job
site, and the fixed mast 117 sometimes requires clearing potential obstacles when
the crane is repositioned. However, the addition of the fixed mast 117 allows the
crane 110 to be equipped with other features that increase the lifting capacity of
the crane 110. As with crane 10, in crane 110 the carbody 112 is not provided
with any separate functional counterweight, and the movable counterweight unit
135 is never supported by the ground during crane pick, move and set operations
other than indirectly by movable ground engaging members 114 on the carbody
112.

[00147] Crane 110 is made with the same basic crane structure of crane 10, but
has an additional counterweight support beam 160 added to it, as well as the fixed
mast 117. Instead of a fixed mast, a derrick mast could also be used. The
counterweight support beam 160 is shown in Figures 7-12. The counterweight
support beam 160 is moveably connected to the rotating bed 120. The crane 110
utilizes the same structure that moved the counterweight unit 35 on crane 10 as a
counterweight support beam movement device, as explained below. Thus, in this
embodiment, the counterweight movement system includes a counterweight unit
movement device and a counterweight support beam movement device. This
counterweight support beam movement device is connected between the
counterweight support beam 160 and the rotating bed 120 such that the
counterweight support beam 160 can be moved with respect to the length of the
rotating bed 120 away from the rotational connection of the rotating bed 120 and
the carbody 112, and extended rearwardly of the rear-most fixed portion 103 of the
rotating bed 120. As will be explained more fully below, the movement of the
counterweight support beam 160 is generally horizontal and in a direction in line

with the length of the counterweight support beam 160. The crane 110 further
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includes a tension member 131 connected between the fixed mast 117 and the
counterweight support beam 160. The counterweight unit 135 is supported on the
counterweight support beam 160 in a movable relationship with respect to the
counterweight support beam 160. The counterweight unit movement device is
connected between the counterweight support beam 160 and the counterweight
unit 135 so as to be able to move the counterweight unit 135 toward and away
from the boom 122. The counterweight unit 135 may be moved to and held at a
position in front of the top 170 of the fixed mast 117 and moved to and held at a
position rearward of the top 170 of the fixed mast 117.

[00148] Crane 110 includes a live mast 128 just like live mast 28 on crane 10.
However, after being used to erect the fixed mast 117, live mast 128 is thereafter
disabled from changing position. To change the angle B ' of the boom 122 on
crane 110, boom hoist line 115 travels up from boom hoist drum 118 mounted at
the base 192 of mast 117 and is reeved with multiple parts of line between an
equalizer 129 and sheaves 174 on the top 170 of fixed mast 117. The equalizer
129 is connected to the boom 122 by fixed length pendants 126. Fixed length
pendants 125 connect the top 170 of fixed mast 117 to the top 175 of mast 128.
The rigging 127 connects the top 175 of mast 128 to the rotating bed 120 through
the sheave set 123 and drum 121, just as with boom hoist line 27, sheave 23 and
drum 21 on crane 10. Although they are not shown, crane 110 also includes a load
hoist line and hook block, just like those used in crane 10.

[00149] The counterweight support beam 160 is preferably in a U-shape when
viewed from above and made from two spaced apart side members 162 connected
together in the rear 177 by a cross member 164, best seen in Figure 12. The front
ends 171 of the two side members 162 connect to a counterweight tray 133, which
is moveably mounted on a counterweight support frame 132 on rotating bed 120
using drive motor and drums on the rear of the rotating bed. This is identical to
the way counterweight tray 33 is moveably mounted to the rotating bed 20 on
crane 10. The counterweight support beam 160 is further equipped with a
counterweight unit movement device connected between the counterweight

support beam 160 and the counterweight unit 135. The counterweight unit 135
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can thus move with the counterweight support beam 160, and move relative to the
counterweight support beam 160.

[00150] The tension member 131 is preferably in the form of two sets of
connected flat straps (only one set of which can be seen in the side views) attached
adjacent the top 170 of the fixed mast 117 and supports the rear of counterweight
support beam 160 in a suspended mode. Since the tension member 131 has a fixed
length, when the counterweight support beam 160 is moved rearwardly, the rear of
the counterweight support beam 160 will move in an arc, with the center of arc
being the point where tension member 131 connects to the top 170 of fixed mast
117. Thus, the rear 181 of the counterweight support beam 160 will rise slightly
as it moves rearwardly. In order to keep the counterweight support beam 160 as
nearly horizontal as possible, the surface 154 on the flange 139 on the
counterweight support frame 132 on the rotating bed 120 on which the
counterweight tray 133 moves rearwardly comprises a sloped surface that slopes
upwardly compared to the plane of rotation 107 between the rotating bed 120 and
the carbody 112 as the counterweight support beam 160 is moved rearwardly, just
as flanges 39 provided the sloped surface 54 on crane 10. The path could be
machined to match the arc shape traveled by the rear of the counterweight support
beam 160 but, more practically, a simple straight sloped path is used that provides
the same raise in height that the rear 181 of the counterweight support beam 160
will experience as the counterweight support beam 160 is moved to its full
rearward position. The movement of the counterweight support beam 160 is thus
generally horizontal and in a direction in line with the length of the counterweight
support beam 160. As can best be seen in Figures 7 and 10, rollers 137 are
mounted on the counterweight tray 133 such that the rear rollers 137 are at a
higher elevation than the front rollers 137 (Figure 7). In this manner the
counterweight tray 133 will itself remain horizontal while the rollers 137 ride on
the sloped surface 154. Support feet 182 are included as a safety feature and can
provide support to the counterweight unit 135 in the event of a sudden release of
the load. However, the support feet 182 are sized so that when the counterweight

support beam 160 is in its most forward positioned (Figure 13), and thus support
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feet 182 are at their closest point to the ground in the arc created by pivoting the
tension member 131 about the top 170 of the mast 117, the support feet 182 will
still be an adequate distance off the ground (such as 15 inches) so that during
normal crane operation, the support feet 182 never contact the ground during pick,
move and set operations.

[00151] The same structure that moved the counterweight tray 33 in crane 10 is
used to move the counterweight tray 133 in crane 110. However, since the
counterweight support beam 160 is now connected to the counterweight tray 133,
the counterweight support beam 160 now moves with the counterweight tray 133.
The counterweight support beam 160 can thus be moved to and secured at
infinitely variable positions with respect to the rotating bed 120, meaning that it
can be moved a small amount, a large amount (up to the maximum movement of
the counterweight tray 133 on the counterweight support frame 132 on the rotating
bed 120), or any position there between. This is different than other extendable
counterweight support surfaces, such as counterweight support beam 84 in U.S.
Patent No. 4,953,722, which can be extended and secured at only two different
operational positions.

[00152] Figure 9 shows the connection of the counterweight support beam 160
to the counterweight tray 133. The individual counterweights 134 are not placed
on the counterweight tray 133 in this embodiment. Lugs 179 welded to the side
members 162 connect to connectors 145 on the counterweight tray 133. Just as in
crane 10, a flexible tension member 144, such as wire rope, is used to move the
counterweight tray 133, and an eye 143 on both ends of wire rope 144 and holes in
connector 145 on the counterweight tray 133 are pinned together with pins through
the eyes 143 and the connector 145. At the same place, a pin holds each lug 179
to a connector 145. When the motor turns the drums, similar to the motor 40 and
the drums 42 in figure 4, on the end of the counterweight support frame 132 on the
rotating bed 120, the wire rope 144 is moved back and forth, just as wire rope 44
moves on crane 10. The wire rope 144 pulls the connector 145 on the
counterweight tray 133. At the same time, the counterweight support beam 160 is

moved by the connection between lugs 179 and connector 145.
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[00153] The sections of counterweight 134 are stacked on the counterweight
support beam 160 in a movable manner, such as on sliding wear pads (not shown).
When they are in a far forward position, the counterweight sections 134 are
directly above the counterweight tray 133, to which the counterweight support
beam 160 is attached. In this position, just like the counterweight 35,
counterweight unit 135 is movable to a position in front of the rear-most fixed
portion 103 of the rotating bed 120. In addition, since the counterweight beam
160 can move rearwardly, and the counterweight unit 135 can move rearwardly on
the counterweight support beam 160, the counterweight unit 135 may be moved to
and held at a first position in front of the top 170 of the fixed mast 117, and moved
to and held at a second position rearward of the top 170 of the fixed mast 117.
[00154] In this embodiment, the counterweight unit 135 comprises two stacks
138 of counterweights 134 that are moved simultaneously. The stacks 138 each
contain the same counterweights 134 that are identical to the counterweights 34
used on crane 10, plus some additional counterweights 136 (Figures 10 and 11).
The stacks 138 each rest on a counterweight base plate 163, which in turn includes
slider pads (not shown) that allow the counterweight base plates 163 to move on a
surface 165 of the side members 162. Rollers could be used instead of slider pads.
Pairs of flexible tension members 173, each of which may be a chain as shown, or
a wire rope, passes around driven pulleys in the form of chain drives 176 and idler
pulleys 172 (best seen in Figures 7 and 12). The chain drives 176 are mounted on
shafts 178 which are turned by a gear box and motor (not shown). The
counterweight base plates 163 each attach to these flexible tension members 173
through a connector 189 so that the stacks 138 of counterweight 134 and/or 136
can be pulled both toward and away from the front 180 of the counterweight
support beam 160, and hence toward and away from the boom 122. (The
counterweight base plates 163 are not shown in Figure 12 for sake of clarity).
[00155] The crane 110 thus includes a movable a counterweight support beam
160 and a movable counterweight unit 135 supported on the movable
counterweight beam 160; the movable counterweight unit 135 can be moved

independently on the counterweight support beam 160. The angle B’ of the boom
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122 can be changed, or the crane 110 can perform a pick, move and set operation
with a load, wherein the movable counterweight unit 135 is moved toward and
away from the front portion 104 of the rotating bed 120 during the boom angle
change or pick, move and set operation to help counterbalance the combined boom
and load moment. At first, the counterweight unit 135 will move to the rear 103 of
the crane 110 while the counterweight support beam 160 remains in its forward
position. If further counterbalancing is needed, the counterweight unit 135 can
stay on the counterweight support beam 160 during the change in the combined
boom and load moment, and the counterweight support beam 160 and
counterweight unit 135 can move together to counterbalance the crane 110 as the
boom angle B’ is lowered or a load is picked up. As with crane 10, the
counterweight unit 135 can move forward of the rear-most fixed portion 103 of the
rotating bed 120.

[00156] Since the basic crane 10 can be used to make the crane 110, one aspect
of the invention is a crane that is configured to be set up with two different
counterweight set-up configuration options. The first counterweight set-up
configuration option (crane 10) has a first counterweight movement system that
can move a first counterweight unit 35 between a first position (Figure 1) and a
second position (Figure 3). For the crane 10, the counterweight set-up
configuration is a counterweight unit 35 directly supported on the counterweight
support frame 32 and the counterweight unit movement device is connected so as
to move the counterweight unit with respect to the counterweight support frame.
The first position is a position in which the first counterweight unit is as near as
possible to the axis of rotation for the first counterweight set-up configuration
option. This constitutes a first distance from the axis of rotation. The second
position is a position in which the first counterweight unit is as far as possible
from the axis of rotation for the first counterweight set-up configuration option.
This distance constitutes a second distance from the axis of rotation.

[00157] The second counterweight set-up configuration option (crane 110) has a
second counterweight movement system that can move a second counterweight

unit 135 between a third position (Figure 13) and a fourth position (Figure 15).
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For the crane 110, the counterweight set-up configuration includes a
counterweight support beam 160 moveably connected to the counterweight
support frame 132 and a counterweight unit 135 supported on the counterweight
support beam, with the counterweight support beam movement device connected
so as to move the counterweight support beam with respect to the counterweight
support frame. The third position is a position in which the second counterweight
unit is as near as possible to the axis of rotation for the second counterweight set-
up configuration option. This constitutes a third distance from the axis of rotation.
The fourth position is a position in which the second counterweight unit is as far
as possible from the axis of rotation in the second counterweight set-up
configuration option, which constitutes a fourth distance from the axis of rotation.
[00158] As evident from the drawings, for the cranes 10 and 110, the fourth
distance is greater than the second distance, and the difference between the third
and fourth distances is greater than the difference between the first and second
distances. The difference between the third and fourth distances is preferably at
least 1.5 times as large as the difference between the first and second distances,
more preferably at least 2.0 times as large as the difference between the first and
second distances, and even more preferably at least 2.5 times as large as the
difference between the first and second distances. With preferred embodiments of
the invention, the difference between the third and fourth distances is at least 3
times as large as the difference between the first and second distances.

[00159] In the preferred embodiment, the crane 10 includes a counterweight tray
33 movably supported on the counterweight support frame 32, and in the first
option counterweights 34 are stacked directly on the counterweight tray 33, and in
the second option the counterweight support beam 160 is attached to the
counterweight tray 133 and counterweights 134 are stacked on the counterweight
support beam 160. The second counterweight unit will typically have more
counterweight boxes included than the first counterweight unit. However, while
not shown in the depicted embodiments, the first and second counterweight units

could be identically configured.
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[00160] Figure 16 shows a third embodiment of a crane, which is just like crane
110 in all but one feature. Thus the reference numbers used on the parts of crane
210 in Figure 16 are identical to the parts of the crane 110 with the same reference
number with an addend of 100. For example, boom 222 on crane 210 is just like
boom 122 on crane 110. Likewise boom hoist line 215, fixed mast 217, boom
hoist drum 218 rotating bed 220, drum 221, sheave set 223, fixed length pendants
225, fixed length pendants 226, mast 228, equalizer 229, tension member 231 and
counterweight unit 235 are just the same as their respective components in crane
110. The one difference is that crane 210 includes an additional counterweight
unit 237 attached to the rear of the counterweight support beam 260. The
additional counterweight unit 237 is used to further increase the lifting capacity of
the basic crane 10. It moves in and out with the counterweight support beam 260.
[00161] Figure 16A shows the details of how the auxiliary counterweight
attaches to the counterweight support beam 260. The auxiliary counterweight 237
includes a counterweight tray 252 which is provided with side panels 254 that
include a hook element 256. The counterweight support beam 260 is provided
with extensions 266 on the rear side of cross member 264, which mate with the
side panels 254. A pin 268 in each extension 266 allows the hook element 256 to
connect to the pin 268 from above, with a rotational engagement. Each side panel
254 is provided with a bearing surface 258, and the cross member 264 is provided
with a bearing surfaces 269 that abut the surfaces 258 to limit the rotation when
the hook element 256 is engaged with the pin 268, thus holding the tray 252 in a
connected, horizontal position.

[00162] Figures 17-22 show a fourth embodiment of a crane 310 of the present
invention. Like crane 110, crane 310 includes a carbody 312, crawlers 314,
rotating bed 320, boom 322, boom hoist rigging 325, a fixed mast 317, a live mast
328, a counterweight support beam 360 moveably connected to the rotating bed
such that the rear portion of the counterweight support beam 360 can be extended
away from the rotational connection of the rotating bed 320 and the carbody 312, a
counterweight unit 335 supported on the counterweight support beam 360 in a

movable relationship with respect to the counterweight support beam, and a
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tension member 331 connected between the fixed mast and the counterweight
support beam 360. The primary difference between the crane 310 compared to
crane 110 is that the counterweight support beam 360 has a telescoping feature,
and the front portion of it stays connected to the rotating bed 320 at the same place
all of the time. Further, the counterweight movement system simultaneously
causes the counterweight unit 335 to move rearwardly with respect to the
counterweight support beam 360 as the telescoping rear portion of the
counterweight support beam moves rearwardly with respect to the rotating bed
320. In this fashion a single driving device moves the counterweight support
beam with respect to the rotating bed (serving as the counterweight support beam
moving device) and moves the counterweight unit with respect to the
counterweight support beam (serving as a counterweight unit movement device).
[00163] The counterweight support beam 360 is preferably in a U shape, made
from two spaced apart side members 362, connected together in the rear by a cross
member 364, best seen in Figure 20. The front ends of the two side members 362
connect to the rotating bed 320. Each side member 362 is made from two sections
that fit together in a telescoping fashion. Figure 17 shows the two sections in a
retracted position, while Figures 18-21 show the two sections in an extended
position.

[00164] Figure 19, which shows the counterweight support beam 360 by itself,
with the counterweight unit 335 resting on it, and Figure 20, which shows the
counterweight support beam 360 connected to the rotating bed 320 of crane 310
but with other portions of crane 310 removed for sake of clarity, shows the
counterweight support beam movement device. The counterweight support beam
movement device comprises a telescoping cylinder 355 attached between the
rotating bed 320 and the counterweight support beam 360, and a plurality of
flexible tension members in the form of wire ropes 373 that pass around pulleys
371 and 372 and which connect to the counterweight unit 335 at connections 376
and to the counterweight support beam 360 at connections 378. The
counterweight unit 335 can be pulled toward the boom as the telescoping cylinder

355 retracts and pulls the rear portion 364 of the counterweight support beam
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towards the boom. When this happens, the pulleys 372 on the counterweight
support beam 360 have to also move forward. Since the wire ropes 373 are
connected at both the connections 376 and 378, in order for the pulleys 372 to
move forward, the wire rope has to travel in a clockwise fashion (as seen from the
side view in Figure 21), which moves the connection 376 forward, which in turn
pulls the counterweight unit 335 forward on the counterweight support beam, in
addition to the movement of the section of the counterweight support beam itself.
On the other hand, when the cylinder 355 is extended, pulleys 371 are pushed
backward as the telescoping cylinder extends and pushes the rear portion of the
counterweight support beam away from the boom. This causes the wire rope 373
to travel in a counter-clockwise direction, pulling connections 376 and
counterweight 335 rearwardly.

[00165] As can be seen from Figure 17, the rotating bed 320 has a rear-most
fixed portion, and the counterweight unit 335 is movable to a position where the
counterweight unit 335 is in front of the rear-most fixed portion of the rotating
bed. The counterweight unit 335 may be moved to and held at a position in front
of the top of the fixed mast (Figure 17) and moved to and held at a position
rearward of the top of the fixed mast (Figure 18) during crane pick, move and set
operations. During this operation the movable counterweight unit 335 is never
supported by the ground other than indirectly by the movable ground engaging
members 314 on the carbody 312. The support feet 382 are included as a safety
feature and can provide support to the counterweight unit in the event of a sudden
release of the load. However, the support feet 382 are sized so that when the rear
364 of the counterweight support beam 360 is positioned directly below the top of
the mast 317 (Figure 17), and thus support feet 382 are at their closest point to the
ground in the arc created by pivoting the tension member 331 about the top of the
mast 317, the support feet 382 will still be an adequate distance off the ground so
that during normal crane operation, the support feet never contact the ground
during pick, move and set operations.

[00166] Figures 23-60 show the details of another embodiment of a crane that

can be set up with two different counterweight set-up configurations. Figures 24-
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28 show the crane 410 with a movable counterweight supported on a
counterweight support frame. Figures 23 and 38-41 show the same crane with a
mast and a movable counterweight support beam. In this configuration the crane
is referred to as crane 510.

[00167] Like crane 10, crane 410 has a carbody 412; movable ground engaging
members 414 mounted on the carbody 412 allowing the crane 410 to move over
the ground; a rotating bed 420 rotatably connected to the carbody 412 about an
axis of rotation; a boom 422 pivotally mounted about a fixed boom hinge point on
the front portion of the rotating bed; and a boom hoist system, provided by a live
mast 428 and boom hoist rigging 427, connected between a sheave set on the
rotating bed and the boom that allows the angle of the boom relative to the plane
of rotation of the rotating bed to be changed. As with crane 10, the boom hoist
system comprises a boom hoist drum and boom hoist line reeved between a sheave
set on the mast and a sheave set on the rotating bed. In this embodiment, the
rotating bed includes a counterweight support frame 432 that is attached to the
remainder of the rotating bed 420 in a detachable fashion, as described in more
detail below. The counterweight unit 435 is supported on the counterweight
support frame 432 in a movable relationship with respect to the counterweight
support frame 432. A counterweight unit movement device, also described in
more detail below, connects between the rotating bed and the counterweight unit
435 so as to be able to move the counterweight unit 435 toward and away from the
boom 422. In this configuration, as with crane 10, during crane operation, when
the counterweight unit is moved to compensate for changes in the combined boom
and load moment, the moment generated by the counterweight unit 435 acts on the
rotating bed predominantly, and in this case only, through the counterweight
support frame.

[00168] The counterweight support frame 432 in this embodiment is located
below the remainder of the rotating bed. The counterweight support frame is
made of a welded plate structure, best seen in Figures 29-34. It is mounted in a
removable fashion to the remainder of the rotating bed. An adapter 450 is used to

make an easily removable connection between the rotating bed 420 and the front
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of the counterweight support frame 432. The adapter 450 includes holes 452
through ears 454 that fit between lugs 429 on the lower portion of the rotating bed
420 to connect the adapter 450, and hence the counterweight support frame 432, to
the rotating bed 420. The adapter 450 is itself secured to the counterweight
support frame 432 by pins 456 (best seen in Figure 34). The use of pins 456
allows the adapter 450 to be detached from the counterweight support frame 432
so that the counterweight support frame 432 can be reused in the configuration of
crane 510. Front holes 481 serve as a place to pin the counterweight support
frame 432 and adapter 450 together. Rear holes 483 and top holes 484 in the
counterweight support frame 432 are not used in this embodiment, but are
included so that the counterweight support frame 432 can be used in the
configuration of crane 510, as explained below.

[00169] At the rear, the counterweight support frame 432 connects to the
rotating bed through two short links 462. The links 462 are each pinned at one
end to a lug 464 on the rotating bed and at the other end in between a pair of lugs
466 on the rear of the counterweight support frame 432. Once the pinned
connections are made with the adaptor 450 at the front and the links 462 at the
rear, the counterweight support frame 432 is in reality a detachable portion of the
rotating bed of the crane 410.

[00170] In crane 410, the counterweight unit movement device is connected
between the rotating bed 420 and the counterweight unit 435 by being connected
between the counterweight support frame 432, as part of the rotating bed, and the
counterweight unit. The counterweight unit 435 comprises a counterweight tray
433 pinned to a movable trolley 470 (Figures 35-37). As with earlier
embodiments, the counterweight tray is suspended beneath the counterweight
support frame. The tray 433 pins into holes 471 (Figure 31) on the trolley 470.
The holes 471 are bigger on top than on bottom. The bottom dimension is the
same as the outside diameter of the pins (not shown) used to connect the tray 433
and the trolley 470. The larger dimension on top allows for easy insertion of the

pins.
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[00171] The trolley 470 rides on four vertical rollers 476 that engage a flange
438 along each side of the counterweight support frame 432. The trolley 470 also
includes four horizontal rollers 478 (Figure 33) that provide sideways positioning
of the trolley 470 on the counterweight support frame 432.

[00172] The counterweight unit movement device comprises at least one, and in
this embodiment, two hydraulic motors and gear boxes 472 each driving a gear
474 connected to the trolley 470. The counterweight support frame 432 includes a
set of teeth 436 (Figure 29) on each side. The gears 474 engage with the teeth 436
on the two sides of the counterweight support frame 432 to move the trolley 470
with respect to the counterweight support frame as the motor and gearbox 472
turns the gear 474. In this way the counterweight unit 435 can move with respect
to the counterweight support frame 432 by being mounted on trolley 470.

[00173] For case of fabrication, several individually replaceable sections of steel
bar 434 (best seen in Figure 29) may be bolted onto the rest of the counterweight
support frame 432 with socket head cap screws to provide both flange 438 and the
teeth 436. In addition, the side surfaces of these steel bars provide the engagement
surface for the horizontal rollers 478, as seen in Figure 33. Preferably the surfaces
of these steel bars 434 are hardened to provide better wear resistance with the
rollers 476 and 478. The steel bars 434 include shear blocks surfaces 439
(Figures 32 and 33) to help carry the load from the rollers 476 on the trolley 470 to
the counterweight support frame 432. As seen in Figure 32, the rollers 476 are
preferably mounted in the same vertical plane as the gears 474.

[00174] In the preferred embodiment, the crane is configured such that during
crane operation, when the counterweight unit is moved to compensate for changes
in the combined boom and load moment, the moment generated by the
counterweight unit with respect to a front tipping fulcrum of the crane is not
transferred to the rotating bed through the mast. Rather, the moment is transferred
to the rotating bed by the counterweight support frame, such as through the pinned
connections at lugs 429 and 464.

[00175] The crane 510 is made from the same components used to make crane

410, with an added fixed mast 517 and a movable counterweight support beam
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560. In addition, the structure used as the live mast 428 in crane 410 is no longer
used as a live mast. Instead, boom hoist rigging 519 is provided between the
boom top and the top of fixed mast 517 to allow the boom angle to be changed.
Fixed length pendants 525 connect the top of fixed mast 517 to the top of mast
528. The rigging 527 and the mast 528 are held in a fixed position during normal
operation of crane 520. Also, a tension member 531 is added between the top of
mast 517 and counterweight support beam 560. In the drawings, the components
used on the crane 410 that are the same as in crane 510 have the same reference
number with an addend of 100; thus boom 422 on crane 410 is boom 522 on cranc
510. The counterweight unit 535 is the same as counterweight unit 435.

[00176] The counterweight unit 535 on crane 510 may be moved in two ways.
First, just like counterweight unit 435, counterweight unit 535 includes a trolley
570 with rollers 576 that ride on flanges on a counterweight support frame 532.
However, in this counterweight set-up configuration, the counterweight support
frame 532 is part of the telescoping counterweight support beam 560. Thus,
another way to move the counterweight unit 535 is to telescope out the beam 560
while maintaining the location of the counterweight unit 535 on the frame 532.
The first type of movement can be seen by comparing Figures 39 and 40, and the
second type of movement can be seen by comparing Figures 40 and 41. Both
types of movement can be carried out independently, and need not be carried out
to the full extent possible. However, usually the counterweight unit 535 will be
moved back on frame 532 until it has moved as far as possible before the beam
560 is extended. As can be seen by comparing Figures 39 and 41, with the
counterweight movement system of crane 510, the counterweight unit can be
moved to a position where it is between the boom hoist sheave set on the rotating
bed and the axis of rotation of the carbody 512, and moved to a position where it is
behind the boom hoist sheave set on the rotating bed.

[00177] The counterweight support beam 560 is preferable made with three
nested, telescoping beam members: an inner beam member 592, a middle beam
member 582 and an outer beam member 532, also referred to above as the

counterweight support frame 532. Thus the counterweight support beam
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movement device comprises a telescoping frame with at least one inner frame
member fitting inside an outer frame member. As shown, more preferably the
counterweight support beam has an intermediate frame member inside the outer
frame member and surrounding the inner frame member. The counterweight
support beam comprises the outer frame member of the telescoping frame that is
part of the counterweight support beam movement device.

[00178] Interestingly, the structure used as the counterweight support frame 432
in the first counterweight set-up configuration option (crane 410) can be used as
the outer beam member 532 in the counterweight support beam 560 in the second
counterweight set-up configuration option (crane 510). When the counterweight
support frame 432 is used as the outer beam member 532, it includes additional
internal structure so that it can be connected to the rest of the beam members and
move with respect to the rotating bed 520.

[00179] Because the trolley 570 is just the same as trolley 470, and the outer
beam member 532 has an external configuration like counterweight support frame
432, the way that counterweight unit 535 moves with respect to outer beam
member 532, the structure of the trolley 570, motors and gearboxes 572 and gears
574 engaging teeth on sections of steel bar 534 will not be described again in
detail. Because of these similarities, in this embodiment the driving gear
connected to the trolley engages teeth on the counterweight support beam 560 to
move the trolley with respect to the counterweight support beam 560 as the motor
turns the gear 574.

[00180] The counterweight support beam 560 mounts to the rest of the crane
510 in a fashion similar to how counterweight support frame 432 connected to the
rest of crane 410. Instead of short links 462, connecting between lugs 466 and the
rear of the rotating bed, the tension members 531 connect from the top of the fixed
mast 517 through lugs 566 to the rear of the counterweight support beam 560. On
the front, instead of adaptor 450, the inner beam member 592 includes a connector
550 on its end. This connector has ears 554 with holes 552 through them so that
the connector 550 can be pinned to the underside of the rotating bed 520, just as

adapter 450 was pinned to rotating bed 420.
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[00181] The counterweight support beam movement device comprises a linear
actuation device, preferably in the form of a trunnion mounted hydraulic cylinder.
The counterweight support beam movement device further comprises ropes and
pulleys mounted to the intermediate and outer frame members such that the outer
frame member moves in a slave relationship to the movement of the intermediate
frame member with respect to the inner frame member. In the preferred
embodiment of counterweight support beam 560, a double acting hydraulic
cylinder 540 with a rod 542 is connected between the inner beam member 592 and
the middle beam member. Thus as the rod 542 is extended and retracted, the
middle beam member 582 moves with respect to the inner beam member 592.
Meanwhile, the outer beam member 532 is connected to the other beam members
in a slaved fashion, so that movement of the other beam members with respect to
each other necessarily and simultaneously causes a movement of the outer beam
member 532 with respect to the middle beam member 582. The details of how
this happens are best seen in Figures 42-52, with additional details in Figures 53-
60.

[00182] The inner, middle and outer beam members are each made from welded
plates into a box structure. Rollers 585 and 586 support the inside surface of outer
beam member 532 on the outside of middle beam member 582. Likewise, rollers
587 and 588 support the inside of middle beam 582 to the outside of inner beam
member 592. The holes 481 and 483 in the sides of counterweight support frame
432 are used to mount rollers 585 and 586 when the member 432 is reused as outer
beam member 532 in crane 510.

[00183] To help explain the movement of the beams with respect to each other,
some of the drawings, like Figures 45-50, are shown with some of the plate
members removed. As best seen in Figures 45 and 46, the hydraulic cylinder is
trunnion mounted through mounting 541 to the side walls of the inner beam
member 592. The rod portion 542 of the hydraulic cylinder terminates in a head
539 with a hole through it that can be pinned between lugs 538 welded to the back
plate of middle beam 582. Thus, as the rod 542 inside hydraulic cylinder 540 is
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extended and retracted, middle beam member 582 will likewise extend and retract
with respect to inner beam member 592.

[00184] The movement of the outer beam member 532 is controlled by a pair of
retract wire ropes 544 and a pair of extend wire ropes 546. The extend wire ropes
546 are tied off at one end by connectors 545 to the front of the outer beam
member 532. The extend wire ropes pass through holes 584, which are the same
as unused holes 484 in the counterweight support frame 432. The extend wire
ropes 546 pass around extend sheaves 596 mounted on the rear portion of the
middle frame member 582. The other ends of the extend wire ropes 546 are tied
off by connectors 595 to the back of the counterweight support beam connector
550 located at the front of the inner beam member 592. If the counterweight
support beam 560 is in a retracted mode, and the hydraulic cylinder 540 is
extended, causing the middle beam member 582 to move backwards with respect
to the inner beam member 592, the extend sheaves 596 will be pushed backward
with the middle beam member, requiring the extend wire ropes 546 to pass around
the extend sheaves 596, necessarily pulling the front of the outer beam member
532 backward by the connections 545. Because the extend wire ropes 546 are tied
off at connectors 545 on the outer beam member 532 and connectors 595 at the
front of the inner beam member 592, but pass around extend sheaves 596 attached
to the middle beam member 582, one foot of travel distance of the middle beam
member will cause the outer beam member 532 to extend two feet.

[00185] The retract wire ropes 544 are tied off at one end by connectors 543
(Figures 49 and 56) to the rear of the inner beam member 592. The retract wire
ropes pass around retract sheaves 594 mounted on the front portion of the middle
beam member 582. The other ends of the retract wire ropes 544 are tied off by
connectors 593 to the back of the outer member 532. If the counterweight support
beam 560 is in an extended mode, and the hydraulic cylinder 540 is retracted,
causing the middle beam member 582 to move forward with respect to the inner
beam member 592, the retract sheaves 594 will be pushed forward with the middle
beam member, requiring the retract wire ropes 544 to pass around the retract

sheaves 594, necessarily pulling the rear of the outer beam member forward by the
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connectors 593. Because the retract wire ropes are tied off at connectors 543 to
the inner beam member, but pass around retract sheaves 594 attached to the
middle beam member 582, one foot of travel distance of the middle beam member
will cause the outer beam member 532 to retract two feet. The retract wire ropes
544 could attach to the outer beam member 532 at any point in the beam behind
where the retract sheaves 594 are located when the beam is retracted. However,
by having the retract wire ropes 544 tie off at the very rear of the outer beam
member 532, the connectors 593 are more readily accessible if adjustment is
needed.

[00186] It will be noticed from Figures 58 and 59 that the rollers 588 have
flanges on the outside to help keep the beams aligned side-to-side. Rollers 585,
586 and 587 also have such flanges. Preferably the rollers 585, 586, 587 and 588
are mounted in the side of the middle beam member 582 with bearings between
the roller shaft and the roller, although no bearings are shown in the figures. Also,
it is not clear from the drawings, but one of ordinary skill in the art will understand
that there is a slight clearance on the sides and the top or bottom of the rollers
compared to the beam members supported thereon.

[00187] Figures 61 and 62 show an alternative arrangement for the connection
between the rear of the rotating bed 420 and the counterweight support frame 432
when the crane is set up without the fixed mast 517 (when the crane is set up in its
first counterweight set-up configuration), as well as an alternative arrangement for
the connection between the telescoping counterweight support beam 560 and the
tension members 531 when the crane is set up in its second counterweight set-up
configuration. Rather than using short links 462, the support on the rear of the
rotating bed in the form of lugs 523 are located at a position where they can be
pinned directly to lugs 620 on outer beam member 532, used as part of
counterweight support beam 560 in the embodiment shown in Figures 61 and 62.
Like the lugs 566, lugs 620 are each made of two plates with holes through them
used for making a pinned connection with either the rotating bed (when the crane
is set up in its first counterweight set-up configuration), or the bottom of a tension

member 531 (when the crane is set up in its second counterweight set-up
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configuration). In the first counterweight set-up configuration, pins (not shown)
pass through holes 632 in the lugs 620 and holes 562 in the lugs 523.

[00188] One of the benefits of the lugs 620 is that they include a top bar 624 and
lower bar 626 between plates 621 and 622 that engage with the lug 523 on rotating
bed 520 when the counterweight support beam 560 is fully retracted, as shown in
Figure 62 (where the left side plate has been removed for sake of clarity). Thus,
the support 523 on the rear of the rotating bed engages with a counterweight beam
support engagement (bars 624) positioned such that when the counterweight beam
is in a fully retracted position, the support and the support engagement are able to
transfer load from the counterweight beam directly to the rotating bed. At high
boom angles, with no load on the hook, the moment of the counterweight system
may exceed the offsetting moment of the combined boom and load moment as
seen by the fixed mast 517. In that situation, the fixed mast will try to move
backward and will compress the fixed mast stops 529 until the top bars 624 on the
outer beam member lugs 620 engage the lug 523 on the rotating bed 520. (It
should be noted that when the crane is set up with mast 517, no pins are placed in
holes 562 and 632. These holes just also happen to line up when the tension
member 531 is pinned to the lugs 620 and the counterweight support beam 560 is
fully retracted.) At that point the rear of the rotating bed will be carrying part of
the counterweight load, reducing the tendency of the mast 517 to tip backwards
any further.

[00189] In addition or alternatively, rather than the fixed mast 517 rotating
backwards some distance under the deflection of the load until the bars 624
engage the support 523, some embodiments of the crane utilize an active control
system. In such a system, encoders or other position and load sensors send signals
reflective of the mast position, the counterweight position, the load on the hook,
the counterweight load, and other parameters to a controller, such as a general or
specific purpose computer programmed to receive such data. A control or stability
program evaluates the data and, given the circumstances and if the counterweight
is positioned sufficiently close to the rear-most fixed portion of the carbody, the

controller will provide a signal to move the live mast 517 slightly rearward. In
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moving the live mast 517 rearward, the tension member 531 moves relatively
downward, thereby lowering the counterweight support beam 560, the connected
counterweight unit 535, and, of course, the counterweight support bars 620 onto
the support 523. This, in turn, transfers a portion of the load of the counterweight
unit 535 from the tension member 531 onto the rotating body 520 via the supports
523.

[00190] Preferably the counterweight unit is movable to a position so that the
center of gravity of the counterweight unit is within a distance from the axis of
rotation of less than 125% of the distance from the axis of rotation to the rear
tipping fulcrum, and more preferably within a distance from the axis of rotation of
less than 110% of the distance from the axis of rotation to the rear tipping fulcrum.
[00191] As noted above, prior art mobile lift cranes generally had multiple
counterweight assemblies. The variable position counterweight of the preferred
crane has only one counterweight assembly. Where the conventional designs
require 330 metric tonne of counterweight, the crane 10 with a single variable
position counterweight will require approximately 70% of this amount, or 230
metric tonne of counterweight, to develop the same load moment. The 30%
counterweight reduction directly reduces the cost of the counterweight, although
this cost is partially offset by the cost of the counterweight movement system.
Under current U.S. highway constraints, 100 metric tonne of counterweight
requires five trucks for transport. Thus, reducing the total counterweight reduces
the number of trucks required to transport the crane between operational sites.
Because the counterweight is reduced significantly, the maximum ground bearing
reactions are also reduced by the same amount. The counterweight is positioned
only as far rearward as required to lift the load. The crane and counterweight
remain as compact as possible and only expand when additional load moment is
required. A further feature is the capability to operate with reduced counterweight
in the mid-position. The reduced counterweight would balance the backward
stability requirements when no load is applied to the hook. The variable position
function could then be turned off and the crane would operate as a traditional lift

crane. With preferred embodiments of the invention, the total counterweight
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compared to a crane with a comparable capacity can be reduced, or if the total
counterweight is the same, the stability of the crane can be increased or the crane
can be designed with a smaller footprint. Of course some combination of all three
of these advantages may be used in producing a new crane model.

[00192] A crane customer may initially decide to purchase and use the crane
410 with only the counterweight support frame 432, and not include an inner beam
member 592 and middle beam member 582, nor the fixed mast 517. Then later
the crane 410 could be converted to crane 510 by adding the fixed mast 517 and
inserting the inner beam member 592 and middle beam member 582 into the
counterweight support frame 432, making the counterweight support beam 560.
Thereafter, inner beam member 592 and middle beam member 582 could be
removed when the crane was set up without the fixed mast 517. However, it is
more likely that the counterweight support beam 560 would remain intact once
assembled, and used on the crane 410 without being extended, but simply used as
a counterweight support frame 432.

[00193] In the first counterweight set-up configuration option (crane 10 or crane
410), the counterweight unit is not supported by a fixed mast or a derrick mast.
Rather, the counterweight unit is supported on a counterweight support frame on
the rotating bed. A counterweight movement system comprises a counterweight
unit movement device connected so as to move the counterweight unit with
respect to the counterweight support frame. In the second counterweight set-up
configuration option (crane 110 or crane 510), the second counterweight unit is
supported by a mast selected from a fixed mast and a derrick mast. A
counterweight support beam is moveably connected to the rotating bed and the
counterweight unit is supported on the counterweight support beam. The
counterweight movement system comprises a counterweight support beam
movement device connected so as to move the counterweight support beam with
respect to the rotating bed. In the crane 110, the counterweight support beam is
moveably connected to the rotating bed by being moveably connected to the
counterweight support frame. In the crane 510, the counterweight support beam is

moveably connected to the rotating bed by having a telescoping section that moves
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is moveably connected to the rotating bed by a front portion of the counterweight
support beam.

[00194] In the first counterweight set-up configuration option, the crane 10 or
crane 410 includes a counterweight tray movably supported on the counterweight
support frame and counterweights are stacked directly on the counterweight tray.
In the second counterweight set-up configuration option of crane 110, the
counterweight support beam is attached to the counterweight tray and
counterweights are stacked on the counterweight support beam by being stacked
on a base plate that is on the counterweight support beam.

[00195] With each of the following embodiments, each may incorporate some
or all of the features as described above. Any elements from each of the earlier
embodiments discussed earlier that are not expressly discussed are incorporated
and included as if reprinted here.

[00196] Figures 63-72 illustrate another embodiment that is similar to the crane
10 with the differences now explained. A mobile lift crane 710 includes
lowerworks, or carbody, 712, ground engaging members 714; and a rotating bed
720 rotatably connected to the carbody 712 about an axis 702 of rotation that
provides a plane of rotation 707 perpendicular to the axis 702.

[00197] The rotating bed 720 supports a boom 722 pivotally mounted in a fixed
position on a front portion 704 of the rotating bed 720; a live mast 728 mounted at
its first end 705 on the rotating bed 720; and a movable counterweight unit 735
having one or more counterweights or counterweight members 734 on a support
member 733 in the form of a counterweight tray. The rotating bed 720 has a rear-
most fixed portion 703 as best seen in FIG. 65.

[00198] A boom hoist system (not illustrated) on crane 710, like that of the
boom hoist system 6 in FIG. 1, allows the angle of the boom 722 relative to a
plane of rotation 707 of the rotating bed 720 to be changed. The boom hoist
system includes those features and elements described above in detail with respect
to crane 10. Alternatively, the mast 728 could be used as a fixed mast during

normal crane operation, much like mast 28 as discussed above.
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[00199] The counterweight unit 735 in this embodiment is similar to the
counterweight unit 435 discussed above. The counterweight unit 735 is movable
with respect to the rest of the rotating bed 720. In the crane 710, the rotating bed
720 includes a counterweight support frame 732, either formed integrally with the
rotating bed 720 or in the form of a welded plate structure coupled to the rotating
bed 720. The counterweight support frame 732 supports the movable
counterweight unit 735 in a movable relationship with respect to the
counterweight support frame 732 and the rotating bed 720.

[00200] While the counterweight support frame 732 may comprise a sloped
surface as discussed above with respect to counterweight support frame 32, in the
illustrated embodiment the counterweight support frame 732 includes a surface
754 without a substantial positive or negative slope. Flanges 739 provide the
surface 754. Replaceable wear surfaces (not labeled) optionally are attached to the
surface 754. In addition, one or more individually replaceable sections of steel bar
731 (best seen in FIGs. 70 and 71), like steel bar 434, may be bolted onto a lower
surface 719 of the counterweight support frame 732 with fasteners of known
types, such as socket head cap screws. In some embodiments, the steel bar 731
forms the surface 754 opposite of a side that includes machined or forged teeth
736. The steel bar 731 with the teeth 736 forms a rack.

[00201] In crane 710, the counterweight unit movement device 760 is connected
between the rotating bed 720 and the counterweight unit 735 by being connected
between the counterweight support frame 732, as part of the rotating bed 720, and
the counterweight unit 735. The counterweight unit 735 comprises a
counterweight tray 733 pinned or otherwise coupled to a movable trolley 770
(FIGs. 66, 67, and 69-72). In some embodiments (including those discussed above
and below), the trolley 770 and the counterweight tray 733 form an integrated unit.
The counterweight tray 733 is suspended beneath the counterweight support frame
732.

[00202]  The trolley 770 rides on four vertical rollers 776 that engage the
surface 754 along cach side of the counterweight support frame 732. The trolley

770 optionally includes horizontal rollers 779 similar to horizontal rollers 478,
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which bear at least a portion of lateral or side-loading, such as when the rotating
bed 720 rotates.

[00203] The counterweight unit movement device 760 comprises at least one,
and in this embodiment, two motors and associated gear boxes 772, with each
motor and gear box 772 driving a gear 774 connected to the trolley 770. The
motors can be hydraulic motors, electric motors, or motors of other types. The
gears 774 engage with the teeth 736 on the two sides of the counterweight support
frame 732 to move the trolley 770 with respect to the counterweight support frame
732 as the motor and gearbox 772 turns the gear 774. In this way the
counterweight unit 735 can move with respect to the counterweight support frame
732 and/or the rotating bed 720 by being mounted on trolley 770.

[00204] As with the counterweight unit 35, the position of the counterweight
unit 735 may be detected by keeping track of the revolutions of the motor and gear
box 772 and/or the gear 774 as it engages and travels along the teeth 736.

[00205] Figures 73 — 81 disclose a crane 810 similar in many respects to the
crane 110 disclosed in FIGs. 13 — 15 and incorporates the same features and
elements except as modified and described below. In addition to the live mast 828,
this embodiment includes a fixed position mast §17. In the crane 810, as with the
other embodiments disclosed herein, the rotating bed 820 is not provided with any
separate functional counterweight, and the movable counterweight unit 835 is
never supported by the ground during crane pick, move and set operations other
than indirectly by movable ground engaging members 814 on the rotating bed §20.
[00206] As with crane 710, the rotating bed 820 includes a counterweight
support frame 832, either formed integrally with the rotating bed 820 or in the
form of a welded plate structure coupled to the rotating bed 820. In this
embodiment, the counterweight support frame 832 supports a movable
counterweight support beam 859 in a movable relationship with respect to the
counterweight support frame 832 and the rotating bed 820.

[00207] In this embodiment, the counterweight support frame 832 includes a
surface 854. Flanges 839 provide the surface 854. Replaceable wear surfaces (not

labeled) optionally are attached to the surface 854. In addition, one or more
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individually replaceable sections of steel bar 831 are positioned on a lower surface
819 of the counterweight support frame 832. In some embodiments, the steel bar
831 forms the surface 854 opposite of a side that includes machined or forged
teeth (not illustrated), similar to forged teeth 736. The steel bar 831 with the teeth
forms a rack.

[00208] Crane 810 includes an additional counterweight support beam 859
added to it, as well as the fixed mast 817. The counterweight support beam 859 is
moveably connected to the counterweight support frame 832 and/or the rotating
bed 820. In the embodiment illustrated, the counterweight support beam 859 is
positioned below the counterweight support frame 832 and/or the rotating bed 820.
[00209] Other embodiments, however, include a counterweight support beam
that is positioned to the sides, or laterally away, from the counterweight support
frame and/or the rotating bed. For example, in alternative embodiments the
counterweight support beam might be spaced laterally away from the
counterweight support frame and/or the rotating bed while also being parallel,
above, or below the counterweight support frame and/or the rotating bed. Such an
alternative configuration might be preferred, for example, when the distance
between the counterweight support frame and/or rotating bed relative to the
carbody is insufficient to position the counterweight support beam below the
counterweight support frame and/or the rotating bed.

[00210] The crane 810 uses a counterweight support beam movement device
890, as explained below. Thus, in this embodiment, the counterweight movement
system includes a counterweight unit movement device 860 and a counterweight
support beam movement device 890. This counterweight support beam movement
device 890 is connected between the counterweight support beam 859 and the
counterweight support frame 832 and/or the rotating bed 820 such that the
counterweight support beam 859 can be moved with respect to the length of the
rotating bed 820 away from the axis of rotation 802 at the rotational connection of
the rotating bed 820 and the carbody 812, and extended rearwardly of the rear-
most fixed portion 803 of the rotating bed 820. The movement of the

counterweight support beam 859 is generally horizontal and in a direction in line
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with a length of the counterweight support beam 859. As will be appreciated, the
counterweight support beam 859 and associated elements may be added to crane
710 as an aftermarket addition to increase the capacity of the crane 710.

[00211] The counterweight support beam 859 can be solid, formed of
rectangular or tubular structures, or other configurations. The embodiment
disclosed in FIGs. 77 and 78 illustrates a counterweight support beam 859 that is
made from two spaced apart side members 862 connected together in the rear 877
by a cross member 864. The front ends 871 of the two side members 862 connect
to a counterweight support beam movement device 890, which is moveably
mounted on a counterweight support frame 832 on the rotating bed 820.

[00212] Much like counterweight support frame 832, each side 862 of the
counterweight support beam includes a surface 855, as best seen in FIGs. 77 and
78. Flanges 838 provide the surface 855. Replaceable wear surfaces (not labeled)
optionally are attached to the surface 855. In addition, one or more individually
replaceable sections of steel bar 836, like steel bar 831, may be bolted or otherwise
positioned on a lower surface 818 of the counterweight support beam 859 with
socket head cap screws, for example, or other known fasteners. In some
embodiments, the steel bar 8§36 forms the surface 855 opposite of a side that
includes machined or forged teeth 837 similar to forged teeth 736. The steel bar
836 with the teeth 837 forms another rack.

[00213] The counterweight support beam movement device 890 includes a
frame 893 with a plurality of rollers 892 as best illustrated in FIGs. 77 and 79. In
this embodiment, four vertical rollers 892 engage the surface 854 along each side
of the counterweight support frame 832. The frame 893 optionally includes
horizontal rollers 889 to bear at least a portion of any lateral or side-loading.
[00214] The counterweight support beam movement device 890 includes at least
one motor and associated gear 891. In the illustrated embodiment, the
counterweight support beam movement device 890 includes a plurality of motors
and associated gears 891, and while two motors are illustrated more than two may
be used. While the following embodiment discusses electric or hydraulic motors

for use with a rack and pinion arrangement, as discussed above other embodiments
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of acceptable motors and gears include ropes and pulleys, hydraulic cylinders
(single and double action, for example), chain and gear systems, threaded
rods/screw drives, and others. Each motor and gear box 891 drives a gear 8§94
connected to the frame 8§93. The motors can be hydraulic motors, electric motors,
or motors of other types. The gears 894 engage with the teeth on the two sides of
the counterweight support frame 832 to move the frame 8§93 with respect to the
counterweight support frame 832 as the motor and gearbox 891 turns the gear §94.
In this way the counterweight support beam 859 can move with respect to the
counterweight support frame 832 and/or the rotating bed 820 by being mounted on
the frame 893.

[00215] In some embodiments, cach motor and gear box 891 can operate
independently of the other. In the illustrated embodiment, each motor and gear
box 891 is coupled to the other via a shaft 895. The shaft 895 allows one motor
and gear box 891 to assist the other motor and gear box 891 under certain
operating conditions.

[00216] For example, counterweight unit 835 may be at its most rearward
position, i.e., furthest distance from the axis of rotation 802 during a heavy-lift
pick, move, and set operation. Perhaps during the pick, move, and set operation it
is necessary for the crane operator to bring the load closer to the axis of rotation
802 by raising the boom 822, which would draw the center of gravity closer to the
axis of rotation 802. As a consequence, the counterweight movement unit 860
and/or the counterweight support beam movement device may individually or
collectively operate to draw the counterweight unit 835 nearer to the axis of
rotation 802 to ensure that the center of gravity does not move too far rearward
and cause an unstable operating condition.

[00217] Consider, now, the circumstance in which the crane operator must
concurrently swing or rotate the rotating bed 820 while simultaneously raising the
boom 822 during the pick, set, and move operation. Recall that at the initiation of
the movement the counterweight unit 835 was at its most distant. The process of
rotating or swinging the counterweight will impose a large compressive load on

one side member 862 and its associated motor 891 of the counterweight support
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beam 859, while imposing a large tensile load on the other side member 862 and
associated motor 891 of the counterweight support beam. The disparity in loads
may cause one motor 891 to operate more slowly or asynchronously relative to the
other motor 891. Such asynchronous operation could lead to the counterweight
support beam movement device to operate suboptimally. To overcome this, then,
a shaft 895 optionally couples the two motors 891 together so that one might assist
the other.

[00218] As noted, it typically is beneficial to ensure that the motors 891 and
associated gears 894 operate synchronously or near-synchronously. To ensure this
occurs, it is necessary during manufacturing to connect the shaft 895 to each motor
891 and, by extension, each gear 894 and the tecth on the rack or bar 831, when
the collective gear train is aligned. Given the number of components, including
those not illustrated in the motor and associated gear boxes 891, this is often a
difficult and time-consuming task.

[00219] To solve the alignment issues during assembly, the shaft 895 may not
be solid. Rather, as illustrated in FIGs. 80 and &1, the shaft 895 optionally is
formed of a first part 896 that is separable from a second part 8§97.

[00220] The first part 896 of the shaft 895 includes a recess 898 and has an
inner diameter of 1000. Within the recess 898, the first part 896 includes a first
engagement surface 8§99, such as splines.

[00221] The second part 897 of the shaft 895 has a first diameter 1003 and a
necked down portion 1000 with a second diameter 1002 that is smaller than the
first diameter 1000. The second diameter 1002 is also smaller than the inner
diameter 1000 of the first part 896 so that the necked down portion 1001 may be
inserted into the recess 898. The necked down portion 1001 includes a second
engagement surface 1004, such as complementary splines, teeth or other similar
structure designed to engage and transmit torque to the first engagement surface
899, thereby coupling the first part 896 to the second part 897. An optional sleeve
1005 is coupled to shaft 895 and, in some embodiments integral to one or the other

of the first part 896 and second part 897. The sleeve 1005 covers the location
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where the first part 896 is coupled to the second part 897, and protecting it from
debris and dirt.

[00222] The collective engagement surface 899-1004 provides a gear ratio
relative to the collective motors and associated gear boxes 891 and gears §94. It
will be appreciated, then, that during assembly it will be easier to align each of the
gears 894 and associated motors and gear boxes 891. This is so because one
merely has to rotate one of the first part 896 and the second part 897 relative to the
other before coupling the first part 896 to the second part 897. The incremental
rotation of the first part §96 to the second part 897 will increment or clock the
collective first part 896/motor and gear box 891/gear 894 relative to the second
part 897/motor and gear box 891/gear §94.

[00223] As an example of such a system, the first engagement surface §99
might have 42 teeth or splines. As known, dividing the 360 degrees of a circle
because shaft 895 is round by 42 indicates that rotating the first part 896 by just
one tooth provides 8.57 degrees of rotation. Now, engagement surface 1004 on
the second part 897 might have 43 splines or teeth. Thus, rotating the first part
896 relative to the second part 897 provides an adjustment of 8.57 degrees
dividing by 43, or a relative adjustment of 0.2 degrees. Relative to each motor and
gear box 891 on either side, then, the relative adjustment is 0.2 degrees divided by
two (because there are two sides, each with its own motor and gear box §91),
indicating a relative adjustment of 0.1 degrees. This adjustability of 0.1 degrees
for each incremental clock or rotation of the first part 896 relative to the second
part 897 is less than the relative play and/or backlash in the entire gear train.
[00224] Alternatively, rather than mechanically coupling the motor and
associated gear box 891 on each side with a shaft 8§95, the motor and associated
gear box 891 might be capable of individual and separate operation. In this
embodiment, a controller operates to ensure that each motor and associated gear
box 891 operate synchronously notwithstanding the fact that the two are not
mechanically coupled. To achieve this, some embodiments of the crane utilize an
active control system. In such a system, encoders or other position and load

sensors send signals reflective of the mast position, the counterweight position, the
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counterweight support boom position, the load on the hook, the counterweight
load, and other parameters to a controller, such as a general or specific purpose
computer programmed to receive such data. For example, digital or analog
encoders coupled to the motor and gear box 891 and/or the gear 894 can generate
a signal reflective of the position of each and transmit the data to the controller.
The controller, in turn, uses that data to determine the relative positions of each
side of the counterweight support beam movement device 890 and sends a signal
to one and/or the other motor and associated gear box 891 to ensure that it remains
positionally synchronized with the associated gear box and motor §91.
(Embodiments of such a positional control system are equally applicable to the
counterweight movement device 860.)

[00225] This process of incrementing or clocking these components at the shaft
provides for controlled adjustment of the system to ensure the operative alignment
of all the components. By selecting the proper gear/splines/teeth on the first
engagement surface 899 and second engagement surface 1004 relative to the
collective gear ration of each respective motor and gear box 891/gear 894, it is
significantly easier and less time consuming to align two motors and associated
gear boxes 891/gears 894 as compared to the embodiment with a solid shaft.
[00226] The counterweight unit 835 is supported on the counterweight support
beam 859 in a movable relationship with respect to the counterweight support
beam 859. The counterweight unit movement device 860 is identical to the
counterweight unit movement device 760 and is connected between the
counterweight support beam 859 and the counterweight unit 835 so as to be able to
move the counterweight unit 835 toward and away from the boom 822. The
counterweight unit 835 may be moved to and held at a position in front of the top
870 of the fixed mast 817 and moved to and held at a position rearward of the top
870 of the fixed mast 817.

[00227] The counterweight unit 835 comprises a counterweight tray 833 pinned
or otherwise coupled to a movable trolley 870 (FIG. 77). The same structure that
moved the counterweight tray 733 in crane 710 is used to move the counterweight

tray 833 in crane 810. Figure 71 best illustrates the connection of the
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counterweight support beam 859 to the counterweight tray 833. The counterweight
tray 833 is suspended beneath the counterweight support beam 859.

[00228] The trolley 870 rides on four rollers 876, like rollers 776, that engage
the surface 855 along each side member 862 of the counterweight support beam
859. The trolley 870 optionally includes horizontal rollers (not illustrated), similar
to side or horizontal rollers 779 discussed above.

[00229] The counterweight unit movement device 860 is identical to the
counterweight unit movement device 760 as described above. Gears, such as
gears 774, engage with the teeth 837 on the two side members 862 of the
counterweight support beam 859 to move the trolley 870 with respect to the
counterweight support beam 859 as the motor and gearbox turns the gear. In this
way the counterweight unit 835 can move with respect to the counterweight
support beam 859 and/or the rotating bed 820 by being mounted on trolley §70.
[00230] In this embodiment, the counterweight unit 835 is movable to a position
in front of the rear-most fixed portion 803 of the rotating bed 820. In addition,
since the counterweight beam 859 can move rearwardly, and the counterweight
unit 835 can move rearwardly on the counterweight support beam 859, the
counterweight unit 835 may be moved to and held at a first position in front of the
top 870 of the fixed mast 817, and moved to and held at a second position
rearward of the top 870 of the fixed mast 817.

[00231] The counterweight support beam 859 also includes at least one or more
counterweight support engagement bars 875 positioned on a top 874 of at least one
of the side members 862 of the counterweight support beam 859. A surface 876 of
the counterweight support engagement bars 875 engages the rotating bed 820,
either directly or indirectly through a lug (not illustrated), such as lug 532
illustrated in FIGs. 74 and 75. As discussed above, the support engagement bars
875 thus are able to transfer load from the counterweight support beam 859
directly to the rotating bed 820 when the counterweight support beam is in the
fully retracted position.

[00232] Figures 82 — 89 disclose a crane 910 similar in many respects to the

crane 810 and incorporates the same features and elements except as modified and
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described below. In addition to the live mast 928, this embodiment includes a
fixed position mast 917. In the crane 910, as with the other embodiments
disclosed herein, the carbody 912 is not provided with any separate functional
counterweight, and the movable counterweight unit 935 is never supported by the
ground during crane pick, move and set operations other than indirectly by
movable ground engaging members 914 on the carbody 912.

[00233] As with crane 810, the rotating bed 920 includes a counterweight
support frame 932, either formed integrally with the rotating bed 920 or in the
form of a welded plate structure coupled to the rotating bed 920. In this
embodiment, the counterweight support frame 932 supports a movable
counterweight support beam 959 in a movable relationship with respect to the
counterweight support frame 932 and the rotating bed 920.

[00234] Unlike the counterweight support beam 859 that was supported below
the counterweight support frame 832, in this embodiment the counterweight
support frame 932 effectively lies within the same horizontal plane 1020 as the
counterweight support beam 959. When the counterweight support beam 959 is
positioned nearest to an axis of rotation 902 of the rotating bed 920 the
counterweight support beam 959 nests within the counterweight support frame
932. Stated differently, the rotating bed 920 includes a recess 1010 between
opposite sides of the counterweight support frame 932. The recess 1010 is
configured to receive at least a front portion 971 of the counterweight support
beam 959 and, in some embodiments a majority of a length of the counterweight
support beam 959 when the counterweight support beam moves towards the axis
of rotation 902 and/or when the counterweight support beam 959 is positioned a
distance from the axis of rotation 902 that is less than the maximum extension of
the counterweight support beam 959 from the axis of rotation 902. As will be
appreciated, the counterweight support beam 959 and associated elements may be
added to crane 710 as an aftermarket addition to increase the capacity of the crane
710.

[00235] In this embodiment, the counterweight support frame 932 includes a

surface 954. Flanges 939 provide the surface 954. Replaceable wear surfaces (not
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labeled) optionally are attached to the surface 954. In addition, one or more
individually replaceable sections of steel bar 931 are positioned on a lower surface
919 of the counterweight support frame 932. In some embodiments, the steel bar
931 forms the surface 954 opposite of a side that includes machined or forged
teeth (not illustrated), similar to forged teeth 736. The steel bar 931 with the teeth
forms a rack.

[00236] The crane 910 uses a counterweight support beam movement device
990 identical to the counterweight support beam movement device 890. Thus, in
this embodiment, the counterweight movement system includes a counterweight
unit movement device 960 and a counterweight support beam movement device
990. The counterweight support beam movement device 990 includes a frame 993
with a plurality of rollers 992 as best illustrated in FIG. 87. The vertical rollers
992 engage the surface 954 along each side of the counterweight support frame
932. The counterweight support beam movement device 990 includes at least one
motor and associated gear 991 that a gear 994 connected to the frame 993.

[00237] This counterweight support beam movement device 990 is connected
between the counterweight support beam 959 and the counterweight support frame
932 and/or the rotating bed 920 such that the counterweight support beam 959 can
be moved with respect to the length of the rotating bed 920 away from the axis of
rotation 902 at the rotational connection of the rotating bed 920, and extended
rearwardly of the rear-most fixed portion 903 of the rotating bed 920. The
movement of the counterweight support beam 959 is generally horizontal and in a
direction in line with a length of the counterweight support beam 959. The gears
994 engage with the teeth on the bar/rack 931 on the two sides of the
counterweight support frame 932 to move frame 993 with respect to the
counterweight support frame 932 as the motor and gearbox 991 turns the gear 994.
[00238] The counterweight support beam 959 can be solid, formed of
rectangular or tubular structures, or other configurations. The embodiment
disclosed in FIGs. 86 — 89 illustrates a counterweight support beam 959 that is U-
shaped when viewed from above and made from two spaced apart side members

962 connected together in the rear 977 by a cross member 964. The front ends
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971 of the two side members 962 connect to a counterweight support beam
movement device 990, which is moveably mounted on a counterweight support
frame 932 on the rotating bed 920.

[00239] In this particular embodiment, the counterweight support beam 959
includes at least one lateral extension 1030 proximate the rear 977 of the
counterweight support beam. As illustrated, there exists a lateral extension 1030
on cach side of the counterweight support beam 859. On the lateral extension
1030, and much like the sides 862 of the counterweight support frame 832, there is
a surface 955, as best seen in FIGs. 87 - 89. Flanges 938 provide the surface 955.
Replaceable wear surfaces (not labeled) optionally are attached to the surface 955.
In addition, one or more individually replaceable sections of steel bar 936, like
steel bar 836, may be bolted or otherwise positioned on a lower surface 918 of the
lateral extension 1030 and/or the counterweight support beam 959 with fasteners
of known types, such as socket head cap screws. In some embodiments, the steel
bar 936 forms the surface 955 opposite of a side that includes machined or forged
teeth 937 similar to forged teeth 836. The steel bar 936 with the teeth 937 forms
another rack.

[00240] It may be seen, then, that the steel bar/rack 931 on the counterweight
support frame 932 and the steel bar/another rack 936 on the lateral extension 1030
of the counterweight support beam 959 align in a linear direction. When the
counterweight support beam 959 is in its forward-most position, i.¢., the forward
part or portion 971 of the counterweight support beam 959 is closest to the axis of
rotation 902, the counterweight movement unit 960 and, more particularly, the
gears associated with it, can sequentially engage the rack 931 and the another rack
936 to move the trolley 970 and the counterweight unit 935 from the
counterweight support frame 932 to the counterweight support beam 959 and vice-
versa. Stated in yet another way, the rack 931 on the counterweight support frame
932 and the another rack 936 on the counterweight support beam 959 are
functionally contiguous when the counterweight support beam 959 is positioned

closest to the axis of rotation 902 so that the counterweight unit movement device
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960 can move the counterweight unit 935 between the counterweight support
beam 959 and the counterweight support frame 932.

[00241] The counterweight unit 935 is identical to the counterweight unit 835
but for the fact that counterweight unit 935 travels from the counterweight support
beam 959 to the counterweight support frame 932, which really is a function of the
structure of the counterweight support beam 959. The counterweight unit 935
includes a counterweight tray 933 pinned or otherwise coupled to a movable
trolley 970 (FIG. 87).

[00242]  The trolley 970 rides on four rollers 976 (like rollers 776) that engage
the surface 955 along each lateral extension 1030 of the counterweight support
beam 959 and the surface 954 of the counterweight support frame 932 depending
on the relative position of the counterweight unit 935 as discussed above. The
trolley 970 optionally includes horizontal rollers (not illustrated).

[00243] The counterweight unit movement device 960 is identical to the
counterweight unit movement devices 760 and 860 as described above and
therefore will not be repeated here.

[00244] In this embodiment, the counterweight unit 935 also is movable to a
position in front of the rear-most fixed portion 903 of the rotating bed 920. In
addition, since the counterweight beam 959 can move rearwardly, and the
counterweight unit 935 can move rearwardly on the counterweight support beam
959, the counterweight unit 935 may be moved to and held at a first position in
front of the top of the fixed mast 917, and moved to and held at a second position
rearward of the top of the fixed mast 917.

[00245] The counterweight support beam 959 also includes at least one or more
counterweight support engagement bars 975 positioned on a top 974 of at least one
of the side members 962 of the counterweight support beam 959. A surface 976 of
the counterweight support engagement bars 975 engages the rotating bed 920 as
discussed above with respect to counterweight support engagement bars 875.
[00246] The relevant invention for purposes of this application will now be
described. With each of the following embodiments, each may incorporate some

or all of the features described above. Any elements from each of the earlier
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embodiments discussed earlier that are not expressly discussed are incorporated
and included as if reprinted here.

[00247] Figures 90 - 95 illustrate other embodiments of a crane that includes
one or more auxiliary members that, in combination with and/or as a supplement
to the various embodiments of the movable counterweight systems disclosed
above, contribute to the stability of the crane in atypical and/or unintended
circumstances, such as sudden loss of load, in which the operating conditions fall
outside the normal operating parameters.

[00248] In a first embodiment and a second embodiment, shown in Figures 90
and 91, crane 1010 is similar to the cranes 10 and 710 with the differences now
explained. The mobile lift crane 1010 includes lower works, or carbody, 1012,
ground engaging members 1014; and a rotating bed 1020 rotatably connected to
the carbody 1012 about an axis 1002 of rotation that provides a plane of rotation
1007 perpendicular to the axis 1002.

[00249] The movable ground engaging members 1014 on the crane 1010 are in
the form of two crawlers, only one of which can be seen from the side view of
FIGS. 90 and 91. (FIGS. 90 and 91 are simplified for sake of clarity and only
show a portion of the boom and mast.) In the crane 1010, the movable ground
engaging members 1014 could be multiple sets of crawlers, such as two crawlers
on each side, or other movable ground engaging members, such as tires. In the
crane 1010 the crawlers 1014 provide front and rear tipping fulcrums for the crane.
Figure 90 shows the rear tipping fulcrum 1016 and the front tipping fulcrum 1017
of crane 1010. Of course, the front and rear tipping fulcrums are discussed more
fully above in the background, as well as with the text associated with FIG. 1.
[00250] The rotating bed 1020 supports a boom 1022 pivotally mounted in a
fixed position on a front portion 1004 of the rotating bed 1020; a mast 1028
mounted at its first end 1005 on the rotating bed 1020; and a movable
counterweight unit 1035 having one or more counterweights or counterweight
members 1034 on a support member 1033 in the form of a counterweight tray.

The rotating bed 1020 has a rear-most fixed portion 1003 as best seen in FIG. 91.
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[00251] A boom hoist system (not illustrated) on crane 1010, like that of the
boom hoist system 6 in FIG. 1, allows the angle of the boom 1022 relative to a
plane of rotation 1007 of the rotating bed 1020 to be changed. The boom hoist
system includes those features and elements described above in detail with respect
to crane 710 and 10. The live mast 1028 is pivotably mounted to the rotating bed
1020 or alternatively could be used as a fixed mast during normal crane operation,
much like mast 28 as discussed above.

[00252] The various embodiments of the auxiliary members may be used with
any of the counterweights, counterweight units, counterweight support frames,
counterweight support beams, counterweight movement devices, and
counterweight support devices discussed above. The counterweight unit 1035 is
movable with respect to the rest of the rotating bed 1020. In the crane 1010, the
rotating bed 1020 includes a counterweight support frame 1032, either formed
integrally with the rotating bed 1020 or in the form of a welded plate structure
coupled to the rotating bed 1020. The counterweight support frame 1032 supports
the movable counterweight unit 1035 in a movable relationship with respect to the
counterweight support frame 1032 and the rotating bed 1020.

[00253] While FIGS. 90 and 91 illustrate only one auxiliary member 1046, there
may be two or more auxiliary members 1046 on the crane 1010.

[00254] The auxiliary members 1046 may be permanently or releasably coupled
to the crane 1010. For example, a pin-and-hole system may provide a releasable
connection of the auxiliary member 1046 to the crane 1010. In some
embodiments, the auxiliary members 1046 are pivotably coupled, either
permanently or releasably, to the crane 1010. In other words, the auxiliary member
1046 can be pivoted or rotated upwards and/or laterally away from the underside
of whichever component to which it is coupled. For example, the auxiliary
member 1046 is coupled proximate the fixed rear-most portion 1003 of the
rotating bed 1020. This auxiliary member 1046 can pivot or flip-upwards to
provide greater clearance between the ground and the rotating bed. An auxiliary
member 1046 that is pivotable can account for uneven terrain and/or obstacles at a

work site by have the ability to rotate or flip-up and out of the way, thereby
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provide a means to significantly and/or rapidly adjust the height 1049 beneath the
auxiliary member 1046.

[00255] The auxiliary members 1046 may be coupled to the crane 1010 in any
suitable location on the crane 1010. As just a few examples of these locations, the
auxiliary members are coupled to the counterweight unit 1035, which may include
coupling the auxiliary member 1046 to the counterweight tray 1033 as illustrated
in FIG. 90 or to another portion of the counterweight unit 1035. The auxiliary
member 1046 alternatively may be coupled to the rotating bed 1020 (FIG. 91).
Typically, the auxiliary member is positioned proximate the rear-most portion of
the structure to which it is coupled, although the auxiliary member may be
positioned anywhere on the structure to which it is structured. For example, the
auxiliary member 1046 optionally is positioned proximate the rear-most fixed
portion 1003 of the rotating bed 1020.

[00256] In those embodiments in which the auxiliary member is coupled to the
counterweight unit 1035, the auxiliary member 1046 moves in conjunction with
the counterweight unit 1035 both towards and away from the axis of rotation 1002
and/or the rear-most fixed portion 1003 of the crane 1010.

[00257] The at least one auxiliary member 1046 includes a counterweight pad
1047. Collectively, the auxiliary member 1046 and the counterweight pad 1047
are similar to the support foot 182 discussed above. The counterweight pad 1047
may be of various sizes and shapes, including square, rectangular, round, and oval.
The counterweight pad 1047 may also be of various sizes and dimensions, and
typically have a size that is in part a function of at least one of the weight or load it
may have to support as well as the condition and/or density of the ground upon
which it would be set.

[00258] Embodiments of the crane 1010 include a linear actuator 1048 that is
configured to adjust a distance 1049 that the counterweight pad 1047 is above the
ground. The linear actuator 1048 is another linear actuator, or a second linear
actuator, and in some embodiments may be different or separate from any linear
actuator associated with a counterweight movement device and/or counterweight

support beam movement device that is configured to move primarily or directly
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any counterweight support unit or any counterweight support beam. The linear
actuator 1048 provides a stroke or distance over which the linear actuator 1048
moves to adjust the distance 1049. The linear actuator 1048 may include
individually or in combination various hydraulic cylinders; rack and pinion
systems; drive screws; pulleys and ropes/chains; manual systems, such as a series
of holes and pins and/or ratchet and pawl systems; and other similar linear
actuators.

[00259] In some embodiments, the linear actuator 1048 couples the auxiliary
member 1046 to the counterweight pad 1047. Alternatively, the linear actuator
1048 couples the auxiliary member 1046 to one of the rotating bed 1020,
counterweight unit 1035, and the counterweight support beam 1159 (discussed
below).

[00260] The auxiliary member 1046 and counterweight pad 1047, similar to the
various counterweights and counterweight units discussed above, do not touch the
ground during a pick, move, and set operation. In other words, with the
counterweight pad 1047 and the auxiliary member 1046 free of the ground, neither
the counterweight pad 1047 or the auxiliary member 1046 provides a vertical
component of force 1053 to the crane 1010 when the distance of the center of
gravity rearward from the axis of rotation 1002 is less than the distance of the rear
tipping fulcrum 1016 from the axis of rotation 1002.

[00261] In an unlikely event that there is an unplanned or unexpected release of
the load from the hook, or other event that causes the crane 1010 to be unstable,
the auxiliary member 1060 is designed to prevent backward tipping. The crane’s
center of gravity with a load suspended from the boom 1022 typically may fall
between the rear-tipping fulcrum 1016 and the front tipping fulcrum 1017, often
times proximate the axis of rotation 1002. Should the load suspended from the
boom 1022 suddenly and unintentionally be released, for example, the center of
gravity suddenly may now be located rearward of the rear-tipping fulcrum 1016.
As another example, in atypical situations the tension acting on the mast through
the pendant coupling the boom 1022 to the mast is insufficient to keep the mast

from rotating backwards. As a consequence in each case, the crane 1010 may
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rotate backwards about the rear tipping fulcrum 1016 such that the distance 1049
between the ground and the at least one auxiliary member 1046 and the
counterweight pad 1047 decreases. Such a circumstance is considered an atypical
situation, one that expressly is not part of a pick, move, and set operation. In some
instances, the distance 1049 decreases sufficiently so that the counterweight pad
1047 contacts the ground, thereby causing the ground through the counterweight
pad 1047 and the auxiliary member 1046 to exert a vertical component of force
1053 to the crane 1010.

[00262] As another example, an external force, such as a high wind acting upon
the boom 1022, may cause not the location of the center of gravity to change.
Rather, the force may cause the center of moment of the crane to change. Such a
situation, depending on the orientation of the force (e.g., a force acting from the
front of the crane towards the rear of the crane) may also cause the crane 1010 to
rotate backwards about the rear tipping fulcrum 1016 such that the distance 1049
between the ground and the at least one auxiliary member 1046 and the
counterweight pad 1047 decreases even though the center of gravity remains
forward of the rear tipping fulcrum 1016. Such a circumstance, too, is considered
an atypical situation, one that expressly is not part of a pick, move, and set
operation. In some instances, the distance 1049 decreases sufficiently so that the
counterweight pad 1047 contacts the ground, thereby causing the ground through
the counterweight pad 1047 and the auxiliary member 1046 to exert a vertical
component of force 1053 to the crane 1010.

[00263] Optionally, the crane 1010 (and crane 1110, below) may include a
position and distance detection system 1060, as illustrated in FIG. 91. The
distance detection system 1060 is configured to calculate the distance 1049 that
the counterweight pad 1047 is above the ground. The distance detection system
1060 is also configured to actuate the linear actuator 1048 to adjust the distance
1049 that the counterweight pad 1047 is above the ground. For example, the
distance detection 1060 system may manually or automatically adjust the linear
actuator 1048 so that the counterweight pad 1047 remains a fixed distance 1049

above the ground during a pick, move, and set operation, regardless of whether or
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not the elevation of the ground beneath the counterweight pad 1047 changes as the
counterweight unit 1035 moves and the rotating bed 1020 rotates during the
operation. Alternatively, the distance detection system 1060 may vary the relative
distance 1049 that the counterweight pad 1047 is above the ground depending on a
variety of criteria.

[00264] The distance detection system 1060 includes a sensor 1061 configured
to detect a distance from the sensor 1061 to the ground. Depending on where the
sensor 1061 is located, the distance it detects may be the distance 1049 between
the counterweight pad 1047 and the ground or it may be the distance from the
sensor 1061 to the ground. In the latter instance, the distance 1049 may be
calculated by knowing the relative position between the sensor 1061 and the
counterweight pad 1047 as determined through engineering specifications and as
supplemented by a position sensor associated with the linear actuator 1048.
[00265] The sensor 1061 includes various types. For example, the sensor 1061
may be selected from a group that includes an acoustic sensor, a string-pot sensor,
and a laser sensor, as well as other such sensors.

[00266] In some embodiments, the distance detection system 1060 includes an
operator alert in the crane operator’s cab. The operator alert may be visual, audio,
or both. The operator alert may draw the operator’s attention to a situation in
which the distance 1049 between the counterweight pad 1047 and the ground falls
inside and/or outside of a predetermined range. In addition or alternatively, the
operator alert may draw the operator’s attention to a situation in which there is not
a solid surface, such as the ground, beneath the counterweight pad 1047. Such a
situation might occur, for example, when the crane 1010 is operating on a barge
and the counterweight pad 1047 is positioned above water. In such a situation, the
water would not provide a stable surface upon which the counterweight pad 1047
might stop. The operator alert, then, draws the operator’s attention to this situation
to inform her that she should not rely on the supplemental support that the
counterweight pad 1047 and auxiliary member 1046 might otherwise provide in an

exceptional circumstance, such as a loss of load.
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[00267] The distance detection system 1060 may include an operating program,
memory storage device, and general computer or calculating system that can
receive data signals from the sensor 1061, calculate the distance 1049, and provide
the operator alerts.

[00268] In addition, the operating program may be configured so that the
operator can define the spatial limits within which the crane and the movable
counterweight system can operate so as to ensure that the auxiliary member 1046
and the counterweight pad 1047 can be relied upon in an exceptional
circumstance. For example, consider an operation in which a crane is on a barge
and might rotate so that the counterweight unit and auxiliary member extend over
the water, as discussed above. In such a circumstance, the operator might enter
the spatial limits, such as a range of or degree of rotation of the rotating bed to
limit operation of the crane to those positions in which the auxiliary member 1046
and the counterweight pad 1047 remain above a solid surface. The operating
program might then provide an alert to the operator when the crane approaches
these limits. Alternatively, the program might prevent the operating from
operating the crane in those areas that the operator defined as being outside of the
safe operating parameters, namely those areas in which there is not a sufficiently
solid surface upon which the auxiliary member 1046 and the counterweight pad
1047 might stop in the event of an exceptional circumstance.

[00269] Figures 92 discloses a crane 1110 similar in many respects to the crane
110 and cranes 810 and 910 and incorporates the same features and elements
except as modified and described below. The rotating bed 1120 supports a boom
1122 pivotally mounted in a fixed position on a front portion 1104 of the rotating
bed 1120. The rotating bed 1120 has a rear-most fixed portion 1103. In addition
to the live mast 1128, this embodiment includes a fixed position mast, or fixed
mast, 1117 that typically is held in a fixed position relative to the rotating bed
1120 during a pick, move, and set operation. The rotating bed 1120 is rotatably
connected to the carbody 1112 about an axis 1102 of rotation that provides a plane
of rotation 1107 perpendicular to the axis 1102. In the crane 1110, as with the

other embodiments disclosed herein, the rotating bed 1120 is not provided with
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any separate functional counterweight, and the movable counterweight unit 1135
is never supported by the ground during crane pick, move and set operations other
than indirectly by movable ground engaging members 1114 on the rotating bed
1120.

[00270] As discussed above, the movable ground engaging members 1114 on
the crane 1110 are in the form of two crawlers. In the crane 1110 the crawlers
1114 provide front and rear tipping fulcrums for the crane. Figure 92 shows the
rear tipping fulcrum 1116 and the front tipping fulcrum 1117 of crane 1110.
[00271] As with crane 1010, the rotating bed 1120 includes a counterweight
support frame 1132, either formed integrally with the rotating bed 1120 or in the
form of a welded plate structure coupled to the rotating bed 1120. In this
embodiment, the counterweight support frame 1132 supports a movable
counterweight support beam 1159 in a movable relationship with respect to the
counterweight support frame 1132 and the rotating bed 1120. One or more
counterweights or counterweight members 1134 are positioned on a support
member 1133 in the form of a counterweight tray.

[00272] The cranc 1110 further includes a tension member 1131 connected
between the fixed mast 1117 and the counterweight support beam 1159, typically,
although in some embodiments the tension member may be coupled to the
counterweight unit 1135. The tension member 1131 is similar in all purposes to
the tension member 131 of crane 110 discussed above. The tension member 1131
is preferably in the form of two sets of connected flat straps (only one set of which
can be seen in the side views) attached adjacent the top of the fixed mast 1117 and
supports the rear of counterweight support beam 1159 in a suspended mode. In
those embodiments in which the tension member 1131 has a fixed length, when
the counterweight support beam 1159 is moved rearwardly, the rear of the
counterweight support beam 1159 will move in an arc, with the center of arc being
the point where tension member 1131 connects to the top of fixed mast 1117.
Thus, the rear of the counterweight support beam 1159 and any counterweight pad
1147 (as discussed below) will rise slightly as it moves rearwardly. Alternatively,

a linear actuator 1148 coupled to the tension member 1131, as discussed below,
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will adjust the length of the tension member 1131 so that the counterweight
support beam 1159 and/or the counterweight pad 1147 will travel horizontally or
nearly horizontally as it moves rearwardly.

[00273] As with crane 1010, crane 1110 includes at least one auxiliary member
1146 and a counterweight pad 1147 that are otherwise identical to the auxiliary
member 1046 and counterweight pad 1047 except for any differences expressly
noted. While FIG. 92 illustrates only one auxiliary member 1146, there may be
two or more auxiliary members 1146 on the crane 1110.

[00274] The auxiliary members 1146 may be coupled to the crane 1110 in any
suitable location on the crane 1110. As just a few examples of these locations, the
auxiliary members are coupled to the counterweight unit (not illustrated, but as
discussed above with respect to crane 1010) and/or the rotating bed 1120 (not
illustrated, but as discussed above with respect to crane 1010). Other examples of
the location at which the auxiliary member 1146 may be positioned on crane 1110
include the counterweight support beam 1159. Typically, the auxiliary member is
positioned proximate the rear-most portion of the structure to which it is coupled,
although the auxiliary member may be positioned anywhere on the structure to
which it is attached.

[00275] In those embodiments in which the auxiliary member 1146 is coupled
to the counterweight support beam 1159, the auxiliary member 1146 moves in
conjunction with the counterweight support beam 1159 both towards and away
from the axis of rotation 1102 and/or the rear-most fixed portion 1103 of the crane
1110.

[00276] Embodiments of the crane 1110, such as those illustrated in FIG. 92,
include a linear actuator 1148 that is configured to adjust a distance 1149 that the
counterweight pad 1147 is above the ground. The linear actuator 1148 provides a
stroke or distance over which the linear actuator 1148 moves to adjust the distance
1149. In some instances, the linear actuator 1148 is configured to maintain the
distance 1149 that the counterweight pad 1147 is above the ground even if the
ground over which the crane 1110 travels is uneven, and thus the counterweight

tray 1133 is at a height that is higher or lower relative to the ground than when the
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crane 1110 is at another location. Optionally, the linear actuator 1148 is
configured to maintain the distance 1149 within a desired range that the
counterweight pad 1147 is above the ground.

[00277] Insome other embodiments, a linear actuator similar to linear actuator
1148 adjusts the height of the counterweight pad 1147 in different ways.

[00278] For example, in the embodiment shown in FIG. 93, the linear actuator
1248 couples the counterweight support beam 1159 to the rotating bed 1120.
Optionally, the auxiliary member 1146 is coupled to the counterweight support
beam 1159 in this embodiment. Adjustments in the length of linear actuator 1248
slightly change the angle of the counterweight support beam, but over the length
of the beam 1159 can provide significant adjustments to the elevation of the
counterweight pad 1147.

[00279] In yet another alternative embodiment illustrated in FIG. 94, the linear
actuator 1348 couples the counterweight support beam 1159 to the mast 1117.
More specifically, the linear actuator 1348 is connected between at least a portion
of the tension member 1131 and at least one of a) another portion of the tension
member 1131 (e.g., the linear actuator is positioned between the point where the
tension member 1131 connects to the counterweight support beam 1159 and the
mast 1117), b) the fixed mast 1117, c¢) the counterweight support beam 1159, and
d) the counterweight unit 1135 (in those embodiments in which the tension
member 1131 couples to the counterweight unit 1135). Illustrated in FIG. 94 is a
linear actuator 1348 that is connected between the counterweight support unit
1159 and the tension member 1131.

[00280] In yet another example, the linear actuator 1448 is coupled to at least
one of the rotating bed 1120 and the fixed mast 1117, as illustrated in FIG. 95.
For example, the linear actuator 1148 may be incorporated into a fixed mast stop
that comprises the linear actuator 1448 entirely, and is coupled directly to at least
one of the rotating bed 1120 and the fixed mast 1117. In other embodiments, the
linear actuator 1448 is coupled to a stay or other structural member 1151 that is
coupled to one or both of the rotating bed 1120 and the fixed mast 1117. As an

example, a stroke of several inches on the linear actuator 1448 in FIG. 95 in which
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the linear actuator 1448 is connected to the fixed mast 117 and the rotating bed
1120 may provide several feet of vertical adjustment of the distance 1149 between
the counterweight pad 1147 and the ground when the counterweight unit 1135 is
positioned the most rearward from the axis of rotation 1102. In some
embodiments, the linear actuator 1448 is configured to draw the fixed mast 1117
towards the rotating bed 1120 and/or to extend and push the fixed mast 1117 away
from the rotating bed 1120 and, in so doing, adjust the height 1149 of the auxiliary
members 1146 above the ground and, in some instances maintain the height 1149
of the auxiliary members 1146 above the ground when the ground elevation
changes.

[00281] Another embodiment of such a system is discussed above with respect
to FIGS. 61 and 62 within the context of setting the counterweight support beam
on the rotating bed of the crane. As discussed with respect to FIG. 61 and 62,
setting the counterweight support beam on the rotating bed would adjust the height
of the auxiliary member above the ground. Rather than relying upon the moment
of the counterweight system to exceed the offsetting moment of the combined
boom and load moment as discussed above, however, the live mast 1128 may be
drawn towards the rotating bed 1120 with the adjustable length rigging 1152
coupled to the rotating bed 1120 and the live mast 1128 as illustrated in FIG. 95;
doing so would draw the fixed mast 1117 and the boom 1122 backwards - or just
the boom 1122 in those embodiments lacking a fixed mast 1117 - to a slight
degree. In the alternative, the rigging 1152 would be let out and the moment of
the boom 1122 would draw the fixed mast 1117, if present, and the live mast 1128
forward. Alternatively or in combination with relying on the moment of the boom
1122 to draw the fixed mast 1117 and/or the live mast 1128 forward, the lincar
actuator 1448 can be extended to push the fixed mast 1117 forward. The fixed
mast 1117 still remains a fixed mast in such circumstances, despite the minimal
movement, as described and defined above. In effect, then, the adjustable length
rigging 1152 is another, or a second, linear actuator.

[00282] The adjustable length rigging 1152 typically is the form of ropes and

sheaves coupled to the live mast 1128 and a drum or other form of tensioner (not
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illustrated) coupled to the rotating bed 1120. In some embodiments, the adjustable
length rigging 1152 is in the form of hydraulic cylinders or other types of linear
actuators rather than, or in addition to, ropes and sheaves.

[00283] Instead of causing the counterweight support beam to rest upon the
rotating bed as discussed above, however, drawing the fixed mast 1117 towards or
away from the rotating bed, singly or in combination with any effect of the linear
actuator 1448, would cause the height or distance 1149 of the auxiliary member
1146 above the ground to change.

[00284] In each of the embodiments of Figures 92-95, the mast stop 1151 may
be designed to compress over a short distance in the event of a sudden release of
load, to the point that the mast 1117 can pivot backward a few degrees. In that
situation, the counterweight pad 1147 may then engage the ground without the
crane 1110 actually tipping backward.

[00285] With the various embodiments of each of the crancs above, a method of
operating the mobile lift crane involves performing a pick, move and set operation
with a load wherein the movable counterweight unit is moved toward and away
from the front portion of the rotating bed during the pick, move and set operation
to help counterbalance the combined boom and load moment, and wherein the
counterweight unit stays on the counterweight support beam during the pick, move
and set operation. The counterweight support beam and counterweight unit both
move to counterbalance the crane as the combined boom and load moment
changes. Further, the counterweight unit may be moved with respect to the
counterweight support beam during the pick, move and set operation to help
counterbalance the combined boom and load moment.

[00286] Preferred cranes of the present invention have a movable upperworks
counterweight unit that rotates with the rotating bed and a counterweight
movement system connected between the rotating bed and the counterweight unit.
The counterweight unit may be moved to and held at both a forward position and a
rearward position, but is never supported by the ground during crane pick, move
and set operations other than indirectly by the movable ground engaging members

on the carbody. The ratio of i) the weight of the upperworks counterweight unit to
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i1) the total weight of the crane equipped with a basic boom length is greater than
52%, preferably greater than 60%. In some embodiments, the counterweight unit
is supported on a counterweight support frame that is provided as part of the
rotating bed, and the counterweight unit is in a movable relationship with respect
to the counterweight support frame.

[00287] The invention is particularly applicable to cranes that have a capacity of
greater than 200 metric tonne, and more preferably greater than 300 metric tonne.
[00288] It will be appreciated that the invention includes a methods of operating
a lift crane during a pick, move, and set operation. In embodiments of such
methods the lift crane includes a carbody, movable ground engaging members
mounted on the carbody allowing the lift crane to move over the ground, and a
rotating bed having a front portion and a rear-most fixed portion. The rotating bed
is rotatably connected to the carbody about an axis of rotation that provides a
plane of rotation perpendicular to the axis. The rotating bed also includes a
counterweight support frame, a boom pivotally mounted about a fixed boom hinge
point on the rotating bed and including a load hoist line for handling a load, and a
mast connected to the rotating bed. A counterweight unit movement device that
includes a linear actuator is configured to move a counterweight unit relative to
the rotating bed. At least one auxiliary member includes a counterweight pad, and
another, or a second, linear actuator configured to adjust a distance that the
counterweight pad is above the ground.

[00289] The method, in turn, comprises moving the counterweight unit relative
to the carbody during the pick, move, and set operation while simultaneously
adjusting the distance that the counterweight pad is above the ground.

[00290] The method further optionally includes calculating a distance that the
counterweight pad is above the ground with a detection system; detecting a
distance from a sensor configured to detect the distance from the sensor to the
ground; maintaining the counterweight pad at a fixed distance above the ground;
alerting an operator of the distance the counterweight pad is above the ground; and

actuating the linear actuator to move the counterweight unit relative to the carbody
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and actuating the second, or another, linear actuator to adjust the distance that the
counterweight pad is above the ground.

[00291] It should be understood that various changes and modifications to the
presently preferred embodiments described herein will be apparent to those skilled
in the art. For example, the boom hoist system could comprise one or more
hydraulic cylinders mounted between the boom and the rotating bed to change the
angle of the boom. Instead of a live mast or lattice mast, a fixed gantry could be
used to support boom hoist rigging. In this regard, such a gantry is considered to
be a mast for purposes of the following claims. The crane 10 could be modified to
include a lattice mast such as is used on crane 110 but with just the movable
counterweight on counterweight support frame 32 rather than with a
counterweight support beam 160, in which case the boom hoist rigging would
include an equalizer between the lattice mast and the boom. If the crane is set up
this way on a job site, it can perform smaller lifts as initially set up, and then have
the counterweight support beam 160 added to make the crane 110 without having
to set up the crane again. Further, parts of the crane need not always be directly
connected together as shown in the drawings. For example, the tension member
could be connected to the mast by being connected to a backhitch near where the
backhitch is connected to the mast. Such changes and modifications can be made
without departing from the spirit and scope of the present invention and without
diminishing its intended advantages. It is therefore intended that such changes and

modifications be covered by the appended claims.
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CLAIMS

d)

g)

h)

2.

What is claimed is:

A lift crane comprising:

a carbody;

movable ground engaging members mounted on the carbody allowing the
lift crane to move over the ground, the movable ground engaging members
including a front tipping fulcrum and a rear tipping fulcrum for the crane;
a rotating bed having a front portion and a rear-most fixed portion, the
rotating bed being rotatably connected to the carbody about an axis of
rotation that provides a plane of rotation perpendicular to the axis, the
rotating bed including a counterweight support frame ;

a boom pivotally mounted about a fixed boom hinge point on the rotating
bed and including a load hoist line for handling a load;

a mast connected to the rotating bed;

a counterweight unit movement device that includes a first linear actuator
configured to move a counterweight unit forward of the rear tipping
fulcrum,;

at least one auxiliary member that includes a counterweight pad, the
auxiliary member being configured such that the counterweight pad does
not touch the ground during a pick, move, and set operation; and

a second linear actuator configured to allow for adjustment of a distance

that the counterweight pad is above the ground.

The lift crane of claim 1, wherein the auxiliary member is coupled to one of

the counterweight unit and the rotating bed and wherein the second linear actuator

connects to the auxiliary member and the counterweight pad.
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3. The lift crane of claim 1, further comprising counterweight support beam
movably connected to the rotating bed such that the counterweight support beam
can be moved forward towards the front portion of the rotating bed and rearward
beyond the rear-most fixed portion of the rotating bed, wherein the auxiliary
member is coupled to one of the counterweight unit, the rotating bed, and the

counterweight support beam.

4. The lift crane of claim 3, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising:

a) a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

b) a tension member connected to the fixed mast and connected to at least one
of the counterweight unit and the counterweight support beam; and,

c) wherein the second linear actuator is connected between at least a portion
of the tension member and at least one of another portion of the tension
member, the fixed mast, the counterweight support beam, and the

counterweight unit.

5. The lift crane of crane 3, wherein the second linear actuator is coupled to

the auxiliary member and the counterweight pad.

6. The lift crane of claim 3, wherein the second linear actuator is coupled to

the rotating bed and the counterweight support beam.

7. The lift crane of claim 1, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising:

a) a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

b) wherein the second linear actuator is coupled to at least one of the rotating

bed and the fixed mast.
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8. The lift crane of claim 3, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising

a) a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

b) wherein the second linear actuator is coupled to at least one of the rotating

bed and the fixed mast.

9. The lift crane of any of claims 1 — 8, wherein the second linear actuator is a

hydraulic cylinder.

10.  The lift crane of any of claims 1 — 9, wherein the counterweight pad is
configured to remain a fixed distance above the ground during the pick, move, and

set operation.

11.  The lift crane of claim 10, further comprising a distance detection system
configured to calculate the distance that the counterweight pad is above the

ground.

12.  The lift crane of claim 11, wherein the distance detection system includes a

sensor configured to detect a distance from the sensor to the ground.

13.  The lift crane of claim 12, wherein the sensor is selected from a group

consisting of an acoustic sensor, a string-pot sensor, and a laser sensor.

14.  The lift crane of claim 11, wherein the distance detection system is
configured to actuate the second linear actuator to adjust the distance of the

counterweight pad above the ground during the pick, move, and set operation.

15.  The lift crane of claim 14, wherein the distance detection system is
configured to maintain the counterweight pad at a fixed distance above the ground

during the pick, move, and set operation.
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16.  The lift crane of any of claims 11 — 15, wherein the distance detection
system further comprises an operator alert configured to alert an operator to the

distance the counterweight pad is above the ground.

17.  The lift crane of claim 1, wherein the mast is a live mast pivotably
connected to the rotating bed and the linear actuator comprises adjustable length

rigging configured to couple the live mast to the rotating bed.

18. The lift crane of claim 3, further comprising adjustable length rigging

configured to couple the live mast to the rotating bed.

19. A lift crane having a center of gravity a distance from an axis of rotation of

the crane during a pick, move, and set operation, the lift crane comprising:

a) a carbody;

b) movable ground engaging members mounted on the carbody allowing the
lift crane to move over the ground, the movable ground engaging members
including a front tipping fulcrum and a rear tipping fulcrum for the crane;

c) a rotating bed having a front portion and a rear-most fixed portion, the
rotating bed being rotatably connected to the carbody about the axis of
rotation that provides a plane of rotation perpendicular to the axis, the
rotating bed including a counterweight support frame ;

d) a boom pivotally mounted about a fixed boom hinge point on the rotating
bed and including a load hoist line for handling a load;

e) a mast connected to the rotating bed;

f) a counterweight unit movement device that includes a first linear actuator
configured to move a counterweight unit forward of the rear tipping
fulcrum,;

g) at least one auxiliary member that includes a counterweight pad, the
counterweight pad configured to not provide a vertical component of force
to the lift crane when the distance of the center of gravity rearward from
the axis of rotation is less than the distance of the rear tipping fulcrum from

the axis of rotation;
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h) a second linear actuator configured to adjust a distance that the

counterweight pad is above the ground.

20.  The lift crane of claim 19, wherein the auxiliary member is coupled to one
of the counterweight unit and the rotating bed and wherein the linear actuator

connects to the auxiliary member and the counterweight pad.

21.  The lift crane of claim 20, further comprising a counterweight support
beam movably connected to the rotating bed such that the counterweight support
beam can be moved forward towards the front portion of the rotating bed and
rearward beyond the rearmost portion of the rotating bed, wherein the auxiliary
member is coupled to one of the counterweight unit, the rotating bed, and the

counterweight support beam.

22.  The lift crane of claim 21, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising

a) a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

b) a tension member connected to the fixed mast and connected to at least one
of the counterweight unit and the counterweight support beam; and,

c) wherein the second linear actuator is connected between at least a portion
of the tension member and at least one of another portion of the tension
member, the fixed mast, the counterweight support beam, and the

counterweight unit.

23.  The lift crane of crane 21, wherein the second linear actuator is coupled to

the auxiliary member and the counterweight pad.

24.  The lift crane of claim 21, wherein the second linear actuator is coupled to

the rotating bed and the counterweight support beam.

25.  The lift crane of claim 19, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising
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a) a fixed mast held in a fixed position relative to the rotating bed during the
pick, move, and set operation;
b) wherein the second linear actuator is coupled to at least one of the rotating

bed and the fixed mast.

26.  The lift crane of claim 22, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising

a) a fixed mast held in a fixed position relative to the rotating bed during the
pick, move, and set operation;

b) wherein the second linear actuator is coupled to at least one of the rotating

bed and the fixed mast.

27.  The lift crane of any of claims 19 — 26, wherein the second linear actuator

is a hydraulic cylinder.

28.  The lift crane of any of claims 19 — 27, wherein the counterweight pad
remains a fixed distance above the ground during the pick, move, and set

operation.

29.  The lift crane of claim 28, further comprising a distance detection system
configured to calculate the distance that the counterweight pad is above the

ground.

30.  The lift crane of claim 29, wherein the distance detection system includes a

sensor configured to detect a distance from the sensor to the ground.

31.  The lift crane of claim 30, wherein the sensor is selected from a group

consisting of an acoustic sensor, a string-pot sensor, and a laser sensor.

32.  The lift crane of claim 31, wherein the distance detection system is
configured to adjust the distance of the counterweight pad above the ground

during the pick, move, and set operation.
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33.

The lift crane of claim 32, wherein the distance detection system is

configured to maintain the counterweight pad at a fixed distance above the ground

during the pick, move, and set operation.

34.

The lift crane of any of claims 29 — 33, wherein the distance detection

system further comprises an operator alert configured to alert an operator to the

distance the counterweight pad is above the ground.

35.

The lift crane of claim 19, wherein the mast is a live mast pivotably

connected to the rotating bed and the linear actuator comprises adjustable length

rigging configured to couple the live mast to the rotating bed.

36.

The lift crane of claim 22, further comprising adjustable length rigging

configured to couple the live mast to the rotating bed.

37.

a)
b)

¢)

d)

g)
h)

A lift crane comprising:

a carbody;

movable ground engaging members mounted on the carbody allowing the
lift crane to move over the ground;

a rotating bed having a front portion and a rear-most fixed portion, the
rotating bed being rotatably connected to the carbody about an axis of
rotation that provides a plane of rotation perpendicular to the axis, the
rotating bed including a counterweight support frame ;

a boom pivotally mounted about a fixed boom hinge point on the rotating
bed and including a load hoist line for handling a load;

a mast connected to the rotating bed;

a counterweight unit in a movable relationship with respect to the rotating
bed;

at least one auxiliary member that includes a counterweight pad;

a linear actuator configured to adjust a distance that the counterweight pad

is above the ground and,
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1) a distance detection system configured to calculate the distance that the
counterweight pad is above the ground and configured to actuate the linear
actuator to adjust the distance that the counterweight pad is above the

ground.

38.  The lift crane of claim 37, wherein the auxiliary member is coupled to one
of the counterweight unit and the rotating bed and wherein the linear actuator

connects to the auxiliary member and the counterweight pad.

39.  The lift crane of claim 37, further comprising a counterweight support
beam movably connected to the rotating bed such that the counterweight support
beam can be moved forward towards the front portion of the rotating bed and
rearward beyond the rearmost portion of the rotating bed, wherein the auxiliary
member is coupled to one of the counterweight unit, the rotating bed, and the

counterweight support beam.

40.  The lift crane of claim 39, wherein the mast is a live mast pivotably

connected to the rotating bed, the lift crane further comprising

a) a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

b) a tension member connected to the fixed mast and connected to at least one
of the counterweight unit and the counterweight support beam; and,

c) wherein the linear actuator is connected between at least a portion of the
tension member and at least one of another portion of the tension member,
the fixed mast, the counterweight support beam, and the counterweight

unit.

41.  The lift crane of crane 40, wherein the linear actuator is coupled to the

auxiliary member and the counterweight pad.

42.  The lift crane of claim 40, wherein the linear actuator is coupled to the

rotating bed and the counterweight support beam.
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43.  The lift crane of any of claims 37 — 42, wherein the linear actuator is a

hydraulic cylinder.

44.  The lift crane of claim 37, wherein the distance detection system includes a

sensor configured to detect a distance from the sensor to the ground.

45.  The lift crane of claim 44, wherein the sensor is selected from a group

consisting of an acoustic sensor, a string-pot sensor, and a laser sensor.

46.  The lift crane of claim 37, wherein the distance detection system is
configured to actuate the linear actuator to adjust the distance of the counterweight

pad above the ground during a pick, move, and set operation.

47.  The lift crane of claim 46, wherein the distance detection system maintains
the counterweight pad at a fixed distance above the ground during the pick, move,

and set operation.

48.  The lift crane of any of claims 37 — 47, wherein the distance detection
system further comprises an operator alert configured to alert an operator to the

distance the counterweight pad is above the ground.

49. A lift crane comprising:

a) a carbody;

b) movable ground engaging members mounted on the carbody allowing the
lift crane to move over the ground, the movable ground engaging members
including a front tipping fulcrum and a rear tipping fulcrum for the crane;

c) a rotating bed having a front portion and a rear-most fixed portion, the
rotating bed being rotatably connected to the carbody about an axis of
rotation that provides a plane of rotation perpendicular to the axis, the
rotating bed including a counterweight support frame;

d) a boom pivotally mounted about a fixed boom hinge point on the rotating

bed and including a load hoist line for handling a load;
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g)

h)

50.

a live mast pivotably connected to the rotating bed connected to the
rotating bed;

a fixed mast held in a fixed position relative to the rotating bed during a
pick, move, and set operation;

a counterweight unit movement device that includes a first linear actuator
configured to move a counterweight unit forward of the rear tipping
fulcrum;

at least one auxiliary member that includes a counterweight pad, the
counterweight pad configured to not touch the ground during a pick, move,
and set operation; and,

a second linear actuator coupled to at least one of the rotating bed and the
fixed mast that is configured to adjust a distance that the counterweight pad

is above the ground.

The lift crane of claim 49, further comprising counterweight support beam

movably connected to the rotating bed such that the counterweight support beam

can be moved forward towards the front portion of the rotating bed and rearward

beyond the rearmost portion of the rotating bed, wherein the auxiliary member is

coupled to one of the counterweight unit, the rotating bed, and the counterweight

support beam.

51.

The lift crane of any of claims 49 — 50, wherein the second linear actuator

is a hydraulic cylinder.

52.

The lift crane of any of claims 49 — 50, wherein the counterweight pad

remains a fixed distance above the ground during the pick, move, and set

operation.

53.

The lift crane of claim 52, further comprising a distance detection system

configured to calculate the distance that the counterweight pad is above the

ground.
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54.  The lift crane of claim 53, wherein the distance detection system includes a

sensor configured to detect a distance from the sensor to the ground.

55.  The lift crane of claim 54, wherein the sensor is selected from a group

consisting of an acoustic sensor, a string-pot sensor, and a laser sensor.

56.  The lift crane of any of claims 52 — 55, wherein the distance detection
system further comprises an operator alert configured to alert an operator to the

distance the counterweight pad is above the ground.

57. A method of operating a lift crane during a pick, move, and set operation,
the lift crane including a carbody, movable ground engaging members mounted on
the carbody allowing the lift crane to move over the ground, a rotating bed having
a front portion and a rear-most fixed portion, the rotating bed being rotatably
connected to the carbody about an axis of rotation that provides a plane of rotation
perpendicular to the axis, the rotating bed including a counterweight support
frame, a boom pivotally mounted about a fixed boom hinge point on the rotating
bed and including a load hoist line for handling a load, a mast connected to the
rotating bed, a counterweight unit movement device that includes a first linear
actuator configured to move a counterweight unit relative to the rotating bed, at
least one auxiliary member that includes a counterweight pad, and a second linear
actuator configured to adjust a distance that the counterweight pad is above the
ground, the method comprising:
a) moving the counterweight unit relative to the carbody during the pick,
move, and set operation;
b) simultaneously adjusting the distance that the counterweight pad is above

the ground.

58.  The method of claim 57, further comprising calculating a distance that the

counterweight pad is above the ground with a detection system.

59.  The method of claim 58, further comprising detecting a distance from a

sensor configured to detect the distance from the sensor to the ground.
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60.  The method of claim 57, further comprising maintaining the counterweight

pad at a fixed distance above the ground.

61.  The method of claim 57, further comprising alerting an operator of the

distance the counterweight pad is above the ground.

5 62. Themethod of claim 57, further comprising actuating the first linear
actuator to move the counterweight unit relative to the carbody and actuating the
second linear actuator to adjust the distance that the counterweight pad is above

the ground.
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