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Description
Title of Invention
WORK MACHINE SUSPENSION DEVICE, RETENTION DEVICE, AND METHOD FOR
SUSPENDING STRUCTURE MEMBER
Technical Field
[0001] The present invention relates to a work machine suspension device for use in assembling and
disassembling work for a work machine, to a retention device thereof, and a method for suspending
a structure member included in the work machine.
Background Art
[0002] Conventionally, in assembling and disassembling work for a work machine such as a crane,
structure members such as a jib, a boom, and a strut included in the crane are lifted up by an
auxiliary crane (accompanying machine) and attached to other parts of the crane. For example,
Patent Literature 1 discloses lifting work of lifting up a strut of a crane by an auxiliary crane in
order to attach the strut to a distal end portion of a boom (FIG. 2, paragraphs 0024 and 0025 of
Patent Literature 1).
[0003] In such lifting work, a plurality of slings are used as suspending members. Each of the
plurality of slings is made of a wide tape-shaped rope provided with rings at both ends. The
structure member includes a plurality of protrusions (suspending rings) for attaching the plurality of
slings. Each of the plurality of slings is attached to any one of the plurality of protrusions and a
hook of the auxiliary crane by conducting the following attaching work. First, a worker
conducting the slinging work hangs both rings of the sling on the hook of the auxiliary crane. This
causes the sling to form a loop. Next, the worker hooks a part near a lower end of the loop on the
protrusion of the structure member. As a result, the sling is attached to the hook and the protrusion.
The worker conducts the above-described attaching work for each of the plurality of slings.
[0004] When the attaching work for the plurality of slings is completed, each of the plurality of
slings is in a loosened state between the hook and the protrusion. Therefore, an operator who
operates the auxiliary crane conducts operation (hook raising operation) for gradually raising the
hook of the auxiliary crane so that the plurality of slings change from the loosened state (relaxed
state) to a taut state (tensioned state).
[0005] However, since the sling is in the relaxed state, the part near the lower end of the loop
hooked on the protrusion of the structure member may come off from the protrusion in a raising
process of the hook by the hook raising operation. Therefore, the worker who conducts the
slinging work needs to conduct assisting work to prevent each of the plurality of slings from
coming off the protrusion in the raising process of the hook. In addition, the operator who
operates the auxiliary crane needs to carefully conduct the hook raising operation so as to gradually
raise the hook in cooperation with the worker so that each of the plurality of slings does not come
off the protrusion. Lifting work accompanied by the assisting work and the hook raising operation

described above require a lot of labor by the worker who conducts the slinging work, and it takes
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long time to complete the lifting work. Therefore, it is desired to reduce worker’s labor in the
lifting work and shorten time required for the lifting work.
Citation List

Patent Literature
[0006] Patent Literature 1: JP 2018-048014 A
Summary of Invention
[0007] The present invention has been made in view of the above problems, and an object thereof is
to provide a work machine suspension device, a retention device, and a method for suspending a
structure member which enable reduction in worker’s labor in lifting work of lifting up a structure
member included in a work machine, and enable reduction in time required for the lifting work.
[0008] There is provided a work machine suspension device for conducting lifting work of lifting
up a structure member included in a work machine by lifting equipment. The work machine
suspension device includes: an attachment part to be attached to the lifting equipment in the lifting
work; and a plurality of retention devices supported by the attachment part, in which each of the
plurality of retention devices includes: a proximal end portion connected to the attachment part; a
first leg portion that is supported by the proximal end portion and includes a first leg portion main
body that is disposed below the proximal end portion; a second leg portion that is supported by the
proximal end portion and includes a second leg portion main body disposed below the proximal end
portion, the second leg portion main body being disposed at an interval in a horizontal direction
from the first leg portion main body; and a support member supported by the first leg portion main
body so as to be movable between an entry allowed position and a retention position. The entry
allowed position is a position where the support member retracts from the second leg portion main
body to allow a retained portion as a part of the structure member to enter between the first leg
portion main body and the second leg portion main body, and the retention position is a position
where the retained portion is retained on the support member while the support member is
supported by the first leg portion main body and the second leg portion main body.
[0009] There is provided a retention device to be attached to a structure member included in a work
machine for conducting lifting work of lifting up the structure member by lifting equipment. The
retention device includes: a proximal end portion; a first leg portion that is supported by the
proximal end portion and includes a first leg portion main body that is disposed below the proximal
end portion; a second leg portion that is supported by the proximal end portion and includes a
second leg portion main body disposed below the proximal end portion, the second leg portion main
body being disposed at an interval in a horizontal direction from the first leg portion main body; and
a support member supported by the first leg portion main body so as to be movable between an
entry allowed position and a retention position. The entry allowed position is a position where the
support member retracts from the second leg portion main body to allow a retained portion as a part
of the structure member to enter between the first leg portion main body and the second leg portion

main body, and the retention position is a position where the retained portion is retained on the
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support member while the support member is supported by the first leg portion main body and the
second leg portion main body.

[0010] There is provided a method for suspending a structure member by using the work machine
suspension device to lift up the structure member, the method including: a step of disposing the
support member of each of the plurality of retention devices at the entry allowed position; a step of
moving each of the plurality of retention devices downward relative to the corresponding retained
portion to cause the corresponding retained portion to enter between the first leg portion main body
and the second leg portion main body; a step of moving the support member of each of the plurality
of retention devices from the entry allowed position to the retention position; and a step of lifting up
the structure member by lifting up the attachment part of the work machine suspension device by
the lifting equipment.

Brief Description of Drawings

[0011] FIG. 1 is a side view showing lifting work for lifting up a structure member of a work
machine by using a work machine suspension device according to an embodiment.

FIG. 2 is a perspective view showing a work machine suspension device according to a
first embodiment.

FIG. 3 is a perspective view showing a retention device of the work machine suspension
device, the view illustrating a state in which a support member of the retention device is disposed at
a retention position.

FIG. 4 is a front view showing the retention device of the work machine suspension device,
the view being for explaining the retention position and an entry allowed position of the support
member of the retention device.

FIG. 5 is a cross-sectional view showing a positional relationship between the support
member of the retention device of the work machine suspension device and a retained portion.

FIG. 6 is a perspective view showing the retention device of the work machine suspension
device, the view illustrating a state in which the support member of the retention device is disposed
at the entry allowed position.

FIG. 7 is a perspective view showing the retention device of the work machine suspension
device.

FIG. 8 is a view showing lifting work for lifting up the structure member using the work
machine suspension device.

FIG. 9 is a view showing the lifting work for lifting up the structure member using the
work machine suspension device.

FIG. 10 is a view showing the lifting work for lifting up the structure member using the
work machine suspension device.

FIG. 11 is a view showing the lifting work for lifting up the structure member using the
work machine suspension device.

FIG. 12 is a view showing lifting work for lifting up a structure member using a work
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machine suspension device according to a reference example.

FIG. 13 is a view showing the lifting work for lifting up the structure member using the
work machine suspension device according to the reference example.

FIG. 14 is an enlarged perspective view showing a state in which a sling of the work
machine suspension device according to the reference example is attached to a protrusion of the
structure member.

FIG. 15 is an enlarged side view showing a state in which the sling of the work machine
suspension device according to the reference example is attached to the protrusion of the structure
member.

FIG. 16 is an enlarged side view showing a state in which the sling of the work machine
suspension device according to the reference example is detached from the protrusion of the
structure member.

FIG. 17 is a perspective view showing a retention device of a suspension device according
to a first modification of the first embodiment.

FIG. 18 is a perspective view showing a retention device of a suspension device according
to a second modification of the first embodiment.

FIG. 19 is a perspective view showing a state in which the retention device of the
suspension device according to the second modification is attached to a retained portion of the
structure member.

FIG. 20 is a front view of FIG. 19, the view illustrating a state before moving a position of
an upper pressing member of the retention device.

FIG. 21 is a front view of FIG. 19, the view illustrating a state after moving the position of
the upper pressing member of the retention device.

FIG. 22 is a perspective view showing a retention device of a suspension device according
to a third modification of the first embodiment, the view illustrating a state before moving a
position of a side pressing member of the retention device.

FIG. 23 is a perspective view showing the retention device of the suspension device
according to the third modification, the view showing a state after moving the position of the side
pressing member of the retention device.

FIG. 24 illustrates conceptual views each showing a state in which a retained portion is
retained by the retention device of the suspension device according to the third modification.

FIG. 25 is a perspective view showing a retention device of a work machine suspension
device according to a second embodiment.

FIG. 26 is a perspective view showing the retention device of the work machine suspension
device according to the second embodiment.

FIG. 27 is a perspective view showing a retention device of a work machine suspension
device according to a third embodiment.

FIG. 28 is a view showing a positional relationship between a support member and a
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retained portion according to a modification.

FIG. 29 is a view showing lifting work for lifting up a structure member by using the work
machine suspension device provided with the support member according to the modification of FIG.
28.

FIG. 30 is a view showing a positional relationship between a support member and a
retained portion according to another modification.

FIG. 31 is a view showing another example of the positional relationship between the
support member and the retained portion according to the modification.

Description of Embodiments

[0012] In the following, work machine suspension devices according to embodiments will be
described with reference to the drawings.

[0013] [First Embodiment]

FIG. 1 is a side view showing lifting work for lifting up a structure member included in a
crane 100 by using a work machine suspension device 1 according to a first embodiment. FIG. 2
is a perspective view showing the work machine suspension device 1. FIG. 3 is a perspective view
showing a retention device 20 of the work machine suspension device 1, the view illustrating a state
in which a support member 24 of the retention device 20 is disposed at a retention position. FIG. 4
is a front view showing the retention device 20 of the work machine suspension device 1, the view
being for explaining a retention position and an entry allowed position of the support member 24 of
the retention device 20. FIG. 6 is a perspective view showing the retention device 20 of the work
machine suspension device 1, the view illustrating a state in which the support member 24 of the
retention device 20 is disposed at the entry allowed position. FIG. 7 is a perspective view showing
the retention device 20 of the work machine suspension device 1. Hereinafter, the work machine
suspension device 1 will be simply referred to as a suspension device 1.

[0014] “Up”, “down”, “left”, “right”, “front” and “rear” directions illustrated in the drawings are
indicated for convenience to explain structures of suspension devices 1 according to a plurality of
embodiments, and do not limit the structure and usage of the suspension device. In addition, the
“up”, “down”, “left”, “right”, “front” and “rear” directions shown in the drawings are indicated to
correspond to the respective directions seen from a driver's seat of the crane 100.

[0015] As shown in FIG. 1, the suspension device 1 is attached to a hook 200 of an auxiliary crane
(lifting equipment) not shown, and is used for lifting work for lifting up a structure member
included in the crane 100 from the ground. The auxiliary crane is another work machine different
from the crane 100 shown in FIG. 1.

[0016] The structure member is not particularly limited and may be any member as long as it is
included in the crane 100 (an example of a work machine). The structure member may be, for
example, a raising and lowering member such as a boom, a jib, or a strut, but is not limited thereto.
In a case where the raising and lowering member is configured with a plurality of members, each of

the plurality of members is the structure member to be lifted up by the suspension device 1. In the
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following, description will be made of a case where the structure member is a boom member
(specifically, a second intermediate boom member 106 to be described later) included in the boom
as an example.

[0017] The crane 100 includes a lower traveling body 101, an upper slewing body 102 slewably
supported on the lower traveling body 101, and a boom 103. The boom 103 is supported by the
upper slewing body 102 so as to be raised and lowered. The boom 103 is configured with a
plurality of boom members. The plurality of boom members include a lower boom member 104, a
first intermediate boom member 105, the second intermediate boom member 106, and an upper
boom member (not shown). The boom 103 is assembled by coupling the plurality of boom
members to each other on the ground.

[0018] FIG. 1 shows a state where the first intermediate boom member 105 is coupled to the lower
boom member 104 attached to the upper slewing body 102, and further, the second intermediate
boom member 106 is coupled to the first intermediate boom member 105. As shown in FIG. 1, the
suspension device 1 attached to the hook 200 of the auxiliary crane is connected to the second
intermediate boom member 106, and the second intermediate boom member 106 is lifted up from
the ground. In the following, the second intermediate boom member 106 exemplified as the
structure member to be lifted up by the suspension device 1 will be simply referred to as the
intermediate boom member 106.

[0019] As shown in FIG. 1 and FIG. 2, the suspension device 1 includes an attachment part 10 and
four retention devices 20. The attachment part 10 is attached to the hook 200 of the lifting
equipment in the lifting work, and is lifted up by the lifting equipment. The attachment part 10
includes a wire suspension portion 11, four suspension wires 12, a base member 13, and four
cylinders 14.

[0020] The wire suspension portion 11 is attached to the hook 200 of the auxiliary crane. Upper
end portions of the four suspension wires 12 are connected to the wire suspension portion 11, and
lower end portions of the four suspension wires 12 are connected to the base member 13.

[0021] The base member 13 extends along a horizontal direction below the four suspension wires
12, and has a rectangular parallelepiped shape in the present embodiment. ~As an example, when
each member of the boom 103 is lifted up by the suspension device 1, the base member 13 is
disposed so that one side of the base member 13 extends in a front-rear direction, and the other side
of the base member 13 orthogonal to the one side extends in a right-left direction. The base
member 13 is supported by the hook 200 of the auxiliary crane via the wire suspension portion 11
and the four suspension wires 12.

[0022] The lower end portions of the four suspension wires 12 are fixed to members provided at the
four corners of an upper surface of the base member 13. The four suspension wires 12 connect the
wire suspension portion 11 and the base member 13 to each other such that the base member 13
maintains a horizontal attitude in a state where the wire suspension portion 11 is lifted up by the

hook 200 of the auxiliary crane. The number of the suspension wires 12 is not limited to four.
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Further, although in the present embodiment, the base member 13 has a rectangular parallelepiped
shape, i.e., a quadrangle shape in a plan view, the present invention is not limited thereto. For the
base member 13, various shapes can be adopted such as a shape having a polygon other than a
quadrangle in a plan view, a circular shape or an ellipse shape in a plan view, and a combination of
these shapes.

[0023] Each of the four cylinders 14 is an actuator that is configured with a hydraulic cylinder that
expands and contracts upon reception of supply of hydraulic oil, and that operates so as to cause the
corresponding retention device 20 to move up and down. Each of the four cylinders 14 has a
cylinder main body 141, a cylinder rod 142, and a cylinder bracket 143. The four cylinders 14 are
fixed to members provided at the four corners of a lower surface portion of the base member 13.
The cylinder bracket 143 is fixed to an upper portion of the cylinder main body 141. The cylinder
bracket 143 is rotatably attached to the base bracket 131 of the base member 13. As a result, each
of the four cylinders 14 is rotatably supported by the base member 13.

[0024] In the present embodiment shown in FIG. 2, the suspension device 1 includes a switching
valve 1A, a drive source 1B, a base portion supply path 1C, and four cylinder supply paths 1D.

The drive source 1B includes an oil tank (not shown). The switching valve 1A switches supply
and shut-off of a hydraulic oil supplied from the drive source 1B such as a hydraulic pump to the
four cylinders 14. The base portion supply path 1C is an oil path connecting the switching valve
1A and the drive source 1B. The cylinder supply path 1D is an oil path connecting the switching
valve 1A and each cylinder 14. According to such a configuration, each retention device 20 can be
moved up and down. This enables height positions of the four retention devices 20 to be adjusted
according to a shape and a lifting attitude of the structure member, and enables each retention
device 20 to be easily connected to the structure member. As a result, workability of the lifting
work can be improved. The cylinder 14 may be an electric cylinder, and in this case, the drive
source 1B is configured with a power source.

[0025] As shown in FIG. 2, the four retention devices 20 are supported by the four cylinders 14 of
the attachment part 10, respectively. The four retention devices 20 are attached to four retained
portions 106H of the intermediate boom member 106, respectively. The four retention devices 20
have the same structure. Therefore, one of the four retention devices 20 will be described below.
[0026] As shown in FIG. 3 and FIG. 4, the retention device 20 includes a proximal end portion 23
connected to a lower end portion of the cylinder rod 142 of the cylinder 14, a first leg portion 21, a
second leg portion 22, the support member 24, a support member moving mechanism 26, and a
drive part 27. The proximal end portion 23 has an attachment bracket 25 (attachment part 25).
[0027] Although in the present embodiment, the proximal end portion 23 is located in an upper
portion of the retention device 20 and has a substantially rectangular parallelepiped shape, the shape
is not limited to such a shape. The attachment bracket 25 is located on an upper portion of the
proximal end portion 23 and is rotatably attached to the lower end portion of the cylinder rod 142.

[0028] The first leg portion 21 extends downward from one end portion in a horizontal direction of
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the proximal end portion 23 and is supported by the proximal end portion 23. The first leg portion
21 includes a first leg portion main body 21A disposed below the proximal end portion 23. In the
present embodiment, the first leg portion 21 is configured with only the first leg portion main body
21A because the entire first leg portion 21 is located below the proximal end portion 23. The first
leg portion 21 may include not only the first leg portion main body 21A but also other member, for
example, as in a third embodiment to be described later which is shown in FIG. 27.

[0029] The second leg portion 22 extends downward from the other end portion in the horizontal
direction of the proximal end portion 23 and is supported by the proximal end portion 23. The
second leg portion 22 is disposed at an interval in the horizontal direction from the first leg portion
21. The second leg portion 22 includes a second leg portion main body 22A disposed below the
proximal end portion 23. In the present embodiment, the second leg portion 22 is configured with
only the second leg portion main body 22 A because the entire second leg portion 22 is located
below the proximal end portion 23. The second leg portion 22 may include not only the second
leg portion main body 22A but also other member, for example, as in the third embodiment to be
described later which is shown in FIG. 27.

[0030] As shown in FIG. 3 to FIG. 7, a first lower end portion of the first leg portion 21 and a
second lower end portion of the second leg portion 22 have such a first inclined surface 213 and a
second inclined surface 223, respectively, that makes a distance between the lower end portions
increases downward. At the time of relative displacement of the retained portion 106H in an
up-down direction with respect to the retention device 20, the retained portion 106H can be guided
by one or both of the first inclined surface 213 and the second inclined surface 223 so as to
relatively move. This enables the retained portion 106H to smoothly enter between the first leg
portion main body 21A and the second leg portion main body 22A.

[0031] Of the first leg portion 21, the first lower end portion may be integrally molded with a
portion other than the first lower end portion, and may be configured to be removable from a
portion other than the first lower end portion. ~ Similarly, of the second leg portion 22, the second
lower end portion may be integrally molded with a portion other than the second lower end portion,
and may be configured to be removable from a portion other than the second lower end portion.
[0032] Further, although in the present embodiment, the proximal end portion 23, the first leg
portion 21, and the second leg portion 22 are integrally molded, the present invention is not limited
thereto. After each of the proximal end portion 23, the first leg portion 21, and the second leg
portion 22 is individually molded, these members may be coupled to each other.

[0033] As shown in FIG. 3 and FIG. 4, the support member 24 is supported by the first leg portion
main body 21A so as to be movable between the entry allowed position and the retention position.
[0034] As shown in FIG. 4(A), the entry allowed position is a position where the support member
24 retracts from the second leg portion main body 22A to allow the retained portion 106H of the
intermediate boom member 106 to enter between the first leg portion main body 21A and the

second leg portion main body 22A. Specifically, in the present embodiment, when the support
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member 24 is disposed at the entry allowed position, the plurality of retention devices 20 are moved
downward to cause the corresponding retained portion 106H to enter between the first leg portion
main body 21A and the second leg portion main body 22A of each retention device 20.

[0035] As shown in FIG. 3 and FIG. 4(B), the retention position is a position where the retained
portion 106H of the intermediate boom member 106 can be retained on the support member 24
while the support member 24 is supported by the first leg portion main body 21A and the second leg
portion main body 22A.

[0036] At the retention position, the support member 24 straddles between the first leg portion main
body 21A and the second leg portion main body 22A to couple the first leg portion main body 21A
and the second leg portion main body 22A. When the support member 24 is disposed at the
retention position, the proximal end portion 23, the first leg portion main body 21A, the second leg
portion main body 22A, and the support member 24 form a housing portion Al in which the
retained portion 106H is housed. The housing portion Al is a region surrounded by the proximal
end portion 23, the first leg portion main body 21A, the second leg portion main body 22A, and the
support member 24.

[0037] When the support member 24 is disposed at the retention position, the retained portion 106H
retained on the support member 24 is prevented from moving downward relative to the support
member 24, and is retained in the housing portion Al.

[0038] When the support member 24 goes away from the second leg portion main body 22A to be
disposed at the entry allowed position, an entry path A2 for the retained portion 106H to enter the
housing portion Al is formed between the support member 24 and the second leg portion main
body 22A. The entry path A2 is a region between the support member 24 and the second leg
portion main body 22A.

[0039] In the present embodiment, the first leg portion main body 21A has a first through hole 212
that horizontally penetrates the first leg portion main body 21A, and the second leg portion main
body 22A has a second through hole 222 that horizontally penetrates the second leg portion main
body 22A. As shown in FIG. 4(A) and FIG. 4(B), the support member 24 is supported by the first
leg portion main body 21A at both the entry allowed position and the retention position because of
being inserted into the first through hole 212 at both positions. When the support member 24
moves from the entry allowed position to the retention position, an end portion of the support
member 24 is inserted into the second through hole 222, so that the support member is supported by
the first leg portion main body 21A and the second leg portion main body 22A.

[0040] Although in the present embodiment, a movement direction of the support member 24 is the
horizontal direction, the direction is not limited thereto and may be a direction inclined with respect
to the horizontal direction.

[0041] In the present embodiment, when the support member 24 is disposed at the entry allowed
position, the support member 24 is not disposed between the first leg portion main body 21A and
the second leg portion main body 22A. As a result, when the retained portion 106H relatively

9



W7992

moves with respect to the retention device 20 from an opening between a lower end 211 of the first
leg portion main body 21A and a lower end 221 of the second leg portion main body 22A toward
the housing portion A1, the support member 24 does not interfere with the movement of the
retained portion 106H. However, when the support member 24 is disposed at the entry allowed
position, a portion including the end portion (distal end portion) of the support member 24 may be
disposed between the first leg portion main body 21A and the second leg portion main body 22A.
In this case, a distance (a distance in the horizontal direction) between the distal end portion of the
support member 24 disposed between the first leg portion main body 21A and the second leg
portion main body 22A and the second leg portion main body 22A is set to a size that allows the
retained portion 106H to pass in the up-down direction between the distal end portion of the support
member 24 and the second leg portion main body 22A. Further, in this case, the distal end portion
of the support member 24 preferably has such an inclined surface that makes the distance in the
horizontal direction between the distal end portion and the second leg portion main body 22A
increase downward. This enables the retained portion 106H to smoothly enter between the first
leg portion main body 21A and the second leg portion main body 22A while being guided by the
inclined surface of the support member 24.

[0042] As shown in FIG. 1 and FIG. 5, the retained portion 106H of the intermediate boom member
106 to which the retention device 20 is attached is a connection part at which a pair of inclined
pipes P2, P2 are connected to a main pipe P1 in the intermediate boom member 106. In this
embodiment, the intermediate boom member 106 has a lattice structure. Specifically, the
intermediate boom member 106 includes four main pipes P1 and the plurality of inclined pipes P2.
Each of the four main pipes P1 is disposed along a longitudinal direction of the boom 103. Each
of the plurality of inclined pipes P2 connects two adjacent main pipes P1 to each other. ~As shown
in FIG. 5, among the plurality of inclined pipes P2, upper end portions of two adjacent inclined
pipes P2, P2 are connected to one main pipe P1 so as to be adjacent to each other. Of the two
inclined pipes P2, P2, the inclined pipe P2 on the front side is inclined so as to have a lower end
portion located in front of the upper end portion, and the inclined pipe P2 on the rear side has a
lower end portion located behind the upper end portion.

[0043] As shown in FIG. 5, the support member 24 has a shape corresponding to a shape of a lower
portion of the retained portion 106H that is retained on the support member 24. Specifically, the
support member 24 has a pair of inclined surfaces 243 and 244 (an example of a contact surface)
inclined along surfaces of the two inclined pipes P2, P2 in the retained portion 106H. The pair of
inclined surfaces 243 and 244 are formed in an upper portion of the support member 24. As
shown in FIG. 5, when the support member 24 is viewed in a longitudinal direction thereof, one
inclined surface 243 (the inclined surface on the left side in FIG. 5) is inclined in the same direction
as the surface of one inclined pipe P2 (the inclined pipe on the left side in FIG. 5) with respect to a
vertical direction, and the other inclined surface 244 (the inclined surface on the right side in FIG.

5) is inclined in the same direction as the surface of the other inclined pipe P2 (the inclined pipe on
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the right side in FIG. 5) with respect to the vertical direction. The pair of inclined surfaces 243
and 244 are in contact with the surfaces of the two inclined pipes P2, P2 in the retained portion
106H. Since the support member 24 only needs to be capable of retaining the retained portion
106H, it does not necessarily have to have the pair of inclined surfaces 243 and 244 as shown in
FIG. 5, and one or both of the inclined surfaces 243 and 244 can be omitted.

[0044] The support member 24 includes a rigid member main body 245 made of metal, for example,
steel, and a pair of cushioning members 246 and 247 attached to the member main body 245. The
pair of inclined surfaces 243 and 244 form surfaces of the pair of cushioning members 246 and 247,
respectively. The pair of cushioning members 246 and 247 are formed of a material having
hardness lower than that of the member main body 245. This suppresses the retained portion
106H of the intermediate boom member 106 from being scratched. The pair of cushioning
members 246 and 247 preferably have cushioning properties. The pair of cushioning members
246 and 247 preferably have a frictional resistance that makes them less slippery with respect to a
surface of the retained portion 106H. It is also possible to omit one or both of the pair of
cushioning members 246 and 247.

[0045] The support member moving mechanism 26 operates so as to move the support member 24
between the entry allowed position and the retention position. The drive part 27 drives the support
member moving mechanism 26.

[0046] As shown in FIG. 6 and FIG. 7, in the present embodiment, the drive part 27 is configured
with an electric motor 27M, and the support member moving mechanism 26 is configured with a
mechanism having a plurality of gears rotated by the electric motor 27M. The electric motor 27M
and the plurality of gears are housed in a case 30, and the case 30 is attached to a side surface of the
first leg portion main body 21A. The drive part 27 is not limited to the electric motor 27M, and
may be configured by other drive mechanism such as a hydraulic motor.

[0047] The plurality of gears include a first gear 26A, a second gear 26B, and a third gear 26C.

The first gear 26A is connected to a rotation shaft of the electric motor 27M to rotate with rotation
of the electric motor 27M. The second gear 26B circumscribes the first gear 26A and rotates with
rotation of the first gear 26A. The third gear 26C is disposed at a position deviated from the
second gear 26B in an axial direction of a rotation shaft thereof and is connected to the rotation
shaft of the second gear 26B to rotate with rotation of the second gear 26B.

[0048] A rack portion 24A that meshes with the third gear 26C is formed on a surface of the support
member 24 (a lower surface of the support member 24 in FIG. 7). The rack portion 24A is a part
in which a plurality of teeth are formed on a flat lower surface of the support member 24.
Therefore, a rotational force of the electric motor 27M is transmitted to the first gear 26A, the
second gear 26B, and the third gear 26C in this order, and is converted into a linear movement of
the rack portion 24A. In other words, since the support member 24 is allowed to move in a
direction corresponding to a rotation direction of the electric motor 27M, the support member can

move between the retention position and the entry allowed position.
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[0049] The support member moving mechanism 26 is not limited to a mechanism having a plurality
of gears, and may be configured by a mechanism having only a single gear. In this case, for
example, the drive part 27 such as the electric motor 27M directly causes a single gear (for example,
the third gear 26C) to rotate, and a rotational force of the single gear is converted into a linear
movement of the rack portion 24 A that meshes with the single gear.

[0050] FIG. 8, FIG. 9, FIG. 10 and FIG. 11 are views showing lifting work for lifting up the
intermediate boom member 106 using the suspension device 1. FIG. 12 and FIG. 13 are views
showing lifting work for lifting up a structure member using a suspension device 301 according to a
reference example.

[0051] FIG. 14 is an enlarged perspective view showing a state in which a sling 302 of the
suspension device 301 according to the reference example is attached to a protrusion 303 of an
intermediate boom member 106A, and FIG. 15 is a side view showing the state. FIG. 16 is an
enlarged side view showing a state in which the sling 302 of the suspension device 301 according to
the reference example is disengaged from the protrusion 303 of the intermediate boom member
106A.

[0052] First, the suspension device according to the reference example and a suspending method
using the same will be briefly described. As shown in FIG. 12 and FIG. 13, the suspension device
301 according to the reference example is configured with a plurality of the slings 302. The
intermediate boom member 106A includes a plurality of the protrusions 303 (suspending rings) for
attaching the plurality of slings 302. A worker conducting slinging work hangs both rings of the
sling 302 on the hook 200 of the auxiliary crane. As a result, the sling 302 forms a loop. Next,
the worker hooks a portion near a lower end of the loop on the protrusion 303 of the intermediate
boom member 106A. As a result, the sling 302 is attached to the hook 200 and the protrusion 303.
The worker conducts the above-described attaching work for each of the plurality of slings 302.
[0053] As shown in FIG. 12, at the time when the attaching work for the plurality of slings 302 is
completed, each of the plurality of slings 302 is in a loosened state between the hook 200 and the
protrusion 303. Therefore, the operator who operates the auxiliary crane conducts operation (hook
raising operation) for gradually raising the hook 200 of the auxiliary crane so as to have a state
change from a state where the plurality of slings 302 are loosened (relaxed state) as shown in FIG.
12 to a state where the plurality of slings 302 are taut (tensioned state) as shown in FIG. 13.

[0054] Since as shown in FIG. 14 and FIG. 15, the sling 302 is in the relaxed state, the portion near
the lower end of the loop hooked on the protrusion 303 of the intermediate boom member 106A
might come off the protrusion 303 in the raising process of the hook 200 by the hook raising
operation as shown in FIG. 16. Accordingly, the worker who conducts the slinging work needs to
conduct assisting work so that each of the plurality of slings 302 does not come off the protrusion
303 in the raising process of the hook 200. Further, in cooperation with the worker, the operator
who operates the auxiliary crane needs to carefully conduct the hook raising operation to cause the

hook 200 gradually to rise such that each of the plurality of slings 302 does not come off the
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protrusion 303.
[0055] Meanwhile, the suspending method according to the present embodiment is conducted by
the following procedure.
[0056] As shown in FIG. 8, first, the intermediate boom member 106 is prepared. The prepared
intermediate boom member 106 is disposed, for example, on a plurality of bases H.
[0057] Next, by conducting operation for causing the electric motor 27M to operate by the worker
conducting the slinging work or the operator operating the auxiliary crane, the support member 24
of each of the plurality of retention devices 20 is disposed at the entry allowed position.
[0058] Next, as shown in FIG. 9, the operator of the auxiliary crane moves the suspension device 1
downward by conducting operation of lowering the hook 200 of the auxiliary crane. As a result,
the plurality of retention devices 20 move downward, and as shown in FIG. 10, between the first leg
portion main body 21A and the second leg portion main body 22A of each retention device 20, the
corresponding retained portion 106H enters.
[0059] Next, the support member 24 of each of the plurality of retention devices 20 is disposed at
the retention position by the operation for causing the electric motor 27M to operate by the worker
conducting the slinging work or the operator operating the auxiliary crane. The retention device
20 is attached to the intermediate boom member 106 so that the support member 24 is located
between the two inclined pipes P2, P2.  This suppresses the retention device 20 from being
displaced in the front-rear direction with respect to the intermediate boom member 106.
[0060] Next, as shown in FIG. 11, the operator moves the suspension device 1 upward by
conducting operation of raising the hook 200 of the auxiliary crane. As a result, the plurality of
retention devices 20 move upward, and the intermediate boom member 106 is lifted up.
[0061] As described above, in the present embodiment, each of the plurality of retention devices 20
moves downward relative to the retained portion 106H in a state where the support member 24 is
disposed at the entry allowed position, whereby the retained portion 106H enters between the first
leg portion main body 21A and the second leg portion main body 22A. Then, with the retained
portion 106H disposed in the housing portion A1, the support member 24 of each of the plurality of
retention devices 20 moves from the entry allowed position to the retention position. As a result,
the retained portion 106H is retained on the support member 24, whereby the retained portion 106H
is prevented from moving downward relative to the support member 24, so that the retained portion
106H is retained in the housing portion Al. Retaining the retained portion 106H in this way
makes it possible to simplify or omit the assisting work by the worker in the raising process of the
hook 200 by the hook raising operation, and also enables the operator to quickly conduct the hook
raising operation.
[0062] [Modification of First Embodiment]

FIG. 17 is a perspective view showing a retention device of a suspension device 1
according to a first modification of the first embodiment. As shown in FIG. 17, in the first

modification, each of the plurality of retention devices 20 further includes an upper pressing
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member 28, an upper pressing member moving mechanism 29, and a restricting portion.

[0063] The upper pressing member 28 is interposed between the proximal end portion 23 and the
support member 24. The upper pressing member 28 has an opposing surface 28S opposed to an
upper portion of the retained portion 106H disposed in the housing portion A1 and retained on the
support member 24. The opposing surface 28S is configured with a lower surface of the upper
pressing member 28. In the first modification, the opposing surface 28S is formed of a flat surface.
Specifically, the opposing surface 28S is formed of a horizontal plane.

[0064] In this first modification, even in a case where a relatively large gap is formed between the
retained portion 106H and the proximal end portion 23 due to a relatively large difference between
a distance in the up-down direction between the proximal end portion 23 and the support member
24 and a dimension in the up-down direction of the retained portion 106H, the gap is reduced by the
upper pressing member 28 interposed between the proximal end portion 23 and the support member
24. This enables rattling of the retained portion 106H that is retained on the support member 24 to
be suppressed.

[0065] The upper pressing member 28 is preferably formed of a material having hardness lower
than that of the proximal end portion 23. This suppresses the retained portion 106H of the
intermediate boom member 106 from being scratched. The upper pressing member 28 more
preferably has a cushioning property.

[0066] In the present embodiment, the upper pressing member 28 is supported by the proximal end
portion 23 via the upper pressing member moving mechanism 29.

[0067] The upper pressing member moving mechanism 29 is configured with a pair of cylinders
29A and 29B that operate so as to move the upper pressing member 28 relative to the proximal end
portion 23 in the up-down direction. Each of the pair of cylinders 29A and 29B has a cylinder
main body 291 and a cylinder rod 292. The cylinder main body 291 is fixed to the proximal end
portion 23.  The cylinder rod 292 is configured to be movable in the up-down direction relative to
the cylinder main body 291. The cylinder rod 292 is inserted into a through hole that penetrates
the proximal end portion 23 in the up-down direction, and a lower end portion of the cylinder rod
292 is located below the proximal end portion 23 and is fixed to the upper pressing member 28.
[0068] Each of the pair of cylinders 29A and 29B is operated by, for example, hydraulic oil supplied
from the drive source 1B shown in FIG. 2 via an oil passage (not shown). A switching valve (not
shown) is disposed in the oil passage. When the switching valve is set at a neutral position, the
hydraulic oil from the drive source 1B is not supplied to the pair of cylinders 29A and 29B. When
the switching valve is switched from the neutral position to a first position and the hydraulic oil is
supplied to a head side chamber of each of the pair of cylinders 29A and 29B, a dimension of the
cylinder rod 292 protruding downward from the cylinder main body 291 becomes large. Asa
result, the upper pressing member 28 is lowered. By contrast, when the switching valve is
switched from the neutral position to a second position and the hydraulic oil is supplied to a rod

side chamber of each of the pair of cylinders 29A and 29B, the dimension of the cylinder rod 292
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protruding downward from the cylinder main body 291 becomes small.  As a result, the upper
pressing member 28 rises. The pair of cylinders 29A and 29B may be electric cylinders, and in
this case, the drive source 1B is configured with a power source. Further, the upper pressing
member moving mechanism 29 is not limited to a configuration including the pair of cylinders 29A
and 29B, and may be configured by a single cylinder or may be configured by three or more
cylinders.

[0069] The restricting portion is configured to be switched between a restriction state of restricting
movement of the support member 24 from the retention position and an allowable state of allowing
the support member 24 to move from the retention position to the entry allowed position. In the
present embodiment, the restricting portion is configured with a cylinder 33. The cylinder 33 has a
cylinder main body 331 and a cylinder rod 332.

[0070] Although in the present embodiment, the cylinder main body 331 is fixed to the second leg
portion 22, it may be fixed, for example, to the first leg portion 21 or fixed to the proximal end
portion 23.  The cylinder rod 332 is configured to be movable in the up-down direction relative to
the cylinder main body 331.

[0071] The cylinder 33 is operated by, for example, hydraulic oil supplied from the drive source 1B
shown in FIG. 2 via an oil passage (not shown). A switching valve (not shown) is disposed in the
oil passage. When the switching valve is set at a neutral position, the hydraulic oil from the drive
source 1B is not supplied to the cylinder 33.

[0072] When the switching valve is switched from the neutral position to a first position and the
hydraulic oil is supplied to a head side chamber of the cylinder 33, a dimension of the cylinder rod
332 protruding downward from the cylinder main body 331 becomes large. As a result, as a lower
end portion of the cylinder rod 332 is inserted into a through hole 24h that penetrates the end
portion of the support member 24 in the up-down direction (the restriction state). Upon switching
of the cylinder 33 to the restriction state, it is possible to reliably prevent the support member 24
from moving from the retention position to the entry allowed position against an intention of
work-related personnel such as the worker or the operator when the intermediate boom member 106
is lifted up in the lifting work. The through hole 24h is formed at a position corresponding to the
cylinder rod 332 when the support member 24 is disposed at the retention position, that is, directly
below the cylinder rod 332.

[0073] By contrast, when the switching valve is switched from the neutral position to a second
position and the hydraulic oil is supplied to a rod side chamber of the cylinder 33, the dimension of
the cylinder rod 332 protruding from the cylinder main body 331 becomes small. As a result, the
lower end portion of the cylinder rod 332 is retracted from the support member 24 (the allowable
state). When the cylinder 33 is switched to the allowable state, the support member 24 is allowed
to move from the retention position to the entry allowed position. The cylinder 33 may be an
electric cylinder, and in this case, the drive source 1B is configured with a power source.

[0074] FIG. 18 is a perspective view showing a retention device 20 of a suspension device 1
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according to a second modification of the first embodiment. FIG. 19 is a perspective view
showing a state in which the retention device 20 of the suspension device 1 according to the second
modification is attached to a retained portion 106H of the intermediate boom member 106. FIG.
20 is a front view of FIG. 19, the view illustrating a state before moving the position of the upper
pressing member 28 of the retention device 20. FIG. 21 is a front view of FIG. 19, the view
illustrating a state after moving the position of the upper pressing member 28 of the retention device
20.

[0075] As shown in FIG. 18, in this second modification, the shape of the opposing surface 28S
(lower surface) of the upper pressing member 28 is different from that of the first modification.
Further, in this second modification, the restricting portion is omitted.

[0076] In the second modification, the opposing surface 28S of the upper pressing member 28 has a
shape corresponding to a shape of the upper portion of the retained portion 106H. Specifically, the
opposing surface 28S has a shape along a curved shape (arc shape) of an upper surface of the main
pipe P1 in the retained portion 106H. The upper pressing member 28 having such opposing
surface 28S can further suppress occurrence of rattling of the retained portion 106H that is retained
on the support member 24 in the lifting work.  Although in the specific example shown in FIG. 18,
the opposing surface 28S is configured with a horizontal plane at the center and a pair of inclined
planes located on both sides of the horizontal plane, the opposing surface is not limited to such a
configuration. For example, the opposing surface 28S may have a curved shape along the curved
shape (arc shape) of the upper surface of the main pipe P1.

[0077] As shown in FIG. 19, the retention device 20 is attached to the intermediate boom member
106 so that the support member 24 is located between the upper end portions of the two inclined
pipes P2, P2, and the main pipe P1 is located between the upper pressing member 28 and the
support member 24.

[0078] As shown in FIG. 20 and FIG. 21, a relative position in the up-down direction of the upper
pressing member 28 with respect to the proximal end portion 23 can be changed by the upper
pressing member moving mechanism 29 according to the dimension in the up-down direction of the
retained portion 106H. As a result, even in a case where the dimension in the up-down direction
of the retained portion 106H differs for each lifting work, the relative position of the upper pressing
member 28 can be adjusted to a position suitable for the dimension in the up-down direction of the
retained portion 106H, thereby enabling rattling of the retained portion 106H to be suppressed in the
housing portion Al.

[0079] FIG. 22 is a perspective view showing a retention device 20 of a suspension device 1
according to a third modification of the first embodiment, the view illustrating a state before
moving positions of a first side pressing member 41 and a second side pressing member 42 of the
retention device 20. FIG. 23 is a perspective view showing the retention device 20 of the
suspension device 1 according to the third modification, the view illustrating a state after moving

the positions of the first side pressing member 41 and the second side pressing member 42 of the

16



W7992

retention device 20.

[0080] As shown in FIG. 22 and FIG. 23, the suspension device 1 according to the third
modification differs from the above-described embodiment and modifications in that each of the
plurality of retention devices 20 further includes the first side pressing member 41, the second side
pressing member 42, a first side pressing member moving mechanism 43, and a second side
pressing member moving mechanism 44. The same reference numerals are given to the same
configurations as those of the embodiment and the modifications, and description thereof will be
omitted.

[0081] The first side pressing member 41 is interposed between the first leg portion main body 21A
and the second leg portion main body 22A. The first side pressing member 41 is supported by the
first leg portion main body 21A via the first side pressing member moving mechanism 43. The
first side pressing member 41 has a first opposing surface 41S opposed to a first side portion of the
retained portion 106H that is retained on the support member 24.

[0082] The second side pressing member 42 is interposed between the first leg portion main body
21A and the second leg portion main body 22A. The second side pressing member 42 is supported
by the second leg portion main body 22A via the second side pressing member moving mechanism
44. The second side pressing member 42 has a second opposing surface 42S opposed to a second
side portion of the retained portion 106H that is retained on the support member 24.

[0083] The first side pressing member moving mechanism 43 operates so as to move the first side
pressing member 41 relative to the first leg portion main body 21A, and the second side pressing
member moving mechanism 44 operates so as to move the second side pressing member 42 relative
to the second leg portion main body 22A. As a result, a horizontal distance between the first
opposing surface 41S and the second opposing surface 42S changes.

[0084] The first side pressing member moving mechanism 43 is configured with a plurality of first
cylinders 45 (four cylinders in the drawing). Each of the plurality of first cylinders 45 has a
cylinder main body 451 and a cylinder rod 452. The cylinder main body 451 is fixed to the
corresponding first leg portion main body 21A. The cylinder rod 452 is configured to be relatively
movable laterally (for example, in the horizontal direction) with respect to the cylinder main body
451. The cylinder rod 452 is inserted into a through hole that horizontally penetrates the first leg
portion main body 21A, and a distal end portion of the cylinder rod 452 is fixed to the first side
pressing member 41.

[0085] The second side pressing member moving mechanism 44 is configured with a plurality of
second cylinders 46 (four cylinders in the drawing). Each of the plurality of second cylinders 46
has a cylinder main body 461 and a cylinder rod 462. The cylinder main body 461 is fixed to the
corresponding second leg portion main body 22A. The cylinder rod 462 is configured to be
relatively movable laterally (for example, in the horizontal direction) with respect to the cylinder
main body 461. The cylinder rod 462 is inserted into a through hole that horizontally penetrates
the second leg portion main body 22A, and a distal end portion of the cylinder rod 462 is fixed to
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the second side pressing member 42.

[0086] Each of the plurality of first cylinders 45 and the plurality of second cylinders 46 is operated
by, for example, hydraulic oil supplied from the drive source 1B shown in FIG. 2 via an oil passage
(not shown). A switching valve (not shown) is disposed in the oil passage. When the switching
valve is set at a neutral position, the hydraulic oil from the drive source 1B is not supplied to the
cylinders 45 and 46. When the switching valve is switched from the neutral position to a first
position and the hydraulic oil is supplied to a head side chamber of each of the cylinders 45 and 46,
dimensions of the cylinder rods 452 and 462 protruding laterally from the cylinder main bodies 451
and 461 become large. As a result, the first side pressing member 41 and the second side pressing
member 42 move in a direction to near to each other.

[0087] By contrast, when the switching valve is switched from the neutral position to a second
position and the hydraulic oil is supplied to a rod side chamber of each of the cylinders 45 and 46,
the dimensions of the cylinder rods 452 and 462 protruding from the cylinder main bodies 451 and
461 become small. As a result, the first side pressing member 41 and the second side pressing
member 42 move in a direction to go away from each other. The cylinders 45 and 46 may be
electric cylinders, and in this case, the drive source 1B is configured with a power source. Further,
each of the first side pressing member moving mechanism 43 and the second side pressing member
moving mechanism 44 is not limited to a configuration including the four cylinders, but may be
configured with a single cylinder, or with a plurality of cylinders other than four.

[0088] In this third modification, even in a case where a relatively large gap is formed between the
leg portion main bodies 21A, 22A and the retained portion 106H due to a relatively large difference
between a horizontal distance between the first leg portion main body 21A and the second leg
portion main body 22A and a horizontal dimension of the retained portion 106H, the gap is reduced
by the first and second side pressing members 41 and 42 interposed between the first leg portion
main body 21A and the second leg portion main body 22A. This enables rattling of the retained
portion 106H that is retained on the support member 24 to be suppressed.

[0089] FIG. 24 illustrates conceptual views each showing a state in which the retained portion is
retained by the retention device of the suspension device according to the third modification. As
shown in FIG. 24(A) and FIG. 24(B), in the third modification, the horizontal distance between the
first opposing surface 41S and the second opposing surface 42S can be changed according to the
horizontal dimension of the retained portion 106H. As a result, even in a case where the
horizontal dimension of the retained portion 106H differs for each lifting work, it is possible to
adjust the horizontal distance between the first opposing surface 41S and the second opposing
surface 428 so as to be suitable for the horizontal dimension of the retained portion 106H, thereby
suppressing occurrence of rattling of the retained portion 106H that is retained on the support
member 24.

[0090] Further, in the third modification, as shown in FIG. 24(C) and FIG. 24(D), the retention

device 20 preferably further includes the upper pressing member 28 and the upper pressing member
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moving mechanism 29 similarly to the second modification. In this mode, a relative position of
the upper pressing member 28 with respect to the proximal end portion 23 can be changed
according to the dimension in the up-down direction of the retained portion 106H. As a result,
even in a case where the dimension in the up-down direction of the retained portion 106H differs
for each lifting work, the relative position of the upper pressing member 28 can be adjusted to a
position suitable for the dimension in the up-down direction of the retained portion 106H to
suppress occurrence of rattling of the retained portion 106H that is retained on the support member
24.

[0091] Although in FIG. 22 and FIG. 23 showing the specific example of the third modification,
each of the first opposing surface 41S and the second opposing surface 42S is formed of a flat
surface, it may be configured with a following surface. Specifically, it is preferable that the first
opposing surface 418 has a shape corresponding to a shape of the first side portion (side portion
opposed to the first opposing surface 41S) of the retained portion 106H that is retained on the
support member 24, and that the second opposing surface 42S has a shape corresponding to a shape
of the second side portion (side portion opposed to the second opposing surface 42S) of the retained
portion 106H that is retained on the support member 24. Specifically, it is preferable that the first
opposing surface 41S has a shape along a curved shape (arc shape) of a side surface (surface on the
first side portion) of the main pipe P1 in the retained portion 106H, and that the second opposing
surface 4285 has a shape along a curved shape (arc shape) of a side surface (surface on the second
side portion) of the main pipe P1 in the retained portion 106H. In this mode, the first side pressing
member 41 having such first opposing surface 41S as described above and the second side pressing
member 42 having such second opposing surface 42S as described above can further suppress
occurrence of rattling of the retained portion 106H that is retained on the support member 24 during
the lifting work.

[0092] [Second Embodiment]

FIG. 25 and FIG. 26 are perspective views showing a retention device 20 of a suspension
device 1 according to a second embodiment. The suspension device 1 according to the second
embodiment is different from the first embodiment in that the first leg portion main body 21A and
the second leg portion main body 22A are movable in the up-down direction with respect to the
proximal end portion 23. In the following, description will be made of the difference, and
description of the other configurations will be omitted.

[0093] In the second embodiment, the distance between the proximal end portion 23 and the support
member 24 in the up-down direction can be changed by changing the relative positions in the
up-down direction of the first leg portion main body 21A and the second leg portion main body 22A
with respect to the proximal end portion 23 according to the dimension in the up-down direction of
the retained portion 106H. As a result, even in a case where the dimension in the up-down
direction of the retained portion 106H differs for each lifting work, the relative positions of the first
leg portion main body 21A and the second leg portion main body 22A with respect to the proximal
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end portion 23 can be adjusted to positions suitable for the dimension in the up-down direction of
the retained portion 106H, thereby suppressing occurrence of rattling of the retained portion 106H
retained on the support member 24.

[0094] In the following, the second embodiment will be specifically described.

[0095] As shown in FIG. 25, each of the plurality of retention devices 20 includes an up-down
moving mechanism 50 that operates to cause the first leg portion main body 21A and the second leg
portion main body 22A to move in the up-down direction relative to the proximal end portion 23.
The up-down moving mechanism 50 includes a first cylinder 51, a second cylinder 52, a plurality of
first guide members 55, and a plurality of second guide members 56.

[0096] The first cylinder 51 has a cylinder main body 511 and a cylinder rod 512. The cylinder
main body 511 is fixed to the proximal end portion 23. The cylinder rod 512 is configured to be
movable in the up-down direction relative to the cylinder main body 511. The cylinder rod 512 is
inserted into a through hole that penetrates the proximal end portion 23 in the up-down direction,
and a lower end portion of the cylinder rod 512 is located below the proximal end portion 23 and is
fixed to an upper portion of the first leg portion main body 21A.

[0097] Similarly, the second cylinder 52 has a cylinder main body 521 and a cylinder rod 522.

The cylinder main body 521 is fixed to the proximal end portion 23. The cylinder rod 522 is
configured to be movable in the up-down direction relative to the cylinder main body 521. The
cylinder rod 522 is inserted into a through hole that penetrates the proximal end portion 23 in the
up-down direction, and a lower end portion of the cylinder rod 522 is located below the proximal
end portion 23 and is fixed to an upper portion of the second leg portion main body 22A.

[0098] Each of the first and second cylinders 51 and 52 is operated by, for example, hydraulic oil
supplied from the drive source 1B shown in FIG. 2 via an oil passage (not shown). A switching
valve (not shown) is disposed in the oil passage. When the switching valve is set at a neutral
position, the hydraulic oil from the drive source 1B is not supplied to the first and second cylinders
51 and 52. When the switching valve is switched from the neutral position to a first position and
the hydraulic oil is supplied to head side chambers of the first and second cylinders 51 and 52,
dimensions of the cylinder rods 512 and 522 protruding downward from the cylinder main bodies
511 and 521 become large. As a result, the first leg portion main body 21A and the second leg
portion main body 22A are lowered. By contrast, when the switching valve is switched from the
neutral position to a second position and the hydraulic oil is supplied to a rod side chamber of each
of the first and second cylinders 51 and 52, the dimensions of the cylinder rods 512 and 522
protruding downward from the cylinder main bodies 511 and 521 become small.  As a result, the
first leg portion main body 21A and the second leg portion main body 22A rise. The first and
second cylinders 51 and 52 may be electric cylinders, and in this case, the drive source 1B is
configured with a power source.

[0099] Each of the plurality of first guide members 55 has a rod shape. An upper end portion of
each of the plurality of first guide members 55 is fixed to the proximal end portion 23. Each of the
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plurality of first guide members 55 extends downward from the proximal end portion 23 and is
inserted into a hole portion formed in the up-down direction in the first leg portion main body 21A.
The plurality of first guide members 55 move in the up-down direction relative to the first leg
portion main body 21A as the first leg portion main body 21A moves in the up-down direction,
thereby stabilizing the movement of the first leg portion main body 21A in the up-down direction.
Similarly, the plurality of second guide members 56 have the same configuration as the plurality of
first guide members 55, and stabilize movement of the second leg portion main body 22A in the
up-down direction.

[0100] [Third Embodiment]

FIG. 27 is a perspective view showing a retention device 20 of a suspension device 1
according to a third embodiment. The suspension device 1 according to the third embodiment
differs from the second embodiment in further including a configuration in which the first leg
portion main body 21A and the second leg portion main body 22A are movable relative to the
proximal end portion 23 in the horizontal direction. In the following, description will be made of
the difference, and description of the other configurations will be omitted.

[0101] In this third embodiment, a horizontal distance between the first leg portion main body 21A
and the second leg portion main body 22A can be changed according to a horizontal dimension of
the retained portion 106H. As a result, even in a case where the horizontal dimension of the
retained portion 106H differs for each lifting work, the horizontal distance between the first leg
portion main body 21A and the second leg portion main body 22A can be adjusted to be suitable for
the horizontal dimension of the retained portion 106H, thereby suppressing occurrence of rattling of
the retained portion 106H that is retained on the support member 24.

[0102] In the following, the third embodiment will be specifically described.

[0103] As shown in FIG. 27, the first leg portion 21 includes not only the first leg portion main
body 21A but also a first upper member 21B disposed above the first leg portion main body 21A.
The second leg portion 22 includes not only the second leg portion main body 22A but also a
second upper member 22B disposed above the second leg portion main body 22A. The first upper
member 21B and the second upper member 22B are disposed on both sides of the proximal end
portion 23.  In other words, the first upper member 21B, the proximal end portion 23, and the
second upper member 22B are disposed in this order in the horizontal direction.

[0104] The first leg portion main body 21A is supported by the first upper member 21B by means of
a first cylinder 51 of an up-down moving mechanism 50 having the same structure as that of the
up-down moving mechanism 50 in the second embodiment, and is configured to be movable in the
up-down direction relative to the first upper member 21B. The second leg portion main body 22A
is supported by the second upper member 22B by means of a second cylinder 52 of an up-down
moving mechanism 50 having the same structure as that of the up-down moving mechanism 50 in
the second embodiment, and is configured to be movable in the up-down direction relative to the

second upper member 22B.  Since the configurations of the first and second cylinders 52 are the
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same as those of the second embodiment, the same reference numerals as those of the second
embodiment are given thereto to omit detailed description thereof.

[0105] In the third embodiment shown in FIG. 27, each of the plurality of retention devices 20
further includes a side moving mechanism 60. The side moving mechanism 60 operates so as to
change the horizontal distance between the first leg portion main body 21A and the second leg
portion main body 22A by moving the first leg portion main body 21A and the second leg portion
main body 22A relative to the proximal end portion 23. The side moving mechanism 60 includes
a plurality of first cylinders 61 (a pair of cylinders in the illustrated example), a plurality of second
cylinders 62 (a pair of cylinders in the illustrated example), a plurality of first guide members 65,
and a plurality of second guide members 66.

[0106] Each of the plurality of first cylinders 61 has a cylinder main body 611 and a cylinder rod
612. The cylinder main body 611 is fixed to the first upper member 21B. The cylinder rod 612
is configured to be movable relative to the cylinder main body 511 in the horizontal direction. The
cylinder rod 612 is inserted into a through hole that horizontally penetrates the first upper member
21B, and a distal end portion of the cylinder rod 612 is fixed to a side portion of the proximal end
portion 23.

[0107] Similarly, each of the plurality of second cylinders 62 has a cylinder main body 621 and a
cylinder rod 622. The cylinder main body 621 is fixed to the second upper member 22B. The
cylinder rod 622 is configured to be movable relative to the cylinder main body 621 in the
horizontal direction. The cylinder rod 622 is inserted into a through hole that horizontally
penetrates the second upper member 22B, and a distal end portion of the cylinder rod 622 is fixed to
the side portion of the proximal end portion 23.

[0108] Each of the first and second cylinders 61 and 62 is operated by, for example, hydraulic oil
supplied from the drive source 1B shown in FIG. 2 via an oil passage (not shown). A switching
valve (not shown) is disposed in the oil passage. When the switching valve is set at a neutral
position, the hydraulic oil from the drive source 1B is not supplied to the first and second cylinders
61 and 62.

[0109] When the switching valve is switched from the neutral position to a first position, and the
hydraulic oil is supplied to head side chambers of the first and second cylinders 61 and 62,
dimensions of the cylinder rods 612 and 622 protruding laterally from the cylinder main bodies 611
and 621 become large. This causes the first upper member 21B to move in a direction to go away
from the proximal end portion 23 (horizontal direction), and the second upper member 22B to move
in a direction to go away from the proximal end portion 23 (horizontal direction). As a result, the
first leg portion 21 including the first leg portion main body 21A and the first upper member 21B
moves in a direction (horizontal direction) to go away from the proximal end portion 23, and the
second leg portion 22 including the second leg portion main body 22 A and the second upper
member 22B moves in a direction (horizontal direction) to go away from the proximal end portion
23.
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[0110] On the other hand, when the switching valve is switched from the neutral position to a
second position and the hydraulic oil is supplied to rod side chambers of the first and second
cylinders 61 and 62, the dimensions of the cylinder rods 612 and 622 protruding from the cylinder
main bodies 611 and 621 become small. This causes the upper member 21B to move in a direction
(horizontal direction) to near the proximal end portion 23, and the second upper member 22B to
move in a direction (horizontal direction) to near the proximal end portion 23.  As a result, the first
leg portion 21 including the first leg portion main body 21A and the first upper member 21B moves
in a direction (horizontal direction) to near the proximal end portion 23, and the second leg portion
22 including the second leg portion main body 22A and the second upper member 22B moves in a
direction (horizontal direction) to near the proximal end portion 23. The first and second cylinders
61 and 62 may be electric cylinders, and in this case, the drive source 1B is configured with a power
source.

[0111] Each of the plurality of first guide members 65 has a rod shape. Each proximal end portion
of the plurality of first guide members 65 is fixed to the first upper member 21B. Each of the
plurality of first guide members 65 extends horizontally from the first upper member 21B and is
inserted into a horizontal hole formed in the proximal end portion 23. The plurality of first guide
members 65 move in the horizontal direction as the first upper member 21B moves in the horizontal
direction, thereby stabilizing horizontal movement of the first upper member 21B.  Similarly, the
plurality of second guide members 66 have the same configuration as the plurality of first guide
members 65, and stabilize horizontal movement of the second upper member 22B.

[0112] [Other Modifications]

In the embodiments, the inclined surfaces 213 and 223 of the first leg portion main body
21A and the second leg portion main body 22A can be omitted. Further, in the embodiments, the
base member 13 can be omitted. In the embodiments, the support member moving mechanism 26
and the drive part 27 can be omitted.

[0113] Although in the embodiments, the suspension device 1 includes four retention devices 20, it
may include a plurality of retention devices 20 other than four.

[0114] Although in the embodiments, as shown in FIG. 1 and FIG. 5, the retained portion 106H of
the intermediate boom member 106 to which the retention device 20 is attached is a connection part
at which the pair of inclined pipes P2, P2 are connected to the main pipe P1 in the intermediate
boom member 106, and the support member 24 of the retention device 20 is disposed between the
pair of inclined pipes P2, P2, the retained portion 106H is not limited to the part shown in FIG. 1
and FIG. 5, and a part where the support member 24 is disposed is not limited to the part shown in
FIG. 1 and FIG. 5. The following mode is among modifications of these parts.

[0115] FIG. 28 is a view showing a positional relationship between a support member 24 of the
retention device 20 according to a modification and a retained portion 106H of the intermediate
boom member 106, and FIG. 29 is a view showing lifting work of lifting up the intermediate boom

member 106 by using the suspension device 1 provided with the support member 24 according to
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the modification of FIG. 28.  Although the suspension device 1 according to the modification
includes, for example, four retention devices 20 disposed in a manner as shown in FIG. 2, in the
side views of FIG. 28 and FIG. 29, only the two retention devices 20 of the four retention devices
20 are illustrated.  Further, in FIG. 28, in order to describe a positional relationship between the
support member 24 and a main pipe P1 and a pair of inclined pipes P2, P2 of the intermediate boom
member 106, only a cross section of the support member 24 is illustrated among the members
constituting each retention device 20.

[0116] In this modification, as shown in FIG. 28 and FIG. 29, the retained portion 106H of the
intermediate boom member 106 to which the retention device 20 is attached is located at a position
deviated to one side in a longitudinal direction of the main pipe P1 with respect to a connection part
C at which the pair of inclined pipes P2, P2 are connected to the main pipe P1 in the intermediate
boom member 106. Further, as shown in FIG. 28, the support member 24 of each retention device
20 is not disposed in a region M between the pair of inclined pipes P2, P2, but is disposed at a
position deviated to one side in the longitudinal direction with respect to the region M.

[0117] Each support member 24 has a shape corresponding to a shape of a lower portion of the
retained portion 106H retained on the support member 24.  Specifically, each support member 24
has an upper surface 248 (an example of a contact surface) along a lower surface of the main pipe
P1 in the retained portion 106H and an inclined surface 249 (an example of a contact surface)
inclined along a side surface of one inclined pipe P2 (a side surface of the left inclined pipe P2 in
FIG. 28). The upper surface 248 is formed of a flat surface or a curved surface along the lower
surface of the main pipe P1. Further, as shown in FIG. 28, when the support member 24 is viewed
in the longitudinal direction thereof, the inclined surface 249 is inclined in the same direction as the
one inclined pipe P2 with respect to the vertical direction.

[0118] Although a cross-sectional shape of the support member 24 according to the modification
shown in FIG. 28 is trapezoidal, the cross-sectional shape of the support member 24 is not limited
thereto, and may be another shape such as a triangular shape as shown in FIG. 30. The support
member 24 having a triangular shape shown in FIG. 30 has the upper surface 248 and the inclined
surface 249 similarly to the support member 24 shown in FIG. 28.

[0119] When coupling the intermediate boom member 106 (the second intermediate boom member
106) to the first intermediate boom member 105 shown in FIG. 1, for example, as shown in FIG. 29,
the intermediate boom member 106 may be disposed to have an inclined attitude with respect to the
ground. For disposing the intermediate boom member 106 so as to have such an inclined attitude,
it is only necessary to adjust lengths of the four cylinders 14 such that lengths of two rear cylinders
14 shown in FIG. 29 out of the four cylinders 14 of the attachment part 10 are larger than lengths of
two front cylinders 14. In such an inclined attitude, the upper surface 248 and the inclined surface
249 of the support member 24 are in contact with the lower surface of the main pipe P1 and the side
surface of the one inclined pipe P2 in the retained portion 106H, respectively. This enables the

intermediate boom member 106 to be stably retained in the inclined attitude by the four retention
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devices 20.

[0120] FIG. 31 is a view showing another example of a positional relationship between the support
member 24 and the retained portion 106H according to the modification. In this modification, as
shown in FIG. 31, of the four retained portions 106H of the intermediate boom member 106 to
which the retention devices 20 are attached, the rear retained portion 106H is located at a position
deviated to one side (rear side in FIG. 31) of the longitudinal direction of the main pipe P1 with
respect to the connection part C at which the pair of inclined pipes P2, P2 are connected to the main
pipe P1 in the intermediate boom member 106. Of the four retained portions 106H, the front
retained portion 106H is located at a position deviated to the other side (front side in FIG. 31) in the
longitudinal direction of the main pipe P1 with respect to the connection part C of the intermediate
boom member 106.

[0121] Although not shown, in the modifications of FIG. 28 to FIG. 31, a part of the four retained
portions 106H may be the connection part C at which the pair of inclined pipes P2, P2 are
connected to the main pipe P1 in the intermediate boom member 106 (e.g., such a part as shown in
FIG. 5), and the corresponding support member 24 may be disposed in the region M between the
pair of inclined pipes P2, P2 (e.g., such arrangement as shown in FIG. 5).

[0122] As described in the foregoing, the present disclosure provides a work machine suspension
device, a retention device, and a method for suspending a structure member which enable, in lifting
work for lifting a structure member included in a work machine, the worker’s labor to be reduced
and time required for the lifting work to be shortened.

[0123] There is provided a work machine suspension device for conducting lifting work of lifting
up a structure member included in a work machine by lifting equipment. The work machine
suspension device includes: an attachment part to be attached to the lifting equipment in the lifting
work; and a plurality of retention devices supported by the attachment part, in which each of the
plurality of retention devices includes: a proximal end portion connected to the attachment part; a
first leg portion that is supported by the proximal end portion and includes a first leg portion main
body that is disposed below the proximal end portion; a second leg portion that is supported by the
proximal end portion and includes a second leg portion main body disposed below the proximal end
portion, the second leg portion main body being disposed at an interval in a horizontal direction
from the first leg portion main body; and a support member supported by the first leg portion main
body so as to be movable between an entry allowed position and a retention position. The entry
allowed position is a position where the support member retracts from the second leg portion main
body to allow a retained portion as a part of the structure member to enter between the first leg
portion main body and the second leg portion main body, and the retention position is a position
where the retained portion is retained on the support member while the support member is
supported by the first leg portion main body and the second leg portion main body.

[0124] In this work machine suspension device, with the support member of each of the plurality of

retention devices disposed at the entry allowed position, each of the plurality of retention devices is
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lowered relative to the corresponding retained portion, thereby causing the corresponding retained
portion to enter between the first leg portion main body and the second leg portion main body.
Next, the support member of each of the plurality of retention devices is moved from the entry
allowed position to the retention position. As a result, while being supported by the first leg
portion main body and the second leg portion main body, the support member can retain the
retained portion on the support member, so that the structure member can be lifted up by lifting up
the attachment part of the work machine suspension device by the lifting equipment. ~Accordingly,
this work machine suspension device makes it possible to simplify or omit the assisting work by the
worker in the raising process of the hook by the hook raising operation, and enables the operator to
quickly conduct the hook raising operation. Therefore, this work machine suspension device
enables worker’s labor to be reduced in the lifting work and time required for the lifting work to be
shortened.

[0125] Here, the attachment part may have a simple mode, for example, may be configured with
only a plurality of wire ropes that support the plurality of retention devices. In this case, an upper
end portion of each of the plurality of wire ropes is attached to the hook of the lifting equipment,
and a lower end portion of each of the plurality of wire ropes is attached to the corresponding
retention device among the plurality of retention devices. It is noted that in a case where the
attachment part includes the following base member, stability when the structure member is lifted
up in the lifting work is improved as compared with the case where the attachment part is
configured with only the plurality of wire ropes.

[0126] In other words, it is preferable that in the work machine suspension device, the attachment
part includes a base member that supports the plurality of retention devices, and that the plurality of
retention devices are fixed to the base member so as to be capable of hanging from the base member
at intervals from each other in a horizontal direction.

[0127] In this mode, since the plurality of retention devices fixed to the base member are hung from
the base member at intervals from each other in the horizontal direction, the relative positions of the
plurality of retention devices can be easily maintained, so that stability when the structure member
is lifted up in the lifting work is improved.

[0128] Here, the operation of moving of the support member between the retention position and the
entry allowed position may be manually conducted by a worker such as a slinging worker. It is
noted that the following mode makes it possible to further reduce the labor of the worker.

[0129] In other words, in the work machine suspension device, each of the plurality of retention
devices preferably further includes: a support member moving mechanism that operates so as to
move the support member between the entry allowed position and the retention position; and a drive
part that drives the support member moving mechanism.

[0130] In this mode, since the support member is moved between the retention position and the
entry allowed position by the support member moving mechanism driven by the drive part, it is not

necessary for the worker to manually move the support member, resulting in further reducing the
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labor of the worker.

[0131] It is preferable that in the work machine suspension device, the support member has a
contact surface in contact with the retained portion that is retained on the support member, the
contact surface having a shape corresponding to a shape of the retained portion.

[0132] In this mode, the support member having the contact surface as described above can retain
the retained portion more stably in the lifting work.

[0133] It is preferable that in the work machine suspension device, each of the plurality of retention
devices further includes a restricting portion configured to be switched between a restriction state of
restricting movement of the support member from the retention position and an allowable state of
allowing the support member to move from the retention position to the entry allowed position.
[0134] In this mode, when the structure member is lifted up in the lifting work, it is possible to
reliably prevent the support member from moving from the retention position to the entry allowed
position against an intention of work-related personnel such as the worker or the operator.

[0135] In the work machine suspension device, each of the plurality of retention devices may
further include an upper pressing member that is interposed between the proximal end portion and
the support member so as to be supported by at least one of the proximal end portion, the first leg
portion, and the second leg portion, the upper pressing member having an opposing surface opposed
to an upper portion of the retained portion that is retained on the support member.

[0136] In this mode, even in a case where a relatively large gap is formed between the retained
portion and the proximal end portion due to a relatively large difference between a distance in an
up-down direction between the proximal end portion and the support member and a dimension in
the up-down direction of the retained portion, the gap is reduced by the upper pressing member
interposed between the proximal end portion and the support member. As a result, it is possible to
suppress occurrence of rattling of the retained portion that is retained on the support member.
[0137] In the work machine suspension device, each of the plurality of retention devices preferably
further includes an upper pressing member moving mechanism that operates so as to move the
upper pressing member in an up-down direction relative to the proximal end portion.

[0138] In this mode, a relative position of the upper pressing member with respect to the proximal
end portion can be changed according to the dimension in the up-down direction of the retained
portion. As aresult, even in a case where the dimension in the up-down direction of the retained
portion differs for each lifting work, the relative position of the upper pressing member can be
adjusted to a position suitable for the dimension in the up-down direction of the retained portion,
thereby enabling occurrence of rattling of the retained portion that is retained on the support
member to be suppressed.

[0139] In the work machine suspension device, the opposing surface of the upper pressing member
preferably has a shape corresponding to a shape of the upper portion of the retained portion.

[0140] In this mode, the upper pressing member having the opposing surface as described above

can further suppress occurrence of rattling of the retained portion that is retained on the support
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member in the lifting work.

[0141] In the work machine suspension device, each of the plurality of retention devices may
further include: a first side pressing member that is interposed between the first leg portion main
body and the second leg portion main body so as to be supported by at least one of the first leg
portion main body and the proximal end portion, and has a first opposing surface opposed to a first
side portion of the retained portion that is retained on the support member; and a second side
pressing member that is interposed between the first leg portion main body and the second leg
portion main body so as to be supported by at least one of the second leg portion main body and the
proximal end portion, and has a second opposing surface opposed to a second side portion of the
retained portion that is retained on the support member.

[0142] In this mode, even in a case where due to a relatively large difference between a horizontal
distance between the first leg portion main body and the second leg portion main body and a
horizontal dimension of the retained portion, a relatively large gap is formed between the leg
portion main bodies and the retained portion, the gap is reduced by the first and second side
pressing members interposed between the first leg portion main body and the second leg portion
main body. As a result, it is possible to suppress occurrence of rattling of the retained portion that
is retained on the support member.

[0143] In the work machine suspension device, each of the plurality of retention devices preferably
further includes a side pressing member moving mechanism that operates so as to change a
horizontal distance between the first opposing surface and the second opposing surface by
conducting at least one of relative movement of the first side pressing member with respect to the
first leg portion main body and relative movement of the second side pressing member with respect
to the second leg portion main body.

[0144] In this mode, the horizontal distance between the first opposing surface and the second
opposing surface can be changed according to the horizontal dimension of the retained portion. As
a result, even in a case where the horizontal dimension of the retained portion differs for each lifting
work, it is possible to adjust the horizontal distance between the first opposing surface and the
second opposing surface to be suitable for the horizontal dimension of the retained portion, thereby
suppressing occurrence of rattling of the retained portion that is retained on the support member.
[0145] It is preferable that in the work machine suspension device, the first opposing surface has a
shape corresponding to a shape of the first side portion of the retained portion that is retained on the
support member, and that the second opposing surface has a shape corresponding to a shape of the
second side portion of the retained portion that is retained on the support member.

[0146] In this mode, the first side pressing member having the first opposing surface and the second
side pressing member having the second opposing surface as described above enable the occurrence
of rattling of the retained portion that is retained on the support member to be further suppressed in
the lifting work.

[0147] In the work machine suspension device, each of the plurality of retention devices may
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further include an up-down moving mechanism that operates so as to move the first leg portion
main body and the second leg portion main body in the up-down direction relative to the proximal
end portion.

[0148] In this mode, the distance in the up-down direction between the proximal end portion and
the support member can be changed by changing relative positions in the up-down direction of the
first leg portion main body and the second leg portion main body with respect to the proximal end
portion according to the dimension in the up-down direction of the retained portion. As a result,
even in a case where the dimension in the up-down direction of the retained portion differs for each
lifting work, the relative positions of the first leg portion main body and the second leg portion
main body with respect to the proximal end portion can be adjusted to positions suitable for the
dimension in the up-down direction of the retained portion, thereby suppressing occurrence of
rattling of the retained portion that is retained on the support member.

[0149] In the work machine suspension device, each of the plurality of retention devices may
further include a side moving mechanism that operates so as to change a horizontal distance
between the first leg portion main body and the second leg portion main body by moving at least
one of the first leg portion main body and the second leg portion main body relative to the proximal
end portion.

[0150] In this mode, the horizontal distance between the first leg portion main body and the second
leg portion main body can be changed according to the horizontal dimension of the retained portion.
As aresult, even in a case where the horizontal dimension of the retained portion differs for each
lifting work, the horizontal distance between the first leg portion main body and the second leg
portion main body can be adjusted to be suitable for the horizontal dimension of the retained portion,
thereby suppressing occurrence of rattling of the retained portion that is retained on the support
member.

[0151] In the work machine suspension device, each of a lower end portion of the first leg portion
and a lower end portion of the second leg portion preferably has such an inclined surface that makes
a distance in a horizontal direction between the lower end portions increase downward.

[0152] In this mode, the retained portion can smoothly enter between the first leg portion main body
and the second leg portion main body while being guided by the inclined surface.

[0153] There is provided a retention device to be attached to a structure member included in a work
machine for conducting lifting work of lifting up the structure member by lifting equipment. The
retention device includes: a proximal end portion; a first leg portion that is supported by the
proximal end portion and includes a first leg portion main body that is disposed below the proximal
end portion; a second leg portion that is supported by the proximal end portion and includes a
second leg portion main body disposed below the proximal end portion, the second leg portion main
body being disposed at an interval in a horizontal direction from the first leg portion main body; and
a support member supported by the first leg portion main body so as to be movable between an

entry allowed position and a retention position. The entry allowed position is a position where the
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support member retracts from the second leg portion main body to allow a retained portion as a part
of the structure member to enter between the first leg portion main body and the second leg portion
main body, and the retention position is a position where the retained portion is retained on the
support member while the support member is supported by the first leg portion main body and the
second leg portion main body.

[0154] This retention device enables worker’s labor to be reduced in the lifting work and time
required for the lifting work to be shortened.

[0155] The retention device preferably further includes: a support member moving mechanism that
operates so as to move the support member between the entry allowed position and the retention
position; and a drive part that drives the support member moving mechanism.

[0156] In this mode, since the support member is moved between the retention position and the
entry allowed position by the support member moving mechanism driven by the drive part, it is not
necessary for the worker to manually move the support member, resulting in further reducing the
labor of the worker.

[0157] In the retention device, the support member preferably has a contact surface in contact with
the retained portion that is retained on the support member, the contact surface having a shape
corresponding to a shape of the retained portion.

[0158] In this mode, the support member having the contact surface as described above can retain
the retained portion more stably in the lifting work.

[0159] The retention device preferably further includes a restricting portion configured to be
switched between a restriction state of restricting movement of the support member from the
retention position and an allowable state of allowing the support member to move from the
retention position to the entry allowed position.

[0160] In this mode, when the structure member is lifted up in the lifting work, it is possible to
reliably prevent the support member from moving from the retention position to the entry allowed
position against an intention of work-related personnel such as the worker or the operator.

[0161] The retention device may further include an upper pressing member that is interposed
between the proximal end portion and the support member so as to be supported by at least one of
the proximal end portion, the first leg portion, and the second leg portion, the upper pressing
member having an opposing surface opposed to an upper portion of the retained portion that is
retained on the support member.

[0162] In this mode, even in a case where a relatively large gap is formed between the retained
portion and the proximal end portion due to a relatively large difference between a distance in an
up-down direction between the proximal end portion and the support member and a dimension in
the up-down direction of the retained portion, the gap is reduced by the upper pressing member
interposed between the proximal end portion and the support member. As a result, it is possible to
suppress occurrence of rattling of the retained portion that is retained on the support member.

[0163] The retention device preferably further includes an upper pressing member moving
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mechanism that operates so as to move the upper pressing member in an up-down direction relative
to the proximal end portion.

[0164] In this mode, a relative position of the upper pressing member with respect to the proximal
end portion can be changed according to the dimension in the up-down direction of the retained
portion. As aresult, even in a case where the dimension in the up-down direction of the retained
portion differs for each lifting work, the relative position of the upper pressing member can be
adjusted to a position suitable for the dimension in the up-down direction of the retained portion,
thereby enabling occurrence of rattling of the retained portion that is retained on the support
member to be suppressed.

[0165] The retention device may further include a first side pressing member that is interposed
between the first leg portion main body and the second leg portion main body so as to be supported
by at least one of the first leg portion main body and the proximal end portion, and has a first
opposing surface opposed to a first side portion of the retained portion that is retained on the
support member; and a second side pressing member that is interposed between the first leg portion
main body and the second leg portion main body so as to be supported by at least one of the second
leg portion main body and the proximal end portion, and has a second opposing surface opposed to
a second side portion of the retained portion that is retained on the support member.

[0166] In this mode, even in a case where due to a relatively large difference between a horizontal
distance between the first leg portion main body and the second leg portion main body and a
horizontal dimension of the retained portion, a relatively large gap is formed between the leg
portion main bodies and the retained portion, the gap is reduced by the first and second side
pressing members interposed between the first leg portion main body and the second leg portion
main body. As a result, it is possible to suppress occurrence of rattling of the retained portion that
is retained on the support member.

[0167] The retention device preferably further includes a side pressing member moving mechanism
that operates so as to change a horizontal distance between the first opposing surface and the second
opposing surface by conducting at least one of relative movement of the first side pressing member
with respect to the first leg portion main body and relative movement of the second side pressing
member with respect to the second leg portion main body.

[0168] In this mode, the horizontal distance between the first opposing surface and the second
opposing surface can be changed according to the horizontal dimension of the retained portion. As
a result, even in a case where the horizontal dimension of the retained portion differs for each lifting
work, it is possible to adjust the horizontal distance between the first opposing surface and the
second opposing surface to be suitable for the horizontal dimension of the retained portion, thereby
suppressing occurrence of rattling of the retained portion that is retained on the support member.
[0169] The retention device may further include an up-down moving mechanism that operates so as
to move the first leg portion main body and the second leg portion main body in the up-down

direction relative to the proximal end portion.
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[0170] In this mode, the distance in the up-down direction between the proximal end portion and
the support member can be changed by changing relative positions in the up-down direction of the
first leg portion main body and the second leg portion main body with respect to the proximal end
portion according to the dimension in the up-down direction of the retained portion. As a result,
even in a case where the dimension in the up-down direction of the retained portion differs for each
lifting work, the relative positions of the first leg portion main body and the second leg portion
main body with respect to the proximal end portion can be adjusted to positions suitable for the
dimension in the up-down direction of the retained portion, thereby suppressing occurrence of
rattling of the retained portion that is retained on the support member.

[0171] The retention device may further include a side moving mechanism that operates so as to
change a horizontal distance between the first leg portion main body and the second leg portion
main body by moving at least one of the first leg portion main body and the second leg portion main
body relative to the proximal end portion.

[0172] In this mode, the horizontal distance between the first leg portion main body and the second
leg portion main body can be changed according to the horizontal dimension of the retained portion.
As aresult, even in a case where the horizontal dimension of the retained portion differs for each
lifting work, the horizontal distance between the first leg portion main body and the second leg
portion main body can be adjusted to be suitable for the horizontal dimension of the retained portion,
thereby suppressing occurrence of rattling of the retained portion that is retained on the support
member.

[0173] There is provided a method for suspending a structure member by using the work machine
suspension device to lift up the structure member, the method including: a step of disposing the
support member of each of the plurality of retention devices at the entry allowed position; a step of
moving each of the plurality of retention devices downward relative to the corresponding retained
portion to cause the corresponding retained portion to enter between the first leg portion main body
and the second leg portion main body; a step of moving the support member of each of the plurality
of retention devices from the entry allowed position to the retention position; and a step of lifting up
the structure member by lifting up the attachment part of the work machine suspension device by
the lifting equipment.

[0174] This method for suspending a structure member makes it possible to simplify or omit the
assisting work by the worker in the raising process of the hook by the hook raising operation, and
enables the operator to quickly conduct the hook raising operation. Therefore, this suspending
method enables worker’s labor to be reduced in the lifting work and time required for the lifting

work to be shortened.
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Claims

1. A work machine suspension device for conducting lifting work of lifting up a
structure member included in a work machine by lifting equipment, the work machine
suspension device comprising:

an attachment part to be attached to the lifting equipment in the lifting work; and

a plurality of retention devices supported by the attachment part,

wherein each of the plurality of retention devices includes:

a proximal end portion connected to the attachment part;

a first leg portion that is supported by the proximal end portion and includes a first
leg portion main body that is disposed below the proximal end portion;

a second leg portion that is supported by the proximal end portion and includes a
second leg portion main body disposed below the proximal end portion, the second leg
portion main body being disposed at an interval in a horizontal direction from the first leg
portion main body; and

a support member supported by the first leg portion main body so as to be movable
between an entry allowed position and a retention position,

the entry allowed position being a position where the support member retracts from
the second leg portion main body to allow a retained portion as a part of the structure
member to enter between the first leg portion main body and the second leg portion main
body, and

the retention position being a position where the retained portion is retained on the
support member while the support member is supported by the first leg portion main body
and the second leg portion main body,

wherein each of the plurality of retention devices further includes an upper pressing
member that is interposed between the proximal end portion and the support member so as
to be supported by at least one of the proximal end portion, the first leg portion, and the
second leg portion, the upper pressing member having an opposing surface opposed to an
upper portion of the retained portion that is retained on the support member.

2. The work machine suspension device according to claim 1, wherein

the attachment part includes a base member that supports the plurality of retention
devices, and

the plurality of retention devices are fixed to the base member so as to be capable of
hanging from the base member at intervals from each other in a horizontal direction.

3. The work machine suspension device according to claim 1 or 2, wherein

each of the plurality of retention devices further includes:

a support member moving mechanism that operates so as to move the support member
between the entry allowed position and the retention position; and

a drive part that drives the support member moving mechanism.

4.  The work machine suspension device according to any one of claims 1 to 3, wherein

the support member has a contact surface in contact with the retained portion that is
retained on the support member, the contact surface having a shape corresponding to a
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shape of the retained portion.

5. The work machine suspension device according to any one of claims 1 to 4, wherein
each of the plurality of retention devices further includes a restricting portion configured
to be switched between a restriction state of restricting movement of the support member
from the retention position and an allowable state of allowing the support member to move
from the retention position to the entry allowed position.

6. The work machine suspension device according to any one of claims 1 to 5, wherein
each of the plurality of retention devices further includes an upper pressing member
moving mechanism that operates so as to move the upper pressing member in an up-down
direction relative to the proximal end portion.

7.  The work machine suspension device according to any one of claims 1 to 6, wherein
the opposing surface of the upper pressing member has a shape corresponding to a shape
of the upper portion of the retained portion.

8.  The work machine suspension device according to any one of claims 1 to 7, wherein
each of the plurality of retention devices further includes:

a first side pressing member that is interposed between the first leg portion main body
and the second leg portion main body so as to be supported by at least one of the first leg
portion main body and the proximal end portion, and has a first opposing surface opposed
to a first side portion of the retained portion that is retained on the support member; and

a second side pressing member that is interposed between the first leg portion main
body and the second leg portion main body so as to be supported by at least one of the
second leg portion main body and the proximal end portion, and has a second opposing
surface opposed to a second side portion of the retained portion that is retained on the
support member.

9. The work machine suspension device according to claim 8, wherein each of the
plurality of retention devices further includes a side pressing member moving mechanism
that operates so as to change a horizontal distance between the first opposing surface and
the second opposing surface by conducting at least one of relative movement of the first
side pressing member with respect to the first leg portion main body and relative movement
of the second side pressing member with respect to the second leg portion main body.

10. The work machine suspension device according to claim 8 or 9, wherein

the first opposing surface has a shape corresponding to a shape of the first side portion
of the retained portion that is retained on the support member, and

the second opposing surface has a shape corresponding to a shape of the second side
portion of the retained portion that is retained on the support member.

11. The work machine suspension device according to any one of claims 1 to 10, wherein
each of the plurality of retention devices further includes an up-down moving mechanism
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that operates so as to move the first leg portion main body and the second leg portion main
body in the up-down direction relative to the proximal end portion.

12.  The work machine suspension device according to any one of claims 1 to 11, wherein
each of the plurality of retention devices further includes a side moving mechanism that
operates so as to change a horizontal distance between the first leg portion main body and
the second leg portion main body by moving at least one of the first leg portion main body
and the second leg portion main body relative to the proximal end portion.

13.  The work machine suspension device according to any one of claims 1 to 12, wherein
each of a lower end portion of the first leg portion and a lower end portion of the second
leg portion has such an inclined surface that makes a distance in a horizontal direction
between the lower end portions increase downward.

14. A retention device to be attached to a structure member included in a work machine
for conducting lifting work of lifting up the structure member by lifting equipment, the
retention device comprising:

a proximal end portion;

a first leg portion that is supported by the proximal end portion and includes a first
leg portion main body that is disposed below the proximal end portion;

a second leg portion that is supported by the proximal end portion and includes a
second leg portion main body disposed below the proximal end portion, the second leg
portion main body being disposed at an interval in a horizontal direction from the first leg
portion main body; and

a support member supported by the first leg portion main body so as to be movable
between an entry allowed position and a retention position,

the entry allowed position being a position where the support member retracts from
the second leg portion main body to allow a retained portion as a part of the structure
member to enter between the first leg portion main body and the second leg portion main
body, and

the retention position being a position where the retained portion is retained on the
support member while the support member is supported by the first leg portion main body
and the second leg portion main body,

the retention device further comprises

an upper pressing member that is interposed between the proximal end portion and
the support member so as to be supported by at least one of the proximal end portion, the
first leg portion, and the second leg portion,

the upper pressing member having an opposing surface opposed to an upper portion
of the retained portion that is retained on the support member.

15. The retention device according to claim 14, further comprising:

a support member moving mechanism that operates so as to move the support member
between the entry allowed position and the retention position; and

a drive part that drives the support member moving mechanism.
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16. The retention device according to claim 14 or 15, wherein

the support member has a contact surface in contact with the retained portion that is
retained on the support member,

the contact surface having a shape corresponding to a shape of the retained portion.

17. The retention device according to any one of claims 14 to 16, further comprising a
restricting portion configured to be switched between a restriction state of restricting
movement of the support member from the retention position and an allowable state of
allowing the support member to move from the retention position to the entry allowed
position.

18. The retention device according to any one of claims 14 to 17, further comprising an
upper pressing member moving mechanism that operates so as to move the upper pressing
member in an up-down direction relative to the proximal end portion.

19. The retention device according to any one of claims 14 to 18, further comprising:

a first side pressing member that is interposed between the first leg portion main body
and the second leg portion main body so as to be supported by at least one of the first leg
portion main body and the proximal end portion, and has a first opposing surface opposed
to a first side portion of the retained portion that is retained on the support member; and

a second side pressing member that is interposed between the first leg portion main
body and the second leg portion main body so as to be supported by at least one of the
second leg portion main body and the proximal end portion, and has a second opposing
surface opposed to a second side portion of the retained portion that is retained on the
support member.

20. The retention device according to claim 19, further comprising a side pressing
member moving mechanism that operates so as to change a horizontal distance between
the first opposing surface and the second opposing surface by conducting at least one of
relative movement of the first side pressing member with respect to the first leg portion
main body and relative movement of the second side pressing member with respect to the
second leg portion main body.

21. The retention device according to any one of claims 14 to 20, further comprising an
up-down moving mechanism that operates so as to move the first leg portion main body
and the second leg portion main body in the up-down direction relative to the proximal end
portion.

22. The retention device according to any one of claims 14 to 21, further comprising a
side moving mechanism that operates so as to change a horizontal distance between the
first leg portion main body and the second leg portion main body by moving at least one
of the first leg portion main body and the second leg portion main body relative to the
proximal end portion.
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23. A method for suspending a structure member by using the work machine suspension
device according to any one of claims 1 to 13 to lift up the structure member, the method
comprising:

a step of disposing the support member of each of the plurality of retention devices
at the entry allowed position;

a step of moving each of the plurality of retention devices downward relative to the
retained portion to cause the corresponding retained portion to enter between the first leg
portion main body and the second leg portion main body;

a step of moving the support member of each of the plurality of retention devices
from the entry allowed position to the retention position; and

a step of suspending the structure member by lifting up the attachment part of the
work machine suspension device by the lifting equipment,

wherein the opposing surface of the upper pressing member is opposed to the upper
portion of the retained portion that is retained on the support member.
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