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(54) CRANE

(67)  Provided is a crane capable of effectively sup-
pressing the swing of the suspended object when the
work to transport the suspended object is stopped. A
crane (1) includes a boom (2) and a suspended object
16 suspended from the boom (2). The crane (1) is con-
figured to perform, when in plane coordinates as seen
vertically downward from above the crane, a position
where the suspended object 16 is suspended from the
boom (2) without swinging is defined as a reference po-
sition of the suspended object 16, a first control to oper-
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ate, in a case where the suspended object 16 is at a first
shifted position 16a1 shifted with respect to a first refer-
ence position, the boom 2 to approach the first shifted
position 16a1 in the plane coordinates, and a second
control to operate, in a case where the suspended object
16 is at a second shifted position 16a2 shifted from a
second reference position that is a reference position af-
ter the first control, the boom 2 to approach the second
shifted position 16a2 in the plane coordinates.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a crane.

Description of Related Art

[0002] In the past, a technique has been developed in
which a crane transports a suspended objects (a sus-
pended load hooked onto a hook or a hook-and-hook) to
a predetermined position while suppressing swing of the
suspended object (refer to Japanese Unexamined Pat-
ent Publication No. 2004-284735) .

SUMMARY OF THE INVENTION

[0003] However,acraneis required to more effectively
suppress swing of a suspended object in a case where
the suspended object is swung due to some reason (for
example, residual vibration at the time of stopping, earth-
quake, wind, or the like) when work to transport the sus-
pended object is stopped.

[0004] The presentinvention has an object to provide
a crane capable of more effectively suppressing swing
of a suspended object when work to transport the sus-
pended object is stopped.

[0005] A crane according to the present invention in-
cludes a boom and a suspended object suspended from
the boom. Then, the crane according to the present in-
vention is configured to perform, when in plane coordi-
nates as seen vertically downward from above the crane,
aposition where the suspended objectis suspended from
the boom without swinging is defined as a reference po-
sition of the suspended object, a first control to operate,
in a case where the suspended object is at a first shifted
position shifted with respect to a first reference position,
the boom to approach the first shifted position in the plane
coordinates, and a second control to operate, in a case
where the suspended object is at a second shifted posi-
tion shifted from a second reference position that is a
reference position after the first control, the boom to ap-
proach the second shifted position in the plane coordi-
nates.

[0006] The crane according to the present invention is
capable of more effectively suppressing the swing of the
suspended object when work to transport the suspended
object is stopped.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007]
Fig. 1 is a side view of a crane according to an em-

bodiment of the present invention.
Fig. 2 is a partially omitted plan view of the crane
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according to the embodiment of the present inven-
tion.

Fig. 3is a partially enlarged view of the crane shown
in Fig. 1.

Fig. 4 is a block diagram showing the functional con-
figuration of the crane according to the embodiment
of the present invention.

Fig. 5 is a plan view schematically showing the re-
lationship between a maximum amplitude position
of a suspended object and a surrounding structure
at a work site.

Figs. 6A and 6B are diagrams showing a first exam-
ple of swing stop processing for the suspended ob-
ject.

Fig. 7A is a plan view showing a second example of
the swing stop processing for the suspended object,
and Fig. 7B is a plan view showing a third example
of the swing stop processing for the suspended ob-
ject.

Fig. 8 is a flowchart showing a flow of the swing stop
processing for the suspended object.

DETAILED DESCRIPTION OF THE INVENTION

[0008] Hereinafter, an embodiment of the present in-
vention will be described in detail with reference to the
drawings.

(Configuration of Crane)

[0009] Fig. 1is a side view of a crane 1 according to
an embodiment of the present embodiment. Further, Fig.
2 is a plan view of the crane 1 according to the embodi-
ment of the present invention with some parts (a boom
2, a derricking rope 3, and the like) omitted. Further, Fig.
3 is a partially enlarged view of the crane 1 shown in Fig.
1 and is a diagram showing an attachment structure of
a camera 4.

[0010] As shown in Figs. 1 and 2, the crane 1 is a so-
called mobile crawler crane. Specifically, the crane 1 in-
cludes a self-propelled crawler-type lower traveling body
5and a rotating platform 6 rotatably mounted on the lower
traveling body 5.

[0011] In the following, the front-back and right-left di-
rections as seen from an occupant of the crane 1 will be
described as the front-back and right-left directions of the
crane 1.

[0012] The boom 2 is mounted on the front side of the
rotating platform 6 to be able to perform derricking. A
counterweight 7 for the weight balance between the
boom 2 and a suspended load is mounted on a rear part
of the rotating platform 6.

[0013] A cabin 8 in which an operator seats and oper-
ates the crane 1 is disposed at a front right part of the
rotating platform 6.

[0014] A derricking operation of the boom 2 is per-
formed by winding or unwinding the derricking rope 3 by
a derricking winch 10.
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[0015] One end of a hoisting rope 11 is connected to
ahook 12, and the hook 12 is suspended by the hoisting
rope 11 wrapped around a point sheave 17 at the tip of
the boom 2. The other end of the hoisting rope 11 is
wound around a hoisting winch 13 on the rotating platform
6, and the hoisting rope 11 is wound or unwound by the
driving of the hoisting winch 13, so thatthe hook 12 moves
up and down. A suspended load 14 is suspended from
the hook 12 by a suspending material 15 in the form of
a string, a chain, or the like. Then, in the present embod-
iment, the hook 12 and the suspended load 14 configure
a suspended object 16 that is suspended from the boom
2.

[0016] For convenience of description, the portion of
the hoisting rope 11, which extends away from the point
sheave 17 to the hook 12, will be referred to as a sus-
pended load rope 11a, and the length of the suspended
load rope 11a will be referred to as a rope length. Further,
in a case where the suspended load 14 is not suspended
from the hook 12, the suspended object 16 is only the
hook 12.

[0017] Thecrane 1showninFig. 1 shows a state when
work to transport the suspended object 16 is stopped,
and the suspended object 16 is located vertically below
a center 17a of the point sheave 17 disposed at the tip
of the boom 2, and is suspended by the suspended load
rope 11a without swinging. Then, in the crane 1 shown
in Fig. 1, the position where it is assumed that the sus-
pended object 16 is suspended from the boom 2 without
swinging (the position on a reference line VL extending
vertically downward from the center 17a of the point
sheave 17) is defined as a reference position of the sus-
pended object 16. Further, for convenience of descrip-
tion, the center 17a of the point sheave 17 is defined as
a suspending position of the suspended object 16 in the
boom 2. Further, in the crane 1 shown in Fig. 2, in a case
of considering the swing of the suspended object 16 in
the right-left direction (the direction along a Y axis), the
position where it is assumed that the suspended object
16 is suspended from the boom 2 without swinging (the
position on an imaginary line extending vertically down-
ward from the center position of the point sheave 17 in
the right-left direction) is defined as the reference posi-
tion. Further, in the crane 1 shown in Fig. 1, a working
time refers to a working time when the boom 2 is moved
relative to the ground plane of the crane 1, or when the
suspended load rope 11ais moved to move the suspend-
ed object 16 to a predetermined location. For example,
the working time refers to a working time such as the
derricking of the crane 1, the turning of the crane 1, or
the winding or unwinding of the suspended load rope
11a. Further, the working time does not include, for ex-
ample, a working time when, in a case where the crane
1 includes a surrounding monitoring device, the sur-
roundings are monitored by the surrounding monitoring
device.

[0018] As shown in Figs. 1 and 3, the camera 4 as a
detection unit is suspended from the tip end side of the
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boom 2 through a fixture 18. The fixture 18 includes a
base portion 20 fixed to the boom 2, a support post 21
whose one end is rotatably supported by the base portion
20, and a cover 22 fixed to the other end of the support
post 21. In the fixture 18, the support post 21 and the
cover 22 are maintained in a downward posture due to
their own weight regardless of the derricking operation
of the boom 2. The camera 4 is accommodated inside
the cover 22. As a result, the camera 4 is maintained in
a downward posture, as with the support post 21 and the
cover 22 of the fixture 18, regardless of the derricking
operation of the boom 2.

[0019] The camera 4 is configured to image the sus-
pended object 16 and the work site around the suspend-
ed object 16, and transmit the acquired image data to a
control unit 23.

[0020] Fig. 4 is a block diagram showing the functional
configuration of the crane 1.

[0021] As shown in Fig. 4, the crane 1 includes, in ad-
dition to the configuration described above, the control
unit 23, a drive unit 24, an operation unit 25, a display
unit 26, a communication unit 27, the camera (detection
unit) 4, and a storage unit 28.

[0022] The control unit 23 is configured to include, for
example, a central processing unit (CPU) and the like,
and controls the operation of each part of the crane 1.
The control unit 23 includes the function of an electronic
controlunit (ECU), andis disposed in the rotating platform
6. Specifically, the control unit 23 operates the drive unit
24, based on the operation input of the operator, or the
like, and executes various processing in cooperation with
programs 31 (31ato 31c) stored in advance inthe storage
unit 28 (described later), and the like.

[0023] The drive unit 24 is a drive source that operates
each part of the crane 1, and includes the derricking
winch 10 described above, the hoisting winch 13, a turn-
ing device 30 for the rotating platform 6, and other various
motors and actuators, and the like.

[0024] The operation unit 25 is operating means
through which the operator performs various operations.
The operation unit 25 includes, for example, a steering
wheel, a pedal, a lever, various buttons, and the like, and
outputs operation signals corresponding to the contents
of these operations to the control unit 23.

[0025] The display unit26is, for example, a liquid crys-
tal display, an organic electroluminescence display, or
other display, and displays images of or various informa-
tion on the suspended object 16 and the work site around
the suspended object 16, based on display signals that
are input from the control unit 23. The display unit 26 may
be atouch panelthatalso serves as a part ofthe operation
unit 25.

[0026] The communication unit 27 is, for example, a
communication device capable of transmitting and re-
ceiving various information to and from an information
terminal (not shown) or the like.

[0027] The camera 4 as the detection unit outputs the
image data of the suspended object 16 and the work site
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around the suspended object 16 to the control unit 23,
as described above. Further, in a case where the camera
4 has a distance measurement function, the camera 4
acquires distance data to the suspended object 16 and
outputs the distance data to the control unit 23. The de-
tection unit may use a stereo camera, alaser sensor such
as LiDAR, a global navigation satellite system (GNSS),
or the like, in addition to a monocular camera. Further,
the distance data to the suspended object 16 is distance
data from the camera 4 to the hook 12 in a case where
the suspended load 14 is not suspended from the hook
12. Further, the distance data to the suspended object
16 may be distance data from the camera 4 to the hook
12 even in a case where the suspended load 14 is sus-
pended from the hook 12. In the present embodiment,
the camera 4 is disposed on the tip end side of the boom
2. However, there is no limitation thereto, and the camera
4 is disposed at a position (for example, an intermediate
portion of the boom 2, a lower end portion of the boom
2, or the rotating platform 6) where the image data of the
suspended object 16 and the work site around the sus-
pended object 16 can be acquired.

[0028] The storage unit 28 is a memory configured
with, for example, a random access memory (RAM), a
read only memory (ROM), or the like, and stores various
programs and data, and also functions as a work area
for the control unit 23. The storage unit 28 of the present
embodiment stores in advance a swing stop processing
program 31 for executing swing stop processing for the
suspended object 16 (refer to Fig. 8), which will be de-
scribed later. The swing stop processing program 31 in-
cludes a suspended object position measurement pro-
gram 31a, an obstacle detection program 31b, and a
boom operation control program 31c.

[0029] The suspended object position measurement
program 31a uses theimage data acquired by the camera
4 to calculate the maximum amplitude, swing direction,
and swing period of the suspended object 16.

[0030] The obstacle detection program 31b uses the
image data acquired by the camera 4 to detect an obsta-
cle (an object) that may cause a collision with the sus-
pended object 16, and determine a swing stop direction
for the suspended object 16. For example, the obstacle
detection program 31b uses the image data acquired by
the camera 4 to calculate a horizontal distance (the short-
est distance in the X-Y plane of Fig. 5) L between the
maximum amplitude position of the suspended object 16
and the surrounding structure (object) 32 at the work site.
Then, the obstacle detection program 31b compares the
horizontal distance L with a management dimension La
determined in advance, and recognizes the surrounding
structure (object) 32 as an obstacle in a case where the
horizontal distance L is the same as or smaller than the
management dimension La. Next, the obstacle detection
program 31b determines the swing stop direction for the
suspended object 16 in the swing stop processing (de-
scribed later) to be a direction (-X direction in Fig. 5) away
from the obstacle (32), and moves a suspending position
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(17a) of the boom 2 in first control (described later) in a
direction away from the obstacle (32).

[0031] The boom operation control program 31c cal-
culates the turning angle of the boom 2 and/or the der-
ricking angle of the boom 2 for suppressing swing of the
suspended object 16, based on the calculation result of
the suspended object position measurement program
31a and the determination result by the obstacle detec-
tion program 31b.

(First Example of Swing Stop Processing)

[0032] Figs. 6A and 6B are diagrams showing a first
example of the swing stop processing for the suspended
object 16, and show a case where the maximum ampli-
tude direction of the suspended object 16 is a vibration
pattern | along an X-axis direction. Further, Figs. 6A and
6B show the swing stop processing for the suspended
object 16 in a case where an obstacle (32) is not detected
by the obstacle detection program 31b. Fig. 6A is a plan
view showing the first example of the swing stop process-
ing for the suspended object 16, and Fig. 6B is a side
view showing the first example of the swing stop process-
ing for the suspended object 16.

[0033] As shown in Figs. 6A and 6B, the boom opera-
tion control program 31c¢ calculates the derricking angle
of the boom 2 with a focus on the fact that the vibration
of the suspended object 16 is suppressed when the cent-
er 17a of the point sheave 17 (which is the fulcrum of the
amplitude of the suspended object 16 and the position
where the suspended object 16 is suspended from the
boom 2) approaches the maximum amplitude position (a
position shifted with respect to the reference position,
which is a position on the reference line VL) of the sus-
pended object 16.

[0034] In the present embodiment, a case is exempli-
fied in which the swing stop of the suspended object 16
is performed in two steps, so that the amplitude of vibra-
tion of the suspended object 16 becomes equal to or
lower than a setting value determined in advance (refer
to steps S4 to S9 in Fig. 8). That is, in the swing stop of
the suspended object 16, the first control, which is a first
swing stop, is performed when the suspended object 16
moves in the maximum amplitude position direction from
the reference position (a first reference position) on the
reference line VL (a first reference line (VL1)). In the first
control, the boom operation control program 31c¢ calcu-
lates the derricking angle of the boom 2, based on the
calculation results (the maximum amplitude, swing direc-
tion, and swing period of the suspended object 16) of the
suspended object position measurement program 31a,
and the like, such that, in a case where the suspended
object 16 is at a first shifted position 16a1 shifted with
respect to the first reference position, the boom 2 ap-
proaches the first shifted position 16a1 (the suspending
position 17a can move to the distance of m1 (a suspend-
ing position 17a1 (on a second reference line VL2)) from
the position on the first reference line (VL1)). The first
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controlis performed when the crane 1 is not working, and
the suspending position (17a) is brought close to the sus-
pended object 16. Then, the control unit 23 operates the
derricking winch 10, based on the calculation result of
the boom operation control program 31c, to perform the
derricking of the boom 2. The boom 2 is folded down in
a case where the suspending position (17a) is moved
toward the tip end side in a +X direction, and raised in a
case where the suspending position (17a) is pulled back
from the tip end side in the +X direction. Further, in the
first control, the timing of movement of the suspending
position (17a) is when the suspended object 16 moves
from the reference position on the first reference line VL1
to the maximum amplitude position. Due to the move-
ment at such a timing, the boom 2 can be moved in the
same direction as the moving direction of the suspended
object 16, so that the swing can be more easily sup-
pressed. Further, a neutral state (a neutral brake state)
in terms of a manual operation is established between
the first control and a second control (described later).
In this case (the neutral brake state), when the crane is
a hydraulic crane, a hydraulic brake is applied to the op-
eration of the crane 1. The setting value of the amplitude
of the suspended object 16 is optionally determined de-
pending on the situation of the work site, and the like.

[0035] The second control, which is a second swing
stop of the suspended object 16, is a control in a reverse
direction (opposite direction) to the first control, and in a
case where the suspended object 16 is at a second shift-
ed position 16a2 shifted from the second reference po-
sition on the second reference line VL2 that is the refer-
ence position after the first control, the boom 2 is operated
to approach the second shifted position 16a2. Thatis, in
the second control, the boom operation control program
31c calculates a distance m2 (a distance to a suspending
position (17a2)) from the suspending position (17a1) at
the time of the end of the first control to the maximum
amplitude position (the second shifted position 16a2) of
the next suspended object 16, and the boom operation
control program 31c also calculates the derricking angle
of the boom 2 corresponding to the distance m2. The
control unit 23 operates the derricking winch 10, based
on the calculation results of the boom operation control
program 31c, to perform the derricking of the boom 2. In
the second control, the timing of movement of the sus-
pending position (17a1) is when the suspended object
16 moves from the second reference position on the sec-
ond reference line VL2 at the suspending position (17a1)
at the time of the end of the first control to the maximum
amplitude position (the position at the distance m2). Fur-
ther, the second control is not limited to the case of the
control in the reverse direction to the first control, and the
suspending position (17a1) at the time of the end of the
first control may be moved in accordance with the moving
direction of the suspended object 16 that is returning to-
ward the first shifted position 16a1 side (the control in
the same direction as the first control is also acceptable).
Thatis, the second control may be performed in the same
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direction as the first control after the suspended object
16 passes the second reference line (VL2) twice after
the neutral state (the neutral brake state) between the
first control and the second control is established.
[0036] In such swing stop processing for the suspend-
ed object 16, the swing stop of the suspended object 16
is performed in a plurality of steps, so that the accelera-
tion acting on the suspended object 16 becomes lower
compared to a case where the swing stop of the sus-
pended object 16 is performed only once, and it becomes
possible to smoothly and reliably perform the swing stop
of the suspended object 16.

[0037] Further, in the swing stop processing for the
suspended object 16 shown in Figs. 6A and 6B, the sec-
ond control is performed to move the suspending position
(17a) in the opposite direction to the first control, so that
the moving distance of the suspending position (17a) can
be reduced.

[0038] Further, asdescribed above, inthe second con-
trol of the swing stop processing for the suspended object
16 shown in Figs. 6A and 6B, the timing of movement of
the suspending position (17a1) is when the suspended
object 16 moves from the second reference position on
the second reference line VL2 at the suspending position
(17a1) at the time of the end of the first control to the
maximum amplitude position (the position at the distance
m2). Therefore, the swing stop processing for the sus-
pended object 16 according to the present embodiment
can be expected to have a great swing stop effect.
[0039] The swing stop processing for the suspended
object 16 shown in Figs. 6A and 6B is performed in the
+X direction. However, there is no limitation thereto, and
the swing stop processing may be performed in the -X
direction. In this manner, in a case where the swing stop
processing for the suspended object 16 is performed in
the -X direction, the movement of the suspending position
(17a) in Fig. 6A is performed by raising the boom 2.
[0040] Further, the swing stop processing for the sus-
pended object 16 shown in Figs. 6A and 6B is performed
in two steps, that is, the first control and the second con-
trol. However, there is no limitation thereto, and in a case
where the amplitude of the suspended object 16 does
not become equal to or lower than a setting value deter-
mined in advance, or the like, the swing stop processing
may be performed in three or more steps (refer to steps
S8 to S11 in Fig. 8). In this manner, in a case where the
swing stop processing for the suspended object 16 is
performed in three or more steps, the moving distance
of the suspending position (17a) is determined to be an
optimal numerical value depending on the number of
times of the swing stop processing. A case is exemplified
in which the first example of the swing stop processing
is performed based on the amplitude of the suspended
object 16. However, there is no limitation thereto, and
the first example of the swing stop processing may be
performed based on the number of times of the swing
stop processing.

[0041] Further, it is preferable that the swing stop
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processing for the suspended object 16 is performed in
an even number of times in order to make it easier for
forces acting on the suspending position (17a) to be can-
celed out. For example, when the first control and the
second control constitute one set, the swing stop
processing for the suspended object 16 may be per-
formed by performing a plurality of sets of the first control
and the second control. In this manner, in a case of per-
forming a plurality of sets of the first control and second
control with reverse control directions, the moving dis-
tance of the boom 2 at the time of the start and the time
of the end of the swing stop processing is reduced, so
that a position is not easily shifted before and after the
start. Further, there is no need to secure a large space
when the crane is not working, and it is particularly ef-
fective when the crane is not working. The swing stop
processing for the suspended object 16 may be ended
without performing the second control, in a case where
the amplitude of the suspended object 16 becomes equal
to or lower than the installation value at the time of the
end of the first control after performing one set of the first
control and the second control,

[0042] Further, in the swing stop processing for the
suspended object 16, either the first control or the second
control may be executed multiple times.

[0043] Further, in the present embodiment, the swing
stop of the suspended object 16 is automatically per-
formed by the control unit 23 and the like by using the
swing stop processing program 31. However, there is no
limitation thereto, and the operator may manually operate
the operation unit 25 to bring the suspending position
(17a) close to the suspended object 16. In the case of
such a manual operation of the crane 1 by the operator,
for example, the display unit 26 gives instructions to the
operator, and the operator performs the actual operation.
In Fig. 6B, the suspending position (17a2) and the sus-
pended object 16 may not completely match, and the
suspending position (17a2) and the suspended object 16
may be misaligned.

(Second Example of Swing Stop Processing)

[0044] Fig. 7Ais a plan view showing a second exam-
ple of the swing stop processing for the suspended object
16, and shows a case where the maximum amplitude
direction of the suspended object 16 is a vibration pattern
Il along a Y-axis direction. Further, Fig. 7A shows the
swing stop processing for the suspended object 16 in a
case where an obstacle (32) is not detected by the ob-
stacle detection program 31b. In the description of the
second example of the swing stop processing for the sus-
pended object 16, the description common to the descrip-
tion of the first example will be omitted appropriately.

[0045] AsshowninFig.7A,the boom operation control
program 31c calculates the turning angle of the boom 2
with a focus on the fact that the vibration of the suspended
object 16 is suppressed when the center 17a of the point
sheave 17 (which is the fulcrum of the amplitude of the
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suspended object 16 and the position where the sus-
pended object 16 is suspended from the boom 2) ap-
proaches the maximum amplitude position of the sus-
pended object 16. Then, in the second example, the
swing stop processing for the suspended object is per-
formed in a +Y-axis direction, and the first control and
the second control are performed in the same manner
as in the first example.

[0046] In such a second example, the movement of
the suspending position (17a) is performed by turning
the boom 2, and the boom operation control program 31¢
calculates the turning angle of the boom 2, based on the
calculation results (the maximum amplitude, swing direc-
tion, and swing period of the suspended object 16) of the
suspended object position measurement program 31a,
and the like. Then, the control unit 23 operates the turning
device 30, based on the calculation result of the boom
operation control program 31c, to turn the rotating plat-
form 6 and the boom 2.

[0047] In such a second example, the swing stop for
the suspended object 16 can be performed in the same
manner as in the first example.

[0048] Inthe second example, the swing stop process-
ing for the suspended object 16 is performed in the +Y-
axis direction. However, there is no limitation thereto, and
the swing stop processing for the suspended object 16
can be performed in a -Y-axis direction.

[0049] Further, in the second example, in a case of
turning the boom 2, a neutral state (a turning neutral free
state) in terms of a manual operation is established be-
tween the first control and the second control. In the turn-
ing neutral free state, the boom 2 turns with the inertia
of the rotating platform 6 (oil circulates depending on the
rotation by the inertia of a hydraulic motor for turning).
[0050] Further, in the neutral state of the second ex-
ample, when the boom 2 turns with the inertia of the ro-
tating platform 6, a brake may be applied to the turning
of the boom 2. For example, a hydraulic brake may be
separately provided at the hydraulic motor for turning,
and a brake may be applied by the hydraulic brake. In
this case, the turning speed of the boom 2 is further re-
duced by the hydraulic brake.

(Third Example of Swing stop Processing)

[0051] Fig. 7B is a plan view showing a third example
of the swing stop processing for the suspended object
16, and shows a case where the maximum amplitude
direction of the suspended object 16 is a vibration pattern
Il in the direction inclined by 6 in the counterclockwise
direction with respect to the X-axis direction. Further, Fig.
7B shows the swing stop processing for the suspended
object 16 in a case where an obstacle (32) is not detected
by the obstacle detection program 31b. In the description
of the third example of the swing stop processing for the
suspended object 16, the description common to the de-
scription of the first example will be omitted appropriately.
[0052] AsshowninFig.7B,the boom operation control
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program 31c calculates the turning angle and derricking
angle of the boom 2 with a focus on the fact that the
vibration of the suspended object 16 is suppressed when
the center 17aof the pointsheave 17 (which is the fulcrum
of the amplitude of the suspended object 16 and the po-
sition where the suspended object 16 is suspended from
the boom 2) approaches the maximum amplitude posi-
tion of the suspended object 16. Then, in the third exam-
ple, the swing stop processing for the suspended object
is performed in a first quadrant, and the first control and
the second control are performed in the same manner
as in the first example.

[0053] In such a third example, the movement of the
suspending position (17a) is performed by the turning
and derricking of the boom 2, and the boom operation
control program 31c calculates the turning angle and der-
ricking angle of the boom 2, based on the calculation
results (the maximum amplitude, swing direction, and
swing period of the suspended object 16) of the suspend-
ed object position measurement program 31a, and the
like. Then, the control unit 23 operates the turning device
30, based on the calculation results of the boom operation
control program 31c, to turn the rotating platform 6 and
the boom 2, and operates the derricking winch 10, based
on the calculation results of the boom operation control
program 31c, to perform the derricking of the boom 2.
[0054] In such a third example, the swing stop for the
suspended object can be performed in the same manner
as in the first example.

[0055] In the third example, the swing stop processing
for the suspended object 16 is performed in the first quad-
rant. However, there is no limitation thereto, and the
swing stop processing for the suspended object 16 can
be performed in a third quadrant.

[0056] Further, the third example can be applied to the
case of a vibration pattern IV in which the maximum am-
plitude direction of the suspended object 16 is inclined
by 6 in the clockwise direction with respect to the X-axis
direction.

(Flow of Swing Stop Processing)

[0057] Fig. 8 is aflowchart showing a flow of the swing
stop processing for the suspended object 16 in the crane
1 according to the present embodiment.

[0058] In the present embodiment, the swing stop
processing for the suspended object 16 is executed by
the control unit 23 reading out and developing the swing
stop processing program 31 from the storage unit 28,
based on, for example, an operator's operation. The
swing stop processing program 31 may be read out and
developed after other automatic operations, without be-
ing based on an operator operation.

[0059] First, the maximum amplitude, swing direction,
and swing period of the suspended object 16 are calcu-
lated by the suspended object position measurement
program 31a (step S1). The image data acquired by the
camera 4 is used to calculate the maximum amplitude
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and the like of the suspended object 16.

[0060] Next, a recognition of an obstacle that may col-
lide with the suspended object 16 is performed by the
obstacle detection program 31b (step S2). The recogni-
tion of an obstacle by the obstacle detection program 31b
is performed using the image data acquired by the cam-
era 4.

[0061] Ina case where itis determined by the obstacle
detection program 31b that there is an obstacle, a swing
stop direction to avoid collision with the obstacle is de-
termined by the obstacle detection program 31b (step
S3).

[0062] Ina case where itis determined by the obstacle
detection program 31b that there is no obstacle, the swing
stop processing for the suspended object 16 is executed
in the swing stop direction optionally set in advance
(steps S4 to S9) (refer to the first to third examples of the
swing stop processing for the suspended object), and in
a case where it is determined by the obstacle detection
program 31b that there is an obstacle, the swing stop
processing for the suspended object 16 is executed in
the swing stop direction determined in step 3 (steps S4
to S9). In a case where an obstacle is recognized by the
obstacle detection program 31b after the swing stop
processing is started (for example, after the first control
is ended), the second control in the direction in which the
obstacle is recognized is not performed. Further, in the
first control, the first shifted position 16a1 is located on
the opposite side across the first reference position with
respect to an object (an obstacle) that may come into
contact with the suspended object 16, among the objects
detected by the camera (detection unit) 4. In this manner,
in the swing stop processing for the suspended object
16 of the present embodiment, since the suspended ob-
ject 16 is moved to avoid an obstacle, collision between
the suspended object 16 and the obstacle can be avoid-
ed, so that safer work execution becomes possible.
[0063] In the swing stop processing, first, the first ref-
erence position and the first shifted position 16a1 of the
suspended object 16 are detected (step S4). The detec-
tion of the first reference position and the first shifted
position 16a1 of the suspended object 16 is performed
by, for example, the camera 4 or the operator. Here, it is
possible to recognize whether or not there is an obstacle.

[0064] Next, the boom 2 is moved from the first refer-
ence position toward the first shifted position 16a1 (step
S5).

[0065] Next, the camera 4, the operator, or the like de-

tects that the suspending position 17a (the reference po-
sition) of the boom 2 is located on the side opposite to
the first shifted position 16a1 across the suspending po-
sition 17a1 (the first reference position) of the boom 2
(step S6). Here, itis possible to recognize whether or not
there is an obstacle.

[0066] Next, the boom 2 is moved from the second
reference position toward the second shifted position
16a2 (step S7).

[0067] Next, the amplitude of the suspended load 14
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(the suspended object 16) is detected by the camera 4,
the operator, or the like (step S8).

[0068] Next, itis determined whether or not the ampli-
tude of the suspended load 14 (the suspended object 16)
detected in step S8 is equal to or lower than a value set
in advance (a setting value) (step S9), and in a case
where it is determined that the amplitude is equal to or
lower than the setting value, the swing stop processing
for the suspended object 16 (the first control and the sec-
ond control) is ended. As a result, the swing of the sus-
pended object 16 can be reliably suppressed. The swing
stop processing may be stopped in a case where the
processing in the number of times (multiple times) deter-
mined in advance has been ended. Further, the swing
stop processing may be stopped in a case where the
amplitude of the suspended object 16 is equal to or lower
than a predetermined setting value and the number of
times of the swing stop processing including the first con-
trol and the second control becomes an even number.
[0069] (In this case, in the case of NO in step S9 of
Fig. 8, the routine returns to step S4 through a dotted
line). In a case where the conditions are set in this man-
ner, the moving distance before and after the swing stop
processing can be made smaller, and swing can be sup-
pressed more reliably.

[0070] On the other hand, in a case where it is deter-
mined that the amplitude exceeds the setting value (step
S9), an N-th reference position and an N-th shifted posi-
tion are detected (step S10), the boom 2 is moved from
the N-th reference position toward the N-th shifted posi-
tion (step S11), the amplitude of the suspended load 14
(the suspended object 16) is detected (step S8), and the
swing stop processing in steps S10, S11, S8, and S9 is
repeated until the amplitude becomes equal to or lower
than the setting value (step S9). In the present embodi-
ment, N is a numerical value of 3 or more and is incre-
mented by 1 each time the number of times of the swing
stop processing increases.

[0071] The swing stop processing according to the em-
bodimentdescribed above is an example in which control
is performed such that the amplitude of the suspended
object 16 becomes equal to or lower than the setting val-
ue. However, there is no limitation thereto, and control
may be performed with the number of times of the swing
stop processing (the number of times optionally set in
advance). For example, the number of times of the swing
stop processing may be two times, as shown in steps S4
to S7 in Figs. 6A and 6B, 7A and 7B, and 8.

(Effect of the Present Embodiment)

[0072] The crane 1 according to the present embodi-
ment is capable of effectively suppressing the swing of
the suspended object 16 when the work to transport the
suspended object 16 is stopped.

[0073] Further, the crane 1 according to the present
embodiment is configured to perform the swing stop of
the suspended object 16 by performing the swing stop
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processing multiple times, and therefore, even if the sus-
pended object 16 includes the hook 12 and the suspend-
ed load 14, the acceleration acting on the hook 12 and
the suspended load 14 can be reduced compared to a
case where the swing stop of the suspended object 16
is performed with one swing stop processing, and the
occurrence of double vibration between the hook 12 and
the suspended load 14 can be prevented.

(Other Embodiments)

[0074] In the crane 1 according to the present inven-
tion, the installation angle of the camera 4 may be variably
set by a movable mechanism unit (not shown) such as
a servomotor.

[0075] In the crane 1 of the present embodiment, the
state of the suspended load is detected by the camera 4
and the swing stop processing is executed. However, the
crane 1 may be operated by an operation method in which
the operator monitors the state of the suspended load
and performs the first control and the second control. In
this case as well, the swing of the suspended object 16
can be effectively suppressed when the work to transport
the suspended object 16 is stopped.

[0076] Further, in the present invention, the type of
crane is not particularly limited, and the presentinvention
can be applied to all types of cranes such as a harbor
crane, an overhead crane, a portal crane, an unloader,
and a fixed crane, in addition to mobile cranes such as
a crawler crane, a wheel crane, and a truck crane.
[0077] Further, the present invention also includes a
crane which is a loading shovel having a boom, an arm,
arope suspended from the arm, and a hook attached to
the rope, and various modifications and improvements
can be made within the scope of the present invention
described in claims.

Brief Description of the Reference Symbols
[0078]

1: crane

2: boom

16: suspended object

16a1: first shifted position
16a2: second shifted position

Claims
1. A crane (1) comprising:

a boom (2); and

a suspended object (16) suspended from the
boom (2),

wherein the crane is configured to perform,
when in plane coordinates as seen vertically
downward from above the crane (1), a position



15 EP 4 357 290 A1 16

where the suspended object (16) is suspended
from the boom (2) without swinging is defined
as areference position of the suspended object
(16),

a first control to operate, in a case where the
suspended object (16)is at afirst shifted position
(16a1) shifted with respect to a first reference
position, the boom (2) to approach the first shift-
ed position (16a1) in the plane coordinates, and
a second control to operate, in a case where the
suspended object (16) is at a second shifted po-
sition (16a2) shifted from a second reference
position that is a reference position after the first
control, the boom (2) to approach the second
shifted position (16a2) in the plane coordinates.

The crane (1) according to claim 1, wherein the sec-
ond control is performed after the suspended object
(16) is located on a side opposite to the first shifted
position (16a1) across the second reference posi-
tion.

The crane (1) according to claim 2, wherein the sec-
ond control is performed in a case where the sus-
pended object (16) is at the second shifted position
(16a2) on the side opposite to the first shifted position
(16a1) across the second reference position.

The crane (1) according to claim 3, wherein in acase
where the first control and the second control con-
stitute one set, a plurality of sets of the first control
and the second control are repeatedly performed.

The crane (1) according to any one of claims 1 to 4,
wherein the first control and the second control are
ended when an amplitude of the suspended object
(16) becomes equal to orlower than a predetermined
value.

The crane (1) according to any one of claims 1 to 4,
further comprising:

a detection unit (4) that detects objects around
the suspended object (16),

wherein in the first control, the first shifted posi-
tion (16a1)is located on an opposite side across
the first reference position with respect to an ob-
ject that is likely to come into contact with the
suspended object (16), among the objects de-
tected by the detection unit (4).

The crane (1) according to any one of claims 1 to 4,
wherein a start timing of the first control or the second
control is when the suspended object (16) moves
from the reference position to a maximum amplitude
position.

The crane (1) according to any one of claims 1 to 4,
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wherein the first control is started when a turning
operation and a derricking operation of the boom (2)
are not performed and a winding and unwinding op-
eration of the suspended object (16) is not per-
formed.
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