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Title of Invention:
CRANE CONTROL METHOD AND CRANE

Technical Field
[0001] The present invention relates to a crane control method that achieves controlling of a

crane including a boom and a jib, and relates to a crane.

Background Art

[0002] A crane including a boom and a jib has been known (e.g., see Patent Literature 1). The
boom is tiltably coupled to a main body part. The jib is rotatably coupled to a distal end of the
boom. The hook is connected to a lifting and lowering rope hanging down from a distal end of
the jib. Coupling of the boom and the jib to each other is performed on a worksite of the crane.
[0003]  The crane further includes a jib lock mechanism that locks the jib to the boom in a state
where the jib extends along the boom. The boom comes to a lowered state along the ground at
completion of the coupling of the boom and the jib to each other.

[0004]  The jib lock mechanism locks the jib to the boom in a locked state when the boom is in
the lowered sate.

[0005] The crane further includes a manipulation part that receives a manipulation by an
operator. The manipulation part includes a plurality of manipulation levers for each receiving a
manipulation for an operation of each of the boom, the jib, and the hook.

[0006] The operator gives a prework manipulation for placing the crane in a predetermined
reference state to the manipulation part after the completion of the coupling of the boom and the
jib to each other.

[0007] The prework manipulation includes a manipulation for substantially vertically raising
the boom being in the lowered state, a manipulation for unlocking the locked state made by the jib
lock mechanism, and a manipulation for causing the jib to swing out from the state of extending
along the boom to a predetermined target angle.

[0008] The operator gives, to the manipulation part, a manipulation for causing the crane to
execute various kinds of works after the prework manipulation.

[0009]  After the completion of each work by the crane, the operator gives, to the manipulation
part, a post-processing manipulation for placing each of the boom and the jib in the lowered state.
[0010] The post-processing manipulation includes a manipulation for rotating the jib to a
position where the jib is locked to the boom and a manipulation for tilting the boom being in the

raised state to lie along the ground.
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[0011] The boom, the jib, and other component are disassembled after the post-processing

manipulation. The post-processing manipulation may be given with an aim of preventing the

crane having completed the work from falling over due to, for example, a strong wind.

Citation List

Patent Literature

[0012] Patent Literature 1: Japanese Unexamined Patent Publication No. 2006-176242

[0013] A rope connected to the jib may loosen while the boom is rising under a condition that
the jib lock mechanism makes the locked state. The loosening of the rope may result in a failure
of winding up of the rope by the winch.

[0014]  Further, an excessive tension force may be applied to the rope connected to the jib while
the boom is tilting downward under the condition that the jib lock mechanism makes the locked
state. The application of the excessive tension force to the rope may cause a trouble, such as a

damage to the rope.

Summary of Invention

[0015] An object of the present invention is to provide a crane control method which achieves
facilitation of a prework manipulation for a crane or a post-work manipulation for the crane, and
to provide a crane.

[0016] A crane control method according to one aspect of the present invention is a crane control
method for controlling a crane including: a main body part; a boom tiltably coupled to the main
body part; a first rope connected to the boom; a first winch that changes an angle of the boom to
the main body part by winding up the first rope or unwinding out the first rope; a jib rotatably
coupled to a distal end of the boom; a second rope connected to the jib; a second winch that changes
an angle of the jib to the boom by winding up the second rope or unwinding out the second rope;
a jib lock mechanism configured to lock the jib to the boom in a state where the jib extends along
the boom and unlock a locked state of the jib to the boom; a lock detector configured to detect the
locked state of the jib to the boom that is made by the jib lock mechanism; a hook for supporting
a hoisted load; a third rope connected to the hook and hanging down from a distal end of the jib; a
third winch that changes a length of a portion of the third rope that hangs down from the distal end
of the jib by winding up the third rope or unwinding out the third rope; and a manipulation part
that receives a manipulation by a person. The crane control method includes executing: a boom
raising control until the angle of the boom reaches within a predetermined target raising range in
response to a predetermined first raising manipulation to the manipulation part under a condition

that a raising mode which is one of a plurality of predetermined control modes is set and the lock
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detector detects the locked state; an unlocking control of causing the jib lock mechanism to unlock

the locked state after the angle of the boom reaches within the target raising range; and a jib swing
out control until the angle of the jib reaches within a target work range in response to a
predetermined second raising manipulation to the manipulation part under a condition that the
raising mode is set after the execution of the unlocking control. The boom raising control
includes: causing the first winch to wind up the first rope; and causing the second winch to wind
up the second rope when a tension force of the second rope falls below a permissible range. The
jib swing out control includes causing the second winch to wind up the second rope.

[0017] A crane control method according to another aspect of the present invention is a crane
control method for controlling a crane including: a main body part; a boom tiltably coupled to the
main body part; a first rope connected to the boom; a first winch that changes an angle of the boom
to the main body part by winding up the first rope or unwinding out the first rope; a jib rotatably
coupled to a distal end of the boom; a second rope connected to the jib; a second winch that changes
an angle of the jib to the boom by winding up the second rope or unwinding out the second rope;
a jib lock mechanism configured to lock the jib to the boom in a state where the jib extends along
the boom and unlock a locked state of the jib to the boom; a lock detector configured to detect the
locked state of the jib to the boom that is made by the jib lock mechanism; a hook for supporting
a hoisted load; a third rope connected to the hook and hanging down from a distal end of the jib; a
third winch that changes a length of a portion of the third rope that hangs down from the distal end
of the jib by winding up the third rope or unwinding out the third rope; and a manipulation part
that receives a manipulation by a person. The crane control method includes executing: a jib
closing control until the lock detector detects the locked state in response to a predetermined first
lowering manipulation to the manipulation part under a condition that a lowering mode which is
one of a plurality of predetermined control modes is set and the angle of the jib is within a
predetermined target work range; and a boom tilting control until the angle of the boom reaches
within a predetermined target tilting range in response to a predetermined second lowering
manipulation to the manipulation part under a condition that the lowering mode is set after the lock
detector detects the locked state. The jib closing control includes causing the second winch to
unwind out the second rope.  The boom tilting control includes: causing the first winch to unwind
out the first rope; and causing the second winch to unwind out the second rope when the tension
force of the second rope exceeds the permissible range.

[0018] A crane according to another aspect of the present invention includes: the boom; the first
rope; the first winch; a boom angle detector; the jib; the second rope; the second winch; a jib
tension force detector; a jib angle detector; the jib lock mechanism; the lock detector; the hook;

the third rope; the third winch; the manipulation part; and a controller. In the crane according to
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this aspect, the controller executes the crane method according to each aspect described above.

Brief Description of Drawings
[0019] Fig. 1is a configuration illustration of a crane according to an embodiment of the present
invention.

Fig. 2 is a block diagram showing a configuration of control relevant devices in the crane
according to the embodiment of the present invention.

Fig. 3 is a block diagram showing a configuration of a controller in the crane according
to the embodiment of the present invention.

Fig. 4 is a configuration diagram of a latch device in the crane according to the
embodiment of the present invention.

Fig. 5 is a diagram of the latch device making an unlocked state in the crane according
to the embodiment of the present invention.

Fig. 6 is an illustration showing a boom lowered state in the crane according to the
embodiment of the present invention.

Fig. 7 is an illustration showing a boom raising completion state in the crane according
to the embodiment of the present invention.

Fig. 8 is an illustration showing a reference state of the crane according to the
embodiment of the present invention.

Fig. 9 is an illustration showing a jib pre-closed or opened state in the crane according
to the embodiment of the present invention.

Fig. 10 is an illustration showing a jib closed state in the crane according to the
embodiment of the present invention.

Fig. 11 is a flowchart showing an example sequence of a first raising control in the crane
according to the embodiment of the present invention.

Fig. 12 is a flowchart showing an example sequence of a boom raising control in the
crane according to the embodiment of the present invention.

Fig. 13 is a flowchart showing an example sequence of a second raising control in the
crane according to the embodiment of the present invention.

Fig. 14 is a flowchart showing an example sequence of a jib swing out control in the
crane according to the embodiment of the present invention.

Fig. 15 is a flowchart showing an example sequence of a first lowering control in the
crane according to the embodiment of the present invention.

Fig. 16 is a flowchart showing an example sequence of a jib closing control in the crane

according to the embodiment of the present invention.
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Fig. 17 is a flowchart showing an example sequence of a second lowering control in the

crane according to the embodiment of the present invention.

Fig. 18 is a flowchart showing an example sequence of a boom tilting control in the
crane according to the embodiment of the present invention.

Fig. 19 is a flowchart showing an example sequence of a jib closing control in a crane
according to a modified embodiment of the present invention.

Fig. 20 is a configuration illustration of a crane according to a modified embodiment of

the present invention.

Description of Embodiments
[0020] Hereinafter, embodiments of the present invention will be described with reference to
the accompanying drawings. It should be noted that each of the following embodiments
illustrates one specific example of the present invention, and does not delimit the technical scope
of the present invention.
[0021]  Configuration of a crane 10

The crane 10 according to an embodiment is a working machine for lifting and
transferring a hoisted load. Hereinafter, the crane 10 will be described as an example jib crane.
[0022]  As shown in Fig. 1, the crane 10 includes a lower traveling body 11, an upper slewing
body 12, a cab 13, a gantry 15, a winch device 16, a counterweight 17, a boom 21, a gantry sheave
150, ajib 22, a jib point sheave 220, a strut 23, a latch device 8, a hook 30, a first rope 31, a second
rope 32, and a third rope 33. The winch device 16 includes a first winch 161, a second winch
162, and a third winch 163.
[0023]  The upper slewing body 12 is a slewing body swingably supported on the lower traveling
body 11. The upper slewing body 12 is integrally formed with the cab 13 and the gantry 15.
[0024]  The gantry 15 is fixedly attached to the upper slewing body 12 in a state of rising from
the upper slewing body 12.  The upper slewing body 12 further supports the winch device 16, the
counterweight 17, and the boom 21.  One of or both the second winch 162 and the third winch
163 may be located at a proximal end of the boom 21.
[0025]  The lower traveling body 11 serves as a base part for swingably supporting the upper
slewing body 12. The upper slewing body 12 is swingably driven by an unillustrated drive source
provided at the lower traveling body 11.
[0026]  The crane 10 illustrated in Fig. 1 is a mobile crane. Thus, the lower traveling body 11
further includes a traveling device 14.  The traveling device 14 is travelable on a traveling surface,
for example, on a ground. Each of Figs. 1 and 4 to 8 shows an example of the traveling device

14 of a crawler type.
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[0027]  In the crane 10, the lower traveling body 11 and the upper slewing body 12 serve as an

example of the main body part directly or indirectly connected to the proximal end of the boom
21.

[0028] The cab 13 is a manipulation compartment. The boom 21 has a proximal end coupled
to the upper slewing body 12. The boom 21 is tiltable about the proximal end coupled to the
upper slewing body 12.

[0029] The jib 22 is rotatably coupled to a distal end of the boom 21.  The strut 23 is provided
at a coupling portion of the boom 21 and the jib 22. The gantry sheave 150 is provided at a distal
end of the gantry 15. The jib point sheave 220 is provided at a distal end of the jib 22.

[0030] The first rope 31 is supported on the gantry sheave 150, and the first rope 31 has the
opposite ends respectively connected to the boom 21 and the first winch 161. The first winch
161 supports the boom 21 via the first rope 31.  The first rope 31 is referred to as, for example, a
boom raising and lowering rope as well.

[0031] The first winch 161 changes an angle of the boom 21 by winding up the first rope 31 or
unwinding out the first rope 31.  The angle of the boom 21 means an angle of the boom 21 to the
main body part, specifically, an elevation angle of the boom 21.

[0032] The second rope 32 is supported on the strut 23, and the second rope 32 has the opposite
ends respectively connected to the jib 22 and the second winch 162. The second winch 162
supports the boom 21 via the second rope 32. The second rope 32 is referred to as, for example,
a jib raising and lowering rope as well.

[0033] The second winch 162 changes an angle of the jib 22 to the boom 21 by winding up the
second rope 32 or unwinding out the second rope 32.

[0034]  The third rope 33 is supported on the jib point sheave 220. The hook 30 is suspended
downward by the third rope 33 to support or hold a hoisted load. In other words, the third rope
33 is connected to the hook 30 and hangs down from the distal end of the jib 22.  The third rope
33 is referred to as, for example, a lifting and lowering rope as well.

[0035] The third winch 163 changes a length of a hanging portion of the third rope 33 by
winding up the third rope 33 or unwinding out the third rope 33.  The hanging portion is a portion
of the third rope 33 that hangs down from the distal end of the jib 22.

[0036]  The hook 30 is lifted or lowered in accordance with a change in the length of the hanging
portion. The hoisted load is hooked by the hook 30.

[0037] The counterweight 17 keeps a balance among the boom 21, the jib 22, and the hoisted
load hooked by the hook 30.

[0038]  The latch device 8 is provided at the boom 21. The latch device 8 locks the jib 22 to

the boom 21 when the jib 22 is in a state of extending along the boom 21 (see Figs. 4, 5, and 8).
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In the following description, the state where the jib 22 is locked to the boom 21 by the latch device

8 is referred to as a locked state.

[0039] The latch device 8 is further configured to unlock the locked state in accordance with an
unlocking instruction which is input.  The unlocking instruction is transmitted from a controller
6 to be described later to the latch device 8. The jib 22 is locked to the boom 21 by the latch
device 8 when the crane 10 finishes a work or on another occasion.

[0040]  The latch device 8 is an example jib lock mechanism configured to lock the jib 22 to the
boom 21 and unlock the locked state.

[0041] When the jib 22 is rotated downward by unwinding out of the second rope 32 to reach a
position where the jib 22 extends along the boom 21 being in a raised state, the latch device 8 locks
the jib 22 to the boom 21 (see Figs. 7and 8).  After that, the boom 21 holding the jib 22 is lowered
to lie along the ground by unwinding out of the first rope 31 (see Fig. 6).

[0042] For instance, the latch device 8 includes an engaging member 81, a sliding support
member 82, an engaged member 83, a first spring 84, a holding member 585, a second spring 86,
and a driving device 87 (see Figs. 4 and 5).

[0043] The engaged member 83 is fixedly attached to the jib 22. The sliding support member
82 is fixedly attached to the boom 21. The engaging member 81 is shiftably supported between
a locking position and an unlocking position. The sliding support member 82 supports the
engaging member 81 shiftably.

[0044] Fig. 4 shows a state where the engaging member 81 is in the locking position. Fig. 5
shows a state where the engaging member 81 is in the unlocking position.

[0045] The engaging member 81 engages with the engaged member 83 in the locking position.
The engaging member 81 locks the jib 22 to the boom 21 by engaging with the engaged member
83 (see Fig. 4). In other words, a state where the engaging member 81 engages with the engaged
member 83 results in making the locked state.

[0046]  The first spring 84 urges the engaging member 81 toward the locking position. That is
to say, when the jib 22 extends along the boom 21, the engaging member 81 engages with the
engaged member 83 and the first spring 84 keeps the locked state.

[0047] The driving device 87 shifts the engaging member 81 from the locking position to the
unlocking position against an urging force of the first spring 84 on receipt of an input of the
unlocking instruction. In this manner, the latch device 8 changes the locked state to an unlocked
state (see Fig. 5).

[0048] The driving device 87 avoids restricting the shifting of the engaging member 81 on no
receipt of the input of the unlocking instruction into the driving device 87, so that the urging force

of the first spring 84 is applied to the engaging member 81.
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[0049]  The holding member 85 is shiftably supported at the boom 21 between an engaging

position and a disengaging position. The holding member 85 is shiftably supported by an
unillustrated support part provided to the boom 21.

[0050] Fig. 5 shows a state where the holding member 85 is in the engaging position. Fig. 4
shows a state where the holding member 85 is in the disengaging position.

[0051] The holding member 85 engages with the engaging member 81 in the engaging position
to hold the engaging member 81 in the unlocking position (see Fig. 5). The second spring 86
urges the holding member 85 toward the engaging position.

[0052] When the jib 22 rotates to the position where the jib extends along the boom 21, the
engaged member 83 comes into contact with the holding member 85. The engaged member 83
comes into contact with the holding member 85 to shift the holding member 85 from the engaging
position to the disengaging position against an urging force of the second spring 86 (see Fig. 4).
[0053] The holding member 85 shifts from the engaging position to the disengaging position to
disengage the engaging member 81 held by the holding member 85 (see Fig. 4). Therefore, when
the holding member 85 shifts to the disengaging position, the engaging member 81 shifts from the
unlocking position to the locking position by the urging force of the first spring 84, and thus, the
latch device 8 makes the locked state (see Fig. 4).

[0054] As shown in Fig. 2, the crane 10 includes: driving devices, such as an engine 41, a
hydraulic pump 42, a hydraulic control valve 43, and an actuator 44; a manipulation device 5; the
controller 6; and a display device 7. The actuator 44 is a hydraulic actuator. The controller 6
controls the crane 10.

[0055]  Such devices as the manipulation device 5 and the display device 7 for a human interface
are arranged in the cab 13. The crane 10 further includes a state detecting device 45 that detects
states of various pieces of equipment included in the crane 10.

[0056] The manipulation device 5 receives a manipulation by an operator. The manipulation
device 5 is an example of a manipulation part that receives a manipulation by a person. The
display device 7 displays information.

[0057] Forinstance, the display device 7 includes a panel display device, such as a liquid crystal
display unit. The manipulation device 5 includes a lever manipulation device 51, a manipulation
button 52, and an input device 53.

[0058] The lever manipulation device 51 includes a plurality of manipulation levers each being
shiftable. The lever manipulation device 51 further includes a shifting detector 510 that outputs
a manipulation signal Sx1 representing a shifting state of each of the manipulation levers.

[0059] The manipulation signal Sx1 indicates a shifting direction from a home position of each

of the manipulation levers and a shifting amount from the home position.
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[0060] The manipulation levers include a boom manipulation lever 511, a jib manipulation lever

512, and a lifting and lowering manipulation lever 513.

[0061] The boom manipulation lever 511 receives a manipulation of instructing an operation of
the first winch 161. The jib manipulation lever 512 receives a manipulation of instructing an
operation of the second winch 162. The lifting and lowering manipulation lever 513 receives a
manipulation of instructing an operation of the third winch 163.

[0062] The shifting directions of the manipulation levers 511, 512, 513 respectively represent
instructions for winding up and unwinding out by the associated winches 161, 162, 163. The
shifting amounts of the manipulation levers 511, 512, 513 respectively represent instructions of
operation speeds of the associated winches 161, 162, 163.

[0063] The input device 53 receives an information input by the operator. For instance, the
input device 53 includes a touch screen integrally formed with the display device 7. The input
device 53 may receive an information input through a voice manipulation by the operator.

[0064] The state detecting device 45 includes a load meter 451, a jib tension force sensor 452,
a lock sensor 453, a boom angle meter 454, and a jib angle meter 455. Various detection results
from the state detecting device 45 are input into the controller 6.

[0065] The load meter 451 detects a weight of the hoisted load being hooked by the hook 30.
The jib tension force sensor 452 detects a tension force applied to the second rope 32. The jib
tension force sensor 452 is an example of a jib tension force detector.

[0066] For instance, the jib tension force sensor 452 is a load sensor, such as a load cell, attached
to a connection member connecting the jib 22 and the second rope 32 to each other.

[0067] The lock sensor 453 is an example of a lock detector that detects the locked state. For
instance, the lock sensor 453 includes a proximity switch or a limit switch for detecting the
engaging member 81 of the latch device 8 when the engaging member 81 is in the locking position
(see Figs. 4 and 5).

[0068] The boom angle meter 454 is an example of a boom angle detector that detects an angle
of the boom 21. The jib angle meter 455 is an example of a jib angle detector that detects an
angle of the jib 22.

[0069]  For instance, the boom angle meter 454 is considered as a tilt meter attached to the boom
21. In this case, the boom angle meter 454 detects an angle between a longitudinal direction of
the boom 21 and a horizontal direction.

[0070]  Similarly, the jib angle meter 455 is considered as a tilt meter attached to the jib 22. In
this case, the jib angle meter 455 detects an angle between a longitudinal direction of the jib 22
and a horizontal direction.

[0071]  The state detecting device 45 further includes an unwound out length measurement part
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456. The unwound out length measurement part 456 measures an unwound out length of the

third rope 33.

[0072] For instance, the unwound out length measurement part 456 measures an unwound out
length of the third rope 33 by counting the rotational speed of a rotator that comes into contact
with the third rope 33 to rotate together.

[0073] The engine 41 drives the hydraulic pump 42. The engine 41 is, for example, a diesel
engine. The hydraulic control valve 43 supplies a compressed oil to the actuator 44 in accordance
with a control signal output from the controller 6.

[0074]  The actuator 44 includes a first winch motor 441, a second winch motor 442, and a third
winch motor 443 each being a hydraulic motor. The actuator 44 further includes a first negative
brake 444, a second negative brake 445, and a third negative brake 446.

[0075] The first winch motor 441 is a drive part for the first winch 161. The first negative
brake 444 is a brake for the first winch 161.  The controller 6 releases the first negative brake 444
and activates the first winch motor 441 to drive the first winch 161.

[0076] The second winch motor 442 is a drive part for the second winch 162. The second
negative brake 445 is a brake for the second winch 162. The controller 6 releases the second
negative brake 445 and activates the second winch motor 442 to drive the second winch 162.
[0077] The third winch motor 443 is a drive part for the third winch 163. The third negative
brake 446 is a brake for the third winch 163. The controller 6 releases the third negative brake
446 and activates the third winch motor 443 to drive the third winch 163.

[0078] The actuator 44 further includes an unillustrated slewing motor that drives the upper
slewing body 12 to rotate. The slewing motor is a hydraulic motor as well.

[0079] The controller 6 outputs a control signal to a control target, such as the hydraulic control
valve 43, in response to a manipulation to the manipulation device 5 or each kind of detection
result from the state detecting device 45. The controller 6 further starts the engine 41 in response
to a start manipulation to the manipulation device 5. Moreover, the controller 6 controls the
display device 7.

[0080] As shown in Fig. 3, the controller 6 includes a micro processing unit (MPU) 601, a
random access memory (RAM) 602, a non-volatile memory 603, and a signal interface 604. Here,
each of the RAM 602 and the non-volatile memory 603 is a computer readable storage device.
[0081] The MPU 601 is an example of a processor that executes each kind of data process and
control by executing a program stored in the non-volatile memory 603 in advance.

[0082] The RAM 602 is a volatile memory that temporarily stores the program executed by the
MPU 601, and data obtained or referred to by the MPU 601.

[0083] The non-volatile memory 603 stores, in advance, the program to be executed by the
10
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MPU 601 and the data to be referred to by the MPU 601. For instance, the non-volatile memory

603 is considered to include an electrically erasable programmable read only memory (EEPROM)
or a flush memory.

[0084] The signal interface 604 converts a detection signal from the state detecting device 45
into digital data to be transmitted to the MPU 601. The signal interface 604 further converts a
control instruction output by the MPU 601 into a control signal, such as an electric current signal
or a voltage signal, to be output to a device which is a control target.

[0085]  The crane 10 may include a boom tension force sensor (not shown) that detects a tension
force applied to the first rope 31. In this case, the load meter 451 may include the boom tension
force sensor, the jib tension force sensor 452, and the MPU 601 that executes load obtaining
processing.

[0086] The MPU 601 obtains, in the load obtaining processing, a weight of the hoisted load on
the basis of a detection value from each of the boom tension force sensor, the jib tension force
sensor 452, the boom angle meter 454, and the jib angle meter 455.

[0087] The controller 6 further serves as a hanging length obtaining part 60 (see Fig. 2) in
accordance with execution of a predetermined calculation program by the MPU 601.

[0088] The hanging length obtaining part 60 obtains a rope hanging length on the basis of a
measurement result from the unwound out length measurement part 456 and a preset length of
each of the boom 21 and the jib 22. The rope hanging length indicates a length of the hanging
portion of the third rope 33.  The hanging portion is a portion of the third rope 33 that hangs down
from the distal end of the jib 22.

[0089] The hanging length obtaining part 60 may modify the rope hanging length on the basis
of a detection angle from each of the boom angle meter 454 and the jib angle meter 455.

[0090] The unwound out length measurement part 456 and the hanging length obtaining part 60
serve as an example of a hanging length measurement part that measures the rope hanging length.
[0091] The hanging length measurement part may include a camera and an image processor that
processes an image acquired by the camera. The camera is arranged at the upper slewing body
12 and photographs the hanging portion of the third rope 33.

[0092] The image processor extracts an image of the hanging portion of the third rope 33 from
the image acquired by the camera. The image processor further obtains a distance to the hanging
portion of the third rope 33 on the basis of the length of each of the boom 21 and the jib 22, and
on the basis of a detection angle from each of the boom angle meter 454 and the jib angle meter
455.

[0093] The image processor obtains the rope hanging length on the basis of a length of the

hanging portion of the third rope 33 in the image and a distance to the hanging portion of the third
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rope 33.

[0094] Coupling of the boom 21 to the upper slewing body 12 and coupling of the jib 22 to the
boom 21 are performed on the worksite of the crane 10.

[0095] The boom 21 comes to a lowered state of extending along the ground at completion of
the coupling of the boom 21 and the jib 22 to each other (see Fig. 6). When the boom 21 is in
the lowered state, the latch device 8 makes the locked state.

[0096] The crane 10 comes to a predetermined reference state after the completion of the
coupling of the boom 21 and the jib 22 to each other (see Fig. 8). In the reference state, the boom
21 substantially vertically stands, and the jib 22 is in a state of having swung out to a predetermined
target angle.

[0097] By contrast, the boom 21 comes to the lowered state after a finish of a work by the crane
10 (see Fig. 6). The boom 21, the jib 22, and other component are disassembled after the boom
21 comes to the lowered state.

[0098] Meanwhile, the second rope 32 connected to the jib 22 may loosen while the boom 21
is rising in the locked state made by the latch device 8.  The loosening of the second rope 32 may
result in a failure of winding up of the second rope 32 by the second winch 162.

[0099] Besides, an excessive tension force may be applied to the second rope 32 connected to
the jib 22 while the boom 21 is tilting downward in the locked state made by the latch device 8.
The application of the excessive tension force to the second rope 32 may cause a trouble, such as
a damage to the second rope 32.

[0100] The operator needs to manipulate the boom manipulation lever 511 and the jib
manipulation lever 512 at the same time while confirming a state of each of the boom 21 and the
jib 22 to avoid such loosening of the second rope 32 or such a damage to the second rope 32.  The
operator requires expertise for the manipulating.

[0101] In the crane 10, the controller 6 executes a start control or raising control to be described
later (see Fig. 11 to Fig. 14). In this way, only a simple manipulation to the manipulation device
5 enables the crane 10 to complete preparation for starting a work to be performed by the crane
10.

[0102] The start control represents an example in a crane control method. The crane control
method is realized by the MPU 601 of the controller 6. As described below, the start control
includes a first start control or first raising control (Fig. 11), and a second start control or second
raising control (Fig. 13).

[0103] The controller 6 further executes a pause control or lowering control to be described
later (Fig. 15 to Fig. 18). In this respect, only a simple manipulation to the manipulation device

5 enables the crane 10 to pause with the crane 10 being in the lowered state.
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[0104]  The pause control is an example in the crane control method.  The crane control method

is realized by the MPU 601 of the controller 6. As described below, the pause control includes a
first pause control or first lowering control (Fig. 15), and a second pause control or second
lowering control (Fig. 17).

[0105] The controller 6 selects one of a plurality of predetermined control modes to execute a
control associated with the selected mode. The control modes include a normal mode, a start
mode or raising mode, and a pause mode or lowering mode. The start mode is a mode to start a
work by the crane 10 on a worksite. The pause mode is a mode to pause or suspend the work by
the crane 10 on the worksite. Each of the start mode and the pause mode is an example of a
predetermined special mode.

[0106] The controller 6 further serves as: a normal control part 61; a start control part 62 or
raising control part; or a pause control part 63 or lowering control part (see Fig. 2), in accordance
with execution of a predetermined control program by the MPU 601.

[0107] When the normal mode is selected, the normal control part 61 executes a predetermined
process. When the start mode is selected, the start control part 62 executes a predetermined
process. When the pause mode is selected, the pause control part 63 executes a predetermined
process.

[0108] The controller 6 selects the normal mode when being activated. In this manner, the
controller 6 is activated to drive the normal control part 61.

[0109] The normal control part 61 executes a normal control to the actuator 44 in response to a
manipulation to the manipulation device 5.

[0110]  Specifically, the normal control part 61 controls the first winch 161 in accordance with
a shifting direction and a shifting amount of the boom manipulation lever 511 in response to a
manipulation to the boom manipulation lever 511. The boom manipulation lever 511 receives a
manipulation of instructing the first winch 161 to operate when the normal mode is set.

[0111]  Similarly, the normal control part 61 controls the second winch 162 in accordance with
a shifting direction and a shifting amount of the jib manipulation lever 512 in response to a
manipulation to the jib manipulation lever 512. The jib manipulation lever 512 receives a
manipulation of instructing the second winch 162 to operate when the normal mode is set.

[0112]  Similarly, the normal control part 61 controls the third winch 163 in accordance with a
shifting direction and a shifting amount of the lifting and lowering manipulation lever 513 in
response to a manipulation to the lifting and lowering manipulation lever 513.  The lifting and
lowering manipulation lever 513 receives a manipulation of instructing the third winch 163 to
operate when the normal mode is set.

[0113]  The normal control part 61 selects the start mode in response to a predetermined first
13
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mode setting manipulation to the manipulation device 5. This makes the start control part 62

operate. The start control part 62 executes the first start control, and subsequently executes the
second start control.
[0114]  The start control part 62 selects the normal mode at a finish of the second start control.
This makes the normal control part 61 operate.
[0115]  The normal control part 61 selects the pause mode in response to a predetermined second
mode setting manipulation to the manipulation device 5. This makes the pause control part 63
operate. The pause control part 63 executes the first pause control, and subsequently executes
the second pause control.
[0116]  Further, the pause control part 63 selects the normal mode at a finish of the second pause
control.  This makes the normal control part 61 operate.
[0117] For instance, the first mode setting manipulation and the second mode setting
manipulation are intended for the manipulation button 52 or the input device 53. The second
mode setting manipulation may be the same as the first mode setting manipulation. In this case,
the controller 6 can determine whether a certain single manipulation is associated with either the
start mode or the pause mode depending on a detection of the locked state that is made by the lock
sensor 453. In other words, setting of a special mode like the start mode and the pause mode in
the embodiment enables each of the boom 21 and the jib 22 to operate by a certain single
manipulation lever, in place of a typical driven destination, i.e., a winch, for the boom manipulation
lever 511 and the jib manipulation lever 512. This control is realized by, for example, each
manipulation lever in the form of an electric lever.
[0118] The hanging length obtaining part 60 obtains the rope hanging length even in selection
of any of the control modes.
[0119]  First start control

Next, an example sequence of the first start control will be described with reference to a
flowchart shown in Fig. 11.
[0120] The start control part 62 executes the first start control under a condition that the start
mode is set and the lock sensor 453 detects the locked state made by the latch device 8.
[0121]  The start mode is set when the boom 21 is in the lowered state (see Fig. 6). The start
control part 62 causes the display device 7 to display information indicating the setting of the start
mode when the start mode is set.  The information indicating the setting of the start mode includes
one of or both an image and a character row.
[0122] In the following description, signs S101, S102, and subsequent signs express
identification reference signs respectively for a plurality of steps in the first start control. The

start control part 62 starts the steps from step S101 in the first start control.
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[0123] In step S101 and step S102 to be described later, the start control part 62 checks a

manipulation to the manipulation device 5. The start control part 62 executes step S103 in
response to a predetermined first start manipulation or first raising manipulation to the
manipulation device 5.

[0124]  For instance, the first start manipulation is a manipulation to one (specific manipulation
lever) of the boom manipulation lever 511 and the jib manipulation lever 512.

[0125] In the embodiment, the first start manipulation is a pulling manipulation to the boom
manipulation lever 511.  The pulling manipulation to the boom manipulation lever 511 represents
a manipulation to the boom manipulation lever 511 for an instruction of winding up the first rope
31 when the normal mode is set. By contrast, the start control part 62 executes step S102 in no
performance of the first start manipulation to the manipulation device 5.

[0126] Instep S102, the start control part 62 checks whether the manipulation device 5 receives
another manipulation except the first start manipulation. The start control part 62 executes step
S105 in response to another manipulation except the first start manipulation to the manipulation
device 5. By contrast, the start control part 62 leads the process to step S101 in no performance
of both the first start manipulation and another manipulation to the manipulation device 5.

[0127] Instep S103, the start control part 62 determines whether a boom angle detection value
01 reaches a predetermined target raising angle 811 or larger. The boom angle detection value
01 indicates a detection value or an angle of the boom from the boom angle meter 454. The boom
angle detection value 01 reaching the target raising angle 611 or larger shows an example of the
boom angle detection value 01 falling within a predetermined target raising range. Fig. 7 shows
a raised state of the boom 21. The raised state is a state of the boom 21 when the boom angle
detection value 01 reaches the target raising angle 611 or larger. For example, the target raising
angle 011 is set to fall within a range from 85° to 89°.

[0128] The start control part 62 executes step S104 when the boom angle detection value 61 is
determined not to reach the target ranging angle 611 or larger. By contrast, the start control part
62 executes step S106 when the boom angle detection value 01 is determined to reach the target
raising angle 611 or larger.

[0129] In step S104, the start control part 62 executes a boom raising control to be described
later (see Fig. 12). The start control part 62 executes, in the boom raising control, a control of
raising the boom 21 from the lowered state shown in Fig. 6 to the raised state shown in Fig. 7.
[0130] The start control part 62 leads the process to step S101 after the execution of the boom
raising control. The start control part 62 executes the boom raising control (step S104) until the
boom angle detection value 01 reaches the target raising angle 611 or larger in response to the first

start manipulation to the manipulation device 5.
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[0131] In step S105, the start control part 62 executes a normal control in response to another

manipulation except the first start manipulation to the manipulation device 5.  The normal control
is to be executed in the normal mode by the normal control part 61.

[0132] For instance, the operator may suspend the first start manipulation in midway of raising
the boom 21 from the lowered state to the raised state to give a manipulation for moving the hook
30 off the ground. The off-the-ground movement aims at lifting the hook 30 to a higher position
than the ground. The manipulation for the off-the-ground movement is given to the lifting and
lowering manipulation lever 513. Thus, in step S102, a manipulation to the lifting and lowering
manipulation lever 513 may be detected. In this case, the start control part 62 controls an
operation direction and an operation speed of the third winch 163 in accordance with a shifting
direction and a shifting amount of the lifting and lowering manipulation lever 513 in step S105.
[0133] The start control part 62 leads the process to step S101 after the execution of step S105.
For instance, the start control part 62 executes steps S101 to S105 in a predetermined cycle period. |
[0134] The boom raising control is executed in response to the first start manipulation to the
manipulation device 5 under the condition that the start mode is set and the lock sensor 453 detects
the locked state.

[0135]  The start control part 62 executes steps S101 to S105 including the boom raising control
until the boom angle detection value 01 reaches the target raising angle 011 or larger. In other
words, the start control part 62 finishes steps S101 to S105 including the boom raising control
when the boom angle detection value 01 reaches the target raising angle 011 or larger.

[0136] Instep S106, the start control part 62 executes a phase shift notification for notifying the
operator of the reaching of the boom angle detection value 01 to the target raising angle 011 or
larger. For instance, the phase shift notification includes a message display of causing the display
device 7 to display the message.

[0137] The crane 10 may include a vibrator that vibrates a target manipulation lever for the first
start manipulation. In this case, the phase shift notification may include causing the vibrator to
vibrate the manipulation lever. Here, each of the display device 7 and the vibrator is an example
of a notification part that executes a notification to a person who manipulates the manipulation
device 5.

[0138] The start control part 62 executes step S107 after the execution of the phase shift
notification in step S106.  Step S107 is executed when the boom angle detection value 81 reaches
the target raising angle 811 or larger.

[0139] Instep S107, the start control part 62 causes the latch device 8 to unlock the locked state.
Specifically, the start control part 62 outputs an unlocking instruction to the latch device 8. In

this manner, the latch device 8 changes the locked state to the unlocked state. The start control
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part 62 further executes step S108.  Here, step S107 exemplifies an unlocking control.

[0140] Instep S108, the start control part 62 checks a detection from the lock sensor 453.  The
start control part 62 executes step S109 in no detection of the locked state by the lock sensor 453.
By contrast, the start control part 62 executes step S110 when the lock sensor 453 detects the
locked state.
[0141] Instep S109, the start control part 62 executes a phase shift notification for notifying the
operator of the unlocking of the locked state. The content of step S109 is similar to the content
of step S106.
[0142] The start control part 62 finishes the first start control and further executes the second
start control (see Fig. 13). The second start control will be described later.
[0143] In step S110, the start control part 62 executes an error notification. For instance, the
start control part 62 causes the display device 7 to display a predetermined error message.
Thereafter, the start control part 62 leads the process to step S108.
[0144] Boom raising control

Subsequently, an example sequence of the boom raising control will be described with
reference to a flowchart shown in Fig. 12.
[0145] In the following description, signs S201, S202, and subsequent signs express
identification reference signs respectively for a plurality of steps in the boom raising control.  The
start control part 62 starts the steps from step S201 in the boom raising control. -
[0146] Instep S201, the start control part 62 causes the first winch 161 to wind up the first rope
31 in response to the first start manipulation. At this time, the start control part 62 causes the
first winch 161 to operate at a speed corresponding to a shifting amount of a target manipulation
lever for the first start manipulation in step S101.
[0147] Instep S201, the start control part 62 may regulate an acceleration of the winding up of
the first rope 31 by the first winch 161 within a first upper limit acceleration. In this case, the
start control part 62 causes the first winch 161 to accelerate at the first upper limit acceleration
when the acceleration in shifting of the target manipulation lever for the first start manipulation
exceeds a predefined acceleration.
[0148]  The start control part 62 further executes step S202.
[0149] In step S202 and step S203 to be described later, the start control part 62 checks a jib
tension force detection value F2 being a detection value from the jib tension force sensor 452.
[0150] The start control part 62 executes step S204 when the jib tension force detection value
F2 falls below a predetermined permiSsible lower limit value F21. By contrast, the start control
part 62 executes step S203 when the jib tension force detection value F2 does not fall below the

permissible lower limit value F21. In step S203, the start control part 62 checks whether the jib
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tension force detection value F2 exceeds a predetermined permissible upper limit value F22. A

range from the permissible lower limit value F21 to the permissible upper limit value F22 indicates
a permissible range of the tension force applied to the second rope 32.

[0151] The start control part 62 executes step S205 when the jib tension force detection value
F2 exceeds the permissible upper limit value F22. By contrast, the start control part 62 executes
step S206 when the jib tension force detection value F2 does not exceed the permissible upper
limit value F22.

[0152] Instep S204, the start control part 62 causes the second winch 162 to wind up the second
rope 32. For instance, in step S204, the start control part 62 causes the second winch 162 to
operate at a predetermined speed. In step S204, the start control part 62 may cause the second
winch 162 to operate at a speed corresponding to a difference between the permissible lower limit
value F21 and the jib tension force detection value F2. In step S204, the start control part 62 may
cause the second winch 162 to operate for a time period associated with the difference between
the permissible lower limit value F21 and the jib tension force detection value F2. The start
control part 62 further executes step S206.

[0153] Execution of step S202 and step S204 keeps the second rope 32 from loosening in raising
of the boom 21. Here, only the first start manipulation is required for the execution of step S202
and step S204. That is, step S202 and step S204 may be executed even without simultaneous
execution of a plurality of manipulations. In other words, an operator is only required to
manipulate a manipulation lever to cause the first winch 161 to wind up the first rope 31, and the
start control part 62 automatically adjusts the tension force of the second rope 32. In particular,
in the case where the second winch 162 that winds up or unwinds out the second rope 32 is
supported by the upper slewing body 12 like the embodiment, the tension force of the second rope
32 is likely to change when the boom 21 is raised in a state where the jib 22 is locked to the boom
21. Even in this case, the start control part 62 adjusts the tension force of the second rope 32, so
that the operator can concentrate on a raising manipulation for the boom 21.

[0154] In step S205, the start control part 62 causes the second winch 162 to unwind out the
second rope 32. For instance, in step S203, the start control part 62 causes the second winch 162
to operate at a predetermined speed. In step S205, the start control part 62 may cause the second
winch 162 to operate at a speed corresponding to a difference between the permissible lower limit
value F21 and the jib tension force detection value F2.

[0155] In step S205, the start control part 62 may cause the second winch 162 to operate for a
time period associated with the difference between the permissible upper limit value F22 and the
jib tension force detection value F2. The start control part 62 further executes step S206.

Execution of steps S202 to S205 keeps the second rope 32 from loosening and receiving an
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excessive tension force applied to the second rope 32 in execution of the boom raising control.

[0156] This consequently avoids a failure of winding up of the second rope 32 by the second
winch 162, or a trouble, such as a damage to the second rope 32.

[0157] Here, step S205 is an exceptional step or special step that is not normally executed in
the boom raising control, but is executed depending on the jib tension force detection value F2.
[0158] The following steps S206, S207, and S209 exemplify a hook movement prevention
control of preventing the hook 30 from moving while being in contact with the ground.  The start
control part 62 executes the hook movement prevention control (see step S209) until an off-the-
ground criterion is satisfied. By contrast, the start control part 62 keeps the third winch 163 from
being controlled in the hook movement prevention control after the off-the-ground criterion is
satisfied (see step S208).

[0159]  Specifically, in step S206, the start control part 62 obtains, on the basis of the boom
angle detection value 01, a jib point position that changes by an operation of the first winch 161.
The jib point position is at the distal end of the jib 22.

[0160] The start control part 62 obtains, on the basis of dimension information about each of
the boom 21 and the jib 22 and the boom angle detection value 01, a position at the distal end of
the jib 22 to the main body part serving as a reference. The dimension information about each of
the boom 21 and the jib 22 is known information.

[0161] The jib point position bears information about a horizontal position at the distal end of
the jib 22 and information about a vertical position at the distal end of the jib 22. Therefore,
processing of obtaining the jib point position includes obtaining a jib point height being at a
position of the distal end of the jib 22 in an up-down direction. The start control part 62 further
executes step S207.

[0162] In step S207, the start control part 62 obtains a distance change amount being a change
amount in a distance between the jib point position and a hook position. The hook position is a
preset position of the hook 30, that is, a position of the hook 30 in a state where the hook 30 is at
a predetermined position on the ground.

[0163] For instance, the hook position is set with reference to the position of the distal end of
the jib 22 in the lowered state of the boom 21. The start control part 62 further executes step
S208.

[0164] In step S208, the start control part 62 determines whether a predetermined off-the-
ground criterion is satisfied.

[0165] The off-the-ground criterion is a criterion that the third winch 163 winds up the third
rope 33 to move the hook 30 off the ground.  Generally, the off-the-ground movement of the hook

30 is executed in a state where the boom 21 is raised about 70° to 85° from the horizontal line.
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[0166] For instance, the off-the-ground criterion is one of a first off-the-ground criterion and a

second off-the-ground criterion. The off-the-ground criterion may be a logical conjunction or a
logical disjunction of the first off-the-ground criterion and the second off-the-ground criterion.
[0167]  The first off-the-ground criterion is a criterion that the lifting and lowering manipulation
lever 513 receives a pulling manipulation in no performance of the first start manipulation under
the condition that the start mode is set and the lock sensor 453 detects the locked state.
[0168] The pulling manipulation to the lifting and lowering manipulation lever 513 is an
example manipulation of instructing the third winch 163 to wind up the third rope 33. The first
off-the-ground criterion is satisfied when the pulling manipulation to the lifting and lowering
manipulation lever 513 is detected in step S102 in Fig. 11.
[0169] The second off-the-ground criterion is a criterion that the manipulation button 52 or the
input device 53 receives a predetermined confirmation manipulation. The operator gives the
confirmation manipulation on his or her own will when the hook 30 is moved off the ground.  The
confirmation manipulation is given to input information about the off-the-ground movement into
the start control part 62.
[0170] The start control part 62 executes step S209 when the off-the-ground criterion is
determined not to be satisfied. By contrast, the start control part 62 finishes the hook movement
prevention control when the off-the-ground criterion is determined to be satisfied. Thereafter,
the start control part 62 leads the process to step S101 in Fig. 11.
[0171] Instep S209, the start control part 62 causes the third winch 163 to unwind out the third
rope 33 by a length corresponding to a distance change amount. ~ Specifically, if the third rope 33
has a fixed length in raising of the boom 21 and the jib 22 integrally, the hook 30 may be dragged
along with the movement of the distal end of the jib 22. The length of the third rope 33 is thus
adjusted to prevent the dragging. The start control part 62 finishes the hook movement
prevention control after the execution of step S209. Thereafter, the start control part 62 leads the
process to step S101 in Fig. 11.
[0172]  Second start control

Next, an example sequence of the second start control will be described with reference
to a flowchart shown in Fig. 13.
[0173]  The start control part 62 executes the second start control after the lock sensor 453 ceases
to detect the locked state made by the latch device 8 under the condition that the start mode is set
(see steps S108 and S109 in Fig. 11).
[0174] 1In the following description, signs S301, S302, and subsequent signs express
identification reference signs respectively for a plurality of steps in the second start control. The

start control part 62 starts the steps from step S301 in the second start control.
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[0175] In step S301 and step S302 to be described later, the start control part 62 checks a

manipulation to the manipulation device 5. The start control part 62 executes step S303 in
response to a predetermined second start manipulation or second raising manipulation to the
manipulation device 5.

[0176] For instance, the second start manipulation is a manipulation to one of the boom
manipulation lever 511 and the jib manipulation lever 512.  The manipulation lever in the second
start manipulation may be the same as the manipulation lever in the first start manipulation.
[0177] For instance, the second start manipulation may be a pulling manipulation to the boom
manipulation lever 511.  The pulling manipulation to the boom manipulation lever 511 represents
a manipulation to the boom manipulation lever 511 for an instruction of winding up the first rope
31 when the normal mode is set. The second start manipulation may be a pulling manipulation
to the jib manipulation lever 512. The pulling manipulation to the jib manipulation lever 512
represents a manipulation to the jib manipulation lever 512 for an instruction of winding up the
second rope 32 when the normal mode is set.  Specifically, in the start mode being a special mode,
a certain same manipulation lever may be used in the first start manipulation and the second start
manipulation to sequentially raise the boom 21 and the jib 22 (single lever manipulation), unlike
a manipulation target in the normal mode.

[0178] By contrast, the start control part 62 executes step S302 in no performance of the second
start manipulation to the manipulation device 5.

[0179] Instep S302, the start control part 62 checks whether the manipulation device 5 receives
another manipulation except the second start manipulation. The start control part 62 executes
step S305 in response to another manipulation except the second start manipulation to the
manipulation device 5.

[0180] By contrast, the start control part 62 leads the process to step S301 in no performance of
both the second start manipulation and another manipulation to the manipulation device 5.

[0181] Instep S303, the start control part 62 determines whether a jib angle detection value 62
reaches a preset target work angle 621 or larger (target work range).  The jib angle detection value
02 is a detection value from the jib angle meter 455. Fig. 8 shows an example reference state
being a state of the crane 10 when the jib angle detection value 02 reaches the target work angle
021.

[0182] The start control part 62 executes step S304 when the jib angle detection value 02 is
determined not to reach the target work angle 621 or larger. By contrast, the start control part 62
executes step S306 when the jib angle detection value 02 is determined to reach the target work
angle 621 or larger.

[0183] In step S304, the start control part 62 executes a jib swing out control to be described
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later (see Fig. 14). The start control part 62 executes, in the jib swing out control, a control of

rotating the jib 22 from a closed state shown in Fig. 7 to an opened state shown in Fig. 8.
[0184]  The start control part 62 executes the jib swing out control in response to the second start
manipulation to the manipulation device 5 under the condition that the start mode is set (step S304).
The start control part 62 executes the jib swing out control until the jib angle detection value 62
reaches the target work angle 621 or larger. The start control part 62 leads the process to step
S301 after the execution of the jib swing out control.
[0185] In step S305, the start control part 62 executes a normal control in response to another
manipulation except the second start manipulation to the manipulation device 5.  Contents of step
S302 and step S305 are respectively the same as those of step S102 and step S105 in Fig. 11.
[0186]  The start control part 62 leads the process to step S301 after the execution of step S305.
For instance, the start control part 62 executes steps S301 to S305 in a predetermined cycle period.
[0187] Instep S306, the start control part 62 executes a phase shift notification for notifying the
operator of the reaching of the jib angle detection value 62 to the target work angle 621 or larger.
The content of step S306 is similar to the content of step S106.  The start control part 62 finishes
the second start control after the execution of step S306. Consequently, the start control is
finished. In other words, the raising operation for the boom 21 and the jib 22 is finished.
[0188]  Jib swing out control

Subsequently, an example sequence of the jib swing out control will be described with
reference to a flowchart shown in Fig. 14.  The jib swing out control is executed when the locked
state made by the latch device 8 is unlocked in the raised state of the boom 21.
[0189] In the following description, signs S401, S402, and subsequent signs express
identification reference signs respectively for a plurality of steps in the jib swing out control. The
start control part 62 starts the steps from step S401 in the jib swing out control.
[0190] Instep S401, the start control part 62 causes the second winch 162 to wind up the second
rope 32 in response to the second start manipulation. At this time, the start control part 62 causes
the second winch 162 to operate at a speed corresponding to a shifting amount of a target
manipulation lever for the second start manipulation in step S301 in Fig. 13.
[0191] In step S401, the start control part 62 may regulate an acceleration of the winding up of
the second rope 32 by the second winch 162 within a second upper limit acceleration. In this
case, the start control part 62 causes the second winch 162 to accelerate at the second upper limit
acceleration when the acceleration in shifting of the target manipulation lever for the second start
manipulation exceeds a predefined acceleration.
[0192] The start control part 62 further executes step S402. In step S402, the start control part

62 obtains, on the basis of the boom angle detection value 01 and the jib angle detection value 02,
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a jib point position that changes by an operation of the second winch 162.

[0193] The start control part 62 obtains the jib point position on the basis of dimension
information about each of the boom 21 and the jib 22, the boom angle detection value 61, and the
jib angle detection value 62. The dimension information about each of the boom 21 and the jib
22 is known information. As aforementioned, the jib point position bears information about the
jib point height. The start control part 62 further executes step S403.

[0194] In step S403, the start control part 62 obtains a point lifting amount. The point lifting
amount is a lifting amount of the distal end of the jib 22 that lifts owing to step S401. That is to
say, the point lifting amount indicates a change amount in the jib point height.

[0195] The start control part 62 further executes step S404.

[0196] In step S404, the start control part 62 causes the third winch 163 to unwind out the third
rope 33 by a length corresponding to the point lifting amount. The start control part 62 finishes
the jib swing out control after the execution of step S404. Thereafter, the start control part 62
leads the process to step S301 in Fig. 13.

[0197] Steps S402 to S404 aim at keeping a distance from the ground to the hook 30 at a
distance in execution of the off-the-ground movement (see Fig. 8). Execution of steps S402 to
S404 allows the operator to rapidly perform a slinging operation around the ground when the crane
10 comes to the reference state.

[0198] The start control part 62 causes the notification part to execute a phase shift notification
when a predetermined notification criterion is satisfied under the condition that the start mode is
set (see steps S106 and S109 in Fig. 11, and step S306 in Fig. 13). The phase shift notification
is an example of notification processing.

[0199] The notification criterion includes a first notification criterion associated with step S106,
a second notification criterion associated with step S109, and a third notification criterion
associated with step S306.

[0200] The first notification criterion is a criterion that the boom angle detection value 01
reaches the target raising angle 011 or larger (see step S103 in Fig. 11). The second notification
criterion is a criterion that the lock sensor 453 cease to detect the locked state (step S108 in Fig.
11). The third notification criterion is a criterion that the jib angle detection value 62 reaches the
target work angle 621 (see step S303 in Fig. 13).

[0201] Execution of the phase shift notification enables the operator to recognize a change in a
control phase in the crane 10. Here, only a part of the first notification criterion, the second
notification criterion, and the third notification criterion may be adopted as the normal criterion.
[0202] In the jib swing out control, the start control part 62 suspends an input of the unlocking

instruction into the latch device 8 when a predetermined unlocking finish criterion is satisfied.
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As aforementioned, the start control part 62 outputs the unlocking instruction to the latch device 8

in step S107 in Fig. 11.
[0203] For instance, the unlocking finish criterion includes a first unlocking criterion, a first
unlocking criterion, or a second unlocking criterion.
[0204]  The first unlocking criterion is a criterion that the jib angle detection value 02 reaches a
predetermined target transit angle. The target transit angle is an angle between an angle of the
jib 22 in the closed state and the target work angle 621. The second unlocking criterion is a
criterion that the jib angle detection value 02 changes by a predetermined target change angle since
the unlocking instruction is output. The third unlocking criterion is a criterion that the second
winch 162 winds up the second rope 32 for a predetermined time period after the unlocking
instruction is output.
[0205]  First pause control

Next, an example sequence of the first pause control will be described with reference to
a flowchart shown in Fig. 15.
[0206]  The pause control part 63 executes the first pause control under a condition that the pause
mode is set and a boom angle detection value 61 reaches a target raising angle 011 or larger.
[0207] The pause mode is set in the raised state of each of the boom 21 and the jib 22 (see Fig
9). The pause control part 63 causes the display device 7 to display information indicating the
setting of the pause mode when the pause mode is set. The information indicating the setting of
the pause mode includes one of or both an image and a character row.
[0208] In the following description, signs S501, S502, and subsequent signs express
identification reference signs respectively for a plurality of steps in the second start control. The
pause control part 63 starts the steps from step S501 in the second start control.
[0209] In step S501 and step S502 to be described later, the pause control part 63 checks a
manipulation to the manipulation device 5. The pause control part 63 executes step S503 in
response to a predetermined first pause manipulation or first lowering manipulation to the
manipulation device 5.
[0210] For instance, the first pause manipulation is a manipulation to one of the boom
manipulation lever 511 and the jib manipulation lever 512. In the embodiment, the first pause
manipulation is a pushing manipulation to the jib manipulation lever 512. The pushing
manipulation to the jib manipulation lever 512 represents a manipulation to the jib manipulation
lever 512 for an instruction of unwinding out the second rope 32 when the normal mode is set.
[0211] By contrast, the pause control part 63 executes step S502 in no performance of the first
pause manipulation to the manipulation device 5. In step S502, the pause control part 63 checks

whether the manipulation device 5 receives another manipulation except the first pause
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manipulation. The pause control part 63 executes step S505 in response to another manipulation

except the first pause manipulation to the manipulation device 5. By contrast, the pause control
part 63 leads the process to step S501 in no performance of both the first pause manipulation and
another manipulation to the manipulation device 5.

[0212] In step S503, the pause control part 63 checks a state from the lock sensor 453.  The
pause control part 63 executes step S504 in no detection of the locked state by the lock sensor 453.
By contrast, the pause control part 63 executes step S506 when the lock sensor 453 detects the
locked state.

[0213] Instep S504, the pause control part 63 executes a jib closing control to be described later
(see Fig. 16). The pause control part 63 executes, in the jib closing control, a control of tilting
the jib 22 downward from the opened state shown in Fig. 9 to the closed state shown in Fig. 10.
[0214] The pause control part 63 leads the process to step S501 after the execution of the jib
closing control. The pause control part 63 executes the jib closing control until the locked state
is detected in response to the first pause manipulation to the manipulation device 5 (step S504).
[0215] Instep S505, the pause control part 63 executes the normal control in response to another
manipulation except the first pause manipulation to the manipulation device 5. Contents of step
S502 and step S505 are respectively the same as those of step S102 and step S105 in Fig. 11.
[0216] The pause control part 63 leads the process to step S501 after the execution of step S505.
For instance, the pause control part 63 executes steps S501 to S505 in a predetermined cycle period.
[0217] The pause control part 63 executes the jib closing control in response to the first pause
manipulation to the manipulation device 5 under a condition that the pause mode is set and a boom
angle detection value 01 reaches a target raising angle 011 or larger. Besides, the jib closing
control may be executed under a condition that the jib angle detection value 02 reaches the target
work angle 621 or larger (target work range).

[0218] The pause control part 63 executes steps S501 to S505 including the jib closing control
until the lock sensor 453 detects the locked state. In other words, the pause control part 63
finishes steps S501 to S505 including the jib closing control when the lock sensor 453 detects the
locked state.

[0219] In step S506, the pause control part 63 executes a phase shift notification for notifying
the operator of detection of the locked state.  The content of step S506 is similar to the content of
step S106 or step S108 in Fig. 11.

[0220]  The pause control part 63 finishes the first pause control and further executes the second
pause control (see Fig. 17). The second pause control will be described later.

[0221]  Jib closing control

Subsequently, an example sequence of the jib closing control will be described with
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reference to a flowchart shown in Fig. 16.

[0222] In the following description, signs S601, S602, and subsequent signs express
identification reference signs respectively for a plurality of steps in the jib closing control. The
pause control part 63 starts the steps from step S601 in the jib closing control.

[0223] In step S601, the pause control part 63 causes the second winch 162 to unwind out the
second rope 32 in response to the first pause manipulation. At this time, the pause control part
63 causes the second winch 162 to operate at a speed corresponding to a shifting amount of a target
manipulation lever for the first pause manipulation in step S501 in Fig. 15.

[0224] In step S601, the pause control part 63 may regulate an acceleration of the unwinding
out of the second rope 32 by the second winch 162 within a third upper limit acceleration. In this
case, the pause control part 63 causes the second winch 162 to accelerate at the third upper limit
acceleration when the acceleration in shifting of the target manipulation lever for the first pause
manipulation exceeds a predefined acceleration.

[0225] The pause control part 63 further executes step S602. In step S602, the pause control
part 63 obtains, on the basis of the boom angle detection value 61 and the jib angle detection value
02, a jib point position that changes by an operation of the second winch 162.

[0226] The content of step S602 is the same as the content of step S402 in Fig. 14. The jib
point position bears information about the jib point height. The start control part 62 further
executes step S603.

[0227] In step S603, the pause control part 63 obtains a hook height H1 being a position of the
hook 30 in the up-down direction. The pause control part 63 obtains the hook height H1 on the
basis of the boom angle detection value 01, the jib angle detection value 62, and the rope hanging
length. At this time, the pause control part 63 obtains the hook height H1 by using dimension
information about each of the boom 21 and the jib 22. The dimension information about each of
the boom 21 and the jib 22 is known information.

[0228] The pause control part 63 further executes step S604. In step S604, the pause control
part 63 determines whether the hook height H1 falls below a preset first permissible height H11.
The pause control part 63 executes step S605 when the hook height H1 is determined to fall below
the first permissible height H11. By contrast, the pause control part 63 finishes the jib closing
control when the hook height H1 is determined not to fall below the first permissible height H11.
Thereafter, the pause control part 63 leads the process to step S501.

[0229] In step S605, the pause control part 63 causes the third winch 163 to wind up the third
rope 33. For instance, in step S605, the pause control part 63 causes the third winch 163 to
operate at a predetermined speed. In step S605, the pause control part 63 may cause the third

winch 163 to operate at a speed corresponding to a difference between the first permissible height
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H11 and the hook height H1. In step S605, the pause control part 63 may cause the third winch

163 to operate for a time period associated with the difference between the first permissible height
H11 and the hook height H1.
[0230] The pause control part 63 finishes the jib closing control after the execution of step S605.
Thereafter, the pause control part 63 leads the process to step S501.
[0231] Execution of steps S602 to S605 keeps the hook 30 from landing or keeps the hook 30
from coming closer to the upper slewing body 12 due to the lowering of the jib 22 in the execution
of the jib closing control.
[0232]  Second pause control

Next, an example sequence of the second pause control will be described with reference
to a flowchart shown in Fig. 17.
[0233] The pause control part 63 executes the second pause control after the lock sensor 453
detects the locked state made by the latch device 8 under the condition that the pause mode is set.
[0234] In the following description, signs S701, S702, and subsequent signs express
identification reference signs respectively for a plurality of steps in the second pause control.  The
pause control part 63 starts the steps from step S701 in the second pause control.
[0235] In step S701 and step S702 to be described later, the pause control part 63 checks a
manipulation to the manipulation device 5. The pause control part 63 executes step S703 in
response to a predetermined second pause manipulation or second lowering manipulation to the
manipulation device 5.
[0236] For instance, the second pause manipulation is a manipulation to one of the boom
manipulation lever 511 and the jib manipulation lever 512.  The manipulation lever in the second
pause manipulation may be the same as the manipulation lever in the first pause manipulation.
[0237] For instance, the second pause manipulation is a pushing manipulation to the boom
manipulation lever 511. The pushing manipulation to the boom manipulation lever 511
represents a manipulation to the boom manipulation lever 511 for an instruction of unwinding out
the first rope 31 when the normal mode is set.
[0238] The second pause manipulation may be a pushing manipulation to the jib manipulation
lever 512. The pushing manipulation to the jib manipulation lever 512 represents a manipulation
to the jib manipulation lever 512 for an instruction of unwinding out the second rope 32 when the
normal mode is set. Specifically, in the pause mode being a special mode, a certain same
manipulation lever may be used in the first pause manipulation and the second pause manipulation
to sequentially lower the boom 21 and the jib 22 (single lever manipulation), unlike a manipulation
target in the normal mode.

[0239] By contrast, the pause control part 63 executes step S702 in no performance of the
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second pause manipulation to the manipulation device 5.

[0240] In step S702, the pause control part 63 checks whether the manipulation device 5
receives another manipulation except the second pause manipulation. The pause control part 63
executes step S705 in response to another manipulation except the second pause manipulation to
the manipulation device 5.

[0241] By contrast, the pause control part 63 leads the process to step S701 in no performance
of both the second pause manipulation and another manipulation to the manipulation device 5.
[0242] Instep S703, the pause control part 63 determines whether a boom angle detection value
01 reaches a preset target tilting angle 012 or smaller. The boom angle detection value 61
reaching the target tilting angle 012 or smaller shows an example of the boom angle detection
value 01 falling within a predetermined target tilting range. Fig. 6 shows a lowered state being a
state of the crane 10 when the jib angle detection value 02 reaches the target tilting angle 612 or
smaller.

[0243] The pause control part 63 executes step S704 when the jib angle detection value 02 is
determined not to reach the target tilting angle 612 or smaller. By contrast, the pause control part
63 executes step S706 when the boom angle detection value 81 is determined to reach the target
tilting angle 612 or smaller.

[0244] In step S704, the pause control part 63 executes a boom tilting control to be described
later (see Fig. 18). The pause control part 63 executes, in the boom tilting control, a control of
rotating the boom 21 from the raised state shown in Fig. 10 to the lowered state shown in Fig. 6.
[0245]  The pause control part 63 leads the process to step S701 after the execution of the boom
tilting control.  The pause control part 63 executes the boom tilting control until the boom angle
detection value 81 reaches the target tilting angle 612 or smaller in response to the second pause
manipulation to the manipulation device 5 (step S704).

[0246] Instep S705, the pause control part 63 executes the normal control in response to another
manipulation except the second pause manipulation to the manipulation device 5. Contents of
step S702 and step S705 are respectively the same as those of step S102 and step S105 in Fig. 11.
[0247]  The pause control part 63 leads the process to step S701 after the execution of step S705.
For instance, the pause control part 63 executes steps S701 to S705 in a predetermined cycle period.
[0248] In step S706, the pause control part 63 executes a phase shift notification for notifying
the operator of the reaching of the boom angle detection value 61 to the target tilting angle 612 or
smaller. The content of step S706 is similar to the content of step S106.  The pause control part
63 finishes the second pause control after the execution of step S706. Consequently, the pause
control is finished. In other words, the boom 21 and the jib 22 come to the lowered state together.

[0249] Boom tilting control
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Subsequently, an example sequence of the boom tilting control will be described with

reference to a flowchart shown in Fig. 18.

[0250] 1In the following description, signs S801, S802, and subsequent signs express
identification reference signs respectively for a plurality of steps in the boom tilting control. The
pause control part 63 starts the steps from step S801 in the boom tilting control.

[0251] Instep S801, the pause control part 63 causes the first winch 161 to unwind out the first
rope 31 in response to the second pause manipulation. At this time, the pause control part 63
causes the first winch 161 to operate at a speed corresponding to a shifting amount of a target
manipulation lever for the second pause manipulation.

[0252] In step S801, the pause control part 63 may regulate an acceleration of the unwinding
out of the first rope 31 by the first winch 161 within a fourth upper limit acceleration. In this
case, the pause control part 63 causes the first winch 161 to accelerate at the fourth upper limit
acceleration when the acceleration in shifting of the target manipulation lever for the second pause
manipulation in step S701 in Fig. 17 exceeds a predefined acceleration.

[0253]  The pause control part 63 further executes step S802.

[0254] In step S802 and step S803 to be described later, the pause control part 63 checks a jib
tension force detection value F2 being a detection value from the jib tension force sensor 452.
[0255] The pause control part 63 executes step S804 when the jib tension force detection value
F2 exceeds a predetermined permissible upper limit value F22. By contrast, the pause control
part 63 executes step S803 when the jib tension force detection value F2 does not exceed the
permissible upper limit value F22.

[0256] In step S803, the pause control part 63 checks whether the jib tension force detection
value F2 falls below a predetermined permissible lower limit value F21.

[0257] A range from the permissible lower limit value F21 to the permissible upper limit value
F22 indicates a permissible range of the tension force applied to the second rope 32.

[0258] The pause control part 63 executes step S805 when the jib tension force detection value
F2 falls below the permissible lower limit value F21. By contrast, the pause control part 63
executes step S806 when the jib tension force detection value F2 does not fall below the
permissible lower limit value F21.

[0259] In step S804, the pause control part 63 causes the second winch 162 to unwind out the
second rope 32. The content of step S804 is the same as the content of step S205 in Fig. 12.
[0260] Execution of step S802 and step S804 keeps the second rope 32 from receiving an
excessive tension force applied thereto in lowering of the boom 21.  Here, only the second pause
manipulation is required for the execution of step S802 and step S804. That is, step S802 and

step S804 may be executed even without simultaneous execution of a plurality of manipulations.
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In other words, an operator is only required to manipulate a manipulation lever to cause the first

winch 161 to unwind out the first rope 31, and the start control part 62 automatically adjusts the
tension force of the second rope 32. In particular, in the case where the second winch 162 that
winds up or unwinds out the second rope 32 is supported by the upper slewing body 12 like the
embodiment, the tension force of the second rope 32 is likely to change when the boom 21 is
lowered in a state where the jib 22 is locked to the boom 21.  Even in this case, the start control
part 62 adjusts the tension force of the second rope 32, so that the operator can concentrate on a
lowering manipulation for the boom 21.

[0261] 1In step S805, the pause control part 63 causes the second winch 162 to wind up the
second rope 32. The content of step S805 is the same as the content of step S204 in Fig. 12.
The pause control part 63 further executes step S806.

[0262] Execution of step S802 to step S805 keeps the second rope 32 from loosening and
receiving an excessive tension force applied to the second rope 32 in execution of the boom tilting
control. This consequently avoids a failure of winding up of the second rope 32 by the second
winch 162, or a trouble, such as a damage to the second rope 32.

[0263] Here, step S805 is an exceptional step or special step that is not normally executed in
the boom tilting control, but is executed depending on the jib tension force detection value F2.
[0264] In step S806, the pause control part 63 obtains, on the basis of the boom angle detection
value 01, a jib point position that changes by an operation of the first winch 161. The content of
step S806 is the same as the content of step S206 in Fig. 12. As aforementioned, processing of
obtaining the jib point position includes obtaining the jib point height. The pause control part 63
further executes step S807.

[0265] Instep S807, the pause control part 63 obtains a hook height H1 on the basis of the boom
angle detection value 01, the jib angle detection value 62, and the rope hanging length. The
content of step S807 is the same as the content of step S603 in Fig. 16. The pause control part
63 further executes step S808.

[0266] In step S808, the pause control part 63 determines whether a predetermined landing
criterion is satisfied.

[0267] The landing criterion includes a criterion that the third winch 163 unwinds out the third
rope 33 to allow the hook 30 to land. For instance, the landing of the hook 30 is executed in a
state where the boom 21 is tilted about 20° to 30° with respect to the horizontal line.

[0268]  For instance, the landing criterion is one of a first landing criterion and a second landing
criterion. The landing criterion may be a logical conjunction or a logical disjunction of the first
landing criterion and the second landing criterion.

[0269]  The first landing criterion is a criterion that the lifting and lowering manipulation lever
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513 receives a pushing manipulation in no performance of the second pause manipulation under

the condition that the pause mode is set and the lock sensor 453 detects the locked state. The
pushing manipulation to the lifting and lowering manipulation lever 513 is an example
manipulation of instructing the third winch 163 to unwind out the third rope 33.  The first landing
criterion is satisfied when the pushing manipulation to the lifting and lowering manipulation lever
513 is detected in step S702 in Fig. 17.

[0270] The second landing criterion is a criterion that the manipulation button 52 or the input
device 53 receives a predetermined confirmation manipulation.  The operator gives the
confirmation manipulation on his or her own will when the hook 30 is landed. The confirmation
manipulation is given to input information about the landing of the hook 30 into the start control
part 62.

[0271] The pause control part 63 executes step S809 when the landing criterion is determined
not to be satisfied. By contrast, the pause control part 63 finishes the boom tilting control when
the landing criterion is determined to be satisfied. Thereafter, the pause control part 63 leads the
process to step S701 in Fig. 17.

[0272] In step S809, the pause control part 63 determines whether the hook height H1 falls
below a preset second permissible height H12. The pause control part 63 executes step S810
when the hook height H1 is determined to fall below the second permissible height H12.

[0273] By contrast, the pause control part 63 finishes the boom tilting control when the hook
height H1 is determined not to fall below the second permissible height H12. Thereafter, the
pause control part 63 leads the process to step S701.

[0274] In step S810, the pause control part 63 causes the third winch 163 to wind up the third
rope 33.

[0275]  Forinstance, in step S810, the pause control part 63 causes the third winch 163 to operate
at a predetermined speed. In step S810, the pause control part 63 may cause the third winch 163
to operate at a speed corresponding to a difference between the second permissible height H12 and
the hook height H1. In step S810, the pause control part 63 may cause the third winch 163 to
operate for a time period associated with the difference between the second permissible height
H12 and the hook height H1.

[0276] The pause control part 63 finishes the boom tilting control after the execution of step
S810. Thereafter, the pause control part 63 leads the process to step S701.

[0277] Execution of step S806 to step S810 aims at preventing the hook 30 from landing against
the will of the operator. Execution of step S809 and step S810 shows a control of the third winch
163 based on the hook height H1.

[0278]  The pause control part 63 executes step S809 and step S810 until the landing criterion
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is satisfied. By contrast, the pause control part 63 avoids executing step S809 and step S810 after

the landing criterion is satisfied.
[0279]  The pause control part 63 causes the notification part to execute a phase shift notification
when a predetermined notification criterion is satisfied under the condition that the pause mode is
set (see step S506 in Fig. 15 and step S706 in Fig. 17).
[0280] The notification criterion includes a fourth notification criterion associated with step
S506 and a fifth notification criterion associated with step S706.  The fourth notification criterion
is a criterion that the lock sensor 453 detects the locked state (see step S503 in Fig. 15).  The fifth
notification criterion is a criterion that the boom angle detection value 61 reaches the target tilting
angle 612 or smaller (see step S703 in Fig. 17).
[0281] Execution of the phase shift notification enables the operator to recognize a change in a
control phase in the crane 10. Here, only one of the fourth notification criterion and the fifth
notification criterion may be adopted as the notification criterion.
[0282] Modified embodiments
[0283]  First modification

Next, a first modification for the crane 10 will be described with reference to Fig. 19.
[0284] In the modification, a pause control part 63 executes a jib closing control in a sequence
shown in Fig. 19 in place of the jib closing control in the sequence shown in Fig. 16.
[0285] Hereinafter, an example sequence of the jib closing control in the modification will be
described with reference to a flowchart shown in Fig. 19.
[0286] In the following description, signs S901, S902, and subsequent signs express
identification reference signs respectively for a plurality of steps in the jib closing control. The
pause control part 63 starts the steps from step S901 in the jib closing control.
[0287] In step S901, the pause control part 63 compares a rope hanging length L1 obtained by
a hanging length obtaining part 60 with a preset reference lower limit length L11. The pause
control part 63 executes step S903 when the rope hanging length L1 falls below the reference
lower limit length L11. By contrast, the pause control part 63 executes step S902 when the rope
hanging length L1 does not fall below the reference lower limit length L11.
[0288] In step S902, the pause control part 63 compares the rope hanging length L1 with a
preset reference upper limit length 1.12.
[0289]  The pause control part 63 executes step S904 when the rope hanging length L1 exceeds
the reference upper limit length L12. By contrast, the pause control part 63 executes step S905
when the rope hanging length L1 falls within a range from the reference lower limit length L11 to
the reference upper limit length L12.

[0290]  The range from the reference lower limit length L11 to the reference upper limit length
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L12 represents a reference length range of the rope hanging length L1. The reference length

range represents a range of the rope hanging length L1 suitable for the hook 30 to land in execution
of the boom tilting control.

[0291] Instep S903, the pause control part 63 causes the third winch 163 to unwind out the third
rope 33. For instance, in step S903, the pause control part 63 causes the third winch 163 to
operate at a predetermined speed. In step S903, the pause control part 63 may cause the third
winch 163 to operate at a speed corresponding to a difference between the reference lower limit
length L11 and the rope hanging length L1.

[0292] In step S903, the start control part 62 may cause the third winch 163 to operate for a
time period associated with the difference between the reference lower limit length L11 and the
rope hanging length L1. The pause control part 63 further executes step S905 subsequent to step
S903.

[0293] In step S904, the pause control part 63 causes the third winch 163 to wind up the third
rope 33. For instance, in step S904, the pause control part 63 causes the third winch 163 to
operate at a predetermined speed. In step S904, the pause control part 63 may cause the third
winch 163 to operate at a speed corresponding to a difference between the rope hanging length L1
and the reference upper limit length L12.

[0294] In step S904, the start control part 62 may cause the third winch 163 to operate for a
time period associated with the difference between the rope hanging length L1 and the reference
upper limit length L12. The pause control part 63 further executes step S905 subsequent to step
S904.

[0295] In step S905, the pause control part 63 causes the second winch 162 to unwind out the
second rope 32 in response to the first pause manipulation. At this time, the pause control part
63 causes the second winch 162 to operate at a speed corresponding to a shifting amount of a target
manipulation lever for the first pause manipulation in step S501 in Fig. 15.

[0296] The pause control part 63 finishes the jib closing control after the execution of step S905.
Thereafter, the pause control part 63 leads the process to step S501.

[0297] In the modification, the pause control part 63 executes step S903 or step S904 when the
rope hanging length L1 is out of the reference length range. The pause control part 63 causes the
third winch 163 to wind up the third rope 33 or unwind out the third rope 33 so that the rope
hanging length L1 falls within the reference length range in step S903 or step S904.

[0298]  Execution of step S901 to step S904 keeps the hook 30 from landing or keeps the hook
30 from coming closer to the upper slewing body 12 in the execution of the jib closing control.
[0299]  Further, the execution of step S901 to step S904 keeps the hook 30 from landing against

the will of the operator and keeps the hook 30 from moving while being in contact with the ground
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in the execution of the boom tilting control.

[0300] Second modification

Further, a second modification for the crane 10 will be described.
[0301] In the modification, a start control part 62 executes a manipulation restriction of
inhibiting an operation of a drive part for a predetermined specific manipulation to a manipulation
device 5 when a start mode is set.
[0302] Specifically, the start control part 62 executes the manipulation restriction in step S102
in the first start control and in step S302 in the second start control (see Figs. 11 and 13).
[0303] That is to say, the start control part 62 skips step S105 when the specific manipulation
to the manipulation device 5 is detected in step S102.  Similarly, the start control part 62 skips
step S305 when the specific manipulation to the manipulation device 5 is detected in step S302.
[0304]  The start control part 62 may cause a display device 7 to display a predetermined error
message when the manipulation device 5 receives the specific manipulation under a condition that
the start mode is set.
[0305] For instance, the specific manipulation includes one of or both a slewing manipulation
to a slewing lever and a traveling manipulation to a traveling pedal. The slewing lever and the
traveling pedal constitute a part of the manipulation device 5.
[0306] The slewing lever receives the slewing manipulation of instructing an operation of a
slewing motor to slew the upper slewing body 12. The traveling pedal receives the traveling
manipulation of instructing an operation of a traveling device 14. The slewing motor is a part of
the actuator 44.
[0307] When a normal mode is set, a normal control part 61 causes the slewing motor to operate
in response to the slewing manipulation. Similarly, when the normal mode is set, the normal
control part 61 causes the traveling device 14 to operate in response to the traveling manipulation.
[0308] Moreover, in the modification, a pause control part 63 may execute the manipulation
restriction when a pause mode is set.
[0309]  Specifically, the pause control part 63 executes the manipulation restriction in step S502
in the first pause control and in step S702 in the second pause control (see Figs. 15 and 17).
[0310] Execution of the manipulation restriction keeps a drive part not to be operated from
operating in the start mode or the pause mode. As a result, the crane 10 has higher safety in the
setting of the start mode or the pause mode.
[0311]  Third modification

Moreover, a third modification for the crane 10 will be described.
[0312]  This modification excludes step S108 and step S110 in the first start control.

[0313] In the modification, a start control part 62 executes an unlocking control in step S107
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(see Fig. 11). Thereafter, the start control part 62 suspends an output of an unlocking instruction

to a latch device 8 when an unlocking finish criterion is satisfied in a jib swing out control.
[0314] Fourth modification

Next, a fourth modification for the crane 10 will be described. Fig. 20 is a
configuration illustration of a crane 10 according to a modified embodiment of the present
invention. Fig. 20 differs from Fig. 1 in that a second winch 162 and a third winch 163 are
attached to a lower boom part of the boom 21. The crane control method according to the
preceding embodiment is applicable to the crane 10 in Fig. 20. In particular, as shown in Fig. 20,
even in a case where a jib raising and lowering winch 162 is attached to a boom, a tension force
of a second rope 32 serving as a jib raising and lowering rope may fluctuate when the boom 21
and the jib 22 locked to each other integrally tilt. In this respect, a start control part 62 or a pause
control part 63 controls the jib raising and lowering winch 162 to adjust the tension force of the
second rope 32 to integrally tilt the boom 21 and the jib 22 in this modified embodiment as well
as the preceding embodiment, so that an operator can concentrate on a raising manipulation or a
lowering manipulation for the boom 21. It is noted here that the arrangement of each winch in
the present invention is not limited to those shown in Fig. 1 and Fig. 20.
[0315]  Other modifications

A tilting operation of the boom 21 or the jib 22 may be automatically performed in each
of the start mode and the pause mode. In this case, each of the start manipulation and the pause
manipulation may serve as an initial manipulation (switch) to start the tilting operation.
[0316]  Although each process is executed under the condition that the lock sensor 453 detects
the locked state made by the latch device 8 in the embodiment, the present invention is not limited
thereto. Each control described above may be executed on the basis of an angle or a tilt angle of
each of the boom 21 and the jib 22, or a relative angle to each other without using the lock sensor
453.
[0317] Although the pause control part 63 executes the second pause control after the lock
sensor 453 detects the locked state made by the latch device 8 under the condition that the pause
mode is set as shown in the flowchart shown in Fig. 17 in the embodiment, the present invention
is not limited thereto.
[0318] For instance, when the lock sensor 453 is broken, the lock sensor 453 may detect a
locked state despite incompletion of the locking by the latch device 8 in fact. In this case, the
boom 21 and the jib 22 are not in an integrated arrangement. Under the circumstances, execution
of the boom tilting control based on a result of the detection from the lock sensor 453 faces
difficulty in safely lowering the boom 21 and the jib 22.

[0319] In this regard, the pause control part 63 may determine an unstable latching state despite
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detection of a locked state by the lock sensor 453 when, for example, an angle (acute angle)

between the boom 21 and the jib 22 is 10° or larger, and may inhibit the boom tilting control. In
this case, the display device 7 (Fig. 2) desirably displays an error message for a notification of the
unstable latching state. The operator may desirably execute the jib closing control again on
receipt of the error message to ensure the locking of the boom 21 and the jib 22 to each other.
[0320] The state of each of the boom 21 and the jib 22 may be confirmed on the basis of the
angle therebetween in addition to a result of detection from the lock sensor 453 in execution of the
jib swing out control as well. That is to say, unlocking by the latch device 8 is required to start
the jib swing out control. However, the lock sensor 453 may detect such unlocking despite a
locked state in fact. In this regard, the start control part 62 may determine a latching state despite
detection of an unlocked state by the lock sensor 453 when, for example, an angle or acute angle
between the boom 21 and the jib 22 is smaller than 5°, and may inhibit the jib swing out control.
[0321]  Alternatively, the start control part 62 may inhibit the jib swing out control when a
tension force of the second rope 32 exceeds a preset threshold.  Specifically, starting the jib swing
out control without unlocking the locked state may cause a rapid increase in the tension force of
the second rope 32 serving as a jib raising and lowering rope due to the locked state of the boom
21 and the jib 22 in fact. In this regard, the start control part 62 may determine a failure in the
unlocking in fact on the basis of the increase in the tension force and inhibit the jib swing out
control.

[0322] The present invention provides a crane control method for controlling a crane including:
a main body part; a boom tiltably coupled to the main body part; a first rope connected to the
boom; a first winch that changes an angle of the boom to the main body part by winding up the
first rope or unwinding out the first rope; a jib rotatably coupled to a distal end of the boom; a
second rope connected to the jib; a second winch that changes an angle of the jib to the boom by
winding up the second rope or unwinding out the second rope; a jib lock mechanism configured
to lock the jib to the boom in a state where the jib extends along the boom and unlock a locked
state of the jib to the boom; a lock detector configured to detect the locked state of the jib to the
boom that is made by the jib lock mechanism; a hook for supporting a hoisted load; a third rope
connected to the hook and hanging down from a distal end of the jib; a third winch that changes a
length of a portion of the third rope that hangs down from the distal end of the jib by winding up
the third rope or unwinding out the third rope; and a manipulation part that receives a manipulation
by aperson. The crane control method includes executing: a boom raising control until the angle
of the boom reaches within a predetermined target raising range in response to a predetermined
first raising manipulation to the manipulation part under a condition that a raising mode which is

one of a plurality of predetermined control modes is set and the lock detector detects the locked
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state; an unlocking control of causing the jib lock mechanism to unlock the locked state after the

angle of the boom reaches within the target raising range; and a jib swing out control until the
angle of the jib reaches within a target work range in response to a predetermined second raising
manipulation to the manipulation part under a condition that the raising mode is set after the
execution of the unlocking control. The boom raising control includes: causing the first winch
to wind up the first rope; and causing the second winch to wind up the second rope when a tension
force of the second rope falls below a permissible range. The jib swing out control includes
causing the second winch to wind up the second rope.

[0323] Inthe method, the boom raising control may further include executing a hook movement
prevention control. The hook movement prevention control may further include: obtaining a jib
point position on the basis of the angle of the boom, the jib point position being a position at the
distal end of the jib and changing by an operation of the first winch; obtaining a distance change
amount being a change amount in a distance between the jib point position and a preset position
of the hook; and causing the third winch to unwind out the third rope by a length corresponding to
the distance change amount.

[0324] In the method, in the boom raising control, the hook movement prevention control may
be executed until a predetermined off-the-ground criterion is satisfied, and the third winch may be
kept from being controlled in the hook movement prevention control after the off-the-ground
criterion is satisfied.

[0325]  Inthe method, the off-the-ground criterion may include a criterion that the manipulation
part receives a manipulation of instructing the third winch to wind up the third rope in no
performance of the first raising manipulation to the manipulation part under the condition that the
raising mode is set and the lock detector detects the locked state.

[0326]  In the method, the off-the-ground criterion may include a criterion that the manipulation
part receives a predetermined confirmation manipulation.

[0327] In the method, the jib swing out control may further include: obtaining, on the basis of
the angle of the boom and the angle of the jib, a jib point height being at a position of the distal
end of the jib in an up-down direction; and causing the third winch to unwind out the third rope
by a length corresponding to a change amount in the jib point height.

[0328] In the method, the manipulation part may include a plurality of manipulation levers
which are shiftably supported, each of the first raising manipulation and the second raising
manipulation may be a manipulation to one manipulation lever among the manipulation levers, the
boom raising control may cause the first winch to wind up the first rope at a speed corresponding
to a shifting amount of the manipulation lever, and the jib swing out control may further cause the

second winch to wind up the second rope at a speed corresponding to the shifting amount of the
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manipulation lever.

[0329]  In the method, the boom raising control may regulate an acceleration of the winding up
of the first rope by the first winch within a first upper limit acceleration, and the jib swing out
control may regulate an acceleration of the winding up of the second rope by the second winch
within a second upper limit acceleration.

[0330] In the method, the second raising manipulation may be a manipulation to the same
manipulation lever as the first raising manipulation.

[0331] The method may further include executing: a jib closing control until the lock detector
detects the locked state in response to a predetermined first lowering manipulation to the
manipulation part under a condition that a lowering mode which is one of the control modes is set
and the angle of the boom is within the target raising range; and a boom tilting control until the
angle of the boom reaches within a predetermined target tilting range in response to a
predetermined second lowering manipulation to the manipulation part under a condition that the
lowering mode is set after the lock detector detects the locked state.  The jib closing control may
include causing the second winch to unwind out the second rope. The boom tilting control may
include: causing the first winch to unwind out the first rope; and causing the second winch to
unwind out the second rope when the tension force of the second rope exceeds the permissible
range.

[0332] Besides, the present invention provides a crane control method for controlling a crane
including: a main body part; a boom tiltably coupled to the main body part; a first rope connected
to the boom; a first winch that changes an angle of the boom to the main body part by winding up
the first rope or unwinding out the first rope; a jib rotatably coupled to a distal end of the boom; a
second rope connected to the jib; a second winch that changes an angle of the jib to the boom by
winding up the second rope or unwinding out the second rope; a jib lock mechanism configured
to lock the jib to the boom in a state where the jib extends along the boom and unlock a locked
state of the jib to the boom; a lock detector configured to detect the locked state of the jib to the
boom that is made by the jib lock mechanism; a hook for supporting a hoisted load; a third rope
connected to the hook and hanging down from a distal end of the jib; a third winch that changes a
length of a portion of the third rope that hangs down from the distal end of the jib by winding up
the third rope or unwinding out the third rope; and a manipulation part that receives a manipulation
by a person. The crane control method includes executing: a jib closing control until the lock
detector detects the locked state in response to a predetermined first lowering manipulation to the
manipulation part under a condition that a lowering mode which is one of a plurality of
predetermined control modes is set and the angle of the boom is within a predetermined target

raising range; and a boom tilting control until the angle of the boom reaches within a predetermined
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target tilting range in response to a predetermined second lowering manipulation to the

manipulation part under a condition that the lowering mode is set after the lock detector detects
the locked state. The jib closing control includes causing the second winch to unwind out the
second rope. The boom tilting control includes: causing the first winch to unwind out the first
rope; and causing the second winch to unwind out the second rope when the tension force of the

second rope exceeds a permissible range.
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CLAIMS

Claim 1. A crane control method for controlling a crane including:

a main body part;

a boom tiltably coupled to the main body part;

a first rope connected to the boom;

a first winch that changes an angle of the boom to the main body part by winding up the
first rope or unwinding out the first rope;

a jib rotatably coupled to a distal end of the boom;

a second rope connected to the jib;

a second winch that changes an angle of the jib to the boom by winding up the second
rope or unwinding out the second rope;

a jib lock mechanism configured to lock the jib to the boom in a state where the jib
extends along the boom and unlock a locked state of the jib to the boom;

a lock detector configured to detect the locked state of the jib to the boom that is made
by the jib lock mechanism;

a hook for supporting a hoisted load;

a third rope connected to the hook and hanging down from a distal end of the jib;

a third winch that changes a length of a portion of the third rope that hangs down from
the distal end of the jib by winding up the third rope or unwinding out the third rope; and

a manipulation part that receives a manipulation by a person, the crane control method
comprising executing:

a boom raising control until the angle of the boom reaches within a predetermined target
raising range in response to a predetermined first raising manipulation to the manipulation part
under a condition that a raising mode which is one of a plurality of predetermined control modes
is set and the lock detector detects the locked state;

an unlocking control of causing the jib lock mechanism to unlock the locked state after
the angle of the boom reaches within the target raising range; and

a jib swing out control until the angle of the jib reaches within a target work range in
response to a predetermined second raising manipulation to the manipulation part under a
condition that the raising mode is set after the execution of the unlocking control, wherein

the boom raising control includes:

causing the first winch to wind up the first rope; and
causing the second winch to wind up the second rope when a tension force of

the second rope falls below a permissible range, and
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the jib swing out control includes causing the second winch to wind up the second rope.

Claim 2. The crane control method according to claim 1, wherein the boom raising control further
includes executing a hook movement prevention control,
the hook movement prevention control including:

obtaining a jib point position on the basis of the angle of the boom, the jib
point position being a position at the distal end of the jib and changing by an operation of the first
winch;

obtaining a distance change amount being a change amount in a distance
between the jib point position and a preset position of the hook; and

causing the third winch to unwind out the third rope by a length corresponding

to the distance change amount.

Claim 3. The crane control method according to claim 2, wherein,
in the boom raising control, the hook movement prevention control is executed until a
predetermined off-the-ground criterion is satisfied, and the third winch is kept from being

controlled in the hook movement prevention control after the off-the-ground criterion is satisfied.

Claim 4. The crane control method according to claim 3, wherein the off-the-ground criterion
includes a criterion that the manipulation part receives a manipulation of instructing the third
winch to wind up the third rope in no performance of the first raising manipulation to the
manipulation part under the condition that the raising mode is set and the lock detector detects the

locked state.

Claim 5. The crane control method according to claim 3 or 4, wherein the off-the-ground criterion

includes a criterion that the manipulation part receives a predetermined confirmation manipulation.

Claim 6. The crane control method according to any one of claims 1 to 5, wherein the jib swing
out control further includes:

obtaining, on the basis of the angle of the boom and the angle of the jib, a jib point height
being at a position of the distal end of the jib in an up-down direction; and

causing the third winch to unwind out the third rope by a length corresponding to a

change amount in the jib point height.

Claim 7. The crane control method according to any one of claims 1 to 6, wherein the
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manipulation part includes a plurality of manipulation levers which are shiftably supported,

each of the first raising manipulation and the second raising manipulation is a
manipulation to one manipulation lever among the manipulation levers,

the boom raising control causes the first winch to wind up the first rope at a speed
corresponding to a shifting amount of the manipulation lever, and

the jib swing out control further causes the second winch to wind up the second rope at

a speed corresponding to the shifting amount of the manipulation lever.

Claim 8. The crane control method according to claim 7, wherein the boom raising control
regulates an acceleration of the winding up of the first rope by the first winch within a first upper
limit acceleration, and

the jib swing out control regulates an acceleration of the winding up of the second rope

by the second winch within a second upper limit acceleration.

Claim 9. The crane control method according to claim 7 or 8, wherein the second raising

manipulation is a manipulation to the same manipulation lever as the first raising manipulation.

Claim 10.The crane control method according to any one of claims 1 to 9, further comprising
executing:

a jib closing control until the lock detector detects the locked state in response to a
predetermined first lowering manipulation to the manipulation part under a condition that a
lowering mode which is one of the control modes is set and the angle of the boom is within the
target raising range; and

a boom tilting control until the angle of the boom reaches within a predetermined target
tilting range in response to a predetermined second lowering manipulation to the manipulation part
under a condition that the lowering mode is set after the lock detector detects the locked state,
wherein

the jib closing control includes causing the second winch to unwind out the second rope,
and

the boom tilting control includes:

causing the first winch to unwind out the first rope; and
causing the second winch to unwind out the second rope when the tension

force of the second rope exceeds the permissible range.

Claim 11. A crane control method for controlling a crane including:
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a main body part;

a boom tiltably coupled to the main body part;

a first rope connected to the boom,;

a first winch that changes an angle of the boom to the main body part by winding up the
first rope or unwinding out the first rope;

a jib rotatably coupled to a distal end of the boom;

a second rope connected to the jib;

a second winch that changes an angle of the jib to the boom by winding up the second
rope or unwinding out the second rope;

a jib lock mechanism configured to lock the jib to the boom in a state where the jib
extends along the boom and unlock a locked state of the jib to the boom;

a lock detector configured to detect the locked state of the jib to the boom that is made
by the jib lock mechanism;

a hook for supporting a hoisted load;

a third rope connected to the hook and hanging down from a distal end of the jib;

a third winch that changes a length of a portion of the third rope that hangs down from
the distal end of the jib by winding up the third rope or unwinding out the third rope; and

a manipulation part that receives a manipulation by a person, the crane control method
comprising executing:

a jib closing control until the lock detector detects the locked state in response to a
predetermined first lowering manipulation to the manipulation part under a condition that a
lowering mode which is one of a plurality of predetermined control modes is set and the angle of
the boom is within a predetermined target raising range; and

a boom tilting control until the angle of the boom reaches within a predetermined target
tilting range in response to a predetermined second lowering manipulation to the manipulation part
under a condition that the lowering mode is set after the lock detector detects the locked state,
wherein

the jib closing control includes causing the second winch to unwind out the second rope,
and

the boom tilting control includes:

causing the first winch to unwind out the first rope; and
causing the second winch to unwind out the second rope when the tension

force of the second rope exceeds a permissible range.

Claim 12.A crane comprising:
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a main body part;

a boom tiltably coupled to the main body part;

a first rope connected to the boom;

a first winch that changes an angle of the boom to the main body part by winding up the
first rope or unwinding out the first rope;

a boom angle detector that detects the angle of the boom;

a jib rotatably coupled to a distal end of the boom;

a second rope connected to the jib;

a second winch that changes an angle of the jib to the boom by winding up the second
rope or unwinding out the second rope;

a jib angle detector that detects the angle of the jib;

a jib tension force detector that detects a tension force applied to the second rope;

a jib lock mechanism configured to lock the jib to the boom in a state where the jib
extends along the boom and unlock a locked state of the jib to the boom;

a lock detector configured to detect the locked state of the jib to the boom that is made
by the jib lock mechanism;

a hook for supporting a hoisted load;

a third rope connected to the hook and hanging down from a distal end of the jib;

a third winch that changes a length of a portion of the third rope that hangs down from
the distal end of the jib by winding up the third rope or unwinding out the third rope;

a manipulation part that receives a manipulation by a person; and

a controller that executes the crane control method according to any one of claims 1 to

11.
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