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(54) CONSTRUCTION MACHINERY

(57) A hydraulic excavator (1) includes a lower trav-
elling body (2), an upper slewing body (3) attached to the
lower travelling body (2) in a rotatable manner about a
slewing axis (C), distance sensors (14A to 14D) attached
to the upper slewing body (3), the distance sensors being
capable of detecting a distance to an object to be detect-
ed, the object being located in a circumference of the
lower travelling body (2) about the slewing axis (C); a
slewing angle sensor (15) that detects a slewing angle
of the upper slewing body (3) with respect to the lower

travelling body (2); and a controller (16) that specifies an
entry prohibited area (EH) in which ingress of the lower
travelling body (2) is prohibited, based on the distance
detected by the distance sensors (14A to 14D), that gen-
erates information about safety with reference to a trav-
elling direction of the lower travelling body (2) based on
the entry prohibited area (EH) and the slewing angle de-
tected by the slewing angle sensor (15), and that outputs
the information.
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Description
Technical Field

[0001] The present invention relates to construction
machinery capable of detecting an entry prohibited area
in a travelling direction.

Background Art

[0002] Conventionally, known examples of the con-
struction machinery include a loading work machine de-
scribed in Patent Literature 1.

[0003] This loading work machine includes a loading
work machine main body, a travelling unit that causes
the loading work machine main body to travel, and aload-
er bucket provided in the loading work machine main
body.

[0004] Theloading work machine also includes a multi-
lens camera attached to a position overlooking a travel-
ling direction of the loading work machine main body.
The multi-lens camera has a plurality of cameras dis-
posed at a predetermined interval and can simultaneous-
ly image the same subject.

[0005] The loading work machine further includes a
distance image generation unit that generates a distance
image including distance information from the multi-lens
camera to the subject based on an image captured by
the multi-lens camera and a parallax between the cam-
eras, a cliff edge recognition unit that recognizes a cliff
edge based on the distance image, and a control unit
that stops travelling of the loading work machine when a
distance from the multi-lens camera to the cliff edge ap-
proaches a predetermined value or more.

[0006] The loading work machine described in Patent
Literature 1 has a travelling direction of the travelling unit,
being aligned with a detection direction of the multi-lens
camera.

[0007] However, when a multi-lens camera is used in
another construction machinery including a lower travel-
ling body and an upper slewing body provided on the
lower travelling body in a rotatable manner, the multi-lens
camera has difficulty in attaching to the lower travelling
body due to the following reasons.

[0008] First, the lower travelling body has a high pos-
sibility of being covered with water or earth and sand, so
that attaching a multi-lens camera to the lower travelling
body may cause early deterioration of the multi-lens cam-
era.

[0009] Secondly, the lower travelling body is attached
to the upper slewing body in a rotatable manner, so that
disposing the multi-lens camera on the lower travelling
body requires an electrical connection means (e.g., a slip
ring) to be provided in a portion between the multi-lens
camera and the control unit provided in the upper slewing
body, thereby complicating structure of the construction
machinery.

[0010] Thus, providing the multi-lens camera on the
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upper slewing body is conceivable, but this case may
cause the multi-lens camera to have a detection direction
that is not aligned with a travelling direction of the lower
travelling body depending on a slewing angle of the upper
slewing body.

[0011] This causes the control unit to be unable to ac-
curately specify an entry prohibited area (a cliff edge in
Patent Literature 1) in the travelling direction of the lower
travelling body, so that a command for stopping travel of
the loading work machine cannot be accurately output.

Citation List
Patent Literature

[0012] Patent Literature 1: JP H11-222882 A

Summary of Invention

[0013] Itis an object of the presentinvention to provide
construction machinery having a controller capable of
outputting information about safety based on a travelling
direction of a lower travelling body regardless of a slewing
angle of an upper slewing body.

[0014] To solve the above-mentioned problems, the
present invention provides construction machinery in-
cluding: a lower travelling body; an upper slewing body
attached to the lower travelling body in a rotatable man-
ner about a slewing axis; distance detection means at-
tached to the upper slewing body, the distance detection
means being capable of detecting a distance to an object
to be detected, the object being located in a circumfer-
ence of the lower travelling body about the slewing axis;
a slewing angle detector that detects a slewing angle of
the upper slewing body with respect to the lower travelling
body; and a controller that specifies an entry prohibited
area in which ingress of the lower travelling body is pro-
hibited, based on the distance detected by the distance
detection means, that generates information about safety
with reference to a travelling direction of the lower trav-
elling body based on the entry prohibited area and the
slewing angle detected by the slewing angle detector,
and that outputs the information about the safety.
[0015] The present invention enables providing con-
struction machinery having a controller capable of out-
putting information about safety with reference to a trav-
elling direction of the lower travelling body regardless of
a slewing angle of the upper slewing body.

Brief Description of Drawings
[0016]

FIG. 1 is a side view illustrating overall structure of
a hydraulic excavator according to an embodiment
of the present invention.

FIG. 2 is a plan view schematically illustrating the
hydraulic excavator of FIG. 1.
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FIG. 3 is a system configuration diagram illustrating
a travelling control device provided in the hydraulic
excavator of FIG. 1 and a controller for controlling
the travelling control device.

FIG. 4 is a flowchart illustrating a process executed
by the controller of FIG. 3.

FIG. 5 is a combination of a plan view and a side
view illustrating a state in which the hydraulic exca-
vator of FIG. 1 moves away from an entry prohibited
area.

FIG. 6 is a combination of a plan view and a side
view illustrating a state in which the hydraulic exca-
vator of FIG. 1 approaches an entry prohibited area.
FIG. 7 is a schematic diagram illustrating an image
displayed on a display unit of FIG. 3.

Description of Embodiments

[0017] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the accompanying
drawings. The following embodiments are merely exam-
ples embodying the present invention, and do not limit
the technical scope of the present invention.

[0018] FIG. 1is aside view illustrating overall structure
of a hydraulic excavator 1 as an example of construction
machinery according to an embodiment of the present
invention. FIG. 2 is a plan view schematically illustrating
the hydraulic excavator 1 of FIG. 1.

[0019] Referring to FIGS. 1 and 2, the hydraulic exca-
vator 1 includes a lower travelling body 2 having a crawler
2a, an upper slewing body 3 attached to the lower trav-
elling body 2 in a rotatable manner about a slewing axis
C, and an attachment 4 attached to the upper slewing
body 3.

[0020] The attachment 4 includes a boom 5 having a
base end portion rotatably attached to the upper slewing
body 3, and an arm 6 having a base end portion rotatably
attached to a leading end portion of the boom 5, and a
bucket 7 rotatably attached to a leading end portion of
the arm 6.

[0021] The attachment4 alsoincludes a boom cylinder
8thatrotates the boom 5 with respect to the upper slewing
body 3, an arm cylinder 9 that rotates the arm 6 with
respect to the boom 5, and a bucket cylinder 10 that ro-
tates the bucket 7 with respect to the arm 6.

[0022] The upper slewing body 3 includes an upper
frame 11 mounted to the lower travelling body 2 in a ro-
tatable manner, and a cab 12 provided on the upper
frame 11.

[0023] As illustrated in FIG. 3, the upper slewing body
3 alsoincludes a travelling control device 13 that controls
travelling and stop of travelling of the lower travelling body
2.

[0024] The travelling control device 13 controls driving
of a travelling motor 2b provided on the crawler 2a of the
lower travelling body 2. Specifically, the travelling control
device 13 includes a hydraulic pump 19 that supplies
hydraulic oil to the travelling motor 2b, a control valve 20
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that controls supply and discharge of hydraulic oil to and
from the travelling motor 2b, an operation device 21 for
operating the control valve 20, and a forward side sensor
22F and a reverse side sensor 22R that detect whether
the operation device 21 is operated.

[0025] The control valve 20 is a pilot-type switching
valve that is switchable among a neutral position (a cen-
tral position in FIG. 3) at which supply and discharge of
hydraulic oil to the travelling motor 2b is stopped, a for-
ward position (a right position in FIG. 3) at which the
travelling motor 2b is operated in a forward direction, and
a reverse position (a left position in FIG. 3) at which the
travelling motor 2b is operated in a reverse direction. The
control valve 20 includes a pilot port on forward side and
a pilot port on reverse side, and is biased to the neutral
position in a state where pilot pressure is not supplied to
both the pilot ports.

[0026] The operation device 21 is configured by com-
bining an operation lever, a remote control valve, and a
pilot pump (each reference numeral is omitted). When
the operation lever is operated, the remote control valve
opens atan opening degree corresponding to the amount
ofthe operation, and then hydraulic oil from the pilot pump
is supplied to the pilot port on the forward side or reverse
side of the control valve 20.

[0027] The forward side sensor 22F can detect pilot
pressure applied from the operation device 21 to the pilot
port on the forward side of the control valve 20, i.e., the
amount of operation of the operation lever.

[0028] The reverse side sensor 22R can detect pilot
pressure applied from the operation device 21 to the pilot
port on the reverse side of the control valve 20, i.e., the
amount of operation of the operation lever.

[0029] The travelling control device 13 includes a for-
ward side proportional valve (forward side restriction de-
vice) 23F provided between the forward side sensor 22F
and the operation device 21, and a reverse side propor-
tional valve (reverse side restriction device) 23R provided
between the reverse side sensor 22R and the operation
device 21.

[0030] The forward side proportional valve 23F re-
stricts travelling of the lower travelling body 2 to the for-
ward side in response to a command from a controller
16 described later. Specifically, the forward side propor-
tional valve 23F is biased to a normal position for sup-
plying pilot pressure from the operation device 21 to the
pilot port on the forward side of the control valve 20 in a
state where no command is received from the controller
16. When the forward side proportional valve 23F is bi-
ased to the normal position, pilot pressure corresponding
to the amount of operation of the operation lever toward
the forward side is applied to the pilot port on the forward
side of the control valve 20. The forward side proportional
valve 23F is switched to a pressure reduction position at
which the pilot pressure from the operation device 21 is
reduced in response to a command from the controller
16. The forward side proportional valve 23F is configured
to be able to adjust a degree of pressure reduction (the
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amount of hydraulic oil guided to a tank) in accordance
with a command value (current value) from the controller
16. When the forward side proportional valve 23F is
switched to the pressure reduction position as described
above, pilot pressure applied from the operation device
21 to the pilot port on the forward side of the control valve
20 is reduced in accordance with an opening degree of
the forward side proportional valve 23F, thereby restrict-
ing driving on the forward side of the travelling motor 2b.
[0031] The reverse side proportional valve 23R re-
stricts travelling of the lower travelling body 2 to the re-
verse side in response to a command from the controller
16. The reverse side proportional valve 23R has a con-
figuration similar to that of the forward side proportional
valve 23F, and thus description of the configuration is
omitted.

[0032] A plurality of distance sensors 14A to 14D is
attached to the upper slewing body 3.

[0033] Referring to FIG. 2, the distance sensors 14A
to 14D will be described below.

[0034] Each of the distance sensors 14A to 14D has a
detector, and the detector emits light. Each of the dis-
tance sensors 14A to 14D detects a distance to a portion
to be detected based on time from when the detector
emits light to when the detector receives reflected light
from an object to be detected.

[0035] The distance sensor 14A is disposed below a
base end portion of the boom 5 pivotally supported by
the upper frame 11 at a substantially central position in
the left-right direction of a front edge of the upper frame
11.Directions of the upper slewing body 3 are each based
on a direction viewed by an operator seated in a driver's
seat (not illustrated) provided in the cab 12.

[0036] The distance sensor 14A has a detection range
EA that spreads rightward and leftward from the distance
sensor 14A toward the front. The detection range EA is
set to be inclined downward from the upper frame 11 so
that the distance sensor 14A can detect the ground in
front of the lower travelling body 2 within the detection
range EA.

[0037] The distance sensor 14B is disposed at a sub-
stantially central position in the front-rear direction of the
upper frame 11 and behind the cab 12 on a left edge of
the upper frame 11. The distance sensor 14B has a de-
tection range EB that spreads forward and backward
from the distance sensor 14B toward the left. The detec-
tion range EB is set to be inclined downward from the
upper frame 11 so that the distance sensor 14B can de-
tect the ground on a left side of the lower travelling body
2 within the detection range EB. The detection range EB
includes a front portion overlapping a left portion of the
detection range EA in plan view.

[0038] The distance sensor 14C is disposed at a sub-
stantially central position in the left-right direction of a
rear edge of the upper frame 11. The distance sensor
14C has a detection range EC that spreads rightward
and leftward from the distance sensor 14C toward the
rear. The detection range EC is set inclined downward
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from the upper frame 11 so that the distance sensor 14C
can detect the ground behind the lower travelling body 2
in the detection range EC. The detection range EC in-
cludes a left portion overlapping a rear portion of the de-
tection range EB in plan view.

[0039] The distance sensor 14D is disposed at a sub-
stantially central position in the front-rear direction of the
upper frame 11 and at a right edge of the upper frame
11. The distance sensor 14D has a detection range ED
that spreads forward and backward from the distance
sensor 14D toward the right. The detection range ED is
set to be inclined downward from the upper frame 11 so
that the distance sensor 14D can detect the ground on
aright side of the lower travelling body 2 in the detection
range ED. The detection range ED includes arear portion
overlapping aright portion of the detection range EC, and
a front portion overlapping a right portion of the detection
range EA in plan view.

[0040] As described above, the detection ranges EA
to ED adjacent to each other of the distance sensors 14A
to 14D overlap each other in plan view, so that a distance
to an object to be detected can be detected, the object
being located in the periphery of the lower travelling body
2 about the slewing axis C. That is, the distance sensors
14Ato 14D constitute distance detection means attached
to the upper slewing body 3, the distance detection
means being capable of detecting a distance to an object
to be detected, the object being located in the periphery
of the lower travelling body 2 about the slewing axis C.
Here, the object to be detected includes the ground and
an object placed on the ground.

[0041] As illustrated in FIG. 3, the upper slewing body
3 includes a slewing angle sensor (slewing angle detec-
tor) 15 that detects a slewing angle of the upper slewing
body 3 with respect to the lower travelling body 2.
[0042] AsillustratedinFIG.5, the slewing angle sensor
15 can detect an angle of the upper slewing body 3 in a
slewing body front direction D1 (a front direction of an
operator seated in the driver’s seat in the cab 12) with
respect to a reference angle in the travelling direction of
the lower travelling body 2 (indicated as a forward direc-
tion of 0 deg in the present embodiment). As the slewing
angle sensor 15, for example, a rotary encoder that de-
tects a rotation angle of a rotating shaft (not illustrated)
for slewing that connects the lower travelling body 2 and
the upper slewing body 3 can be used.

[0043] As illustrated in FIG. 3, the upper slewing body
3 further includes the controller 16 that specifies an entry
prohibited area EH (refer to FIG. 5) in which ingress of
the lower travelling body 2 is prohibited, based on dis-
tances detected by the distance sensors 14A to 14D de-
scribed above, generates information about safety with
reference to a travelling direction of the lower travelling
body 2 based on the entry prohibited area EH and a slew-
ing angle detected by the slewing angle sensor 15, and
outputs this information. Here, the entry prohibited area
EH means an area including a step (a height of uneven-
ness on the ground and a height of an object placed on
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the ground) having a height equal to or higher than a
preset height.

[0044] Specifically, the controller 16 outputs a prede-
termined command (information about safety) to the trav-
elling controldevice 13, and adisplay unit17 and a speak-
er 18 (an example of notification means) provided on the
upper slewing body 3 (in the cab 12).

[0045] Referring to FIGS. 2, 3, and 5, the controller 16
will be described below.

[0046] The controller 16 is configured by combining a
CPU, a ROM, and a RAM to achieve the following func-
tions by the configuration.

[0047] The controller 16 includes a peripheral informa-
tion creation unit 16a that creates information about the
periphery of the lower travelling body 2, a peripheral in-
formation correction unit 16b that corrects the peripheral
information to information with respect to the travelling
direction of the lower travelling body 2, a restriction com-
mand unit 16c that outputs a command to the travelling
control device 13, and a notification command unit 16d
that outputs a command to the display unit 17 and the
speaker 18.

[0048] The peripheral information creation unit 16a is
configured such that when there is an area where a step
having a height equal to or higher than a preset height
over the entire circumference about the slewing axis C,
i.e., when the entry prohibited area EH exists, a distance
to the entry prohibited area EH is determined based on
detection results of the distance sensors 14Ato 14D, and
then periphery information is created by summarizing in-
formation on the distance.

[0049] The peripheral information is created by the pe-
ripheral information creation unit 16a with reference to
the slewing body front direction D1 (refer to FIG. 5) of
the upper slewing body 3. Thus, the peripheral informa-
tion correction unit 16b corrects the peripheral informa-
tion into information with reference to the reference angle
(0 deg) in the travelling direction of the lower travelling
body 2.

[0050] Specifically, the example of FIG. 5 shows a
state where the upper slewing body 3 has the slewing
body front direction D1 when slewed by an angle 6 with
respect to the reference angle (0 deg) of the lower trav-
elling body 2. In this case, the peripheral information cor-
rection unit 16b rotates reference coordinates of the pe-
ripheral information about the slewing axis C by the angle
6. This allows the peripheral information to coincide with
the travelling direction of the lower travelling body 2.
[0051] The peripheral information correction unit 16b
stores front side detection range EF from a front portion
of the lower travelling body 2 to a position separated by
a predetermined distance to a forward side in the travel-
ling direction, and a rear side detection range ER from a
rear portion of the lower travelling body 2 to a position
separated by a predetermined distance to areverse side
in the travelling direction. Although the example of FIG.
5illustrates the detection ranges EF and ER each having
a width set equivalent to a width in a width direction of
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the lower travelling body 2, each of the widths of the de-
tection ranges EF and ER may be set wider than that of
the lower travelling body 2 to more reliably prevent in-
gress of the lower travelling body 2 into the entry prohib-
ited area EH. No range in the width direction may be set
forthe detection ranges EF and ER. The detectionranges
EF and ER has a boundary line therebetween that is not
necessarily set to a straight line. Additionally, a distance
from the front side detection range EF to the front portion
of the lower travelling body 2 is set such that the lower
travelling body 2 can be reliably stopped before the entry
prohibited area EH when travelling restriction processing
of thelower travelling body 2 described below is executed
in a state where the lower travelling body 2 is travelling
at the highest speed. Similarly, a distance from the rear
side detection range ER to the rear portion of the lower
travelling body 2 is set.

[0052] Then, the peripheral information correction unit
16b determines whether the entry prohibited area EH
exists within at least one range of the front side detection
range EF and the rear side detection range ER based on
the corrected peripheral information.

[0053] For example, the example of FIG. 5 illustrates
that the entry prohibited area EH is located in front of
(outside) the front side detection range EF, and the entry
prohibited area EH does not exist in the rear side detec-
tion range ER either. In this state, the peripheral infor-
mation correction unit 16b determines that the entry pro-
hibited area EH does not exist in the detection ranges
EF and ER.

[0054] Incontrast, the example of FIG. 6 illustrates that
the entry prohibited area EH is located within the front
side detectionrange EF. Thus, in this state, the peripheral
information correction unit 16b determines that the entry
prohibited area EH exists within at least one range of the
detection ranges EF and ER.

[0055] As described above, when it is determined that
the entry prohibited area EH exists within at least one
range of the detection ranges EF and ER, the peripheral
information correction unit 16b determines whether the
entry prohibited area EH exists in the front side detection
range EF, in the rear side detection range ER, or in both
the detection ranges EF and ER.

[0056] ReferringtoFIG. 3, the restriction command unit
16c¢ outputs a command (information about safety) to at
least one of both the proportional valves 23F and 23R
based on the detection range EF and/or the detection
range ER determined that the entry prohibited area EH
exists by the peripheral information correction unit 16b.
[0057] The example of FIG. 6 illustrates that the entry
prohibited area EH exists within the front side detection
range EF, so that forward movement of the lower travel-
ling body 2 needs to be restricted. Thus, in this case, the
restriction command unit 16c¢ outputs a command to the
forward side proportional valve 23F.

[0058] The restriction command unit 16c outputs a
command to gradually decelerate the lower travelling
body 2 to the proportional valves 23F and 23R so that
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the lower travelling body 2 stops until the lower travelling
body 2 approaches a preset distance (hereinafter re-
ferred to as a stop distance) with respect to the entry
prohibited area EH. Specifically, the restriction command
unit 16¢ preliminarily stores a table set to have a com-
mand value (current value) to each of the proportional
valves 23F and 23R, gradually increasing as a distance
from the lower travelling body 2 to the entry prohibited
area EH decreases. The stop distance is set such that
when output of the command is started in a state where
an operation lever of the operation device 21 is fully ope-
ated, the lower travelling body 2 can be always stopped
by time when reaching a position away from the entry
prohibited area EH by the stop distance.

[0059] Instead of the above-described table, a com-
mand for stopping the lower travelling body 2 at a position
with the stop distance to the entry prohibited area EH by
gradually decelerating the lower travelling body 2 based
on pilot pressure detected by both the sensors 22F and
22R may be determined by calculation. In this case, the
restriction command unit 16¢c needs to receive the pilot
pressure detected by both the sensors 22F and 22R as
illustrated in FIG. 3. In contrast, when the table is used
as described above, both the sensors 22F and 22R do
not need to be connected to the restriction command unit
16¢.

[0060] The notification command unit 16d outputs a
command (information about safety) to the display unit
17 and the speaker 18 based on the detection range RF
and/or the detection range ER determined that the entry
prohibited area EH exists by the peripheral information
correction unit 16b.

[0061] Specifically, as illustrated in FIG. 7, the display
unit 17 displays an image showing that the entry prohib-
ited area EH exists on at least one of the forward side
and the reverse side in the travelling direction of the lower
travelling body 2, in response to a command from the
peripheral information correction unit 16b. FIG. 7 illus-
trates that a downward step (entry prohibited area EH)
exists at a position on the forward side of the lower trav-
elling body 2.

[0062] The speaker 18 notifies an operator by sound
that the entry prohibited area EH exists on at least one
of the forward side and the reverse side in the travelling
direction of the lower travelling body 2.

[0063] Referring to FIGS. 3 and 4, processing execut-
ed by the controller 16 will be described below.

[0064] When the processing is started, detection val-
ues of the distance sensors 14A to 14D are acquired
(step S1), and peripheral information about the entry pro-
hibited area EH in the circumference of the lower travel-
ling body 2, about the slewing axis C, is created based
on the detection values of the distance sensors 14A to
14D (step S2).

[0065] Next, adetectionvalue ofthe slewing angle sen-
sor 15 is acquired to determine the slewing body front
direction D1 (refer to FIG. 5) of the upper slewing body
3 (step S3). Then, the peripheral information is corrected
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into that with respect to the travelling direction of the lower
travelling body 2 using the slewing body front direction
D1 (step S4).

[0066] Specifically, the example of FIG. 5 illustrates
that the slewing body front direction D1 is shifted by the
angle 0 with respect to the reference angle (0 deg) in the
travelling direction of the lower travelling body 2, so that
reference coordinates of the peripheral information are
rotated by the angle 6 about the slewing axis C. This
allows the reference coordinates of the peripheral infor-
mation to coincide with the travelling direction of the lower
travelling body 2.

[0067] Then, itis determined whether the entry prohib-
ited area EH exists within at least one range of both the
detection ranges EF and ER (step S5). Here, when it is
determined that the entry prohibited area EH does not
exist within both the detection ranges EF and ER as il-
lustrated in FIG. 5, the processing returns to step S1.
[0068] In contrast, referring to FIG. 4, when it is deter-
mined in step S5 that the entry prohibited area EH exists
within at least one range of both the detection ranges EF
and ER, arange of both the detection ranges EF and ER
in which the entry prohibited EH exists is determined in
subsequent steps S6 and S7.

[0069] Specifically, the front side detection range EF
is determined in step S6 whether the entry prohibited
area EH exists. When it is determined as YES in step
S6, the rear side detection range ER is determined in
step S7 whether the entry prohibited area EH exists.
[0070] When it is determined as NO in step S7, i.e.,
when the entry prohibited area EH exists only in the front
side detection range EF as illustrated in FIG. 6, the con-
troller 16 (restriction command unit 16¢) outputs a com-
mand to only the forward side proportional valve 23F
(step S8), and prohibits output of a command to the re-
verse side proportional valve 23R. This enables the lower
travelling body 2 not only to be prevented from approach-
ing the entry prohibited area EH by restricting forward
movement of the lower travelling body 2 but also to move
away (avoid) from the entry prohibited area EH by allow-
ing reverse movement of the lower travelling body 2,
when the entry prohibited area EH exists only within the
front side detection range EF as illustrated in FIG. 6.
[0071] Referring to FIG. 4, when it is determined as
YES in step S7, i.e., when the entry prohibited area EH
exists in both the detection ranges EF and ER, the con-
troller 16 (restriction command unit 16¢) outputs com-
mands to both the proportional valves 23F and 23R (step
S9). This restricts travelling to the front side and the rear
side on each of which the entry prohibited area EH exists.
In this case, the hydraulic excavator 1 can be traveled
after a measure such as reducing a step in the entry
prohibited area EH on at least one of the front side and
the rear side (a measure such as piling up sand to fill the
step) is applied.

[0072] Incontrast, whenitis determined in step S6 that
the entry prohibited area EH does not exist in the front
side detection range EF, i.e., when the entry prohibited
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area EH exists only in the rear side detection range ER,
the controller 16 (the restriction command unit 16¢) out-
puts a command to only the reverse side proportional
valve 23R (step S10) and prohibits output of a command
to the forward side proportional valve 23F. This enables
the lower travelling body 2 not only to be prevented from
approaching the entry prohibited area EH by restricting
reverse movement of the lower travelling body 2 but also
to move away (avoid) from the entry prohibited area EH
by allowing forward movement of the lower travelling
body 2, when the entry prohibited area EH exists only
within the rear side detection range ER.

[0073] Then, after steps S8 to S10, the controller 16
(the notification command unit 16d) executes a notifica-
tion process of outputting a command to each of the dis-
play unit 17 and the speaker 18 (step S11). Asillustrated
in FIG. 7, this enables not only a position of the entry
prohibited area EH with respect to the hydraulic excava-
tor 1 to be visually notified to an operator using the display
unit 17, but also approaching of the entry prohibited area
EH to be auditorily transmitted to the operator using the
speaker 18.

[0074] Asdescribed above, location information about
the entry prohibited area EH in the circumference of the
lower travelling body 2 about the slewing axis C can be
acquired by the distance sensors 14A to 14D and the
controller 16 This enables the controller 16 not only to
generate information about safety with respect to the
travelling direction of the lower travelling body 2 (com-
mands to the proportional valves 23F and 23R, and com-
mands to the display unit 17 and the speaker 18) by fur-
ther using a slewing angle detected by the slewing angle
sensor 15, but also to output the information.

[0075] Thus, for example, the information output from
the controller 16 can be used to notify the operator to
prevent ingress into the entry prohibited area EH and to
stop travelling of the lower travelling body 2.

[0076] Accordingtothe embodimentabove, the follow-
ing effects can be achieved.

[0077] When the lower travelling body 2 approaches
the entry prohibited area EH to some extent, acommand
can be output to each of the proportional valves 23F and
23R, the display unit 17, and the speaker 18. Thus, using
the command enables preventing ingress of the lower
travelling body 2 into the entry prohibited area EH and
prompting the operator to prevent the ingress.

[0078] When the lower travelling body 2 approaches
the entry prohibited area EH to some extent, travelling
of the lower travelling body 2 toward the entry prohibited
area EH can be restricted.

[0079] Allowing restriction of travelling in a direction
away from the entry prohibited area EH enables a quick
avoidance from the entry prohibited area EH.

[0080] The lower travelling body 2 is gradually decel-
erated from a stage, where the entry prohibited area EH
enters the corresponding detection ranges EF and ER,
to cause the lower travelling body 2 to stop, so thatimpact
during braking can be reduced.
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[0081] Notifying the operator of approach of the hy-
draulic excavator 1 to the entry prohibited area EH ena-
bles the operator to be prompted to move away from the
entry prohibited area EH.

[0082] The presentinvention is notlimited to the above
embodiment, and for example, the following aspects also
can be used.

[0083] Although there is exemplified distance detec-
tion means composed of the plurality of distance sensors
14A to 14D disposed with the adjacent detection ranges
EA to ED overlapping each other, the configuration of
the distance detection means is not limited to this. For
example, the distance detection means can be com-
posed of one distance sensor having a detection range
rotatable about the slewing axis C.

[0084] When itis determined that the entry prohibited
area EH exists within one of the detection ranges EF and
ER, travelling (forward or reverse) on only a side where
the entry prohibited area EH exists is restricted. However,
both the forward and reverse travelling may be restricted.
[0085] Although stopping the lower travelling body 2 is
exemplified as content of the restriction on the travelling
of the lower travelling body 2 in the above embodiment,
the content is not limited to the stopping. The lower trav-
elling body 2 may be restricted to an extremely low trav-
elling speed.

[0086] Although the method using the proportional
valves 23F and 23R is described as a method for restrict-
ing travelling of the lower travelling body 2, the travelling
of the lower travelling body 2 can also be restricted by
restricting output of an engine (not illustrated). In this
case, the controller 16 may output a command for reduc-
ing output to an ECU that controls driving of the engine.
[0087] Although the example in which the lower trav-
elling body 2 is decelerated and then stopped is de-
scribed, the lower travelling body 2 may be immediately
stopped when it is determined that the entry prohibited
area EH exists in atleast one range of the detection rang-
es EF and ER.

[0088] Although the display unit 17 and the speaker 18
are illustrated as the notification means, the notification
means is not limited to these. For example, a buzzer or
a lamp also can be used as the notification means.
[0089] The construction machinery is not limited to the
hydraulic excavator, and may be a crane, a demolition
machine, or hybrid construction machinery.

[0090] The specific embodiment described above
mainly includes the invention having the following con-
figuration.

[0091] Specifically,the presentinvention provides con-
struction machinery including: a lower travelling body; an
upper slewing body attached to the lower travelling body
in a rotatable manner about a slewing axis; distance de-
tection means attached to the upper slewing body, the
distance detection means being capable of detecting a
distance to an object to be detected, the object being
located in a circumference of the lower travelling body
about the slewing axis; a slewing angle detector that de-
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tects a slewing angle of the upper slewing body with re-
spect to the lower travelling body; and a controller that
specifies an entry prohibited area in which ingress of the
lower travelling body is prohibited, based on the distance
detected by the distance detection means, that generates
information about safety with reference to a travelling di-
rection of the lower travelling body based on the entry
prohibited area and the slewing angle detected by the
slewing angle detector, and that outputs the information
about the safety.

[0092] According to the present invention, location in-
formation about the entry prohibited area in the circum-
ference of the lower travelling body about the slewing
axis can be acquired by the distance detection means
and the controller. This enables the controller to generate
information about safety with reference to a travelling di-
rection of the lower travelling body by further using the
slewing angle detected by the slewing angle detector and
to output the information.

[0093] Thus, for example, using the information output
from the controller enables notifying the operator to pre-
vent ingress into the entry prohibited area and stopping
travelling of the lower travelling body.

[0094] In the present invention, the "object to be de-
tected" includes the ground and an object placed on the
ground. The "entry prohibited area" means an area in-
cluding a step (a height of unevenness on the ground
and a height of an object placed on the ground) having
a height equal to or higher than a preset height.

[0095] The construction machinery is preferably con-
figured such that the controller determines whether the
entry prohibited area exists within at least one range of
a front side detection range from a front portion of the
lower travelling body to a position separated by a prede-
termined distance to a forward side in the travelling di-
rection, and a rear side detection range from a rear por-
tion of the lower travelling body to a position separated
by a predetermined distance to a reverse side in the trav-
elling direction, and outputs the information about the
safety when it is determined that the entry prohibition
area exists within the at least one range.

[0096] According to this aspect, the information about
the safety can be output when the lower travelling body
approaches the entry prohibited area to some extent.
Thus, for example, using this information enables pre-
venting ingress of the lower travelling body into the entry
prohibited area and prompting an operator to prevent the
ingress.

[0097] Specifically, the construction machinery prefer-
ably further includes a forward side restriction device that
restricts travelling of the lower travelling body to a forward
side in response to a command from the controller, and
a reverse side restriction device that restricts travelling
of the lower travelling body to a reverse side in response
to a command from the controller, in which the controller
outputs a command to the forward side restriction device
whenitis determined that the entry prohibited area exists
within the front side detection range, and outputs a com-
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mand to the reverse side restriction device when it is
determined that the entry prohibited area exists within
the rear side detection range.

[0098] According to this aspect, when the lower trav-
elling body approaches the entry prohibited area to some
extent, travelling of the lower travelling body toward the
entry prohibited area can be restricted.

[0099] The "restriction" in the above aspect includes
not only stopping the lower travelling body but also de-
celerating the lower travelling body.

[0100] Here, when it is determined that the entry pro-
hibition area exists in the front side detection range or
the rear side detection range, both forward and backward
travelling may be restricted. However, this case does not
enable a quick avoidance because travelling toward a
direction for avoiding the entry prohibited area is also
restricted.

[0101] Thus, the construction machinery is preferably
configured such that the controller prohibits output of a
command to the reverse side restriction device when it
is determined that the entry prohibited area exists only
within the front side detection range, and also prohibits
output ofa command to the forward side restriction device
when itis determined that the entry prohibited area exists
only within the rear side detection range.

[0102] According to this aspect, restriction of travelling
in the direction away from the entry prohibited area is
allowed, thereby enabling a quick avoidance from the
entry prohibited area.

[0103] Here, the controller may output a command for
immediately stopping the lower travelling body to the for-
ward side restriction device and the reverse side restric-
tion device. However, this case causes sudden braking
in a stage where the entry prohibited area enters the de-
tection range, thereby increasing impact at the time of
stopping.

[0104] Thus, the construction machinery is preferably
configured such that the controller is capable of output-
ting a command for stopping the lower travelling body
with gradual deceleration to the forward side restriction
device and the reverse side restriction device.

[0105] According to this aspect, the lower travelling
body can be gradually decelerated from the stage where
the entry prohibited area enters the detection range,
thereby reducing impact at the time of braking.

[0106] The construction machinery may furtherinclude
notification means for notifying an operator of predeter-
mined information, in which when it is determined that
the entry prohibited area exists within the at least one
range, the controller may output, to the notification
means, a command for notifying the operator of the de-
termination.

[0107] According to this aspect, when the operator is
notified that the construction machinery approaches the
entry prohibited area, the operator can be prompted to
move away from the entry prohibited area.
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Claims

1.

Construction machinery comprising:

a lower travelling body;

an upper slewing body attached to the lower
travelling body in a rotatable manner about a
slewing axis;

distance detection means attached to the upper
slewing body, the distance detection means be-
ing capable of detecting a distance to an object
to be detected, the object being located in a cir-
cumference of the lower travelling body about
the slewing axis;

a slewing angle detector that detects a slewing
angle of the upper slewing body with respect to
the lower travelling body; and

a controller that specifies an entry prohibited ar-
ea in which ingress of the lower travelling body
is prohibited, based on the distance detected by
the distance detection means, thatgenerates in-
formation about safety with reference to a trav-
elling direction of the lower travelling body based
on the entry prohibited area and the slewing an-
gle detected by the slewing angle detector, and
that outputs the information about the safety.

The construction machinery according to claim 1,
wherein

the controller determines whether the entry prohib-
ited area exists within at least one range of a front
side detection range from a front portion of the lower
travelling body to a position separated by a prede-
termined distance to a forward side in the travelling
direction, and arear side detection range from a rear
portion of the lower travelling body to a position sep-
arated by a predetermined distance to areverse side
in the travelling direction, and outputs the information
about the safety when it is determined that the entry
prohibition area exists within the at least one range.

The construction machinery according to claim 2,
further comprising:

a forward side restriction device that restricts
travelling of the lower travelling body to a forward
side in response to a command from the con-
troller; and

a reverse side restriction device that restricts
travelling of the lower travelling body toareverse
side in response to a command from the con-
troller,

wherein the controller outputs a command to the
forward side restriction device when it is deter-
mined that the entry prohibited area exists within
the front side detection range, and outputs a
command to the reverse side restriction device
when it is determined that the entry prohibited
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area exists within the rear side detection range.

The construction machinery according to claim 3,
wherein

the controller prohibits output of a command to the
reverse side restriction device when itis determined
that the entry prohibited area exists only within the
front side detection range, and also prohibits output
of a command to the forward side restriction device
when it is determined that the entry prohibited area
exists only within the rear side detection range.

The construction machinery according to claim 3 or
4, wherein

the controller is capable of outputting a command
for stopping the lower travelling body with gradual
deceleration to the forward side restriction device
and the reverse side restriction device.

The construction machinery according to any one of
claims 1 to 5, further comprising:

notification means for notifying an operator of
predetermined information,

wherein when it is determined that the entry pro-
hibited area exists within the at least one range,
the controller outputs, to the notification means,
a command for notifying the operator of the de-
termination.
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