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(54) SWIVEL WORK MACHINE

(57) In order to accurately detect a posture angle of
a swivel section even when a disturbance acceleration
occurs due to the movement of the swivel section, a swiv-
el work machine includes: a swivel section; at least one
inertial sensor (30) that is disposed on the swivel section
and that is configured to calculate a posture angle of the
swivel section on the basis of an angular velocity and an

acceleration; a first operation detection section as a de-
tection section (81) configured to detect an operation of
causing the swivel section to move; and an IMU instruc-
tion section as an output section (83) configured to, in a
case where an operation of causing movement has been
detected, output a signal corresponding to the operation,
to the at least one inertial sensor.
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Description
Technical Field

[0001] The present invention relates to a swivel work
machine including a swivel section, such as an excava-
tor.

Background Art

[0002] Conventionally, a work machine has been
known which is disclosed in Patent Literature 1 and which
includes aninclination-angle detection section for detect-
ing an inclination angle of a machine body of the work
machine. The inclination-angle detection section in-
cludes: an acceleration sensor which is mounted to the
machine body so as to cause an output from the accel-
eration sensor with respect to a gravitational acceleration
to vary in accordance with the inclination angle of the
machine body; and a conversion section for converting,
into the inclination angle of the machine, the output from
the acceleration sensor.

[0003] In addition, conventionally, inertial sensors (in-
ertial measurement units (IMUs)) have been widely used
as posture detection sections for vehicles. Such an iner-
tial sensor includes an acceleration sensor and an an-
gular-velocity sensor. The inertial sensor is configured
to measure an angular velocity of the machine body and
an acceleration thereof to calculate, for example, a pos-
ture angle of the machine body and an azimuth thereof.

Citation List
[Patent Literature]

[0004] [Patent Literature 1]
Japanese Patent No. 5297280

Summary of Invention
Technical Problem

[0005] However, unlike a typical vehicle, in the swivel
work machine, a swivel section thereof swivels. Thus, an
acceleration caused by the movement of the swivel sec-
tion occurs. This acceleration is regarded as a distur-
bance acceleration and has an impact on the accelera-
tion used to calculate the posture angle of the swivel work
machine. The posture angle calculated by the inertial
sensor therefore has an error.

[0006] Itis an object of an aspect of the presentinven-
tion to achieve a swivel work machine that enables ac-
curate detection of a posture angle of a swivel section of
the swivel work machine even when a disturbance ac-
celeration occurs due to movement of the swivel section.
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Solution to Problem

[0007] Inorderto solve the foregoing problem, a swivel
work machine in accordance with an aspect of the
present invention includes: a swivel section; at least one
inertial sensor which is disposed on the swivel section
and which is configured to calculate a posture angle of
the swivel section on the basis of an angular velocity and
an acceleration; a detection section configured to detect
an operation of causing the swivel section to move; and
an output section configured to, in a case where the op-
eration of causing the swivel section to move has been
detected, output a signal corresponding to the operation,
to the at least one inertial sensor.

Advantageous Effects of Invention

[0008] Anaspectofthe presentinvention makes it pos-
sible to achieve a swivel work machine that enables ac-
curate detection of a posture angle of a swivel section of
the swivel work machine even when a disturbance ac-
celeration occurs due to movement of the swivel section.

Brief Description of Drawings
[0009]

Fig. 1is aside view schematically illustrating a swivel
work machine in accordance with Embodiment 1 of
the present invention.

Fig. 2 is a block diagram illustrating the swivel work
machine.

Fig. 3is a diagram illustrating an aspect of operation
contents and variations of weighting which an IMU
instruction section instructs inertial sensors to per-
form.

Fig. 4 is a flowchart showing a process of switching
the weighting for each of the inertial sensors, in a
control device.

Fig. 5 is a block diagram illustrating a swivel work
machine in accordance with Embodiment 3 of the
present invention.

Fig. 6 is a block diagram illustrating a swivel work
machine in accordance with Embodiment 4 of the
present invention.

Description of Embodiments

[0010] The following will describe an embodiment of
the present invention with reference to drawings as ap-
propriate.

(Outline Configuration of Swivel Work Machine)

[0011] Fig. 1 is a side view schematically illustrating a
swivel work machine 1 in accordance with the present
embodiment. In the present embodiment, an excavator
is taken as an example of the swivel work machine 1.
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Note that the presentinvention also encompasses swivel
work machines without traveling devices, such as crane
machines.

[0012] As illustrated in Fig. 1, the swivel work machine
1 includes a swivel section 2 and a traveling device 3.
The swivel section 2 is supported on the traveling device
3 so as to be able to swivel about an axis extending in
an up-and-down direction. The swivel section 2 is driven
by a swivel motor 21. The traveling device 3 supports the
swivel section 2 so as to enable the swivel section 2 to
travel and is driven by a traveling motor 22. The swivel
motor 21 and the traveling motor 22 are each constituted
by a hydraulic motor (hydraulic actuator).

[0013] The swivel section 2 includes: a machine body
4 configured to swivel with respect to the traveling device
3; a swing device 11; a work device 5; and the like. The
machine body 4 includes an operator seat 6, an operation
device 7, a control device 8, an engine (not illustrated),
a radiator (not illustrated), a fuel tank (not illustrated), a
hydraulic fluid tank (not illustrated), a battery (not illus-
trated), and the like. Note that, in the present embodi-
ment, front, rear, right, left, up, and down are defined with
respect to an operator seated on the operator seat 6.
[0014] The operation device 7 includes a plurality of
operation levers each of which accepts an operation of
causing the swivel section 2 to move. Examples of such
an operation include an operation of causing the traveling
device 3 totravel, an operation of causing the swivel sec-
tion 2 to swivel, and operations of causing the swing de-
vice 11 and movable sections (a boom device 12, an arm
device 13, and a bucket device 14) of the work device 5
to move.

[0015] The control device 8 is configured to control
parts of the swivel work machine 1, such as an engine.
In addition, in the present embodiment, the control device
8is configured to detect an operation that the swivel work
machine 1is instructed to perform by the operation device
7 and to, in a case where an operation of causing the
swivel section 2 to move has been detected, output sig-
nals corresponding to the operation detected, to inertial
sensors 30 disposed at predetermined positions of the
swivel work machine 1. The inertial sensors 30 will be
described later.

[0016] The swingdevice 11 islocated at a front portion
of the machine body 4, and the work device 5 is mounted
on the swing device 11. The work device 5 includes the
boom device 12, the arm device 13, and the bucket de-
vice 14 which correspond to the plurality of movable sec-
tions.

[0017] Specifically, the swing device 11 includes a
swing bracket 111 and a swing cylinder 112 (see Fig. 2).
The swing bracket 111 is, so as to be swingable about
an axis extending in an up-and-down direction, mounted
on a support bracket 20 provided to the front portion of
the machine body 4 so as to protrude from the front por-
tion. The swing bracket 111 is driven by the swing cylinder
112.

[0018] The boom device 12 includes a boom 121 and
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a boom cylinder 122. The boom 121 has a base portion
which is supported by an upper portion of the swing
bracket 111 via a horizontal shaft 123 extending in a left-
and-rightdirection so as to make the boom 121 swingable
(rotatable). The boom cylinder 122 extends and contracts
to cause the boom 121 to swing.

[0019] The arm device 13 includes anarm 131 and an
arm cylinder 132. The arm 131 has a base end portion
which is supported at a tip portion of the boom 121 via a
horizontal shaft 133 so as to make the arm 131 swinga-
ble. The arm cylinder 132 extends and contracts to cause
the arm 131 to swing.

[0020] The bucketdevice 14 includes abucket141and
a bucket cylinder 142. The bucket 141 is supported at a
tip portion of the arm 131 via a pivot shaft 143 so as to
be swingable. The bucket cylinder 142 is provided over
a link mechanism 144 provided between the bucket 141
and the tip portion of the arm 131 and the base end portion
of the arm 131 and extends and contracts to cause the
bucket 141 to swing.

[0021] The swing cylinder 112, the boom cylinder 122,
the arm cylinder 132, and the bucket cylinder 142 are
each constituted by a hydraulic cylinder (hydraulic actu-
ator) that can extend and contract.

(Inertial Sensor)

[0022] The swivel work machine 1 includes the inertial
sensors (IMUs) 30 described above. The inertial sensors
30 each include an acceleration sensor and an angular-
velocity sensor and are each configured to measure an
acceleration and an angular velocity of a member on
which the inertial sensor 30 is disposed and to calculate
a posture angle, an azimuth, a velocity, a position, and
the like of the member on the basis of the acceleration
and the angular velocity.

[0023] The inertial sensors 30 each calculate "current
angle + angular velocity X unit time" on the basis of the
detection value from the angular-velocity sensor to obtain
an angular-velocity component. In addition, the inertial
sensors 30 each calculate "a direction of a gravitational
acceleration" on the basis of the detection value from the
acceleration sensor to obtain an acceleration compo-
nent.

[0024] In a state where the inertial sensors 30 are sta-
tionary (specifically, in a state where respective members
on which the inertial sensors 30 are disposed are sta-
tionary), the acceleration components have no errors,
whereas in a state where the inertial sensors 30 move
(specifically, in a state where the respective members on
which the inertial sensors 30 are disposed move), the
acceleration components contain disturbance accelera-
tions, resulting in errors. The angular-velocity compo-
nents are not affected, even in a state where the inertial
sensors 30 move, by the movement (disturbance). How-
ever, cumulative errors in the angular-velocity compo-
nents increase over time due to angular-velocity integra-
tion.
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[0025] Thus, the inertial sensors 30 each calculate the
posture angle with use of both the acceleration compo-
nent and the angular-velocity component. The propor-
tions of the angular-velocity component and the acceler-
ation component used by each of the inertial sensors 30
is determined with use of a weighting coefficient. The
weighting coefficient can be changed by each of the in-
ertial sensors 30. In the present embodiment, the inertial
sensors 30 each change the weighting coefficient in ac-
cordance with a signal outputted from an IMU instruction
section (output section) 83 (described later) of the control
device 8.

[0026] Inthe present embodiment, the inertial sensors
30 are individually disposed under the operator seat 6 of
the machine body 4 and on the boom 121, the arm 131,
and the link mechanism 144 in the plurality of movable
sections of the work device 5.

[0027] Hereinafter, in a case where the inertial sensors
30 need to be distinguished from each other depending
on members on which the inertial sensors 30 are dis-
posed, the inertial sensor 30 disposed on the machine
body 4 (in the present embodiment, under the operator
seat 6) is referred to as an operator seat IMU30-1, the
inertial sensor 30 disposed on the boom 121 is referred
to as a boom IMU30-2, the inertial sensor 30 disposed
on the arm 131 is referred to as an arm IMU30-3, and
the inertial sensor 30 disposed on the link mechanism
144 is referred to as a bucket IMU30-4.

[0028] The operator seat IMU30-1 is configured to
measure a posture of the machine body 4 in the swivel
work machine 1. The boom IMU30-2, the arm IMU30-3,
and the bucket IMU30-4 are each configured to measure
an angle of the work device 5. The boom IMU30-2 and
the arm IMU30-3 are each mounted on a side surface of
the corresponding member. The bucket IMU30-4 is
mounted on the link mechanism 144.

(Configuration of Main Part of Swivel Work Machine)

[0029] Fig. 2 is a block diagram illustrating the swivel
work machine 1. Asillustrated in Fig. 2, the control device
8 is connected with the operation device 7, the swivel
motor 21, the traveling motor 22, the swing cylinder 112,
the boom cylinder 122, the arm cylinder 132, and the
bucket cylinder 142. Further, the control device 8 is con-
nected with the operator seat IMU30-1, the boom
IMU30-2, the arm IMU30-3, and the bucket IMU30-4. The
control device 8 includes a first operation detection sec-
tion (detection section) 81, an operation control section
82, and the IMU instruction section (output section) 83.
[0030] The first operation detection section 81 is a de-
tection section configured to detect an operation of caus-
ing the swivel section 2 to move. The first operation de-
tection section 81 also detects, as the operation of caus-
ing the swivel section 2 to move, an operation of causing
the swivel section 2 to move with respect to the ground
by causing the traveling device 3 to travel. This makes it
possible to, even when the swivel section 2 is configured
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to be caused to travel by the traveling device 3, allow the
inertial sensors 30 to appropriately calculate the posture
angles in accordance with the movement during the
traveling.

[0031] The first operation detection section 81 is con-
nected with the operation device 7 and is configured to,
on the basis of the operation performed on the operation
device 7, detect an operation of causing the swivel sec-
tion 2 to move.

[0032] The first operation detection section 81 detects
a traveling operation, a swivel operation, a swing oper-
ation, a boom operation, an arm operation, and a bucket
operation on the basis of the operation levers. When the
operation levers have been returned to their respective
neutral positions, the first operation detection section 81
detects that the operations are not performed, i.e., that
the swivel section 2 is stationary (detects no operation
of causing movement).

[0033] The operation control section 82 is configured
to drive operation targets, that is, the traveling motor 22,
the swivel motor 21, the swing cylinder 112, the boom
cylinder 122, the arm cylinder 132, and the bucket cylin-
der 142 on the basis of signals indicative of operations
inputted from the first operation detection section 81. In
the present embodiment, the hydraulic pressures sup-
plied to the traveling motor 22, the swivel motor 21, the
swing cylinder 112, the boom cylinder 122, the arm cyl-
inder 132, and the bucket cylinder 142 are controlled by
proportional solenoid valves V1 to V6, respectively. Spe-
cifically, the operation control section 82 controls these
proportional solenoid valves V1 to V6.

[0034] The IMU instruction section 83 is an output sec-
tion configured to, in a case where the first operation
detection section 81 has detected an operation of caus-
ing the swivel section 2 to move, output signals corre-
sponding to the operation, to the inertial sensors 30. The
IMU instruction section 83 outputs such a signal(s) cor-
responding to the operation, to an inertial sensor(s) 30
disposed at a position(s) at which the calculation of the
posture angle(s) is affected by the movement of the swiv-
el section 2 caused by the operation detected, among
the plurality of inertial sensors 30 disposed in the swivel
work machine 1.

[0035] Specifically, to the first operation detection sec-
tion 81, a signal indicative of a content of an operation
that the operation device 7 has instructed the swivel sec-
tion 2 to perform is inputted. The operation device 7 ac-
cepts an operation of causing the swivel section 2 to
move. The first operation detection section 81 detects
the operation of causing the swivel section 2 to move,
from the operation device 7, that s, from a signal inputted
from the operation device 7. According to the above con-
figuration, since the first operation detection section 81
detects the operation of causing the swivel section 2 to
move, from the operation performed on the operation de-
vice 7, itis possible to easily detect the movement of the
swivel section 2.

[0036] Upon receiving an instruction for traveling from
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the operation levers, the first operation detection section
81 outputs, to the IMU instruction section 83, a signal
indicative of the instruction for the traveling operation.
Similarly, upon receiving an instruction for swiveling from
the operation levers, the first operation detection section
81 outputs, to the IMU instruction section 83, a signal
indicative of the instruction for the swivel operation. The
same applies to the swing operation of causing the swing
device 11 to move, the boom operation of causing the
boom device 12 to move, the arm operation of causing
the arm device 13 to move, and the bucket operation of
causing the bucket device 14 to move. When the oper-
ation levers have been returned to their respective neu-
tral positions, the first operation detection section 81 de-
tects that the swivel section 2 is stationary (detects no
operation of causing movement).

[0037] The IMU instruction section 83 is an output sec-
tion configured to, in a case where an operation of caus-
ing the swivel section 2 to move has been detected, out-
put signals corresponding to the operation, to the inertial
sensors 30. The IMU instruction section 83 outputs the
signal(s) corresponding to the operation, to an inertial
sensor(s) 30 disposed at a position(s) at which the cal-
culation of the posture angle(s) is affected by the move-
ment of the swivel section 2 caused by the operation
detected, among the plurality of inertial sensors 30 dis-
posed in the swivel work machine 1.

[0038] In a case where the IMU instruction section 83
does not receive, from the first operation detection sec-
tion 81, a signal indicative of detection of an operation of
causing the swivel section 2 to move (such as the
traveling operation, the swivel operation, the swing op-
eration, the boom operation, the arm operation, and the
bucketoperation), the IMU instruction section 83 outputs,
to the inertial sensors 30, signals each instructing that a
default weighting coefficient (a predetermined ratio) be
used.

[0039] Upon receiving, from the first operation detec-
tion section 81, a signal indicative of detection of an op-
eration of causing the swivel section 2 to move, the IMU
instruction section 83 outputs a signal(s) corresponding
to the detected operation for the swivel section 2, to an
inertial sensor(s) 30 affected by the movement of the
swivel section 2.

[0040] The "signal corresponding to the operation for
the swivel section 2" refers to, for example, a signal in-
structing that a proportion of the angular-velocity com-
ponent used for calculating the posture angle be in-
creased to be higher than a predetermined proportion of
the angular-velocity component used in a case where
the operation has not been detected. The IMU instruction
section 83 may also transmit, to the inertial sensor 30, a
signal indicative of a weighting coefficient having a higher
proportion of the acceleration component used for cal-
culating the posture angle than that of the default weight-
ing coefficient.

[0041] Here, a target to which a signal corresponding
to an operation detected is to be outputted is an inertial
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sensor 30 disposed at a position at which a decrease in
accuracy of the acceleration component is caused by
detection of a disturbance acceleration resulting from the
movement corresponding to the operation detected.
Specifically, upon receiving, from the first operation de-
tection section 81, a signal indicative of detection of the
traveling operation or the swivel operation, which is an
operation of causing the machine body 4 to move, the
IMU instruction section 83 outputs signals corresponding
to the operation, to the inertial sensors 30 (the operator
seat IMU30-1, the boom IMU30-2, the arm IMU30-3, and
the bucket IMU30-4) each disposed on the correspond-
ing one of the machine body 4 and the plurality of movable
sections of the work device 5.

[0042] In a case where an operation detected is an
operation of causing one of the plurality of movable sec-
tions, including the swing device 11, to move, that is, in
a case where an operation detected is the swing opera-
tion, the boom operation, the arm operation, or the bucket
operation, the IMU instruction section 83 outputs signals
corresponding to the operation, to (i) the inertial sensor
30 that is disposed on the movable section to be caused
to move and (ii) the inertial sensor(s) 30 that is (are) dis-
posed on the movable section(s) located closer to a tip
of the work device 5 than the movable section to be
caused to move. In a case where the operation detected
is an operation of causing the swing device 11 or the
boom device 12 to move, the signals are outputted to the
boom IMU30-2, the arm IMU30-3, and the bucket
IMU30-4. In a case where the operation detected is an
operation of causing the arm device 13 to move, the sig-
nals are outputted to the arm IMU30-3 and the bucket
IMU30-4. In a case where the operation detected is an
operation of causing the bucket device 14 to move, the
signal is outputted to the bucket IMU30-4.

(Aspect of Weighting)

[0043] Fig. 3 is a diagram illustrating an aspect of op-
eration contents and variations of the weighting which
the IMU instruction section 83 instructs the inertial sen-
sors 30 to perform. In Fig. 3, the reference number 301
indicates a diagram for the operator seat IMU30-1, the
reference number 302 indicates a diagram for the boom
IMU30-2, the reference number 303 indicates a diagram
for the arm IMU30-3, and the reference number 304 in-
dicates a diagram for the bucket IMU30-4.

[0044] As to the reference numbers 301 to 304 in Fig.
3, weighting coefficients are indicated by alphabets A to
H. The alphabet A indicates a default weighting coeffi-
cient of each of the inertial sensors 30. In the default
weighting coefficient, the proportion of the acceleration
component is higher than that of the angular-velocity
component. The proportion of the acceleration compo-
nent is represented by A>B>C>D>E>F>G>H. Accord-
ingly, the proportion of the angular-velocity component
increases, from the default, in the following order: A, B,
C, D, E, F, G, H. The alphabet H indicates that the an-
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gular-velocity component accounts for almost all the pro-
portion of the acceleration component and the angular-
velocity component.

[0045] As illustrated in Fig. 3, in all the operations, that
is, the traveling operation, the swivel operation, the swing
operation, the boom operation, the arm operation, and
the bucketoperation, in acase where the lever operations
are minimum, that is, in a case where the operation levers
are set at their respective neutral positions, the coeffi-
cients are A, and accordingly, the inertial sensors 30 use
the default weighting coefficient. Note that the state
where the lever operations are minimum may also in-
clude a state where the traveling device 3, the swivel
section 2, and the movable sections of the work device
5 each hardly move, as well as the state where the op-
eration levers are set at their respective neutral positions.
[0046] When the maximum lever operation has been
detected, that is, when an operation of causing the max-
imum movement has been detected, the proportion of
the angular-velocity component used is increased, and
the inertial sensor 30 calculates the posture angle with
use of the increased proportion of the angular-velocity
component. The traveling of the swivel work machine 1
has the same impact on all the inertial sensors 30. There-
fore, with respect to the traveling operation, the coeffi-
cients F are set for all the inertial sensors 30.

[0047] In swiveling of the swivel section 2, an inertial
sensor 30 located farther from an axis of the swiveling is
more affected by the centrifugal force. Therefore, with
respect to the swivel operation, the proportion of the an-
gular-velocity component used is set to be higher for the
arm IMU30-3 and the bucket IMU30-4 than for the boom
IMU30-2 and to be higher for the boom IMU30-2 than for
the operator seat IMU30-1.

[0048] The movement of the swing operation is slower
than that of the traveling operation, that of the swivel op-
eration, that of the boom operation of the work device 5,
and that of the arm operation of the work device 5 and
thus has less impact on the inertial sensors 30. Thus,
with respect to the swing operation, a lower proportion
of the angular-velocity component used is set. Also in
this case, similarly as the swivel operation, the proportion
ofthe angular-velocity componentusedis setto be higher
for the bucket IMU30-4 located farthest from an axis of
the swinging than for the boom IMU30-2 located close
to the axis of the swinging.

[0049] Further, weightings for the operations for the
movable sections themselves on which the boom
IMU30-2, the arm IMU30-3, and the bucket IMU30-4 are
disposed are determined in accordance with shifts of the
boom IMU30-2, the arm IMU30-3, and the bucket
IMU30-4 from the corresponding shafts of the movable
sections. For example, in a case of the boom device 12,
a centrifugal force applied to the boom IMU30-2 mounted
on the boom 121 is proportional to a distance between
the boom IMU30-2 and the horizontal shaft 123 which
extends in a left-and-right direction and which supports
the boom 121 so as to make the boom 121 swingable
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(rotatable). Note, however, that, in the present embodi-
ment, the boom IMU30-2, the arm IMU30-3, and the
bucket IMU30-4 are mounted at positions slightly distant
from the corresponding shafts, and thus the proportions
of the angular-velocity components used are low. In a
case where the boom IMU30-2, the arm IMU30-3, and
the bucket IMU30-4 are mounted in the vicinities of the
corresponding shafts of the movable sections, the coef-
ficients may be set to A.

(Weighting Switching Process)

[0050] Fig. 4 is a flowchart showing a process, per-
formed by the control device 8, for switching the weighting
for each of the inertial sensors 30.

[0051] As illustrated in Fig. 4, the control device 8 al-
ways detects, from a signal from the operation device 7,
whether an instruction for an operation of causing the
swivel section 2 to move has been provided (S1). In a
case where the determination in S1 is NO, that is, in a
case where the swivel section 2 is in a stationary state,
the control device 8 instructs all the inertial sensors 30
to use the default weighting coefficients (S2). In a case
where the determination in S 1 is YES, that is, an oper-
ation of causing the swivel section 2 to move has been
detected, the control device 8 instructs, to change the
default weighting coefficient to the one corresponding to
the operation detected, a predetermined inertial sensor
30 determined depending on the operation detected (S3).
The "predetermined inertial sensor 30 determined de-
pending on the operation detected" refers to a predeter-
mined inertial sensor 30 disposed at a position at which
a decrease in accuracy of the acceleration component
is caused by detection of a disturbance acceleration re-
sulting from the movement of the swivel section 2, as
described above.

[0052] After having instructed that the weighting coef-
ficient be changed, the control device 8 always detects
whether the operation of causing the swivel section 2 to
move has been completed (S4). In a case where the de-
termination in S4 is NO, that is, in a case where the op-
eration of causing the swivel section 2 to move continues,
the process returns to S3, and the control device 8 con-
tinues to instruct the predetermined inertial sensor 30 to
change the default weighting coefficient (S3). In a case
where the determination at S4 is YES, that is, in a case
where the operation of causing the swivel section 2 to
move is completed, and the swivel section 2 is in a sta-
tionary state, the control device 8 causes the process to
returnto S 1. Then, until the determination in S1 is made
to be YES again, the control device 8 instructs all the
inertial sensors 30 to use the default weighting coeffi-
cients (S2).

(Effect)

[0053] As described above, the swivel work machine
1 having the above configuration enables notifying each
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of the inertial sensors 30 disposed on the swivel section
2 of movement of the swivel section 2 on which the inertial
sensor 30 is disposed. Thus, the inertial sensors 30 make
it possible to appropriately calculate the posture angles
in accordance with a state of the movement of the swivel
section 2.

[0054] Specifically, when the swivel section 2 in which
a disturbance acceleration causes a large error in calcu-
lation of the posture angle is in a state of being moved,
the inertial sensors 30 are caused to mainly use the an-
gular-velocity components, which are not affected by the
disturbance acceleration. Then, when the swivel section
2 is in a stationary state in which the swivel section 2
does not move, the inertial sensors 30 are caused to
calculate the posture angles mainly with use of the ac-
celeration components again. This makes it possible to
maintain the accuracy of the detection in the stationary
state without decreasing the accuracy even when the
inertial sensors 30 are caused to perform the calculation
with use of increased proportions of the angular-velocity
components in which cumulative errors increase over
time due to angular-velocity integration.

[0055] Further, according to the above configuration,
since the inertial sensors are each disposed on the cor-
responding one of the machine body 4 and the plurality
of movable sections of the work device 5, it is possible
to calculate each of the posture angles of the machine
body 4 and the plurality of movable sections of the work
device 5. Calculation of the posture angles of the work
device 5 is affected by the movement of the machine
body 4 even when the work device 5 does not move.
Similarly, assuming that, in the work device 5, a position
to which the machine body 4 is mounted is an upstream
side, a movable section located closer to a downstream
side is affected, even when the movable section itself
does not move, by the movement of a movable section(s)
located closer to the upstream side. In the above config-
uration, the movement of the machine body 4 is notified
to the inertial sensors 30 disposed on the work device 5,
and the movement of a movable section located closer
to the upstream side is notified to the inertial sensor(s)
30 of a movable section(s) located closer to the down-
stream side. This makes it possible to cause the plurality
of inertial sensors 30 disposed on the work device 5 to
appropriately calculate the posture angles.

[Embodiment 2]

[0056] Thefollowing will describe another embodiment
ofthe presentinvention. For convenience, members hav-
ing identical functions to those of the foregoing embodi-
ments are given identical reference signs, and their de-
scriptions will be omitted.

[0057] A swivel work machine 1A of the present em-
bodiment differs from the swivel work machine 1 of Em-
bodiment 1 in the signals corresponding to the operation
for the swivel section 2 which signals are outputted from
the IMU instruction section 83 to the plurality of inertial
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sensors 30.

[0058] As in the case of the swivel work machine 1 of
Embodiment 1, the swivel work machine 1A of the
present embodiment increases the proportion of the an-
gular-velocity component used for calculating the pos-
ture angle to be higher than a predetermined proportion
used in a case where an operation is not detected. The
swivel work machine 1A of the present embodiment is
further configured to instruct the inertial sensors 30 to
continuously increase a proportion of the angular-veloc-
ity component, in accordance with an amount by which
the operation device 7 is operated. In this respect, the
swivel work machine 1A of the present embodiment dif-
fers from the swivel work machine 1 of the Embodiment 1.
[0059] Specifically, the first operation detection section
81 detects, from a signal inputted from the operation de-
vice 7, amounts by which the operation levers are oper-
ated (amounts by which the operation levers move or
amounts by which the positions of the operation levers
change) and outputs, to the IMU instruction section 83,
the detected operation amounts of the operation levers.
The IMU instruction section 83 instructs the plurality of
inertial sensors 30 to continuously increase, in accord-
ance with the inputted operation amounts of the operation
device 7, the proportions of the angular-velocity compo-
nents used for calculating the posture angles to be higher
than the predetermined proportion used in a case where
any operation is not detected.

[0060] With reference to Fig. 3 described above, the
following will describe the increase of the proportions of
the angular-velocity components in a continuous manner
in accordance with the operation amounts of the opera-
tion device 7. As illustrated in Fig. 3, with respect to the
traveling operation and the swivel operation for the op-
erator seat IMU30-1, the coefficients A are set for the
minimum lever operations, and the coefficients F are set
for the maximum lever operations. In this case, the
weighting coefficients are continuously increased in ac-
cordance with the operation amounts of the operation
levers, from the coefficients A to the coefficients F.
[0061] Thus,inacase where the angular-velocity com-
ponents, which have small errors due to the movement,
are mainly used when the swivel section moves, the pro-
portion of the angular-velocity component is increased
in accordance with the operation amount of the operation
device. This makes it possible to further reduce a sum
total of the error resulting from the disturbance acceler-
ation and the cumulative error resulting from the angular-
velocity integration.

[0062] Note that employed in the present embodiment
is a configuration in which the proportion of the angular-
velocity componentis increased in a continuous manner
in accordance with the operation amount of the operation
device 7. Alternatively, employed in the present embod-
iment may be a configuration in which the proportion of
the angular-velocity component is increased in a step-
wise manner in accordance with the operation amount
of the operation device 7. That is, the above expression
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"in a continuous manner" can be replaced with "in a step-
wise manner".

[Embodiment 3]

[0063] Thefollowing will describe another embodiment
ofthe presentinvention. For convenience, members hav-
ing identical functions to those of the foregoing embodi-
ments are given identical reference signs, and their de-
scriptions will be omitted.

[0064] A swivel work machine 1B of the present em-
bodiment differs from the swivel work machine 1 of Em-
bodiment 1 and the swivel work machine 1A of Embod-
iment 2 in a component that notifies the IMU instruction
section 83 of the detection of an operation of causing the
swivel section 2 to move.

[0065] Fig. 5 is a block diagram illustrating the swivel
work machine 1B. As described above, the swivel section
2 moves with use of the hydraulic actuators driven. Then,
as illustrated in Fig. 5, in the swivel work machine 1B, a
second operation detection section 9, which is a detec-
tion section, detects an operation of causing the swivel
section 2 to move, from signals for controlling the hydrau-
lic pressures supplied to the hydraulic actuators. Specif-
ically, the second operation detection section 9 detects
the operation of causing the swivel section 2 to move, on
the basis of control signals outputted from the operation
control section 82 to the proportional solenoid valves V1
to V6.

[0066] Ina case where the second operation detection
section 9 has detected the operation of causing the swivel
section 2 to move, the IMU instruction section 83 outputs
signals corresponding to the operation, to the inertial sen-
sors 30.

[0067] Asinthe above configuration, itis also possible
to detect the operation from the hydraulic pressures to
the hydraulic actuators for causing the movable sections
and the like to move in accordance with the operation,
instead of detecting the operation directly from the oper-
ation performed on the operation device 7.

[Embodiment 4]

[0068] Thefollowing will describe another embodiment
ofthe presentinvention. For convenience, members hav-
ing identical functions to those of the foregoing embodi-
ments are given identical reference signs, and their de-
scriptions will be omitted.

[0069] A swivel work machine 1C of the present em-
bodimentincludes a control device 8C instead of the con-
trol device 8 in each of the swivel work machines 1, 1A,
and 1B of Embodiments 1, 2, and 3 respectively and in-
cludes control valves V11 to V16 instead of the operation
control section 82 and the proportional solenoid valves
V1 to V6 in each of the swivel work machines 1, 1A, and
1B.

[0070] Fig. 6 is a block diagram illustrating the swivel
work machine 1C. As illustrated in Fig. 6, the operation
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device 7 is connected with the traveling motor 22 via the
control valve V11 and is connected with the swivel motor
21 via the control valve V12. Similarly, the operation de-
vice 7 is connected with the swing cylinder 112, the boom
cylinder 122, the arm cylinder 132, and the bucket cylin-
der 142 via the control valves V13 to V16, respectively.
[0071] The traveling motor 22, the swivel motor 21, the
swing cylinder 112, the boom cylinder 122, the arm cyl-
inder 132, and the bucket cylinder 142 are controlled by
the control valves V11 to V16, respectively. Each of the
control valves V11 to V16 is constituted by a direct-acting
spool-type switching valve and a pilot-operated switching
valve subjected to a switching operation with use of a
pilot pressure.

[0072] The control valves V11 to V16 are operated in
proportion to operation amounts of the operation levers
of the operation device 7 for operating the control valves
V11 to V16 and are configured to supply, to the corre-
sponding control-target hydraulic actuators, pressurized
oil in amounts proportional to amounts by which the con-
trol valves V11 to V16 are operated.

[0073] In the swivel work machine 1C of the present
embodiment, a third operation detection section 10 de-
tects the operation of causing the swivel section 2 to
move. The third operation detection section 10 detects
the operation of causing the swivel section 2 to move, on
the basis of pilot pressures applied to the control valves
V11 to V16.

[0074] In a case where the third operation detection
section 10 has detected the operation of causing the
swivel section 2 to move, the IMU instruction section 83
outputs signals corresponding to the operation, to the
inertial sensors 30.

[Software Implementation Example]

[0075] Functions of each control device 8 and 8C
(hereinafter referred to as a "device") can be realized by
a program for causing a computer to function as the de-
vice. The program causes the computer to function as
control blocks of the device.

[0076] In this case, the device includes, as hardware
for executing the program, a computer including at least
one control device (for example, aprocessor) and at least
one storage device (for example, a memory). The func-
tions described in the above embodiments are realized
by executing the program with use of the at least one
control device and the at least one storage device.
[0077] The program can be stored in one or more non-
transitory computer-readable storage media. The one or
more storage media may be included in the device or
may not be included in the device. In the latter case, the
program can be supplied to or made available to the de-
vice via any wired or wireless transmission medium.
[0078] Further, some or all of the functions of the con-
trol blocks can also be realized by a logic circuit. For
example, an integrated circuitin which a logic circuit func-
tioning as the control blocks is formed is included in the
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scope of the presentinvention. Apart from the above, the
functions of the control blocks can also be realized, for
example, by a quantum computer.

[0079] The processes discussed in the embodiments
above may be executed by artificial intelligence (Al). In
this case, Al may be operated in the control device or
another device (e.g., an edge computer or a cloud serv-
er).

[0080] Aspects of the present invention can also be
expressed as follows:

A swivel work machine in accordance with an aspect of
the present invention includes: a swivel section; at least
one inertial sensor which is disposed on the swivel sec-
tion and which is configured to calculate a posture angle
of the swivel section on the basis of an angular velocity
and an acceleration; a detection section configured to
detect an operation of causing the swivel section to move;
and an output section configured to, in a case where the
operation of causing the swivel section to move has been
detected, output a signal corresponding to the operation,
to the at least one inertial sensor.

[0081] According to the above configuration, it is pos-
sible to notify the inertial sensor of movement of the swiv-
el section in which the inertial sensor is disposed. This
makes it possible to cause the inertial sensor to appro-
priately calculate the posture angle in accordance with a
state of the movement of the swivel section.

[0082] A swivel work machine in accordance with an
aspect of the present invention may be configured such
that the signal corresponding to the operation is a signal
instructing that a proportion of an angular-velocity com-
ponent used for calculating the posture angle be in-
creased to be higher than a predetermined proportion of
the angular-velocity component used in a case where
the operation is not detected.

[0083] According to the above configuration, in a case
where the swivel section moves, mainly using the angu-
lar-velocity component, which has a small error due to
the movement enables causing the inertial sensor to ac-
curately calculate the posture angle.

[0084] A swivel work machine in accordance with an
aspect of the present invention may include a traveling
device on which the swivel section is installed so as to
be able to swivel and may be configured such that the
detection section also detects, as the operation of caus-
ing the swivel section to move, an operation of causing
the traveling device to travel.

[0085] According to the above configuration, even in
the configuration in which the swivel section is caused
to travel by the traveling device, it is possible to cause
the inertial sensor to appropriately calculate the posture
angle in accordance with the movement during the
traveling.

[0086] A swivel work machine in accordance with an
aspect of the presentinvention may include an operation
device configured to accept the operation of causing the
swivel section to move and may be configured such that
the detection section detects, on the basis of the opera-
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tion performed on the operation device, the operation of
causing the swivel section to move.

[0087] According to the above configuration, since the
operation of causing the swivel section to move is de-
tected from the operation performed on the operation de-
vice, it is possible to easily detect the movement of the
swivel section.

[0088] A swivel work machine in accordance with an
aspect of the present invention may be configured such
that the signal corresponding to the operation is a signal
instructing that a proportion of an angular-velocity com-
ponent used for calculating the posture angle be in-
creased to be higher than a predetermined proportion of
the angular-velocity component used in a case where
the operation is not detected, and a proportion of the
angular-velocity componentbe increased in a continuous
manner or in a stepwise manner in accordance with an
amount by which the operation device is operated.
[0089] According to the above configuration, since the
proportion of the angular-velocity component is in-
creased in a continuous manner or in a stepwise manner
in accordance with the operation amount of the operation
device, it is possible to further reduce a sum total of an
error resulting from a disturbance acceleration and a cu-
mulative error resulting from the angular-velocity integra-
tion.

[0090] A swivel work machine in accordance with an
aspect of the present invention may be configured such
that the swivel section moves with use of hydraulic actu-
ators driven, and the detection section detects, from sig-
nals for controlling hydraulic pressures supplied to the
hydraulic actuators, the operation of causing the swivel
section to move.

[0091] According to the above configuration, it is also
possible to detect an operation from the hydraulic pres-
sures to the hydraulic actuators for causing movable sec-
tions and the like to move in accordance with the oper-
ation, instead of detecting an operation directly from the
operation performed on the operation device.

[0092] A swivel work machine in accordance with an
aspect of the present invention may be configured such
that the swivel section includes: a machine body config-
ured to swivel; and a work device that is mounted to the
machine body and that has a plurality of movable sec-
tions, the at least one inertial sensor includes a plurality
of inertial sensors, the plurality of inertial sensors are
each disposed on corresponding one of the machine
body and the plurality of movable sections of the work
device, and the output section is configured to: in a case
where an operation of causing the machine body to move
has been detected, output signals corresponding to the
operation, to the plurality of inertial sensors each dis-
posed on the corresponding one of the machine body
and the plurality of movable sections of the work device;
and in a case where an operation of causing one of the
plurality of movable sections to move has been detected,
output signals corresponding to the operation, to the in-
ertial sensors disposed on the movable section to be
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caused to move and on at least one of the other movable
sections located closer to a tip of the work device than
the movable section to be caused to move.

[0093] According to the above configuration, since the
inertial sensors are each disposed on the corresponding
one of the machine body and the plurality of movable
sections of the work device, it is possible to calculate
each of the posture angles of the machine body and the
plurality of movable sections. Calculation of a posture
angle of the work device is affected by the movement of
the machine body even when the work device does not
move. Similarly, assuming that, in the work device, a po-
sition to which the machine body is mounted is an up-
stream side, a movable section located closer to a down-
stream side is affected, even when the movable section
itself does not move, by the movement of a movable sec-
tion(s) located closer to the upstream side. In the above
configuration, the movement of the machine body is no-
tified to the inertial sensors disposed in the work device,
and the movement of a movable section located closer
to the upstream side is notified to the inertial sensor(s)
of amovable section(s) located closer to the downstream
side. This makes it possible to cause the plurality of in-
ertial sensors disposed in the work device to appropri-
ately calculate the posture angles.

[0094] The present invention is not limited to the em-
bodiments, but can be altered by a skilled person in the
art within the scope of the claims. The present invention
also encompasses, in its technical scope, any embodi-
ment derived by combining technical means disclosed in
differing embodiments.

Reference Signs List
[0095]

1, 1A, 1B, 1C  Swivel work machine
2 Swivel section

3 Traveling device

4 Machine body

5 Work device

7 Operation device

8 Control device

9

Second operation detection section
(detection section)

10 Third operation detection section (de-
tection section)

11 Swing device

12 Boom device (movable section)

13 Arm device (movable section)

14 Bucket device (movable section)

21 Swivel motor (hydraulic actuator)

22 Traveling motor (hydraulic actuator)

30 Inertial sensor

81 First operation detection section (de-
tection section)

82 Operation control section

83 IMU instruction section
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112 Swing cylinder (hydraulic actuator)
122 Boom cylinder (hydraulic actuator)
132 Arm cylinder (hydraulic actuator)
142 Bucket cylinder (hydraulic actuator)
Claims

1. A swivel work machine (1,1A,1B,1C) comprising:

a swivel section (2) ;

at least one inertial sensor (30) which is dis-
posed on the swivel section and which is con-
figured to calculate a posture angle of the swivel
section (2) on the basis of an angular velocity
and an acceleration;

a detection section (81,9) configured to detect
an operation of causing the swivel section to
move; and

an output section (83) configured to, in a case
where the operation of causing the swivel sec-
tion to move has been detected, output a signal
corresponding to the operation, to the at least
one inertial sensor (30).

The swivel work machine according to claim 1,
wherein the signal corresponding to the operation is
a signal instructing that a proportion of an angular-
velocity component used for calculating the posture
angle be increased to be higher than a predeter-
mined proportion of the angular-velocity component
used in a case where the operation is not detected.

The swivel work machine according to claim 1 or 2,
further comprising a traveling device (3) on which
the swivel section (2) is installed so as to be able to
swivel, wherein

the detection section (81) also detects, as the oper-
ation of causing the swivel section to move, an op-
eration of causing the traveling device to travel.

The swivel work machine according to any one of
claims 1 to 3, further comprising an operation device
(7) configured to accept the operation of causing the
swivel section to move, wherein

the detection section (81) detects, on the basis of
the operation performed on the operation device, the
operation of causing the swivel section to move.

The swivel work machine according to claim 4,
wherein the signal corresponding to the operation is
a signal instructing that a proportion of an angular-
velocity component used for calculating the posture
angle be increased to be higher than a predeter-
mined proportion of the angular-velocity component
used in a case where the operation is not detected,
and a proportion of the angular-velocity component
be increased in a continuous mannerorin a stepwise
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manner in accordance with an amount by which the
operation device is operated.

6. The swivel work machine according to any one of
claims 1 to 3, wherein

the swivel section (2) moves with use of hydrau-
lic actuators driven; and

the detection section (9) detects, from signals
for controlling hydraulic pressures supplied to
the hydraulic actuators, the operation of causing
the swivel section (2) to move.

7. The swivel work machine according to any one of
claims 1 to 3, wherein

the swivel section (2)includes:

a machine body (4) configured to swivel;
and

awork device (5) that is mounted to the ma-
chine body and that has a plurality of mov-
able sections,

the at least one inertial sensor (30) includes a
plurality of inertial sensors (IMU 30-1, IMU 30-2,
IMU 30-3, IMU 30-3),

the plurality of inertial sensors are each dis-
posed on corresponding one of the machine
body and the plurality of movable sections of the
work device; and

the output section (83) is configured to:

in a case where an operation of causing the
machine body to move has been detected,
output signals corresponding to the opera-
tion, to the plurality of inertial sensors each
disposed on the corresponding one of the
machine body and the plurality of movable
sections of the work device; and

in a case where an operation of causing one
of the plurality of movable sections to move
has been detected, output signals corre-
sponding to the operation, to the inertial
sensors disposed at the movable section to
be caused to move and on the movable sec-
tion located closer to a tip of the work device
than the movable section to be caused to
move.
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FIG. 1
/1, 1A, 1B, 1C
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FIG. 4
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