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(57) One object is to reduce amoment load acting on
an electric actuator that drives an attachment. An exca-
vator includes: a swing bracket rotatable about a swing
axis relative to an upper body; a swing actuator config-
ured to rotate the swing bracket; an electric actuator
mounted to the swing bracket and configured to output
a torque about an axis intersecting the swing axis; an
attachment driven by the electric actuator; and a control

device configured to perform specific control in which the
swing actuator is controlled so as to maintain a constant
rotational position of the swing bracket. When a load
torque, which is a torque about the swing axis acting
on the swing bracket during the specific control, has
reached or exceeded a critical torque, the control device
controls the swing actuator so as to reduce the load
torque.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims the
benefit of priority from Japanese Patent Application Se-
rial No. 2025‑061854 (filed onApril 3, 2025), the contents
of which are hereby incorporated by reference in their
entirety.

TECHNICAL FIELD

[0002] Thepresent disclosure relates to a drive system
for aworkmachine, a control device for aworkmachine, a
control method for a workmachine, a control program for
a work machine, and a work machine.

BACKGROUND

[0003] Japanese Patent Application Publication No.
2001‑254395 ("the ’395 Publication") discloses an exca-
vator including a vehicle body, a boom, an arm, and a
bucket. The boom is coupled to the front end of the
vehicle body. The boom can rotate up and down relative
to the vehicle body. The arm is coupled to the distal end of
the boom. The arm can rotate up and down relative to the
boom. The bucket is coupled to the distal end of the arm.
The bucket can rotate up and down relative to the arm.
[0004] In technologies such as the one disclosed in the
’395 Publication, electric actuators that output torque
may be used to drive a boom, an arm, and various
attachments for work such as a bucket. Simultaneously,
these electric actuators may be located at joints, for
example, at the coupling point between the vehicle body
and the boom, or between the boom and the arm. With
this type of structure, moment loads may act on the
electric actuators located at the joints during works using
attachments. It is desirable to reduce the burden on the
electric actuators due to such moment loads. The same
issue can arise not only in excavators but also in any
structure where moment loads act directly on an electric
actuator.

SUMMARY

[0005] A drive system for a work machine for over-
coming the above drawback comprises: a slew actuator
configured to rotate an upper body relative to a lower
body about a rotation axis; a swing actuator configured to
rotate a swing bracket relative to the upper body about a
swingaxis parallel to the rotationaxis; anelectric actuator
mounted to the swing bracket, the electric actuator being
configured to drive an attachment by outputting a torque
about an axis intersecting the swing axis; and a control
device configured to perform specific control in which the
swing actuator is controlled so as to maintain a constant
rotational position of the swing bracket relative to the
upper body, wherein when a load torque, which is a

torque about the swing axis acting on the swing bracket
during the specific control, has reached or exceeded a
critical torque, the control device performs load reduction
control in which at least one of the slew actuator or the
swing actuator is controlled so as to reduce the load
torque.
[0006] The load torque acting on the swing bracket
reflects the moment load acting on the electric actuator
that drives the attachment. In the above configuration,
the moment load acting on the electric actuator can be
reduced through the load reduction control.
[0007] The drive system for a work machine may
further comprise a swing position sensor configured to
sense a swing rotational position, the swing rotational
position being a rotational position of the swing bracket,
wherein the swing actuator has an electric motor serving
as a drive source, wherein in the specific control, the
control device may repeat: a first process to obtain the
swing rotational position; a second process to perform
feedback control of the electric motor so as to eliminate a
gap between the swing rotational position obtained and
theswing rotational positionat start of thespecificcontrol,
and to obtain a current value of power supplied to the
electric motor during the feedback control; and a third
process to calculate the load torque based on the current
value obtained in the second process, andwherein when
the load torque calculated in the third process has
reached or exceeded the critical torque, the control de-
vice may end the second process, and in the load reduc-
tion control, the control device may control the power
supplied to the electric motor so that the current value of
the power supplied to the electric motor is closer to zero
than at point of time at which the load torque reached the
critical torque.
[0008] In the drive system for a work machine, the
swing actuator may include: a hydraulic cylinder to and
fromwhichhydraulic oil is suppliedanddischarged; anda
piston rod protruding from inside to outside of the hy-
draulic cylinder and mounted to the swing bracket, the
piston rod having different protruding lengths from the
hydraulic cylinder in response to supply and discharge of
thehydraulic oil to and from thehydraulic cylinder,where-
in the drive system may further comprise: a hydraulic
circuit configured to adjust supply and discharge of the
hydraulic oil to and from the hydraulic cylinder; and an oil
pressure sensor configured to sense an internal oil pres-
sure of the hydraulic cylinder, and wherein in the specific
control, the control devicemay perform: a first process to
control supply and discharge of the hydraulic oil to and
from the hydraulic cylinder so as to maintain a position of
the piston rod at start of the specific control; and a second
process to repeat, during the first process, obtaining the
internal oil pressure and calculating the load torque
based on the internal oil pressure obtained, wherein
when the load torque calculated has reached or ex-
ceeded the critical torque, the control device may end
the first process, and in the load reduction control, the
control device may control supply and discharge of the
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hydraulic oil such that the piston rod moves from a posi-
tion of the piston rod at point of time at which the load
torque reached the critical torque.
[0009] In the drive system for aworkmachine, suppos-
ing that the electric actuator is a first electric actuator, and
theattachment is a first attachment, thedrive systemmay
further comprise: a second electric actuator mounted to
the first attachment, the second electric actuator being
configured to drive a second attachment by outputting a
torque about a second axis parallel to a first axis, the first
axis being an axis of the first electric actuator; and a third
electric actuator mounted to the second attachment, the
third electric actuator being configured to drive a third
attachment by outputting a torque about a third axis
parallel to the first axis, wherein the control device may
stores in advance a first allowablemoment load, which is
a maximum moment load allowed for the first electric
actuator, a second allowable moment load, which is a
maximum moment load allowed for the second electric
actuator, and a third allowable moment load, which is a
maximum moment load allowed for the third electric
actuator, and wherein during the specific control, the
control device may perform a calculation process to
calculate the critical torque so that a moment load acting
on the first electric actuator is less thanor equal to the first
allowable moment load, a moment load acting on the
second electric actuator is less than or equal to the
second allowable moment load, and a moment load
acting on the third electric actuator is less than or equal
to the third allowable moment load.
[0010] The drive system for a work machine may
further comprise: a first position sensor configured to
senseafirst rotational position, thefirst rotational position
being a rotational position of the first attachment; a sec-
ond position sensor configured to sense a second rota-
tional position, the second rotational position being a
rotational position of the second attachment; and a third
position sensor configured to sense a third rotational
position, the third rotational position being a rotational
position of the third attachment, wherein the control
device may store in advance: first relationship informa-
tion expressing a relationship between the second and
third rotational positions and a first distance, the first
distance being a distance from a specific region of the
third attachment to the first axis in a specific plan view
towardadirectionalong the first axis; second relationship
information expressing a relationship between the third
rotational position and a second distance, the second
distance being a distance from the specific region of the
third attachment to the second axis in the specific plan
view; a third distance from the specific region of the third
attachment to the third axis in the specific plan view; and
fourth relationship information expressing a relationship
between the first, second, and third rotational positions
and a fourth distance, the fourth distance being a dis-
tance from the specific region of the third attachment to
the swing axis with respect to a direction along an axis
orthogonal to both the swing axis and the first axis, and

wherein in the calculation process, the control device
may perform: a first calculation process to obtain the first
rotational position, the second rotational position, and the
third rotational position; a second calculation process to
calculate the first distance by applying the second and
third rotational positions obtained to the first relationship
information, and to calculate a first allowable lateral force
by dividing the first allowable moment load by the first
distance calculated; a third calculation process to calcu-
late the second distance by applying the third rotational
position obtained to the second relationship information,
and to calculate a second allowable lateral force by
dividing the second allowable moment load by the sec-
ond distance calculated; a fourth calculation process to
calculate a third allowable lateral force by dividing the
third allowable moment load by the third distance; a fifth
calculation process to calculate the fourth distance by
applying the first, second, and third rotational positions
obtained to the fourth relationship information; andasixth
calculation process to calculate the critical torque at a
value less than or equal to a product of smallest of the
first, second, and third allowable lateral forces calculated
and the fourth distance.
[0011] In the drive system for a work machine, in the
specific control, the control device may control the slew
actuator so that the upper body rotates relative to the
lower body. In the drive system for a workmachine, in the
load reduction control, the control devicemay control the
slew actuator so that a rotational speed of the upper body
is lower than at point of time at which the load torque
reached the critical torque.
[0012] In the drive system for aworkmachine, suppos-
ing that the electric actuator is a first electric actuator, and
theattachment is a first attachment, thedrive systemmay
further comprise: a second electric actuator mounted to
the first attachment, the second electric actuator being
configured to drive a second attachment by outputting a
torque about a second axis parallel to a first axis, the first
axis being an axis of the first electric actuator;
a third electric actuator mounted to the second attach-
ment, the third electric actuator being configured to drive
a third attachment by outputting a torque about a third
axis parallel to the first axis; a first position sensor con-
figured to sense a first rotational position, the first rota-
tional position being a rotational position of the first
attachment; a second position sensor configured to
sense a second rotational position, the second rotational
position being a rotational position of the second attach-
ment; and a third position sensor configured to sense a
third rotational position, the third rotational position being
a rotational position of the third attachment, wherein the
control device may: store, in advance, facing distance
information that expresses a relationship between the
first, second, and third rotational positions and an esti-
mated facing distance, the estimated facing distance
being an estimated shortest distance from a specific
region of the third attachment to a ground surface; per-
form pre-processing to obtain the first, second, and third
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rotational positions and calculate the estimated facing
distance by applying the first, second, and third rotational
positions obtained to the facing distance information; and
perform the specific control on a condition that the esti-
mated facing distance is less than or equal to a proximity
distance predetermined.
[0013] In the drive system for a work machine, when
the load torque has reached or exceeded a handling
torqueset at a valuesmaller than thecritical torqueduring
the specific control, the control device may perform
handling control in which one ormore of the first, second,
and third electric actuators are controlled so that the
specific region is moved upward of a position of the
specific region at point of time at which the load torque
reached the handling torque.
[0014] A control device for a work machine for over-
coming the above drawback is applied to aworkmachine
including: an upper body rotatable about a rotation axis
relative to a lower body; a slew actuator configured to
rotate the upper body relative to the lower body; a swing
bracket coupled to the upper body and rotatable about a
swingaxis parallel to the rotationaxis relative to theupper
body; a swing actuator configured to rotate the swing
bracket relative to the upper body; an electric actuator
mounted to the swing bracket, the electric actuator being
configured to output a torque about an axis intersecting
the swingaxis; andanattachmentmounted to theelectric
actuator and driven by the electric actuator, the control
device being configured to: perform specific control in
which the swing actuator is controlled so as to maintain a
constant rotational position of the swing bracket relative
to the upper body; and when a load torque, which is a
torque about the swing axis acting on the swing bracket
during the specific control, has reached or exceeded a
critical torque, perform load reduction control in which at
least one of the slew actuator or the swing actuator is
controlled so as to reduce the load torque.
[0015] A control method for a work machine for over-
coming theabovedrawback, theworkmachine including:
an upper body rotatable about a rotation axis relative to a
lower body; a slewactuator configured to rotate theupper
body relative to the lower body; a swing bracket coupled
to the upper body and rotatable about a swing axis
parallel to the rotation axis relative to the upper body; a
swing actuator configured to rotate the swing bracket
relative to the upper body; an electric actuator mounted
to the swing bracket, the electric actuator being config-
ured to output a torque about an axis intersecting the
swing axis; and an attachment mounted to the electric
actuator and driven by the electric actuator, a control
device applied to the work machine being configured
to: perform specific control in which the swing actuator
is controlled so as to maintain a constant rotational
position of the swing bracket relative to the upper body;
andwhena load torque,which isa torqueabout the swing
axis acting on the swing bracket during the specific con-
trol, has reached or exceeded a critical torque, perform
load reduction control in which at least one of the slew

actuator or the swing actuator is controlled so as to
reduce the load torque.
[0016] A control program for a work machine, the work
machine including: an upper body rotatable about a
rotation axis relative to a lower body; a slew actuator
configured to rotate the upper body relative to the lower
body; a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rotation axis
relative to the upper body; a swing actuator configured to
rotate the swing bracket relative to the upper body; an
electric actuator mounted to the swing bracket, the elec-
tric actuator being configured to output a torque about an
axis intersecting the swing axis; and an attachment
mounted to the electric actuator and driven by the electric
actuator, the control program causing a control device
applied to theworkmachine to: performspecific control in
which the swing actuator is controlled so as to maintain a
constant rotational position of the swing bracket relative
to the upper body; and when a load torque, which is a
torque about the swing axis acting on the swing bracket
during the specific control, has reached or exceeded a
critical torque, perform load reduction control in which at
least one of the slew actuator or the swing actuator is
controlled so as to reduce the load torque.
[0017] The load torque acting on the swing bracket
reflects the moment load acting on the electric actuator
that drives the attachment. The above control device,
control method, and control program for a work machine
can reduce the moment load acting on the electric ac-
tuator through the load reduction control.
[0018] A work machine for overcoming the above
drawback comprises: an upper body rotatable about a
rotation axis relative to a lower body; a slew actuator
configured to rotate the upper body relative to the lower
body; a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rotation axis
relative to the upper body; a swing actuator configured to
rotate the swing bracket relative to the upper body; an
electric actuator mounted to the swing bracket, the elec-
tric actuator being configured to output a torque about an
axis intersecting the swing axis; an attachment mounted
to the electric actuator and driven by the electric actuator;
and a control device configured to perform specific con-
trol in which the swing actuator is controlled so as to
maintainaconstant rotational positionof theswingbrack-
et relative to the upper body, wherein when a load torque,
which is a torqueabout the swing axis acting on the swing
bracket during the specific control, has reached or ex-
ceeded a critical torque, the control device performs load
reduction control inwhichat least oneof the slewactuator
or theswingactuator is controlledsoas to reduce the load
torque.
[0019] The load torque acting on the swing bracket
reflects the moment load acting on the electric actuator
that drives the attachment. In the above work machine,
the moment load acting on the electric actuator can be
reduced through the load reduction control.
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ADVANTAGEOUS EFFECTS

[0020] The above technical idea can reduce the mo-
ment load acting on the electric actuator that drives the
attachment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

Fig. 1 is a side view schematically showing an ex-
cavator.

Fig. 2 is a plan view schematically showing the
excavator.

Fig. 3 shows the electric configuration and the power
transmission path of the excavator.

Fig. 4 shows processing of specific control.

Fig. 5 is a flowchart showing a procedure of a swing
process.

Fig. 6 is a flowchart showing a procedure of a calcu-
lation process.

Fig. 7 is a flowchart showing a procedure of a load
reduction routine.

Fig. 8 schematically illustrates a bucket and a third
actuator.

Fig. 9 shows a modification example of a swing
actuator.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0022] A construction machine is hereinafter used as
an example for describing an embodiment of a drive
system for a work machine, a control device for a work
machine, a control method for a work machine, a control
program for a work machine, and a work machine. For
simplicity and clarity of explanation, the components
shown in the drawings are not necessarily drawn to a
fixed scale.

<Overall Configuration>

[0023] Asshown inFig.1, anexcavator10, servingasa
construction machine, includes a lower body 13 and an
upper body 14. The upper body 14 is located on the
opposite side to the ground surface G with respect to
the lower body13. In this embodiment,whenviewed from
the lower body 13, the upper body 14 is located in the
upper direction, and the direction opposite thereto is the
lower direction. A specific one of the directions orthogo-

nal to the upper direction is the front direction, and the
direction opposite thereto is the rear direction. Further-
more, the direction that is orthogonal to both of the upper
and front directions faces the left and right directions,
which are opposite to each other. The front and rear
directions may be collectively referred to as X direction.
The left and right directionsmaybecollectively referred to
as Y direction. The upper and lower directions may be
collectively referred to as Z direction.
[0024] The lower body 13 and the upper body 14 con-
stituteavehiclebody15.The lowerbody13 is shaped like
a rectangular parallelepiped, for example. The upper
body 14 includes a case main portion 14A and a case
front portion 14B. The case main portion 14A is shaped
like a rectangular parallelepiped, for example. The inter-
ior of the case main portion 14A constitutes a hollow
housing space. The housing space houses various de-
vices for operating the excavator 10. The case front
portion 14B is positioned frontward of the case main
portion 14A. The case front portion 14B is positioned
substantially in themiddle of the casemain portion 14A in
the Y direction. The case front portion 14B is fixed to the
front surface of the casemain portion 14A. The case front
portion 14B is shaped like a rectangular parallelepiped,
for example, smaller than the casemain portion 14A. The
interior of the case front portion 14B is hollow. Although
not shown in the drawings, the upper body 14 includes a
cabin for the operator. The cabin is integrally fixed to the
casemain portion 14A. The upper body 14may beherein
referred to as a slewable upper structure.
[0025] As shown in Fig. 1, the excavator 10 includes a
slewing bearing 18. The slewing bearing 18 is interposed
between the lower body 13 and the upper body 14. In Fig.
1, thewidth of the slewing bearing 18 in the top-to-bottom
direction is shown in an exaggerated manner in the Z
direction. As shown in Fig. 2, the slewing bearing 18 has
an annular inner race 18A, an annular outer race 18B,
and a plurality of rolling elements. Fig. 2 does not show
the rolling elements. The outer diameter of the inner race
18A is smaller than the inner diameter of the outer race
18B. A slewing axis 10J, which is the central axis of the
inner race 18A, substantially coincides with the central
axis of the outer race 18B. The slewing axis 10J extends
in the upper and lower directions relative to the vehicle
body 15, or in the Z direction. As shown in Fig. 1, the
slewing axis 10J extends in the top-to-bottom direction
through both the upper body 14 and the lower body 13.
The rolling elements are interposed between the inner
race 18A and the outer race 18B. The rolling elements
support the inner race 18A and the outer race 18B such
that they can rotate relative to each other. The outer race
18B is thus rotatableabout theslewingaxis10J relative to
the inner race 18A. The inner race 18A is fixed to the
lower body 13. The outer race 18B is fixed to the case
main portion 14A of the upper body 14. Accordingly, the
upper body 14 is rotatable about the slewing axis 10J
relative to the lower body 13. The slewing axis 10J is the
rotation axis about which the upper body 14 rotates
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relative to the lower body 13.
[0026] As shown in Figs. 1 and 2, the excavator 10
includes a pair of traveling units 12. The traveling units 12
are provided at the left and right sides of the lower body
13.Eachof the travelingunits12 is connected to the lower
body 13. The traveling units 12 each include a traveling
crawler, anoperatingmechanism for circulating the craw-
ler, among other components. The crawler is shaped like
an endless belt. The crawler is open on both the left and
right sides. The lower surface of the crawler is in contact
with the ground surface G. The excavator 10 travels as
the crawler circulates. The traveling units 12 and the
lower body 13 may be collectively referred to as an
undercarriage.
[0027] As shown in Figs. 1 and 2, the excavator 10
includes a swing bracket 17. The swing bracket 17 is
positioned frontward of the case main portion 14A of the
upper body 14. The swing bracket 17 includes a first
swing wall 17A and a second swing wall 17B. The first
swingwall 17A is locatedon theupper surfaceof the case
front portion14B in theupper body14.Thefirst swingwall
17A is shaped like a circular plate, for example. The first
swingwall 17A is connected to the case front portion14B.
The first swingwall 17A can rotate about a swing axis 61J
relative to the case front portion 14B. The swing axis 61J
is substantially parallel to the slewing axis 10J. The swing
axis 61Jwill be further descried below. The second swing
wall 17B protrudes upward from the upper surface of the
first swingwall 17A.Thesecondswingwall 17B is shaped
likea rectangular plate. Theexcavator 10 includesadrive
system. The drive system includes the swing bracket 17
and the upper body 14.

<Attachments>

[0028] As shown in Fig. 1, the excavator 10 includes a
workunit 20. Theworkunit 20 includesaboom21,anarm
23, and a bucket 25. The boom 21 is a first attachment.
The arm 23 is a second attachment. The bucket 25 is a
third attachment. The work unit 20 is included in the
components of the drive system.
[0029] As shown in Fig. 1, the boom 21 is positioned
frontward of the casemain portion 14A of the upper body
14. The boom 21 is shaped like an elongated plate or
column.As shown inFig. 2, the first endportion21Aof the
boom 21 in its longitudinal direction is aligned with the
second swing wall 17B in the direction along a first axis
31J. The first axis 31J is an imaginary axis that is sub-
stantially orthogonal to the swing axis 61J. The first axis
31J will be further descried below. The first end portion
21A of the boom 21 is rotatably coupled to the second
swing wall 17B of the swing bracket 17.
[0030] As shown in Fig. 1, the arm 23 extends from a
second end portion 21B of the boom 21 that is opposite
the first end portion 21A. The arm 23 is shaped like an
elongated plate or column. As shown in Fig. 2, a first end
portion 23A of the arm 23 in its longitudinal direction is
alignedwith the secondendportion21Bof theboom21 in

the direction along a second axis 41J. The second axis
41J isan imaginaryaxis that is substantially parallel to the
first axis 31J. The secondaxis 41Jwill be further descried
below. The first end portion 23A of the arm 23 is rotatably
coupled to the second end portion 21B of the boom 21.
[0031] As shown in Fig. 1, the bucket 25 is located near
a second end portion 23B of the arm 23 that is opposite
the first end portion 23A. The bucket 25 includes a bucket
body 26. a plurality of teeth 27, and abucket couplingwall
28. The bucket body 26 is shaped like a box. Specifically,
the bucket body 26 includes a rectangular bottom wall
and four peripheral walls rising from the four edges of the
bottom wall. The four peripheral walls are connected to
one another. One of the four peripheral walls is a specific
wall 25F, and the boundary between the specific wall 25F
and the bottom wall constitutes a specific region 25E of
this embodiment. As shown in Fig. 2, the ends of the four
peripheral walls opposite to the bottom wall define an
opening 26A. The teeth 27 protrude from the end of the
specific wall 25F opposite to the bottom wall. The bucket
couplingwall 28 protrudes fromone of the four peripheral
walls of the bucket body 26 that is opposed to the specific
wall 25F. The bucket coupling wall 28 is aligned with the
second end portion 23B of the arm 23 in the direction
along a third axis 51J. The third axis 51J is an imaginary
axis that is substantially parallel to both the first axis 31J
and the second axis 41J. The third axis 51Jwill be further
descried below. The bucket coupling wall 28 is rotatably
coupled to the second end portion 23B of the arm 23.

<Actuators>

[0032] As shown in Fig. 3 the work unit 20 includes a
first actuator 31, a second actuator 41, and a third ac-
tuator 51. The excavator 10 also includes a first inverter
35, a second inverter 45, a third inverter 55, and a battery
19 as components related to the work unit 20. Although
not shown in the drawings, the first inverter 35, the
second inverter 45, the third inverter 55, and the battery
19 are housed in the case main portion 14A of the upper
body 14.
[0033] Asshown inFig. 2, thefirst actuator31 is located
between the second swing wall 17B of the swing bracket
17and the first end portion 21Aof the boom21.As shown
in Fig. 3, the first actuator 31 includes a first electricmotor
32anda first speed reducer 33. The first electricmotor 32
is a three-phase AC motor. The first electric motor 32 is
electrically connected to the battery 19 via the first in-
verter 35. The first electric motor 32 has a housing 32A
and an output shaft 32B that can rotate relative to the
housing 32A. The housing 32A is mounted to the second
swing wall 17B of the swing bracket 17. The output shaft
32B protrudes from the inside of the housing 32A to the
outside. The output shaft 32B is shaped like a circular
column. The output shaft 32B can rotate about its own
central axis, or the first axis 31J, relative to the housing
32A. In other words, the output shaft 32B outputs torque
about the first axis 31J. The output shaft 32B is rotatable
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in both forward and reverse directions about the first axis
31J. As shown in Fig. 2, the first axis 31J extends through
both the second swing wall 17B of the swing bracket 17
and the first end portion 21A of the boom 21.
[0034] As shown in Fig. 3, the first speed reducer 33
includes a housing 33A, a reduction mechanism 33B,
andan outputmember 33C. Thehousing 33A ismounted
to the housing 32A of the first electric motor 32. The
reduction mechanism 33B is located inside the housing
33A. The reduction mechanism 33B receives torque
input from the output shaft 32B of the first electric motor
32. The reduction mechanism 33B amplifies the torque
from the first electric motor 32 at a predetermined ratio
and outputs the amplified torque to the output member
33C. The reduction mechanism 33B may be of, for ex-
ample, an eccentric oscillation gear type or planetary
gear type. The output member 33C is shaped like a
circular column. The central axis of the output member
33C substantially coincides with the first axis 31J. The
output member 33C is rotatable relative to the housing
33A. The output member 33C rotates about the first axis
31J in response to the rotation of the output shaft 32B of
the first electric motor 32. The output member 33C is
mounted to thefirst endportion21Aof theboom21.Thus,
the output member 33C inputs torque to the boom 21.
When acted upon by this torque, the boom 21 rotates
about the first axis 31J. Thus, theboom21 is drivenby the
first actuator 31. As described above, the first actuator 31
can be electrically driven by the first electric motor 32.
The first actuator 31 constitutes the first electric actuator.
[0035] As shown in Fig. 2, the second actuator 41 is
located between the second end portion 21Bof the boom
21 and the first end portion 23A of the arm 23. The
configuration of the second actuator 41 is basically the
same as that of the first actuator 31, except for details
such as dimensions, reduction ratio, and output. There-
fore, the configuration of the second actuator 41 is briefly
described below.
[0036] As shown in Fig. 3, the second actuator 41
includes a second electric motor 42 and a second speed
reducer 43. The second electric motor 42 is electrically
connected to the battery 19 via the second inverter 45.
The housing 42A of the second electric motor 42 is
mounted to the second end portion 21B of the boom
21. An output shaft 42B of the second electric motor
42 outputs torque about its own central axis, or the
second axis 41J. As shown in Fig. 2, the second axis
41J extends through both the second end portion 21B of
the boom 21 and the first end portion 23A of the arm 23.
The output member 43C of the second speed reducer 43
is mounted to the first end portion 23A of the arm 23. As
shown in Fig. 3, the output member 43C outputs torque
about the second axis 41J. The arm 23 rotates about the
secondaxis 41J in response to the torque from the output
member 43C. Thus, the arm 23 is driven by the second
actuator 41. As described above, the second actuator 41
can be electrically driven by the secondelectricmotor 42.
The second actuator 41 constitutes the second electric

actuator. A housing 43Aand a reductionmechanism 43B
of the second speed reducer 43 have the same function
as the housing 33A and reductionmechanism 33B of the
first speed reducer 33.
[0037] As shown in Fig. 2, the third actuator 51 is
located between the second end portion 23B of the
arm 23 and the bucket coupling wall 28 of the bucket
25. The configuration of the third actuator 51 is basically
the same as that of the first actuator 31, except for details
such as dimensions, reduction ratio, and output. There-
fore, the configuration of the third actuator 51 is briefly
described below.
[0038] Asshown inFig. 3, the third actuator 51 includes
a third electricmotor 52anda third speed reducer 53.The
third electric motor 52 is electrically connected to the
battery 19 via the third inverter 55. The housing 52A of
the third electric motor 52 is mounted to the second end
portion 23B of the arm23. An output shaft 52B of the third
electric motor 52 outputs torque about its own central
axis, or the third axis 51J.Asshown inFig. 2, the third axis
51J extends through both the second end portion 23B of
the arm 23 and the bucket coupling wall 28. The output
member 53C of the third speed reducer 53 is mounted to
thebucket couplingwall 28. As shown inFig. 3, the output
member 53Coutputs torque about the third axis 51J. The
bucket 25 rotates about the third axis 51J in response to
the torque from theoutputmember53C.Thus, thebucket
25 is driven by the third actuator 51. As described above,
the third actuator 51 can be electrically driven by the third
electric motor 52. The third actuator 51 constitutes the
third electric actuator. A housing 53A and a reduction
mechanism 53B of the third speed reducer 53 have the
same function as the housing 33A and reduction me-
chanism 33B of the first speed reducer 33.
[0039] As shown in Fig. 3, the excavator 10 includes a
swing actuator 61 and a fourth inverter 65. The swing
actuator 61 is included in the components of the drive
system. As shown in Fig. 1, the swing actuator 61 is
housed in the case front portion 14B of the upper body
14. Although not shown, the fourth inverter 65 is housed
in the case main portion 14A of the upper body 14. The
configuration of the swing actuator 61 is basically the
same as that of the first actuator 31, except for details
such as dimensions, reduction ratio, and output. The
configuration of the swing actuator 61 is therefore only
briefly described below.
[0040] As shown in Fig. 3, the swing actuator 61 has a
fourth electric motor 62, serving as a drive source, and a
fourth speed reducer 63. The fourth electric motor 62 is
electrically connected to the battery 19 via the fourth
inverter 65. The fourth electric motor 62 has a housing
62A mounted to the case main portion 14A of the upper
body 14. An output shaft 62B of the fourth electric motor
62 outputs torque about its own central axis, or the swing
axis 61J. An output member 63C of the fourth speed
reducer 63 is mounted to the first swing wall 17A of the
swing bracket 17. The output member 63C outputs tor-
que about the swing axis 61J. The swing bracket 17
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rotatesabout the swingaxis 61J in response to the torque
from the output member 63C. In other words, the swing
actuator 61 rotates the swing bracket 17 relative to the
upper body 14. A housing 63A and a reduction mechan-
ism 63B of the fourth speed reducer 63 have the same
function as the housing 33A and reduction mechanism
33B of the first speed reducer 33.
[0041] The swing actuator 61 includes a brake device
64. The brake device 64 applies braking torque to the
output shaft 62B of the fourth electric motor 62 or the
output member 63C of the fourth speed reducer 63. The
magnitude of the braking torque is adjustable. Although
not shown in the drawings, other actuators also include a
brake device similar to that of the swing actuator 61.
[0042] As shown in Fig. 3, the excavator 10 includes a
slew actuator 71 and a fifth inverter 75. The slew actuator
71 is included in the components of the drive system. The
slewactuator 71and the fifth inverter 75arehoused in the
case main portion 14A of the upper body 14. The con-
figuration of the slew actuator 71 is basically the same as
that of the first actuator 31, except for details such as
dimensions, reduction ratio, and output. The configura-
tion of the slew actuator 71 is therefore only briefly
described below.
[0043] As shown in Fig. 3, the slew actuator 71 has a
fifth electric motor 72 and a fifth speed reducer 73. The
fifth electric motor 72 is electrically connected to the
battery 19 via the fifth inverter 75. The fifth electric motor
72 has a housing 72A mounted to the case main portion
14A of the upper body 14. An output member 73C of the
fifth speed reducer 73 has a plurality of teeth. The teeth
mesh with the teeth of the inner race 18A of the slewing
bearing 18. The output member 73C outputs torque
about an axis aligned with the central axis 71J of the
output shaft 72B of the fifth electric motor 72. This torque
causes the upper body 14 to rotate with the housing 72A
of the fifth electric motor 72, relative to the inner race 18A
and thus the lower body 13. In other words, the slew
actuator 71 causes the upper body 14 to rotate relative to
the lower body 13. A housing 73A and a reduction me-
chanism 73B of the fifth speed reducer 73 have the same
function as the housing 33A and reduction mechanism
33B of the first speed reducer 33.

<Sensors>

[0044] As shown in Fig. 3, the excavator 10 includes a
first position sensor 38, a second position sensor 48, a
third position sensor 58, and a swing position sensor 68.
The first position sensor 38, second position sensor 48,
third position sensor 58, andswingposition sensor 68are
included in the components of the drive system.
[0045] The first position sensor 38 senses a rotational
position 38S of the first electric motor 32. The rotational
position of the first electric motor 32 is strictly the rota-
tional position of the output shaft 32B of the first electric
motor 32. For the other electric motors, their rotational
positions are similarly described without referring to their

output shafts. The second position sensor 48 senses a
rotational position 48S of the second electric motor 42.
The third position sensor 58 senses a rotational position
58S of the third electric motor 52. The swing position
sensor 68 senses a rotational position 68S of the fourth
electric motor 62. The rotational positions sensed by the
position sensors are represented by values in the range
of 0 to 360 degrees, with a predetermined reference
position defined as 0 degrees. In other words, the rota-
tional positions represent the absolute angles of the
respective electric motors. The position sensors repeat-
edly transmit signals corresponding to the sensed infor-
mation to a control device 100, which will be described
below.
[0046] Theexcavator 10 includes an inclination sensor
81anda current sensor 82. The inclination sensor 81and
the current sensor 82 are included in the components of
the drive system. The inclination sensor 81 ismounted to
the vehicle body 15. For example, the inclination sensor
81 is mounted to the case main portion 14A of the upper
body 14. The inclination sensor 81 senses the inclination
81S of the upper body 14 and thus the vehicle body 15
relative to the horizontal plane. The current sensor 82
senses a swing current value SC, which indicates the
current value of the power supplied to the fourth electric
motor 62. The swing current value SC takes positive and
negative values depending on the direction of rotation of
the output shaft 62B of the fourth electric motor 62. The
inclination sensor 81 and the current sensor 82 repeat-
edly transmit signals corresponding to the sensed infor-
mation to the control device 100, which will be described
below.
[0047] The excavator 10 includes various operating
devices 90. The various operating devices 90 are located
in the cabin, for example. The various operating devices
90 include a lever and a switch that can be operated by
the operator. Fig. 3 shows the various operating devices
90 as a single unit. The various operating devices 90
transmit signals 90S in accordance with the operator’s
operations to the control device 100 described below.
The various operating devices 90 are included in the
components of the drive system.

<Control Device>

[0048] As shown in Fig. 3, the excavator 10 includes a
control device 100. The control device 100 is included in
the components of the drive system. The control device
100 is a computer with a processing circuit. The proces-
singcircuit includesaCPU101asanexecutionunit anda
memory 102 as a storage unit. Thememory 102 includes
three types of storage media: a RAM, a ROM, and an
electrically rewritable nonvolatile memory. In this embo-
diment, these three types of storage media are collec-
tively referred to as the memory 102. The memory 102
stores in advance various control programs 102A that
describe the processes to be executed by the CPU 101.
The memory 102 stores in advance various control data
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102B necessary for the CPU 101 to execute the control
programs 102A. The processing circuit includes a com-
munication circuit for wireless communication with an
external device.
[0049] TheCPU101 receives sensing signals from the
various sensors mounted on the excavator 10. For ex-
ample, the CPU 101 receives sensing signals from the
inclination sensor 81and the current sensor 82. TheCPU
101 also receives a sensing signal from the swing posi-
tion sensor 68. When receiving a sensing signal from the
swing position sensor 68, the CPU 101 converts the
received rotational position 68S of the fourth electric
motor 62 to a swing rotational position SW. The swing
rotational position SW is the rotational position of the
swing bracket 17 relative to a predetermined swing re-
ference position. For example, the swing reference posi-
tion is a rotational position of the swing bracket 17 where
both of the main surfaces of the plate-shaped second
swing wall 17B face the Y direction. The CPU 101 con-
verts the rotational position 68S of the fourth electric
motor 62 to the swing rotational position SW based on
the reduction ratio of the fourth speed reducer 63 and the
history of the rotation of the fourth electric motor 62.
Calculation of the swing rotational position SW by such
conversion is equivalent to obtaining the swing rotational
position SW. Although a repeated explanation is omitted,
the calculation of other rotational positions that will be
described later is equivalent to obtaining the respective
rotational positions.Theswing rotationalpositionSWcan
be regarded as the rotational position of the swing brack-
et 17 relative to the upper body 14. As can be seen from
the conversion of the rotational position 68S of the fourth
electric motor 62 to the swing rotational position SW, the
swing position sensor 68 that senses the rotational posi-
tion 68S of the fourth electric motor 62 can be said to
sense the swing rotational position SW in effect.
[0050] TheCPU101 receivesasensingsignal from the
first position sensor 38. When receiving a sensing signal
from the first position sensor 38, the CPU 101 converts
the received rotational position 38S of the first electric
motor 32 to a first rotational position 21W. The first rota-
tional position 21W is the rotational position of the boom
21 relative to a first reference position predetermined.
The first reference position is defined in the view of the
excavator 10 as seen in the direction along the first axis
31J. An example of the first reference position is a rota-
tional position at which both the first end portion 21A and
thesecondendportion21Bof theboom21arepositioned
in an imaginary straight line orthogonal to both the first
axis31Jand theswingaxis61J. In thisexampleof thefirst
reference position, the second end portion 21B of the
boom21 is positioned opposite the upper body 14 across
the first axis 31J. The first rotational position 21W can
also be regardedas the rotational position of the boom21
relative to the swing bracket 17. Like the swing position
sensor 68, the first position sensor 38, which senses the
rotational position 38S of the first electric motor 32,
senses the first rotational position 21W in effect.

[0051] TheCPU101 receivesasensingsignal from the
second position sensor 48. As in the case of other posi-
tion sensors, when receiving a sensing signal from the
second position sensor 48, the CPU 101 converts the
received rotational position 48S of the second electric
motor 42 toasecond rotational position23W.Thesecond
rotational position 23W is the rotational position of the
arm 23 relative to a second reference position predeter-
mined. The second reference position is defined in the
viewof theexcavator 10as seen in thedirection along the
second axis 41J. An example of the second reference
position is a rotational position at which both the first end
portion23Aand the secondendportion23Bof thearm23
are positioned in an imaginary straight line passing
through the first axis 31J and the second axis 41J. In
this example of the second reference position, the sec-
ond end portion 23B of the arm 23 is positioned opposite
the first axis 31J across the second axis 41J. The second
rotational position 23W can also be regarded as the
rotational position of the arm 23 relative to the boom
21. Like other position sensors, the second position
sensor 48, which senses the rotational position 48S of
the second electric motor 42, senses the second rota-
tional position 23W in effect.
[0052] TheCPU101 receivesasensingsignal from the
third position sensor 58. As in the case of other position
sensors, when receiving a sensing signal from the third
position sensor 58, the CPU 101 converts the received
rotational position 58S of the third electric motor 52 to a
third rotational position 25W. The third rotational position
25W is the rotational position of the bucket 25 relative to a
third reference position predetermined. The third refer-
ence position is defined in the view of the excavator 10 as
seen in the direction along the third axis 51J. An example
of the third reference position is a rotational position at
which the distal end of the teeth 27 of the bucket 25 is
positioned in an imaginary straight line passing through
thesecondaxis41Jand the thirdaxis51J. In thisexample
of the third reference position, the distal end of the teeth
27of the bucket 25 is positionedopposite the secondaxis
41J across the third axis 51J. The third rotational position
25Wcanalsobe regardedas the rotational position of the
bucket 25 relative to the arm 23. Like other position
sensors, the third position sensor 58, which senses the
rotational position 58S of the third electric motor 52,
senses the third rotational position 25W in effect.
[0053] After calculating the first rotational position
21W, the second rotational position 23W, and the third
rotational position 25W, the CPU 101 calculates two
information items indicating the positional relationship
between the bucket 25 and the ground surface G. The
two information items are the estimated facing distance
25M and the attitude index 25N.
[0054] The estimated facing distance 25M is an esti-
mate of the shortest distance from the specific region25E
of the bucket 25 to the ground surface G. The memory
102 stores facing distance information in advance, which
represents the relationship among the first rotational
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position21W, thesecond rotational position23W,and the
third rotational position 25W, the inclination 81S of the
vehicle body 15, and the estimated facing distance 25M.
The facing distance information includes, for example, a
table, graph, or formula. The facing distance information
is generated, for example, by simulation using a model
replicating the excavator 10. The facing distance infor-
mation is a type of control data 102B stored on the
memory 102. The CPU 101 calculates the latest esti-
mated facing distance 25M based on the facing distance
information. Thus, after obtaining the latest first rotational
position 21W, the latest second rotational position 23W,
the latest third rotational position 25W, and the latest
inclination 81S of the vehicle body 15, the CPU 101
applies these obtained information items to the facing
distance information. The CPU 101 thus calculates the
estimated facing distance 25M in accordance with the
current posture of thework unit 20 and the inclination 81S
of the vehicle body 15. TheCPU101 repeats the calcula-
tion of the estimated facing distance 25M. The process in
which the CPU 101 repeats the calculation of the esti-
mated facing distance 25M is the first pre-processing.
[0055] Theattitude index 25N is an index indicating the
attitude of the bucket 25. The attitude index 25N can take
either the first or second value. The first value indicates
that the specific wall 25F of the bucket 25 is estimated to
be substantially parallel to the ground surface G. The
second value indicates that the specific wall 25F of the
bucket 25 is estimated to be not parallel to the ground
surface G. The memory 102 stores bucket attitude in-
formation in advance, which represents the relationship
among the first rotational position 21W, the second rota-
tional position 23W, and the third rotational position 25W,
the inclination 81Sof the vehicle body15, and theattitude
index 25N. The bucket attitude information includes, for
example, a table, graph, or formula. The bucket attitude
information is generated, for example, by simulation
using a model replicating the excavator 10. The bucket
attitude information is a type of control data 102B stored
on the memory 102. The CPU 101 calculates the latest
attitude index 25N based on the bucket attitude informa-
tion. Thus, after obtaining the latest first rotational posi-
tion 21W, the latest second rotational position 23W, the
latest third rotational position 25W, and the latest inclina-
tion 81S of the vehicle body 15, the CPU 101 applies
these obtained information items to the bucket attitude
information. The CPU 101 thus calculates the attitude
index 25N in accordance with the current posture of the
work unit 20 and the inclination 81S of the vehicle body
15. The CPU 101 repeats the calculation of the attitude
index25N.Theprocess inwhich theCPU101 repeats the
calculation of the attitude index 25N is the second pre-
processing.
[0056] As mentioned above, the CPU 101 takes into
account the inclination 81S of the vehicle body 15 for
calculating the estimated facing distance 25M and the
attitude index 25N. This is for the following reasons. At
thework site of the excavator 10, for example, the ground

surfaceGonwhich the vehicle body 15 is locatedmay be
inclined with respect to the horizontal plane, while the
ground surfaceG in front of the vehicle body, which is the
object of work of the work unit 20, may be horizontal, or
vice versa. When considering such a work site, the
inclination 81S of the vehicle body 15 should be taken
into account for the calculation of the estimated facing
distance 25M and attitude index 25N, so as to obtain the
estimated facing distance 25M and attitude index 25N
appropriately.

<Control>

[0057] The CPU 101 receives an operation signal 90S
transmitted from the operating device 90. The CPU 101
controls the slew actuator 71, the swing actuator 61, and
each actuator of the work unit 20 in accordance with the
operation signal 90S from the operating device 90. In
controlling these actuators, the CPU 101 controls, in
effect, the respective electric motors and, moreover,
the inverters connected to the electric motors. The
CPU 101 can be said to control the supply of power to
the electric motors through the control of the inverters.
[0058] The CPU 101 can perform specific control as
part of the control related to the slew actuator 71, the
swing actuator 61, and each actuator of the work unit 20.
In the specific control, the CPU 101 controls the swing
actuator 61 to maintain the swing rotational position SW
constant. Simultaneously, in the specific control, theCPU
101 controls the slew actuator 71 so that the upper body
14 rotates relative to the lower body 13. As a precondition
for the specific control, the CPU 101 determines whether
or not the execution condition for the specific control is
satisfied. The execution condition is that all three of the
following requirements (A1), (A2), and (A3) are fulfilled.
(A1) The estimated facing distance 25M is less than or
equal to a proximity distanceGM. (A2) The attitude index
25N is at the first value. In other words, the specific wall
25Fof the bucket 25 is substantially parallel to the ground
surface G. (A3) An operation signal 90S for rotating the
upper body 14 has been received.
[0059] As to the requirement (A1), the proximity dis-
tance GM is predetermined as the distance at which the
specific region 25Eof the bucket 25 is likely to contact the
ground surface G. The proximity distance GM is, for
example, 30 cm. As can be seen from the setting of
the proximity distance GM, when the requirements
(A1) and (A2) are fulfilled, the entire specific wall 25F
of the bucket 25, including the specific region 25E, is
located close to the ground surface G. In the specific
control, the CPU 101 performs a ground leveling work in
which thebucket 25 is slewedalong thegroundsurfaceG
in such a proximity state.
[0060] The CPU 101 repeats the determination on
whether or not the execution condition is satisfied based
on the latest values of the parameters related to the
requirements (A1), (A2), and (A3). The CPU 101 then
performs the specific control when the execution condi-
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tion is satisfied, i.e., the three requirements are fulfilled.
The CPU 101 continues the specific control while the
execution condition is satisfied. TheCPU101canbesaid
to automatically determine that there is a request for
performing the ground leveling work when the execution
condition is satisfied.

<Details of Specific Control>

[0061] As shown in Fig. 4, the specific control includes
slewprocessQ1, attachment processQ2, swing process
Q3, and calculation processQ4. The calculation process
Q4 may be treated as a process separate from the
specific control, not as part of the specific control.
[0062] The slew process Q1 is the process for rotating
the upper body 14 relative to the lower body 13. In the
slew processQ1, theCPU101 controls the slew actuator
71 so that the upper body 14 rotates at a set rotational
speed. Theset rotational speedmaybepredeterminedat
a single value suitable for ground leveling work, or it may
be predetermined at multiple stepwise values. If the set
rotational speed is predetermined at multiple stepwise
values, the CPU 101 should select the value that corre-
sponds to the operation signal 90S from the operating
device 90.
[0063] The attachment process Q2 is for adjusting the
first rotational position 21W, second rotational position
23W, and third rotational position 25W. The ground level-
ing work is basically performed with the first rotational
position21W, thesecond rotational position23W,and the
third rotational position 25W maintained constant. In
some cases, however, the operatormaywish to fine-tune
the first rotational position 21W, second rotational posi-
tion 23W, and third rotational position 25W. In the attach-
ment process Q2, the CPU 101 controls one or more of
the first actuator 31, the second actuator 41, and the third
actuator 51 in accordance with the operation signal 90S
from the operating device 90.

<Swing Process>

[0064] The swing process Q3 is for controlling the
swing actuator 61 so as to maintain the swing rotational
position SW constant. The swing process Q3 is also for
calculating a load torque FU. The load torque FU is the
torque about the swing axis 61J acting on the swing
bracket 17 from the work unit 20. Specifically, the load
torque FU is the torque acting on the swing bracket 17 in
response to the force acting on the specific region 25E of
the bucket 25 in the direction along the third axis 51J.
[0065] As shown in Fig. 5, the CPU 101 first performs
step S11 in the swing process Q3. In step S11, the CPU
101 obtains the latest swing rotational position SW. The
process in step S11 constitutes a first process. When the
CPU 101 performs the process in step S11 for the first
time after the start of the specific control and thus the
swing process Q3, the obtained swing rotational position
SW is stored on the memory 102 as the initial position

SWA. After performing the process in step S11, the CPU
101 proceeds to step S12.
[0066] In step S12, the CPU 101 performs feedback
control of the fourthelectricmotor 62 in theswingactuator
61. Specifically, the CPU 101 performs feedback control
of the fourth electric motor 62 so as to eliminate the gap
between the swing rotational position SW obtained in
step S11 and the initial position SWA. More specifically,
the CPU 101 calculates a target current value required to
eliminate the difference between the swing rotational
position SW and the initial position SWA. The target
current value takes positive and negative values in ac-
cordance with the direction of rotation of the output shaft
62B of the fourth electric motor 62. Therefore, the target
current value reflects both the amount and direction of
current supplied to the fourth electric motor 62. After
calculating the target current value, the CPU 101 sup-
plies power to the fourth electric motor 62 so that the
current flows at the target current value. The CPU 101
performs the feedback control of the fourth electric motor
62 over a predetermined control time. The control time is,
for example, less than 1 second. After performing the
process in step S12, the CPU 101 proceeds to step S13.
The process in step S12 constitutes a second process.
The CPU 101 calculating the target current value is
equivalent to the CPU 101 obtaining the swing current
value SC during the feedback control described above.
The CPU 101 may obtain the actual swing current value
SC from the current sensor 82while performing stepS12.
[0067] In step S13, the CPU 101 calculates the load
torque FU. Specifically, the CPU 101 converts the swing
current value SC obtained in step S12 into the torque
output by the fourth electric motor 62. Furthermore, the
CPU 101 converts the converted torque into the torque
acting on the swing bracket 17 from the output member
63C of the fourth speed reducer 63, taking into account
the reduction ratio of the fourth speed reducer 63. The
CPU 101 treats the absolute value of this torque as the
load torque FU. Thus, the CPU 101 calculates the load
torque FU based on the swing current value SC obtained
in step S12. The memory 102 stores in advance as
control data 102B various information necessary in the
process of converting the swing current value SC into the
load torqueFU. After performing the process in stepS13,
the CPU 101 returns to step S11. The CPU 101 then
quickly performs the process in step S11. Thus, in the
swing process Q3, the CPU 101 repeats steps S11, S12,
and S13. The process in step S13 constitutes a third
process.
[0068] The following describes the relationship be-
tween the swing current value SC and the load torque
FU in relation to the process in step S13. Suppose that a
certain magnitude of load torque FU is acting on the
swing bracket 17 while step S12 is performed. As de-
scribed above, in step S12, the CPU 101 performs the
feedback control of the fourth electric motor 62 so as to
maintain the rotational position of the swing bracket 17 at
the initial position SWA. The torque of the swing actuator
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61 required tomaintain the rotational positionof theswing
bracket 17 constant has the samemagnitude as the load
torque FU, but is in the opposite direction. Therefore, if
the torque of the swing actuator 61 is known, the load
torque FU is known. Also, as is well known, the torque of
the swing actuator 61, and thus the torque of the fourth
electric motor 62, reflects the swing current value SC.
Because of this relationship, the CPU 101 can calculate
the load torque FU from the swing current value SC in
step S13.

<Calculation Process>

[0069] The calculation process Q4 is for calculating a
critical torque FK. The critical torque FK is the reference
value for the magnitude of the load torque FU.
[0070] As shown in Fig. 6, the CPU 101 first performs
step S51 in the calculation process Q4. In step S51, the
CPU 101 obtains the latest first rotational position 21W,
the latest second rotational position 23W, and the latest
third rotational position 25W. The CPU 101 then pro-
ceeds to step S52. The process in step S51 constitutes
a first calculation process.
[0071] In step S52, the CPU 101 calculates a first
allowable lateral force FH1. The first allowable lateral
force FH1 will be described below, along with the second
and third allowable lateral forces FH2 and FH3 men-
tionedbelow. Incalculating thefirst allowable lateral force
FH1, the CPU 101 first calculates a first distance L1. As
shown in Fig. 1, the plan view of the excavator 10 as seen
in the direction along the first axis 31J is referred to as the
specific plan view. The first distance L1 is the distance
from the specific region 25E of the bucket 25 to the first
axis 31J in the specific plan view. Thememory 102 stores
in advance first relationship information related to the first
distance L1. The first relationship information represents
the relationship between the second and third rotational
positions 23W and 25W and the first distance L1. Spe-
cifically, the first relationship information represents the
first distance L1 for each combination of different values
of thesecondand third rotational positions23Wand25W.
The first relationship information includes, for example, a
table, graph, or formula. The first relationship information
is generated, for example, by simulation using a model
replicating the excavator 10. The first relationship infor-
mation is a type of control data 102B stored on the
memory 102. TheCPU101 applies the second rotational
position 23W and the third rotational position 25W ob-
tained in step S51 to the first relationship information to
calculate the first distance L1 according to the current
posture of the work unit 20. After calculating the first
distance L1, the CPU 101 calculates the first allowable
lateral forceFH1bydividingafirst allowablemoment load
M1 by the first distance L1 calculated. The memory 102
stores in advance the first allowable moment load M1 as
the control data 102B. The first allowable moment load
M1 is the maximum moment load allowed for the first
actuator 31.Themoment loadwill bedescribedbelow.As

shown in Fig. 6, after calculating the first allowable lateral
force FH1, the CPU 101 proceeds to step S53. The
process in step S52 constitutes a second calculation
process.
[0072] In step S53, the CPU 101 calculates a second
allowable lateral force FH2. In calculating the second
allowable lateral force FH2, the CPU 101 first calculates
a second distance L2. As shown in Fig. 1, the second
distanceL2 is the distance from the specific region 25Eof
the bucket 25 to the second axis 41J in the specific plan
view. The memory 102 stores in advance second rela-
tionship information related to the second distance L2.
The second relationship information represents the re-
lationship between the third rotational position 25W and
the second distance L2. Specifically, the second relation-
ship information represents the second distance L2 for
different values of the third rotational position 25W. The
second relationship information includes, for example, a
table, graph, or formula. The second relationship infor-
mation is generated, for example, by simulation using a
model replicating the excavator 10. The second relation-
ship information is a type of control data 102B stored on
thememory102.TheCPU101applies the third rotational
position 25Wobtained in stepS51 to the second relation-
ship information to calculate the second distance L2
according to the current posture of the work unit 20. After
calculating the second distance L2, the CPU 101 calcu-
lates the second allowable lateral force FH2 by dividing a
second allowable moment load M2 by the second dis-
tance L2 calculated. The memory 102 stores in advance
thesecondallowablemoment loadM2as thecontrol data
102B. The second allowable moment load M2 is the
maximum moment load allowed for the second actuator
41. As shown in Fig. 6, after calculating the second
allowable lateral force FH2, the CPU 101 proceeds to
step S54. The process in step S53 constitutes a third
calculation process.
[0073] In step S54, the CPU 101 calculates a third
allowable lateral force FH3. In calculating the third allow-
able lateral force FH3, the CPU 101 refers to two infor-
mation items stored on the memory 102 as the control
data 102B. One of the two information items is a third
distance L3. As shown in Fig. 1, the third distance L3 is
the distance from the specific region 25Eof the bucket 25
to the third axis 51J in the specific plan view. The other of
the two information items is a third allowable moment
load M3. The third allowable moment load M3 is the
maximum moment load allowed for the third actuator
51. In step S54, the CPU 101 calculates the third allow-
able lateral force FH3 by dividing the third allowable
moment load M3 by the third distance L3. As shown in
Fig. 6, after calculating the third allowable lateral force
FH3, the CPU 101 proceeds to step S55. The process in
step S54 constitutes a fourth calculation process.
[0074] In step S55, the CPU 101 calculates a fourth
distance L4. As shown in Fig. 1, the fourth distance L4 is
the distance from the specific region 25Eof the bucket 25
to the swing axis 61J with respect to the direction ortho-
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gonal toboth theswingaxis 61Jand the first axis 31J.The
memory 102 stores in advance fourth relationship infor-
mation related to the fourth distance L4. The fourth
relationship information represents the relationship be-
tween the first, second, and third rotational positions
21W, 23W, and 25W and the fourth distance L4. Speci-
fically, the fourth relationship information represents the
fourth distance L4 for each combination of different va-
lues of the first, second, and third rotational positions
21W, 23W, and 25W. The fourth relationship information
includes, for example, a table, graph, or formula. The
fourth relationship information is generated, for example,
by simulation using amodel replicating the excavator 10.
The fourth relationship information is a type of control
data 102B stored on the memory 102. The CPU 101
applies the first, second, and third rotational positions
21W, 23W, and 25W obtained in step S51 to the fourth
relationship information to calculate the fourth distance
L4according to the current posture of thework unit 20. As
shown in Fig. 6, the CPU 101 proceeds to step S56 after
calculating the fourth distance L4. The process in step
S55 constitutes a fifth calculation process.
[0075] In step S56, the CPU 101 calculates the critical
torque FK. Specifically, the CPU 101 selects, as the
minimum lateral force, the smallest among the first allow-
able lateral force FH1 calculated in step S52, the second
allowable lateral force FH2 calculated in step S53, and
the third allowable lateral force FH3 calculated in step
S54. The CPU 101 then calculates the product of the
minimum lateral force and the fourth distance L4 calcu-
lated in step S55 as a provisional value FKA. The CPU
101 calculates the critical torque FK by multiplying the
provisional value FKA by a set percentage. An example
of the set percentage is 90%. The set percentage is
predetermined so as to provide a slight margin to the
critical torque FK for satisfying the requirements (B1),
(B2), and (B3) described below. The CPU 101 may
calculate the provisional value FKA as the critical torque
FK. The critical torqueFKcanhaveany value less than or
equal to the provisional value FKA. Upon calculating the
critical torque FK, the CPU 101 ends the process in step
S56. The CPU 101 then returns to step S51. The CPU
101 then quickly performs the process in stepS51. In this
way, the CPU 101 repeats the processes in steps S51 to
S56 in the calculation process Q4. The process in step
S56 constitutes a sixth process.
[0076] As described above, in this embodiment, var-
ious types of information and calculation methods for
calculating the critical torque FK are predetermined. This
configuration is also encompassed by the notion that the
critical torque FK is predetermined. In other words, the
notion that the critical torque FK is predetermined does
not mean that it must be predetermined solely as a fixed
value.

<Load Reduction Routine>

[0077] The CPU 101 performs the load reduction rou-

tine shown in Fig. 7 while performing the specific control.
When theCPU101 starts the specific control, it starts the
load reduction routine in parallel. If theCPU101 ends the
specific control, it simultaneously ends the load reduction
routine.
[0078] In the load reduction routine, the CPU 101 first
performs step S101. In step S101, the CPU 101 com-
pares the latest load torque FU calculated in step S13 of
the swing process Q3 with the latest critical torque FK
calculated instepS56of thecalculationprocessQ4. If the
load torque FU is less than the critical torque FK (step
S101: NO), the CPU 101 performs step S101 again. The
CPU101 repeats the process in step S101while the load
torque FU remains less than the critical torque FK.When
the load torque FU reaches or exceeds the critical torque
FK (Step S101: YES), the CPU101 proceeds to step
S102.
[0079] In step S102, the CPU 101 performs load re-
duction control. In the load reduction control, the CPU
101 controls the swing actuator 61 so that the load torque
FU is lower than at the point of time at which the load
torqueFU isdetermined tohave reachedorexceeded the
critical torque FK. The timing at which the load torque FU
is determined to have reached or exceeded the critical
torque FK is referred to as the determination timing. The
timing at which the load torque FU reaches the critical
torque FK is referred to as the reaching timing. The
determination timing is substantially the same as the
reaching timing. In other words, the determination timing
can be regarded as the reaching timing. The swing
current value SC at the reaching timing is referred to
as the critical current value. In the load reduction control,
the CPU 101 controls the supply of power to the fourth
electric motor 62 so that the current value of the power
supplied to the fourth electric motor 62 is closer to zero
than is the critical current value. Thus, the CPU 101
controls the swing actuator 61 so that the load torque
FU is reduced. In this embodiment, the CPU 101 sets the
current value of the power supplied to the fourth electric
motor 62 to zero. The CPU 101 continues the process in
step S102 until the predetermined ending condition is
satisfied. An example of the ending condition is an op-
eration signal 90S from the operating device 90. For
example, in step S102, the CPU 101 performs a process
to inform the operator that the load acting on thework unit
20 has increased, in parallel with the load reduction
control. Specifically, the CPU 101 provides voice gui-
dance through the speaker in the cabin or indicates on
the display in the cabin that the load is high. When the
worker operates the operating device 90 in response to
this notification, the ending condition is satisfied. The
ending condition may be that a predetermined period
of time has elapsed since the start of the load reduction
control. When performing the load reduction control, the
CPU 101 cancels the swing process Q3 of the specific
control. When the ending condition is satisfied, the CPU
101 ends the process in step S102. Simultaneously, the
CPU 101 ends the load reduction routine.
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<Significance of Parameters Calculated in Calculation
Process>

[0080] First, a description is given of themoment loads
acting on the actuators of the work unit 20. Of the three
actuators, the third actuator 51 is taken here as an ex-
ample.
[0081] As shown in Fig. 8, the force acting on the
bucket body 26 in the direction along the third axis 51J
is referred to as the lateral force FH. When the lateral
force FH acts on the bucket body 26, the lateral force FH
acts as a moment load M on the third actuator 51 via the
bucket coupling wall 28. The moment load M acting on
the third actuator 51 is the force that acts to bend the
outputmember 53Cof the third speed reducer 53 and the
output shaft 52B of the third electric motor 52 in the third
actuator 51 with respect to the third axis 51J. For exam-
ple, when the lateral force FH acts on the specific region
25E of the bucket 25, the moment load M is given as the
product of the lateral force FH and the third distance L3.
The third allowable moment load M3 used in step S54 of
the calculation process is the maximum moment load M
that the thirdactuator 51canwithstand.Asdescribedwith
Fig. 1, the third distance L3 is the distance from the
specific region 25E of the bucket 25 to the third axis
51J in the specific plan view. Fig. 8 shows a simplified
example of the third distance L3.
[0082] When a moment load M acts on the third ac-
tuator 51, the third actuator 51 receives this loadmainly at
the bearing 53D in the third speed reducer 53 that sup-
ports the outputmember 53C. Although only one bearing
53D is shown in Fig. 8, there are actually two bearings
53D in the direction along the third axis 51J. The third
allowablemoment loadM3 isdefinedbasedon the limit of
the magnitude of the force that these bearings 53D can
withstand. The third allowable moment load M3 can be
said to be definedby the standard of the third actuator 51.
Like the third allowable moment load M3, the first allow-
able moment load M1 is the maximum moment load M
that the first actuator 31 can withstand. The second
allowablemoment loadM2 is themaximummoment load
M that the second actuator 41 can withstand.
[0083] Next, a description is givenof the significance of
the first allowable lateral force FH1, second allowable
lateral force FH2, and third allowable lateral force FH3.
As described above, the lateral force FH is a force acting
on the bucket body 26 in the direction along the third axis
51J. Each allowable lateral force is the maximum lateral
force FH that can be withstood by the corresponding
actuator. For example, as shown in Fig. 8, the third
allowable lateral force FH3 is the maximum lateral force
FH that the third actuator 51 can withstand in relation to
the third allowablemoment loadM3. The lateral force FH
acting on the bucket body 26 also generates a moment
load M on the second actuator 41 via the bucket 25, the
third actuator 51, and the arm 23. With such a force
transmission path, the second allowable lateral force
FH2 is the maximum lateral force FH that can be with-

stood by the second actuator 41 in relation to the second
allowable moment load M2. Similarly, the first allowable
lateral force FH1 is themaximum lateral force FH that the
first actuator 31 can withstand in relation to the first
allowable moment load M1.
[0084] Next, a description is givenof the significance of
the critical torque FK. As described above, in step S56 of
the calculation process Q4, the critical torque FK is
calculated in relation to the smallest among the first
allowable lateral force FH1, the second allowable lateral
forceFH2, and the third allowable lateral forceFH3.Now,
consider the first situation where the smallest lateral
force, the smallest among these three allowable lateral
forces, is the third allowable lateral force FH3. In the first
situation, suppose that the lateral forceFHactually acting
on the bucket 25 gradually increases from less than the
smallest lateral force to eventually reach the smallest
lateral force. At this time, if the lateral force FH acting on
the bucket 25 is quickly reduced, no force exceeding the
third allowable moment load M3 will act on the third
actuator 51, which is subject to the third allowable lateral
force FH3. Also, in the first situation, the first allowable
lateral force FH1 and the second allowable lateral force
FH2aregreater than the third allowable lateral forceFH3,
which is the smallest lateral force. Therefore, if the lateral
force FH acting on the bucket 25 is quickly reducedwhen
the lateral force FH reaches the smallest lateral force, no
force exceeding the respective allowable moment loads
will act on the other two electric actuators. Thus, the
smallest lateral force is set so that the moment loads
acting on the three actuators do not exceed their respec-
tive allowablemoment loads. The critical torque FK is the
value obtained by converting the smallest lateral force
into a torque acting on the swing actuator 61. Thus, the
critical torque FK is calculated to fulfill the following
requirements (B1), (B2), and (B3). (B1) Themoment load
acting on the first actuator 31 is less than or equal to the
first allowable moment load M1. (B2) The moment load
acting on the second actuator 41 is less than or equal to
the secondallowablemoment loadM2. (B3) Themoment
load acting on the third actuator 51 is less than or equal to
the third allowable moment load M3.

<Operation of Embodiment>

[0085] In ground leveling work, the work unit 20 and
thus the bucket 25 are slewed together with the upper
body 14 while the swing rotational position SW is main-
tained constant. During such ground leveling work, there
may be obstacles such as clods or stones in the path of
the bucket body 26. When the bucket body 26 collides
with this obstacle, a lateral force FH acts on the bucket
body 26. Simultaneously, the load torque FU acting on
the work unit 20 and thus on the swing bracket 17 can be
increased. As a result, the moment loads acting on the
actuators in the work unit 20may exceed their respective
allowable moment loads.
[0086] Therefore, the CPU 101 in this embodiment

5

10

15

20

25

30

35

40

45

50

55



15

27 EP 4 818 414 A1 28

performs the load reduction control when the load torque
FU reaches or exceeds the critical torque FK during the
ground leveling work. Specifically, the CPU 101 ends the
ongoing feedback control of the fourth electric motor 62
andsets thepowersupplied to the fourthelectricmotor62
to zero. Accordingly, the swing bracket 17 is allowed to
rotate. Since the swingbracket 17 is allowed to rotate, the
force acting on the entire work unit 20, including the
bucket 25, is released. This prevents forces exceeding
the respective allowable moment loads from acting on
the actuators of the work unit 20.

<Advantageous Effects of Embodiment>

[0087]

(1) As described in Operation of Embodiment, the
CPU 101 controls the swing actuator 61 so that the
load torque FU is reduced when the load torque FU
has reached or exceeded the critical torque FK. This
prevents excessive burden on the actuators in the
work unit 20.

(2) In the specific control, the CPU 101 performs the
feedback control of the fourth electric motor 62 so as
tomaintain the rotational position of the swing brack-
et 17 constant. At this time, the current value of the
power supplied to the fourth electricmotor 62 reflects
the load torque FU. Therefore, the CPU 101 can
accurately calculate the load torque FU based on
the swing current value SC during the feedback
control. Also, in the load reduction control, the
CPU 101 reduces the current value of the power
supplied to the fourth electric motor 62. This allows
the swing bracket 17 to rotate, as described above in
Operation of Embodiment. Thus, the moment loads
acting on the actuators of the work unit 20 can be
reduced.

(3) In the calculation process Q4, the CPU 101
calculates the critical torque FK so as not to exceed
the respective allowable moment loads of the three
actuators in thework unit 20. Since the critical torque
FK thus calculated is used as the reference for
determining whether to perform the load reduction
control, each of the threeactuators can beprevented
from being subjected to a moment load exceeding
the allowable value.

(4) The allowable lateral force of each actuator in the
work unit 20 varies in accordance with the posture of
the work unit 20. In this embodiment, the CPU 101
calculates, in the calculation process Q4, the critical
torque FK based on the latest first rotational position
21W, the latest second rotational position 23W, and
the latest third rotational position 25W. In other
words, the CPU 101 calculates the critical torque
FK in accordance with the real-time posture of the

work unit 20. Since the critical torque FK thus calcu-
lated is used as the reference for determining
whether to perform the load reduction control, the
three actuators can be prevented at any time from
being subjected to a moment load exceeding the
allowable value.

(5) During the slewing of the upper body 14, the
direction of movement of the work unit 20 can be
approximate to the direction along the third axis 51J
of the third actuator 51. Because of this direction of
movement, when the bucket 25 collides with an
obstacle while the upper body 14 is slewing, an
impact tends toact asa lateral forceFHon thebucket
25. Thus, during the slewing of the upper body 14,
lateral forces FH act on the bucket 25 more fre-
quently. Simultaneously, during the slewing of the
upper body 14,moment loads act on the actuators of
thework unit 20more frequently. Performing the load
reduction control under such a situation is particu-
larly effective in controlling the loads acting on the
actuators of the work unit 20.

(6) In addition to (5), in the ground leveling work, the
bucket 25 passes through a position close to the
ground surface G, and therefore, moment loads act
on the actuator of the work unit 20 particularly fre-
quently. Performing the load reduction control under
such a situation is highly effective in controlling the
loads acting on the actuators of the work unit 20.

<Modification Examples>

[0088] The above embodiments can be modified as
described below. The above embodiments and the fol-
lowingmodifications can be implemented in combination
to the extent where they are technically consistent with
each other.
[0089] The details of the load reduction control are not
limited to the example in the above embodiment. In the
load reduction control, when the load torque FU has
reached or exceeded the critical torque FK, at least
one of the swing actuator 61 or the slew actuator 71
may be controlled in any manner so that the load torque
FU is lower than at the point of time at which the load
torque FU reached the critical torque FK. For example, in
the load reduction control, the slew actuator 71 may be
controlled so that the rotational speed of the upper body
14 is lower than at the point of time at which the load
torque FU reached the critical torque FK, instead of or in
addition to the configuration of the above embodiment.
For example, the upper body 14 may be stopped. Any
appropriate method of reducing the load torque FU may
be employed in the load reduction control, in conjunction
with the process for maintaining the swing rotational
position SW constant in the specific control.
[0090] Theprocess formaintaining theswing rotational
position SW constant in the specific control is not limited
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to the example in the above embodiment. For example,
the swing processQ3may be replacedwith a process for
controlling the brake device 64 of the swing actuator 61.
In addition, the swing rotational position SW may be
maintained constant by this process for controlling the
brake device 64. In maintaining the swing rotational
position SW constant by using the brake device 64, for
example, the following configuration may be employed.
The CPU 101 obtains the latest critical torque FK calcu-
lated in the calculation process Q4. The CPU 101 then
controls the brake device 64 so that a braking torque of
the same magnitude as this critical torque FK but in the
opposite direction than the critical torque FK acts on the
swing bracket 17. By repeating these processes, the
swing rotational positionSWcanbemaintainedconstant.
When the swing rotational position SW is maintained
constant in this manner, the load torque FU may be
calculated separately using the method in the modifica-
tion example described below, and the load reduction
control may be configured as follows. When the load
torque FU has reached or exceeded the critical torque
FK, the CPU 101 reduces the braking torque to a lower
value than at that point of time. The CPU 101may set the
braking torque to zero. This allows the swing bracket 17
to rotate, thereby reducing the load torque FU.
[0091] Themethod of calculating the load torque FU is
not limited to the example in the above embodiment. Any
method is acceptable as long as the load torque FU can
be calculated appropriately. For example, a strain sensor
may be installed in the work unit 20, and the load torque
FU may be calculated based on the sensing value of the
strain sensor. The strain sensor should preferably be
installed at a location where strain is likely to occur in
response to the lateral force FH acting on the bucket 25.
Examples of such locations include the location where
the first actuator 31 is mounted to the boom 21, the
location where the second actuator 41 is mounted to
the arm 23, and the location where the third actuator
51 is mounted to the bucket 25.
[0092] The swing actuator can be configured in any
othermanners than described in the above embodiment.
For example, the swing actuator may include a hydraulic
motor instead of an electricmotor as a drive source. Also,
the swing actuator may be of a direct-acting type instead
of a rotating type.
[0093] The following describes an example employing
a direct-acting swing actuator with reference to Fig. 9. As
a prerequisite, the swing bracket 17 shown in Fig. 9
includes a first support shaft 17C and a second support
shaft 17D in addition to the first swing wall 17A and the
second swingwall 17B. Fig. 9. does not show the second
swing wall 17B. The first support shaft 17C protrudes
downward from the lower surface of the first swing wall
17A. The first support shaft 17C is shaped like a circular
column. The central axis of the first support shaft 17C
extends in the Z direction. The central axis of the first
support shaft 17C substantially coincideswith the central
axis of the first swingwall 17A. The central axis of the first

support shaft 17C constitutes a swing axis. Although not
shown in the drawing, the first support shaft 17C is
rotatably supported on the case front portion 14B of
the upper body 14. The first swing wall 17A can rotate
about the swing axis together with the first support shaft
17C. The second support shaft 17D protrudes upward
from the upper surface of the first swing wall 17A. The
second support shaft 17D is located closer to the periph-
ery of the first swing wall 17A. The second support shaft
17D is shaped like a circular column. The central axis of
the second support shaft 17D extends in the Z direction.
[0094] As shown in Fig. 9, a swing actuator 130 in-
cludes a hydraulic cylinder 131 and a piston rod 132. The
hydraulic cylinder 131 is housed in the casemain portion
14A of the upper body 14. The hydraulic cylinder 131 is
shaped like a hollow column. For example, the hydraulic
cylinder 131 as a whole is shaped like a circular column.
The interior of the hydraulic cylinder 131 constitutes a
hydraulic chamber for containing a hydraulic fluid which
is supplied into and discharged out of the hydraulic
chamber. The central axis of the hydraulic cylinder 131
extends in a direction substantially orthogonal to the Z
direction.
[0095] The piston rod 132 includes a rod body 132A
and a piston 132B. The rod body 132A is shaped like a
rod. The rod body 132A protrudes from the inside of the
hydraulic cylinder 131 to the outside. The central axis of
the rodbody132Asubstantially coincideswith the central
axis of the hydraulic cylinder 131. The rod body 132A can
reciprocate in the direction along the central axis of the
hydraulic cylinder 131. The protruding end portion of the
rod body 132A, which is the distal end portion protruding
from thehydraulic cylinder 131, is rotatably coupled to the
first swing wall 17A of the swing bracket 17. The protrud-
ing end of the rod body 132A has a receiving portion
formed of a hole or depression that receives the second
support shaft 17D. With the second support shaft 17D
received in the receiving portion, the rod body 132A is
mounted to the first swing wall 17A. The rod body 132A
can rotate relative to the second support shaft 17D and
thus the first swing wall 17A.
[0096] The piston 132B is located inside the hydraulic
cylinder 131. The piston 132B is connected to the end of
the rod body 132Aopposite to the protruding end portion.
Thepiston 132B is shaped like a circular plate. Thepiston
132Bdivides the interior of the hydraulic cylinder 131 into
two sections. As a result of the piston 132B dividing the
interior of the hydraulic cylinder 131 into two sections, the
interior of the hydraulic cylinder 131 is partitioned into a
first oil chamber 131A and a second oil chamber 131B. In
the example shown in Fig. 9, the first oil chamber 131A is
located on the side from which the piston rod 132 pro-
trudes, relative to the second oil chamber 131B.
[0097] The excavator 10 includes a hydraulic circuit
140 for driving the swing actuator 130. The hydraulic
circuit 140 includes a tank 142, a pump144, and a control
valve 145. The tank 142 stores the hydraulic oil. The
pump 144 pumps the hydraulic oil from the tank 142
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toward the control valve 145. The pump 144 is driven by
an electric motor. The control valve 145 includes, for
example, an electromagnetic proportional valve and a
spool operated by the pilot pressure generated by the
electromagnetic proportional valve. The control valve
145 adjusts the supply and discharge of the hydraulic
oil to and from the first oil chamber 131A and the second
oil chamber 131B under the control of the CPU 101.
Specifically, the CPU 101 adjusts the flow rate of the
hydraulic oil flowing intoeachof thefirst oil chamber131A
and the second oil chamber 131B, and switches the
direction of flow of the hydraulic oil. In response to the
supply and discharge of the hydraulic oil to the first and
second oil chambers 131A and 131B, the piston 132B
and thus the rod body 132A reciprocate in the direction
along the central axis thereof. Simultaneously, the pro-
truding length of the piston rod 132 from the hydraulic
cylinder 131 is varied.With the variation in the protruding
length of the piston rod 132, the swing bracket 17 rotates
about the swing axis. Fig. 9 shows the hydraulic circuit
140 in a schematic manner.
[0098] The excavator 10 includes a first oil pressure
sensor 181 and a second oil pressure sensor 182 as
components related to the swing actuator 130. The hy-
draulic cylinder 131 has internal oil pressure. The first oil
pressure sensor 181 senses theoil pressure in the first oil
chamber 131A as a first pressure, and the second oil
pressure sensor 182 senses the oil pressure in the sec-
ond oil chamber 131B as a second pressure. The first oil
pressure sensor 181 and the second oil pressure sensor
182 repeatedly transmit signals corresponding to the
sensed information to the control device 100. The first
oil pressure sensor 181, the second oil pressure sensor
182, and the hydraulic circuit 140 are included in the
components of the drive system of the excavator 10,
together with the swing actuator 130.
[0099] With the swing actuator 130 described above,
the CPU 101 performs the following first and second
processes as the swingprocessQ3 tomaintain the swing
rotational position SW constant. In the first process, the
CPU 101 controls the supply and discharge of the hy-
draulic oil to and from the hydraulic cylinder 131 to
maintain the position of the piston rod 132 at the start
of the specific control. For example, when the CPU 101
starts the specific control, it controls the control valve 145
to shut off the flow of hydraulic oil to both the first oil
chamber 131A and the second oil chamber 131B. Spe-
cifically, the CPU101 shuts off the supply of the hydraulic
oil from the pump 144, and also shuts off the discharge of
the hydraulic oil to the tank 142, for both the first oil
chamber 131A and the second oil chamber 131B. The
CPU 101 maintains the shutoff of the hydraulic oil flow to
both the first oil chamber 131A and the second oil cham-
ber 131B.As to the first process, theCPU101mayobtain
the latest swing rotational position SW repeatedly and
adjust the flow rate or switch the flow path so that the
latest swing rotational position SW coincides with the
swing rotational position SW at the start of the specific

control. Insteadof using the swing rotational positionSW,
the excavator 10 may include a sensor that senses the
protruding length of the piston rod 132 relative to the
hydraulic cylinder 131, or the position of the piston rod
132 in the direction along the central axis of the piston rod
132. Based on the information sensed by this sensor, the
hydraulic circuit 140 may be controlled so that the latest
position of the piston rod 132 coincides with the position
of the piston rod 132 at the start of the specific control.
[0100] The CPU 101 continues the first process de-
scribed above while performing the second process in
parallel with the first process. In the second process, the
CPU 101 obtains the latest internal oil pressure, i.e., the
latest first pressure and the latest second pressure. The
CPU 101 then calculates the latest load torque FU based
on the first and second pressures obtained. During the
first process, the CPU 101 repeatedly obtains the latest
internal oil pressure and calculate the latest load torque
FU based on the internal oil pressure obtained. The
memory 102 stores relationship information that repre-
sents the relationship between the internal oil pressure
and the load torque FU. In this relationship information,
the load torque FU is larger as the internal oil pressure is
larger. The CPU 101 calculates the load torque FU by
applying the internal oil pressure obtained in the second
process to this relationship information. For example, the
CPU 101 selects the larger of the obtained first and
second pressures as the subject oil pressure. The
CPU 101 then applies the subject oil pressure to the
relationship information to calculate the load torque
FU. When the load torque FU is acting on the swing
bracket 17, the load torque FU is the force to move the
piston rod 132. This results in a difference between the
first pressure and the second pressure. For example,
when the load torque FU acts to push the piston rod 132
deeper into the hydraulic cylinder 131, the second pres-
sure can be higher than the first pressure. The deeper
side of the hydraulic cylinder 131 is opposite to the side of
the hydraulic cylinder 131 from which the piston rod 132
protrudes. On the other hand, when the load torque FU
acts to pull the piston rod 132 back from the hydraulic
cylinder 131, the first pressure can be higher than the
second pressure. Based on this relationship, the CPU
101 can calculate the load torque FU from the subject oil
pressure. In the swing process Q3, the CPU 101 con-
tinues the first and second processes described above.
[0101] With the swing actuator 130 and swing process
Q3 described above, the CPU 101 controls, in the load
reduction control, the supply and discharge of the hy-
draulic oil to and from the first oil chamber 131A and the
second oil chamber 131B so that the subject oil pressure
is lower than at the point of time at which the load torque
FU reached the critical torque FK. For example, the CPU
101 controls the control valve 145 so that the hydraulic oil
in the subject oil chamber, which is the oil chamber in
which the subject oil pressure is to besensed, flows to the
tank 142. It can be said that the CPU 101 controls the
control valve 145 to allow the piston rod 132 to move in
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accordance with the load torque FU. Thus, in the second
process, the CPU 101 controls the supply and discharge
of the hydraulic oil to and from the first oil chamber 131A
and the second oil chamber 131B so that the piston rod
132 moves from the position of the piston rod 132 at the
time the load torque FU reached the critical torque FK.
When performing the load reduction control described
above, the CPU 101 cancels the swing process Q3.
[0102] The details of the load reduction routine are not
limited to the example in the above embodiment. For
example, in the load reduction routine, the CPU 101may
perform handling control in a step before performing the
load reduction control. The handling control is for redu-
cing the load torque FU in a step before performing the
load reduction control. When the handling control is in-
corporated into the load reduction routine, the CPU 101
first determines, in the load reduction routine, whether or
not the load torque FU has reached or exceeded a
handling torque. The handling torque is, for example,
70% of the latest critical torque FK. Thus, the handling
torque is set at a value smaller than the critical torque FK.
The handling torque may have any value indicating that
interim measures to reduce the load torque FU are ne-
cessary. The CPU 101 performs the handling control
when the load torque FU has reached or exceeded the
handling torque. Specifically, in the handling control, the
CPU 101 controls one or more of the three actuators in
the work unit 20 so that the specific region 25E of the
bucket 25 moves upward by a handling distance. The
CPU 101 increases the handling distance as the current
estimated facing distance 25M is shorter. The handling
distance is predetermined in association with the esti-
mated facing distance 25Mso as to fulfill the requirement
(A1) of the execution condition for the specific control.
The memory 102 stores, in advance, information repre-
senting the relationship between the estimated facing
distance 25M and the handling distance as the control
data 102B. The CPU 101 calculates the handling dis-
tance based on this information. For example, it is pos-
sible that the ground surface G on which the ground
leveling work is to be performed is locally raised. In the
handling control, the bucket 25 ismoved to the top side of
the rise of the ground surface G at such a location. The
CPU 101 performs the load reduction control when the
load torque FU is still large even after the handling con-
trol. Specifically, after performing the handling control,
the CPU 101 proceeds to step S101 described for the
above embodiment.
[0103] A camera may be used in determining whether
or not the requirements (A1) and (A2) of the execution
condition for the specific control are satisfied. Specifi-
cally, a camera is mounted on the excavator 10, and the
area around the bucket 25 is imaged by the camera.
Then, the captured images may be analyzed to deter-
mine whether the requirements (A1) and (A2) are satis-
fied.
[0104] The execution condition for the specific control
and the processes performed in the specific control are

not limited to the examples in the above embodiments.
For example, the requirements (A1) and (A2) may be
eliminated from the execution condition for the specific
control. In other words, the specific control may be per-
formed for purposes other than the ground leveling work.
Furthermore, the specific control may be performed for
purposesother than theworks inwhich theupper body14
is slewed. For example, the specific control may be
performed for purposes of excavation works performed
with the upper body 14maintaining its rotational position.
The specific control should include a process tomaintain
the swing rotational positionSW.Theexecution condition
for the specific control may be determined as appropriate
in accordance with the purposes for which the specific
control is to be performed.
[0105] Theway toset thecritical torqueFK isnot limited
to the example in the above embodiment. If the critical
torque FK can be determined so as to fulfill the require-
ments (B1), (B2), and (B3), not only in the example of the
calculation process Q4 in the above embodiment, then
the actuators of the work unit 20 can be prevented from
being subjected to moment loads exceeding the allow-
able values.
[0106] The critical torque FK may be a predetermined
fixedvalue.Dependingon theworks to beperformedwith
the excavator 10, themoment loads that would act on the
actuators of the work unit 20 can be known in advance
through experiments. In these cases, it is possible to set
the critical torque FK as a fixed value. Any appropriate
critical torque FK can be set so that the actuators of the
work unit 20 are not overloaded.
[0107] The first actuator 31 can be configured in any
othermanners than described in the above embodiment.
The first actuator 31may be configured in anymanner as
longas it includesanelectricmotor and canoutput torque
about an axis intersecting the swing axis. For example,
the first actuator 31 may be embodied without the first
speed reducer 33. Like the first actuator 31, the second
actuator 41maybeconfigured in anymanner as longas it
includes the electric motor and can output torque about
an axis intersecting the swing axis. The same applies to
the third actuator 51.
[0108] The first actuator 31 can be mounted in any
othermanners than described in the above embodiment.
The first actuator 31may be configured in anymanner as
long as it can rotate the first attachment relative to the
swing bracket 17. For example, the first actuator 31 may
beoriented reverselybetween thesecondswingwall 17B
of the swing bracket 17 and the first attachment. Speci-
fically, the housing 32A of the first electric motor 32 may
be mounted to the first attachment, and the output mem-
ber 33C of the first speed reducer 33 may be mounted to
the second swing wall 17B. Like the first actuator 31, the
secondactuator41canbemounted inanyothermanners
than described in the above embodiment. The second
actuator 41maybeconfigured in anymanner as longas it
can rotate the second attachment relative to the first
attachment. Similarly, the third actuator 51 can be
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mounted in any other manners than described in the
above embodiment. The third actuator 51 may be con-
figured in any manner as long as it can rotate the third
attachment relative to the second attachment.
[0109] The specific region 25E of the bucket 25 is not
limited to the example in the above embodiment. For
example, in a work in which the work unit 20 is slewed,
such as the ground leveling work, a region where the
lateral force FH tends to act on the bucket 25 may be
treated as a specific region 25E as appropriate. Similarly,
the specific wall 25F of the bucket 25 is not limited to the
example in the above embodiment. A wall to be used for
the ground leveling work and other worksmay be treated
as a specific wall 25F as appropriate.
[0110] The shape of the bucket 25 is not limited to the
example in the above embodiment. The bucket 25 may
be shaped in any manner as long as it has the opening
26A and it can hold dirt and other materials inside. For
example, the bottom wall of the bucket 25 may have a
polygonal shape other than a rectangle. It is possible that
the bucket 25 does not have a wall defined as a bottom
wall.
[0111] The third attachment is not limited to the bucket
25. Depending on the nature of the work, any suitable
device, mechanism, or toolmay be employed as the third
attachment. When a non-rotational component is em-
ployed as the third attachment, the third actuator 51 may
be eliminated, and the third attachment may be directly
coupled to the arm 23.
[0112] The third attachment may be eliminated. Simul-
taneously, the third actuator 51 may be eliminated. The
second attachment is not limited to the arm 23. If the
second attachment is a long member, it is effective in
enlarging the working range of the work unit 20.
[0113] The second attachment may be eliminated. Si-
multaneously, the secondactuator 41maybeeliminated.
The first attachment is not limited to the boom 21. If the
first attachment is a long member, it is effective in enlar-
ging the working range of the work unit 20.
[0114] Various position sensors such as the first posi-
tion sensor 38, second position sensor 48, third position
sensor 58, and swingposition sensor 68are not required.
If the specific control and the load reduction control can
be accomplished without these sensors, the various
sensors may be eliminated as appropriate. For example,
if thecritical torqueFK is set asafixedvalue,asdescribed
in the above modification example, it is not necessary to
provide the position sensors for the purpose of calculat-
ing thecritical torqueFK.Aswith theposition sensors, the
current sensor 82 and the inclination sensor 81 are not
required. For example, if the inclination of the vehicle
body 15 is not taken into account in calculating the
estimated facing distance 25M and the attitude index
25N, the inclination sensor 81 may be eliminated.
[0115] The swing bracket 17 may be configured in any
other manners than described in the above in relation
with the embodiment. For example, the shape of the
second swing wall 17B can be a polygon other than a

rectangle.Theswingbracket17maybeconfigured inany
manner as long as it is coupled to the vehicle body 15 so
as to be rotatable about an axis extending upwards and
downwards with respect to the vehicle body 15. Simulta-
neously, the swing bracket 17 may be configured in any
manner as long as it allows coupling of the first attach-
ment so as to be rotatable about an axis that intersects
the swing axis. Depending on the configuration of the
swing bracket 17 and the swing actuator 61, the swing
bracket 17 and the swing actuator 61 may be coupled to
each other in different manners. Thus, the coupling be-
tween theswingbracket 17and theswingactuator61can
be configured in any othermanners than described in the
above embodiment.
[0116] The swing bracket 17 may be coupled to the
vehicle body 15 in any other manners than described in
the above embodiment. For example, the shape of the
case front portion14Bmaybeother thana rectangle. The
case front portion 14B can be eliminated if the swing
bracket 17 can be coupled to the vehicle body 15 without
the use of a wall defined as the case front portion 14B.
[0117] The configuration of the upper body 14 is not
limited to the example in the above embodiment. For
example, the cabin may be eliminated from the upper
body14. Theupper body14mayhaveother shape thana
rectangular parallelepipedshape.Theupperbody14can
be configured in anymanner as long as it can provide the
required functions of, for example, housing the various
devices.
[0118] In conjunction with eliminating the cabin from
the upper body 14 as in the abovemodification example,
theoperatingdevice90maybeeliminated from theupper
body 14. Simultaneously, the operation signal 90S may
be configured to be transmitted via wireless communica-
tion fromadevice external to the vehicle body 15. In other
words, the source device of the operation signal 90S is
not limited to those provided on the vehicle body 15.
[0119] The components of the drive system are not
limited to the example in the above embodiment. The
components of the drive system can be changed in
accordance with the various modifications described in
the abovemodification examples. The drive systemmay
be configured in anymanner as long as it includes a slew
actuator 71, a swing actuator 61, the electric actuators for
driving the attachments, and the control device 100.
[0120] It is not required that the upper body 14 be
rotatable relative to the lower body 13. In other words,
the slewing bearing 18 and the slew actuator 71 may be
eliminated. A specific control to maintain the swing rota-
tional position SW constant may be performed in an
excavator 10 in which the upper body 14 is not rotatable
relative to the lower body 13. If the load torque FU
increases during this specific control, the load reduction
control may be performed to reduce the load torque FU.
[0121] The overall configuration of the vehicle body 15
and thus the excavator 10 is not limited to the example of
the above embodiments. For example, the vehicle body
15 may have a different overall shape than in the above
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illustrative embodiments, in accordancewith the different
shape of the upper body 14 described in the above
modification example. The excavator 10 as a whole
may have any configuration to accomplish the required
work, for example, the ground leveling or excavation
work.
[0122] Theworkmachine is not limited to theexcavator
10. The work machine may be a construction machine
other than the excavator 10. Furthermore, the work ma-
chine is not limited to a construction machine. Examples
of work machines other than construction machines in-
clude machines used in forestry, quarrying, industrial
waste disposal, and agriculture.
[0123] The processing circuit of the control device 100
should have any one of the following configurations (a) to
(c). (a) The processing circuit has one or more proces-
sors that perform various processes according to a com-
puter program. The processors include a CPU 101 and a
memory 102 such as a RAMor a ROM. Thememory 102
stores programcodes or instructions configured to cause
the CPU 101 to perform processes. The memory 102, or
a computer-readable medium, encompasses any kind of
available media accessible by a general-purpose or
dedicated computer.
[0124] (b) The processing circuit includes one or more
dedicated hardware circuits that perform various pro-
cesses. The dedicated hardware circuits can be, for
example, application-specific integrated circuits, i.e.,
ASICs or FPGAs.
[0125] (c) The processing circuit includes a processor
that performspart of thevariousprocessesaccording toa
computer program and a dedicated hardware circuit that
performs the rest of the various processes.
[0126] The foregoingembodiment describesaplurality
of physically separate constituent parts. They may be
combined into a single part, and any one of themmay be
divided into a plurality of physically separate constituent
parts. Irrespective of whether or not the constituent parts
are integrated, they are acceptable as long as they are
configured to solve the problems.
[0127] According to the foregoing embodiments, a
plurality of functions are distributively provided. Some
or all of the functions may be integrated. Any one of the
functions may be partly or entirely segmented into a
plurality of functions, which are distributively provided.
Irrespective of whether the functions are integrated or
distributed, they are acceptable as long as they are
configured to attain the object of the invention.

Claims

1. A drive system for a work machine, the drive system
comprising:

a slew actuator configured to rotate an upper
body relative to a lower body about a rotation
axis;

a swing actuator configured to rotate a swing
bracket relative to the upper body about a swing
axis parallel to the rotation axis;
an electric actuatormounted to the swing brack-
et, the electric actuator being configured to drive
an attachment by outputting a torque about an
axis intersecting the swing axis; and
a control device configured to perform specific
control in which the swing actuator is controlled
soas tomaintainaconstant rotational positionof
the swing bracket relative to the upper body,
wherein when a load torque, which is a torque
about the swing axis acting on the swing bracket
during the specific control, has reached or ex-
ceeded a critical torque, the control device per-
forms load reductioncontrol inwhichat least one
of the slew actuator or the swing actuator is
controlled so as to reduce the load torque.

2. The drive system for a work machine according to
claim 1, further comprising a swing position sensor
configured to sense a swing rotational position, the
swing rotational positionbeinga rotational positionof
the swing bracket,

wherein the swing actuator hasanelectricmotor
serving as a drive source,
wherein in the specific control, the control device
repeats:

a first process to obtain the swing rotational
position;
a second process to perform feedback con-
trol of the electric motor so as to eliminate a
gap between the swing rotational position
obtainedand the swing rotational positionat
start of the specific control, and to obtain a
current value of power supplied to the elec-
tric motor during the feedback control; and
a third process to calculate the load torque
based on the current value obtained in the
second process, and
wherein when the load torque calculated in
the third process has reached or exceeded
the critical torque, the control device ends
the second process, and in the load reduc-
tion control, the control device controls the
power supplied to the electric motor so that
the current value of the power supplied to
the electric motor is closer to zero than at
point of time at which the load torque
reached the critical torque.

3. The drive system for a work machine according to
claim 1,
wherein the swing actuator includes:

a hydraulic cylinder to and from which hydraulic
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oil is supplied and discharged; and
a piston rod protruding from inside to outside of
the hydraulic cylinder and mounted to the swing
bracket, the piston rod having different protrud-
ing lengths from the hydraulic cylinder in re-
sponse to supply and discharge of the hydraulic
oil to and from the hydraulic cylinder,
wherein the drive system further comprises:

a hydraulic circuit configured to adjust sup-
ply and discharge of the hydraulic oil to and
from the hydraulic cylinder; and
an oil pressure sensor configured to sense
an internal oil pressure of the hydraulic cy-
linder, and
wherein in the specific control, the control
device performs:

a first process to control supply and
discharge of the hydraulic oil to and
from the hydraulic cylinder so as to
maintain a position of the piston rod
at start of the specific control; and
a second process to repeat, during the
first process, obtaining the internal oil
pressure and calculating the load tor-
que based on the internal oil pressure
obtained,
wherein when the load torque calcu-
lated has reached or exceeded the cri-
tical torque, the control device ends the
first process, and in the load reduction
control, the control device controls sup-
ply and discharge of the hydraulic oil
such that the piston rod moves from a
position of the piston rod at point of time
at which the load torque reached the
critical torque.

4. The drive system for a work machine according to
claim 1,
wherein supposing that the electric actuator is a first
electric actuator, and the attachment is a first attach-
ment, the drive system further comprises:

a second electric actuator mounted to the first
attachment, the second electric actuator being
configured to drive a second attachment by out-
putting a torque about a second axis parallel to a
first axis, the first axis being an axis of the first
electric actuator; and
a third electric actuator mounted to the second
attachment, the thirdelectric actuator beingcon-
figured to drive a third attachment by outputting
a torque about a third axis parallel to the first
axis,
wherein the control device stores in advance a
first allowable moment load, which is a maxi-

mum moment load allowed for the first electric
actuator, a second allowable moment load,
which is a maximum moment load allowed for
the second electric actuator, and a third allow-
ablemoment load, which is amaximummoment
load allowed for the third electric actuator, and
wherein during the specific control, the control
device performs a calculation process to calcu-
late the critical torque so that a moment load
acting on the first electric actuator is less than or
equal to the first allowable moment load, a mo-
ment load acting on the second electric actuator
is less than or equal to the second allowable
moment load, and a moment load acting on the
third electric actuator is less than or equal to the
third allowable moment load.

5. The drive system for a work machine according to
claim 4, further comprising:

a first position sensor configured to sense a first
rotational position, the first rotational position
beinga rotational positionof thefirst attachment;
a second position sensor configured to sense a
second rotational position, the second rotational
position being a rotational position of the second
attachment; and
a third position sensor configured to sense a
third rotational position, the third rotational posi-
tionbeinga rotational position of the third attach-
ment,
wherein the control device stores in advance:

first relationship information expressing a
relationship between the second and third
rotational positions and a first distance, the
first distance being a distance from a spe-
cific region of the third attachment to the first
axis in a specific plan view toward a direc-
tion along the first axis;
second relationship information expressing
a relationship between the third rotational
position and a second distance, the second
distance being a distance from the specific
region of the third attachment to the second
axis in the specific plan view;
a third distance from the specific region of
the third attachment to the third axis in the
specific plan view; and
fourth relationship information expressing a
relationship between the first, second, and
third rotational positions and a fourth dis-
tance, the fourth distance being a distance
from the specific region of the third attach-
ment to the swing axis with respect to a
direction along an axis orthogonal to both
the swing axis and the first axis, and
wherein in the calculation process, the con-
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trol device performs:

a first calculation process to obtain the
first rotational position, the second ro-
tational position, and the third rotational
position;
a second calculation process to calcu-
late the first distance by applying the
second and third rotational positions
obtained to the first relationship infor-
mation, and to calculate a first allow-
able lateral force by dividing the first
allowable moment load by the first dis-
tance calculated;
a third calculation process to calculate
the second distance by applying the
third rotational position obtained to
the second relationship information,
and to calculate a second allowable
lateral force by dividing the second al-
lowable moment load by the second
distance calculated;
a fourth calculationprocess tocalculate
a third allowable lateral force by divid-
ing the third allowable moment load by
the third distance;
a fifth calculation process to calculate
the fourth distance by applying the first,
second, and third rotational positions
obtained to the fourth relationship in-
formation; and
a sixth calculation process to calculate
the critical torque at a value less than or
equal to a product of smallest of the
first, second, and third allowable lateral
forces calculated and the fourth dis-
tance.

6. The drive system for a work machine according to
claim 1, wherein in the specific control, the control
device controls the slew actuator so that the upper
body rotates relative to the lower body.

7. The drive system for a work machine according to
claim 6, wherein in the load reduction control, the
control device controls the slew actuator so that a
rotational speed of the upper body is lower than at
point of time at which the load torque reached the
critical torque.

8. The drive system for a work machine according to
claim 6,
wherein supposing that the electric actuator is a first
electric actuator, and the attachment is a first attach-
ment, the drive system further comprises:

a second electric actuator mounted to the first
attachment, the second electric actuator being

configured to drive a second attachment by out-
putting a torque about a second axis parallel to a
first axis, the first axis being an axis of the first
electric actuator;
a third electric actuator mounted to the second
attachment, the thirdelectric actuator beingcon-
figured to drive a third attachment by outputting
a torque about a third axis parallel to the first
axis;
a first position sensor configured to sense a first
rotational position, the first rotational position
beinga rotational positionof thefirst attachment;
a second position sensor configured to sense a
second rotational position, the second rotational
position being a rotational position of the second
attachment; and
a third position sensor configured to sense a
third rotational position, the third rotational posi-
tionbeinga rotational position of the third attach-
ment,
wherein the control device:

stores, in advance, facing distance informa-
tion that expresses a relationship between
the first, second, and third rotational posi-
tions and an estimated facing distance, the
estimated facing distance being an esti-
mated shortest distance from a specific re-
gion of the third attachment to a ground
surface;
performs pre-processing to obtain the first,
second, and third rotational positions and
calculate the estimated facing distance by
applying the first, second, and third rota-
tional positions obtained to the facing dis-
tance information; and
performs the specific control on a condition
that the estimated facing distance is less
than or equal to a proximity distance pre-
determined.

9. The drive system for a work machine according to
claim 8, wherein when the load torque has reached
or exceeded a handling torque set at a value smaller
than the critical torque during the specific control, the
control device performs handling control in which
one or more of the first, second, and third electric
actuators are controlled so that the specific region is
moved upward of a position of the specific region at
point of time at which the load torque reached the
handling torque.

10. A control device for a work machine, the control
device being applied to a work machine including:

an upper body rotatable about a rotation axis
relative to a lower body;
a slew actuator configured to rotate the upper
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body relative to the lower body;
a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rota-
tion axis relative to the upper body;
a swing actuator configured to rotate the swing
bracket relative to the upper body;
an electric actuatormounted to the swing brack-
et, the electric actuator being configured to out-
put a torque about an axis intersecting the swing
axis; and
an attachment mounted to the electric actuator
and driven by the electric actuator,
the control device being configured to:

perform specific control in which the swing
actuator is controlled so as to maintain a
constant rotational position of the swing
bracket relative to the upper body; and
when a load torque, which is a torque about
the swing axis acting on the swing bracket
during the specific control, has reached or
exceeded a critical torque, perform load
reduction control in which at least one of
the slew actuator or the swing actuator is
controlled so as to reduce the load torque.

11. A control method for a work machine, the work
machine including:

an upper body rotatable about a rotation axis
relative to a lower body;
a slew actuator configured to rotate the upper
body relative to the lower body;
a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rota-
tion axis relative to the upper body;
a swing actuator configured to rotate the swing
bracket relative to the upper body;
an electric actuatormounted to the swing brack-
et, the electric actuator being configured to out-
put a torque about an axis intersecting the swing
axis; and
an attachment mounted to the electric actuator
and driven by the electric actuator,
a control device applied to the work machine
being configured to:

perform specific control in which the swing
actuator is controlled so as to maintain a
constant rotational position of the swing
bracket relative to the upper body; and
when a load torque, which is a torque about
the swing axis acting on the swing bracket
during the specific control, has reached or
exceeded a critical torque, perform load
reduction control in which at least one of
the slew actuator or the swing actuator is
controlled so as to reduce the load torque.

12. A control program for a work machine, the work
machine including:

an upper body rotatable about a rotation axis
relative to a lower body;
a slew actuator configured to rotate the upper
body relative to the lower body;
a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rota-
tion axis relative to the upper body;
a swing actuator configured to rotate the swing
bracket relative to the upper body;
an electric actuatormounted to the swing brack-
et, the electric actuator being configured to out-
put a torque about an axis intersecting the swing
axis; and
an attachment mounted to the electric actuator
and driven by the electric actuator,
the control program causing a control device
applied to the work machine to:

perform specific control in which the swing
actuator is controlled so as to maintain a
constant rotational position of the swing
bracket relative to the upper body; and
when a load torque, which is a torque about
the swing axis acting on the swing bracket
during the specific control, has reached or
exceeded a critical torque, perform load
reduction control in which at least one of
the slew actuator or the swing actuator is
controlled so as to reduce the load torque.

13. A work machine comprising:

an upper body rotatable about a rotation axis
relative to a lower body;
a slew actuator configured to rotate the upper
body relative to the lower body;
a swing bracket coupled to the upper body and
rotatable about a swing axis parallel to the rota-
tion axis relative to the upper body;
a swing actuator configured to rotate the swing
bracket relative to the upper body;
an electric actuatormounted to the swing brack-
et, the electric actuator being configured to out-
put a torque about an axis intersecting the swing
axis;
an attachment mounted to the electric actuator
and driven by the electric actuator; and
a control device configured to perform specific
control in which the swing actuator is controlled
soas tomaintainaconstant rotational positionof
the swing bracket relative to the upper body,
wherein when a load torque, which is a torque
about the swing axis acting on the swing bracket
during the specific control, has reached or ex-
ceeded a critical torque, the control device per-
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forms load reductioncontrol inwhichat least one
of the slew actuator or the swing actuator is
controlled so as to reduce the load torque.
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