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(57)  One object is to restrict a circumferential speed
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the first output shaft; and a second process to control the
first electric actuator such that the rotational frequency of
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limit rotational frequency, and the first process is per-
formed such that the upper-limit rotational frequency is
lower as a distance from the first output shaft to a distal
end of the attachment is longer.
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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. 2025-061851 (filed on April 3, 2025), the contents
of which are hereby incorporated by reference in their
entirety.

TECHNICAL FIELD

[0002] The presentdisclosure relates to a drive system
forawork machine, a control device forawork machine, a
control method for a work machine, and a control pro-
gram for 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 armis 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] Intechnologies such asthe one disclosed inthe
’395 Publication, electric actuators that output torque
may be located at joints, for example, at the coupling
point between the vehicle body and the boom. These
electric actuators may rotate movable members such as
the boom, arm, and bucket. When this type of structure is
used, the movable range of each movable member is
wider. Along with this, the distance from the output shaft
of the electric actuator that rotates the boom to the distal
end of the bucket may be considerably longer. When the
boom is rotated in this condition, the long distance de-
scribed above can result in a considerably high circum-
ferential speed atthe distal end of the bucket. In this case,
when the distal end of the bucket collides with an ex-
cavation object or an obstacle, the impact on the attach-
ment is large.

SUMMARY

[0005] The above drawback can be overcome with a
drive system for a work machine, the work machine
including an attachment having a first movable member
and a second movable member, the second movable
member being rotatably coupled to the first movable
member, the drive system comprising: a drive unit having
afirst electric actuator and a second electric actuator, the
first electric actuator having a first output shaft for rotating
the first movable member, the second electric actuator
having a second output shaft for rotating the second
movable member; and a control device for controlling
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the drive unit, wherein the control device performs: a first
process to calculate a limit value for a rotational speed of
the first output shaft based on a relative position of the
second movable member relative to the first movable
member; and a second process to control the first electric
actuator such that the rotational speed of the first output
shaftis lower than or equal to the limit value, and wherein
the first process is performed such that the limit value is
lower when a distance is a first value than when the
distance is a second value smaller than the first value,
the distance being from the first output shaft to a distal
end of the attachment opposite to a coupling point with
the first output shaft.

[0006] According to the above configuration, when the
distance between the first output shaft and the distal end
of the attachment is long, the limit value for the rotational
speed of the first output shaft is low. This makes it
possible to restrict the circumferential speed of the distal
end of the attachment even when the above distance is
long.

[0007] Inthedrive system for a work machine, suppos-
ing that an upper-limit circumferential speed is defined as
an upper limit of a circumferential speed for the distal end
ofthe attachment, the control device may perform the first
process such that the limit value is calculated at a value
corresponding to a divided value, the divided value being
obtained by dividing, by the distance, the upper-limit
circumferential speed predetermined.

[0008] In the drive system for a work machine, the
attachment may have a third movable member rotatably
coupled to the second movable member, the drive unit
may have a third electric actuator having a third output
shaft forrotating the third movable member, the distal end
ofthe attachment may be a distal end of the third movable
member opposite to a coupling point with the third output
shaft, and the control device may perform the first pro-
cess such that the limit value is calculated based on the
relative position of the second movable member relative
to the first movable member and a relative position of the
third movable member relative to the second movable
member.

[0009] Inthe drive system for a work machine, suppos-
ing that the limit value is a first limit value, the control
device may perform: the first process to calculate the first
limit value, a second limit value as a limit value for a
rotational speed of the second output shaft, and a third
limitvalue as a limit value for a rotational speed of the third
output shaft, based on the relative position of the second
movable member relative to the first movable member
and the relative position of the third movable member
relative to the second movable member; and the second
process to control the first electric actuator such that the
rotational speed of the first output shaft is lower than or
equal to the first limit value, control the second electric
actuator such that the rotational speed of the second
output shaft is lower than or equal to the second limit
value, and control the third electric actuator such that the
rotational speed of the third output shaft is lower than or
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equal to the third limit value, and the first process may be
performed such that the first limit value, the second limit
value, and the third limit value are lower when the dis-
tance is the first value than when the distance is the
second value, the distance being from the first output
shaft to the distal end of the attachment.

[0010] Inthe drive system for a work machine, the work
machine may be a construction machine, the first mo-
vable member may be a boom, the second movable
member may be an arm, and the third movable member
may be a bucket.

[0011] The above drawback can be overcome with a
control device for a work machine, the work machine
including: an attachment having a first movable member
and a second movable member, the second movable
member being rotatably coupled to the first movable
member; and a drive unit having a first electric actuator
and a second electric actuator, the first electric actuator
having a first output shaft for rotating the first movable
member, the second electric actuator having a second
output shaft for rotating the second movable member,
wherein the control device performs: a first process to
calculate a limit value for a rotational speed of the first
output shaft based on a relative position of the second
movable member relative to the first movable member;
and a second process to control the first electric actuator
such that the rotational speed of the first output shaft is
lower than or equal to the limit value, and wherein the first
process is performed such that the limit value is lower
when adistanceis afirst value than when the distanceisa
second value smaller than the first value, the distance
being from the first output shaft to a distal end of the
attachment opposite to a coupling point with the first
output shaft.

[0012] According to the above configuration, when the
distance between the first output shaft and the distal end
of the attachment is long, the limit value for the rotational
speed of the first output shaft is low. This makes it
possible to restrict the circumferential speed of the distal
end of the attachment even when the above distance is
long.

[0013] The above drawback can be overcome with a
control method for a work machine, the work machine
including: an attachment having a first movable member
and a second movable member, the second movable
member being rotatably coupled to the first movable
member; and a drive unit having a first electric actuator
and a second electric actuator, the first electric actuator
having a first output shaft for rotating the first movable
member, the second electric actuator having a second
output shaft for rotating the second movable member,
wherein a control device applied to the work machine
performs: a first process to calculate a limit value for a
rotational speed of the first output shaft based on a
relative position of the second movable member relative
to the first movable member; and a second process to
control the first electric actuator such that the rotational
speed of the first output shaft is lower than or equal to the
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limit value, and wherein the first process is performed
such that the limit value is lower when a distance is a first
value than when the distance is a second value smaller
than thefirstvalue, the distance being from the first output
shaft to a distal end of the attachment opposite to a
coupling point with the first output shaft.

[0014] According to the above method, when the dis-
tance between the first output shaft and the distal end of
the attachment is long, the limit value for the rotational
speed of the first output shaft is low. This makes it
possible to restrict the circumferential speed of the distal
end of the attachment even when the above distance is
long.

[0015] The above drawback can be overcome with a
control program for a work machine, the work machine
including: an attachment having a first movable member
and a second movable member, the second movable
member being rotatably coupled to the first movable
member; and a drive unit having a first electric actuator
and a second electric actuator, the first electric actuator
having a first output shaft for rotating the first movable
member, the second electric actuator having a second
output shaft for rotating the second movable member,
wherein the control program causes a control device
applied to the work machine to perform: a first process
to calculate a limit value for a rotational speed of the first
output shaft based on a relative position of the second
movable member relative to the first movable member;
and a second process to control the first electric actuator
such that the rotational speed of the first output shaft is
lower than or equal to the limit value, and wherein the first
process is performed such that the limit value is lower
when adistance is afirst value than when the distance is a
second value smaller than the first value, the distance
being from the first output shaft to a distal end of the
attachment opposite to a coupling point with the first
output shaft.

[0016] According to the above program, when the dis-
tance between the first output shaft and the distal end of
the attachment is long, the control device is caused to
make the limit value for the rotational speed of the first
output shaft low. This makes it possible to restrict the
circumferential speed of the distal end of the attachment
even when the above distance is long.

ADVANTAGEOUS EFFECTS

[0017] In the technical idea described above, the cir-
cumferential speed of a distal end of an attachment can
be restricted.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is a side view schematically showing an ex-
cavator relating to a first embodiment.
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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 is a flowchart showing the steps of driving
control relating to the first embodiment.

Fig. 5 is a flowchart showing the steps of driving
control relating to a second embodiment.

Fig. 6 is a side view for explaining a circumferential
speed of the distal end of a bucket.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

<First Embodiment>

[0019] A construction machine is hereinafter used as
an example for describing a first embodiment of a drive
system for a work machine, a control device for a work
machine, a control method for a work machine, and a
control program for 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>

[0020] As shown in Figs. 1 and 2, an excavator 10,
serving as a work machine and a 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 body 13. In
this embodiment, when viewed from the lower body 13,
the upper body 14 is located in the upper direction, and
the opposite direction is the lower direction. A specific
one of the directions orthogonal to the upper direction is
the front direction, and the opposite direction is the rear
direction. Furthermore, 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
frontand rear directions may be collectively referred to as
X direction. The left and right directions may be collec-
tively referred to as Y direction. The upper and lower
directions may be collectively referred to as Z direction.
[0021] As shown in Fig. 1, the lower body 13 and the
upper body 14 constitute a vehicle body 15. The lower
body 13 is shaped like a rectangular parallelepiped, for
example. The upper body 14 includes a case main por-
tion 14A and a case front portion 14B. The case main
portion 14A is shaped like a rectangular parallelepiped,
for example. The interior of the case main portion 14A
constitutes a hollow housing space. The housing space
houses various devices 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
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positioned substantially in the middle of the case main
portion 14A in the Y direction. The case front portion 14B
is fixed to the front surface of the case main portion 14A.
The case front portion 14B is shaped like a rectangular
parallelepiped, for example, smaller than the case main
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 upper body
14 may be herein referred to as a slewable upper struc-
ture.

[0022] As shown in Figs. 1 and 2, 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, the width 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, or the
Z direction, of the vehicle body 15. 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
18Bis thus rotatable about the slewing axis 10J 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.

[0023] Asshownin Fig. 2, the excavator 10 includes a
slewing actuator 71. The slewing actuator 71 includes an
electric motor and a speed reducer. The speed reducer
multiplies the torque of the electric motor and outputs the
resulting torque. The slewing actuator 71 is housed in the
case main portion 14A of the upper body 14. The slewing
actuator 71 outputs torque to rotate the upper body 14
relative to the lower body 13.

[0024] As shown in Figs. 1 and 2, the excavator 10
includes a pair of traveling units 12. The pair of traveling
units 12 are provided at the left and right sides of the lower
body 13. The pair of traveling units 12 are connected to
the lower body 13. The pair of traveling units 12 each
include a traveling crawler and an operating mechanism
that circles the crawler. 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. As the crawler circles, the exca-
vator 10 travels. The traveling units 12 and the lower body
13 may be collectively referred to as an undercarriage.
[0025] As shown in Figs. 1 and 2, the excavator 10
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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
swing wall 17A is located on the upper surface the case
frontportion 14B in the upper body 14. The first swing wall
17A is shaped like a circular plate, for example. The
second swing wall 17B protrudes upward from the upper
surface of the first swing wall 17A. The second swing wall
17B is shaped like a rectangular plate, for example.
[0026] Asshownin Fig. 1, the excavator 10 includes a
swing actuator 61. The swing actuator 61 is housed in the
case front portion 14B of the upper body 14. The swing
actuator 61 includes an electric motor and a speed re-
ducer. The speed reducer multiplies the torque of the
electric motor and outputs the resulting torque. The swing
actuator 61 outputs torque about a fourth axis 61J that
extends in the top-to-bottom direction of the vehicle body
15. The fourth axis 61J is substantially parallel to the
slewing axis 10J. The output shaft of the swing actuator
61 is connected to the first swing wall 17A. The swing
actuator 61 rotates the swing bracket 17 relative to the
case front portion 14B.

<Attachment>

[0027] As shown in Figs. 1 and 2, the drive system of
the excavator 10 includes an attachment 20. The attach-
ment 20 includes aboom 21, an arm 23, and a bucket 25.
[0028] As shown in Figs. 1 and 2, the boom 21 is
positioned frontward of the case main portion 14A of
the upper body 14. The boom 21 is shaped like an
elongated plate or column. For example, the boom 21
is bent ata midpointin its longitudinal direction. As shown
in Fig. 2, the first end portion 21A of the boom 21 in its
longitudinal direction is aligned with the second swing
wall 17B of the swing bracket 17 in the direction along a
firstaxis 31J. The first axis 31J is animaginary axis that is
substantially orthogonal to the fourth axis 61J. The first
end portion 21A of the boom 21 is rotatably coupled to the
second swing wall 17B. The boom 21 corresponds to a
first movable member.

[0029] As shown in Figs. 1 and 2, the arm 23 extends
from a second end portion 21B of the boom 21 opposite to
the first end portion 21A. The arm 23 is shaped like an
elongated plate or column. As shown in Fig. 2, a firstend
portion 23A of the arm 23 in its longitudinal direction is
aligned with the second end portion 21B of the boom 21 in
the direction along a second axis 41J. The second axis
41Jis animaginary axis thatis substantially parallel to the
first axis 31J. The first end portion 23A of the arm 23 is
rotatably coupled to the second end portion 21B of the
boom 21. The arm 23 corresponds to a second movable
member.

[0030] As shown in Figs. 1 and 2, the bucket 25 is
positioned near a second end portion 23B of the arm 23
opposite to the first end portion 23A. The bucket 25
includes a bucket body 26. a plurality of teeth 27, and
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a bucket coupling wall 28. The bucket body 26 is shaped
like a box. As shown in Fig. 2, the bucket body 26 has an
opening 26A. The teeth 27 protrude from one of the
rectangular opening edges of the bucket body 26. The
bucket coupling wall 28 protrudes from a portion of the
outer wall of the bucket body 26, located opposite the
teeth 27 across the opening 26A. As shown in Fig. 2, 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 sub-
stantially parallel to both the first axis 31J and the second
axis 41J. The bucket coupling wall 28 is rotatably coupled
to the second end portion 23B of the arm 23. The bucket
25 corresponds to a third movable member.

<Drive Unit>

[0031] As shown in Fig. 3, the drive system of the
excavator 10 includes a drive unit 30. The drive unit 30
has aboom actuator 31, an arm actuator41, and a bucket
actuator 51. The excavator 10 also includes a first in-
verter 35, a second inverter 45, a third inverter 55, and a
battery 19. 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. The boom actuator 31 corre-
sponds to a first electric actuator. The arm actuator 41
corresponds to a second electric actuator. The bucket
actuator 51 corresponds to a third electric actuator.
[0032] As shown in Fig. 2, the boom actuator 31 is
located between the second swing wall 17B of the swing
bracket 17 and the first end portion 21A of the boom 21.
As shown in Fig. 3, the boom actuator 31 includes a first
electric motor 32 and a first speed reducer 33. The first
electric motor 32 is a three-phase AC motor. The first
electric motor 32 is electrically connected to the battery
19 via the first inverter 35. The first electric motor 32
includes a housing 32A and a first drive shaft 32B. The
housing 32A is mounted to the second swing wall 17B of
the swing bracket 17. The first drive shaft 32B protrudes
from the inside to the outside of the housing 32A. The first
drive shaft 32B is shaped like a circular column. The first
drive shaft 32B can rotate about its own central axis, the
first axis 31J, relative to the housing 32A. In other words,
the first drive shaft 32B outputs torque centered on the
first axis 31J. The first drive shaft 32B is rotatable in both
forward and reverse directions about the first axis 31J. As
shownin 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.

[0033] As shown in Fig. 3, the first speed reducer 33
includes a housing 33A, a reduction mechanism 33B,
and an outputmember 33C. The housing 33A is mounted
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 the torque
from the first drive shaft 32B of the first electric motor 32.
The reduction mechanism 33B multiplies the torque out-
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put from the first drive shaft 32B with a predetermined
ratio and outputs the resulting torque to the output mem-
ber 33C. The reduction mechanism 33B may be of, for
example, 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 accordance with the rotation of the first drive shaft
32B. The output member 33C is mounted to the first end
portion 21A of the boom 21. Thus, the output member
33C inputs torque centered on the first axis 31J into the
boom 21. When acted upon by this torque, the boom 21
rotates around the first axis 31J. Through this series of
torque transmission, the first drive shaft 32B rotates the
boom 21 via the reduction mechanism 33B and the output
member 33C. The first drive shaft 32B corresponds to a
first output shaft.

[0034] As shown in Fig. 2, the arm actuator 41 is
located between the second end portion 21B of the boom
21 and the first end portion 23A of the arm 23. The
configuration of the arm actuator 41 is basically the same
as that of the boom actuator 31, except for details such as
dimensions, reduction ratio, and output. Therefore, the
configuration of the arm actuator 41 is briefly described
below.

[0035] Asshownin Fig. 3, the arm actuator41 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. The second drive
shaft 42B of the second electric motor 42 outputs torque
centered on its own central axis, 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
firstend portion 23A of the arm 23. As shown in Fig. 3, the
torque output by the second drive shaft 42B is input to the
arm 23 via the reduction mechanism 43B and the output
member 43C of the second speed reducer 43. The arm
23 rotates about the second axis 41J together with the
output member 43C. Thus, the second drive shaft 42B
rotates the arm 23 via the reduction mechanism 43B and
the output member 43C. The second drive shaft 42B
corresponds to a second output shaft. The housing
43A of the second speed reducer 43 is mounted to the
housing 42A of the second electric motor 42.

[0036] As shown in Fig. 2, the bucket 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 bucket actuator 51 is basically the
same as that of the boom actuator 31, except for details
such as dimensions, reduction ratio, and output. There-
fore, the configuration of the bucket actuator 51 is briefly
described below.
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[0037] As shown in Fig. 3, the bucket actuator 51
includes a third electric motor 52 and a 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 arm 23. The third
drive shaft 52B of the third electric motor 52 outputs
torque centered on its own central axis, the third axis
51J. Asshownin Fig. 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 the bucket coupling
wall 28. As shown in Fig. 3, the torque output by the third
drive shaft 52B is input to the bucket coupling wall 28 via
the reduction mechanism 53B and the output member
53C of the third speed reducer 53. The bucket coupling
wall 28 rotates about the third axis 51J together with the
output member 53C. Thus, the third drive shaft 52B
rotates the bucket 25 via the reduction mechanism
53B and the output member 53C. The third drive shaft
52B corresponds to a third output shaft. The housing 53A
of the third speed reducer 53 is mounted to the housing
52A of the third electric motor 52.

<Sensors>

[0038] As shown in Fig. 3, the drive system of the
excavator 10 includes a first angle sensor 38, a second
angle sensor 48, and a third angle sensor 58. The first
angle sensor 38 senses the angular position 38S of the
first drive shaft 32B of the first electric motor 32. The
second angle sensor 48 senses the angular position 48S
of the second drive shaft 42B of the second electric motor
42. The third angle sensor 58 senses the angular position
58S of the third drive shaft 52B of the third electric motor
52. The angular position sensed by each of the angle
sensors 38, 48, 58 is indicated in the range of "0 to 360
degrees"relative to the predetermined reference position
at "0 degrees". In other words, each angular position
represents the absolute angle of the respective drive
shafts of the electric motors 32, 42, 52. Each of the angle
sensors 38, 48, 58 transmits a signal to a control device
100 described below according to the information it has
sensed.

[0039] Although not shown in the drawings, the drive
system of the excavator 10 includes various other sen-
sors necessary for operating the excavator 10 in addition
to the above sensors. For example, the drive system of
the excavator 10 includes sensors for sensing the electric
current flowing in the electric motors 32, 42, 52 and the
temperature of the battery 19. In addition, the drive
system of the excavator 10 includes various operating
devices 90 operated by the operator. In the drawings, the
various operating devices 90 are represented as a single
unit. The various operating devices 90 are located in the
cabin. The various operating devices 90 transmit signals
90S in accordance with the operator’s operations to the
control device 100 described below.
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<Control Device>

[0040] As shown in Fig. 3, the drive system of the
excavator 10 includes the control device 100. The control
device 100 is a computer with a processing circuit. The
processing circuit includes a CPU 101 and a memory
102. The memory 102 includes three types of storage
media: RAM, ROM, and electrically rewritable nonvolatile
memory. In this embodiment, these three types of storage
media are collectively 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
data 102B necessary for the CPU 101 to execute the
control programs 102A. The processing circuitincludes a
communication circuit for wireless communication with
an external device.

[0041] The CPU 101 can receive the angular position
38S transmitted from the first angle sensor 38. The CPU
101 can receive the angular position 48S transmitted
from the second angle sensor 48. The CPU 101 can
receive the angular position 58S transmitted from the
third angle sensor 58. The CPU 101 can receive the
signals 90S transmitted from the operating devices 90.

[0042] The CPU 101 converts the angular position 38S
received from the first angle sensor 38 from the actual
angle of the first electric motor 32 to a first angular
position 218 relating to the boom 21. The first angular
position 21S is the angular position of the boom 21
relative to afirst position predetermined. The first position
and the first angular position 21S are defined in a parti-
cular plan view of the excavator 10 in the direction along
the first axis 31J. An example of the first position is an
angular position at which both the first end portion 21A
and the second end portion 21B of the boom 21 are
positioned in animaginary straightline orthogonal to both
thefirstaxis 31J and the fourth axis 61J. In this example of
the first position, the second end portion 21B of the boom
21 is positioned opposite the vehicle body 15 across the
first axis 31J. The first angular position 21S indicates the
position of the boom 21 relative to the swing bracket 17 or
the vehicle body 15. The first angle sensor 38, which
senses the actual angle of the first electric motor 32,
effectively senses the first angle position 21S.

[0043] The CPU 101 converts the angular position 48S
received from the second angle sensor 48 from the actual
angle of the second electric motor 42 to a second angular
position 23S relating to the arm 23. The second angular
position 23S is the angular position of the arm 23 relative
to a second position predetermined. The second position
and the second angular position 23S are defined in the
particular plan view mentioned above. An example of the
second position is an angular position at which both the
first end portion 23A and the second end portion 23B of
the arm 23 are positioned in an imaginary straight line
passing through the first axis 31J and the second axis
41J. In this example of the second position, the second
end portion 23B of the arm 23 is positioned opposite the
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first axis 31J across the second axis 41J. The second
angular position 23S indicates the position of the arm 23
relative to the boom 21. The second angle sensor 48,
which senses the actual angle of the second electric
motor 42, effectively senses the second angle position
238S.

[0044] The CPU 101 converts the angular position 58S
received from the third angle sensor 58 from the actual
angle of the third electric motor 52 to a third angular
position 258 relating to the bucket 25. The third angular
position 25S is the angular position of the bucket 25
relative to a third position predetermined. The third posi-
tion and the third angular position 25S are defined in the
particular plan view mentioned above. An example of the
third position is an angular position at which the distal end
of the teeth 27 of the bucket 25 is positioned in an
imaginary straight line passing through the second axis
41J and the third axis 51J. In this example of the third
position, the teeth 27 of the bucket 25 are positioned
opposite the second axis 41J across the third axis 51J.
The third angular position 25S indicates the position of
the bucket 25 relative to the arm 23. The third angle
sensor 58, which senses the actual angle of the third
electric motor 52, effectively senses the third angle posi-
tion 258S.

[0045] The CPU 101 calculates the first angular posi-
tion 21S each time it receives the angular position 38S
from the first angle sensor 38. The CPU 101 thus repeats
the calculation of the first angular position 21S. The
calculation of the first angular position 21S by the CPU
101 corresponds to obtaining the first angular position
218 by the CPU 101. As with the first angular position
218, the CPU 101 repeats the calculation of the second
angular position 23S and the third angular position 258S.
As with the first angular position 21S, the calculation of
these angular positions 23S, 25S by the CPU 101 corre-
sponds to obtaining these angular positions 23S, 25S by
the CPU 101.

<Limitation>

[0046] The CPU 101 controls the drive unit 30. Speci-
fically, the CPU 101 controls the first electric motor 32 of
the boom actuator 31, the second electric motor 42 of the
arm actuator 41, and the third electric motor 52 of the
bucket actuator 51. In controlling the electric motors 32,
42,52,the CPU 101 in effect controls the inverters 35, 45,
55 connected to the electric motors 32, 42, 52, respec-
tively.

[0047] When controlling the electric motors 32, 42, 52,
the CPU 101 determines the target values of rotational
speeds of the respective drive shafts 32B, 42B, 52B. The
electric motors 32, 42, 52 are then controlled so that the
target values are matched by the actual rotational
speeds. The rotational speeds of the drive shafts 32B,
42B, and 52B of the electric motors 32, 42, and 52 will be
herein explained in terms of the rotational frequency. For
example, the rotational speed of the first drive shaft 32B
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of the first electric motor 32 will be explained in terms of
the rotational frequency of the first drive shaft 32B. The
rotational frequency refers to the number of rotations of a
drive shaft per unit time.

[0048] The CPU 101 can perform driving control. The
driving control in this embodiment is for the first electric
motor 32. In the driving control, the CPU 101 drives the
first electric motor 32 to rotate the boom 21. In this
embodiment, the driving control is performed under the
condition that the angular positions of the arm 23 and the
bucket 25 are fixed. The following describes a series of
steps performed by the CPU 101 in the driving control.

[0049] For example, when receiving a signal 90S with
an instruction for rotating the boom 21 from an operating
device 90, the CPU 101 starts the driving control. As
shown in Fig. 4, when the CPU 101 starts the driving
control, it first performs the process in step S10.

[0050] Instep S10, the CPU 101 obtains the latest first
base rotational frequency W1. The first base rotational
frequency W1 is a command value that indicates the
rotational frequency of the first electric motor 32. The
first base rotational frequency W1 is calculated in a base
value calculation process, which is separate from the
driving control. For example, when the operator operates
a lever, which is the operating device 90, the CPU 101
calculates the first base rotational frequency W1 accord-
ing to the amount of lever operation in the base value
calculation process. At this time, the CPU 101 calculates
the first base rotational frequency W1 to be lower than a
limiting rotational frequency. The limiting rotational fre-
quency is the physical limit of the rotational frequency of
the first drive shaft 32B, determined from the specifica-
tions of the first electric motor 32. After step S10, the CPU
101 proceeds to step S20.

[0051] In step S20, the CPU 101 obtains the latest
second angular position 23S and the latest third angular
position 25S. The CPU 101 then proceeds to step S30. In
step S30, the CPU 101 calculates an object distance L.
As shown in Fig. 6, the object distance L is the distance
from the firstaxis 31J to the distal end of the teeth 27 of the
bucket 25 in the particular plan view. The distal end of the
teeth 27 of the bucket 25 is the end of the bucket 25
opposite to the coupling point with the third drive shaft
52B. The distal end of the teeth 27 of the bucket 25 can be
regarded as a particular point of the bucket 25. Further-
more, the distal end of the teeth 27 of the bucket 25 is the
end of the attachment 20 opposite to the first end portion
21A ofthe boom 21. The firstend portion 21A of the boom
21 is the coupling point with the first drive shaft 32B in the
attachment 20. Thus, the object distance L corresponds
to the distance from the first drive shaft 32B to the distal
end of the attachment 20 opposite to the coupling point
with the first drive shaft 32B in the particular plan view.
The object distance L is an indicator of the positional
relationship between the first drive shaft 32B, and thus
the first axis 31J, and the distal end of the teeth 27 of the
bucket 25. In step S30, the CPU 101 calculates the object
distance L and thus also estimates the positional relation-
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ship mentioned above. The following describes the meth-
od of calculating the object distance L.

[0052] The memory 102 stores distance information in
advance for the CPU 101 to calculate the object distance
L. The distance information represents the relationship
between the second and third angular positions 23S and
258, and the object distance L. Specifically, the distance
information represents the object distance L for each of
various combinations of the second and third angular
positions 23S and 25S. The distance information in-
cludes, for example, a table, graph, or formula. In calcu-
lating the object distance L, the CPU 101 applies the
latest second angular position 23S and the latest third
angular position 258 obtained in step S20 to the distance
information. Thus, in step S30, the CPU 101 calculates
the object distance L based on the second angular posi-
tion 23S and the third angular position 25S. As shown in
Fig. 4, the CPU 101 proceeds to step S40 after calculat-
ing the object distance L.

[0053] Instep S40, the CPU 101 calculates an upper-
limit rotational frequency W1U. The upper-limit rotational
frequency W1U is the limit value for the rotational fre-
quency of the first drive shaft 32B. Specifically, the upper-
limit rotational frequency W1U is the limit value that
defines the upper limit of the rotational frequency allowed
for the first drive shaft 32B. The upper-limit rotational
frequency W1U is the first limit value. In step S40, the
CPU 101 converts an upper-limit circumferential speed
Vmax stored on the memory 102 into a rotational fre-
quency, taking into account the object distance L calcu-
lated in step S30. Specifically, the CPU 101 first calcu-
lates a divided value by dividing the upper-limit circum-
ferential speed Vmax by the object distance L. The CPU
101 then calculates the upper-limit rotational frequency
W1U by dividing the divided value by a predetermined
coefficient. The predetermined coefficient is a constant
that takes into account unit conversions and pi. Suppose
that the units are standardized by using "1 minute" as the
unit of time and "m" as the unit of length, as in circumfer-
ential speed [m/min], object distance L [m], and rotational
frequency [/min], for example. In this case, the predeter-
mined coefficient is twice the pi. Not limited to this ex-
ample, the predetermined coefficient may incorporate
values for compensation to adjust the upper-limit rota-
tional frequency W1U to a higher or lower value. Thus,
the upper-limit rotational frequency W1U is a value cor-
responding to the divided value obtained by dividing the
upper-limit circumferential speed Vmax by the object
distance L.

[0054] The upper-limit circumferential speed Vmax is
the upper limit of the circumferential speed V, predeter-
mined for the distal end of the teeth 27 of the bucket 25.
Fig. 6 shows an imaginary circle in the particular plan
view, centered on the first axis 31J and having a radius
equal to the object distance L. This imaginary circle is
referred to as the particular imaginary circle Q. The
circumferential speed V of the distal end of the teeth
27 of the bucket 25 is the speed in the direction along
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a tangent line on the particular imaginary circle Q. The
upper-limit circumferential speed Vmax is the maximum
value of the circumferential speed V at which the attach-
ment 20 can be protected when the distal end of the teeth
27 of the bucket 25 collides with an excavation object or
an obstacle. The upper-limit circumferential speed Vmax
is a value predetermined by experiment or simulation.
[0055] As described above, in step S40, the CPU 101
calculates the upper-limit rotational frequency W1U
based on the upper-limit circumferential speed Vmax
and the object distance L calculated in step S30. The
upper-limit rotational frequency W1U is the reciprocal of
the object distance L. Therefore, for the same upper-limit
circumferential speed Vmax, the CPU 101 calculates the
upper-limit rotational frequency W1U at a lower value as
the object distance L is longer. The object distance L is a
value calculated based on the second and third angular
positions 23S and 25S. Thus, the CPU 101 calculates the
upper-limit rotational frequency W1U based on the sec-
ond angular position 23S and the third angular position
258 through steps S30 and S40. The processes in steps
S30and S40 constitute afirst process. As shownin Fig. 4,
the CPU 101 proceeds to step S50 after performing step
S40.

[0056] In step S50, the CPU 101 determines whether
or not the first base rotational frequency W1 obtained in
step S10 is lower than or equal to the upper-limit rota-
tional frequency W1U calculated in step S40. If the first
base rotational frequency W1 is lower than or equal to the
upper-limit rotational frequency W1U (step S50: YES),
the CPU 101 proceeds to step S60. In step S60, the CPU
101 sets thefirst base rotational frequency W1 as a target
rotational frequency W1F of the first drive shaft 32B.
[0057] On the other hand, in step S50, if the first base
rotational frequency W1 is larger than the upper-limit
rotational frequency W1U (step S50: NO), the CPU
101 proceeds to step S70. In step S70, the CPU 101
sets the upper-limit rotational frequency W1U as the
target rotational frequency W1F of the first drive shaft
32B. The CPU 101 proceeds to step S80 after calculating
the target rotational frequency W1F. Thus, the CPU 101
sets the lower of the first base rotational frequency W1
and the upper-limit rotational frequency W1U as the
target rotational frequency W1F of the first drive shaft
32B through steps S50, S60, and S70.

[0058] In step S80, the CPU 101 controls the first
electric motor 32 based on the target rotational frequency
WA1F calculated in step S60 or step S70. Specifically, the
CPU 101 controls the first electric motor 32 so that the
target rotational frequency W1F is matched by the actual
rotational frequency of the first drive shaft 32B. The target
rotational frequency W1F is lower than or equal to the
upper-limit rotational frequency W1U as a result of the
processes in steps S50, S60, and S70. Therefore, in step
S80, the CPU 101 controls the first electric motor 32 so
that the rotational frequency of the first drive shaft 32B is
lower than or equal to the upper-limit rotational frequency
W1U. The CPU 101 continues the process in step S80
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until the ending condition is satisfied. An example of the
ending condition is that a predetermined first control
period has elapsed after the start of step S80. The first
control period is, for example, a few seconds. The first
control period should be a period suitable for continuing
the rotation of the boom 21 in various operations such as
excavation. Another example of the ending condition is
that a signal 90S with an instruction for stopping the
rotation of the boom 21 is received from the operating
device 90. The CPU 101 ends the driving control when
the ending condition is satisfied. The process in step S80
constitutes a second process.

<Operation of First Embodiment>

[0059] As shown in Fig. 6, the object distance L is the
radius of rotation of the arm 23 and the bucket 25 together
with the boom 21 around the first drive shaft 32B. When
the object distance L is longer, the circumferential speed
V of the distal end of the teeth 27 increases for the same
rotation frequency of the first drive shaft 32B. This in-
creases the kinetic energy near the distal end of the teeth
27. In this case, when the distal end of the teeth 27
collides with an excavation object or an obstacle, a large
amountofenergy is exerted, resultingin alargeimpacton
the attachment 20.

[0060] Therefore, in the driving control, the CPU 101
reduces the upper-limit rotational frequency W1U as the
object distance L, which is the radius of rotation, is longer
(step S40). Then, the CPU 101 controls the first electric
motor 32 so that the rotational frequency of the first drive
shaft 32B is lower than or equal to the upper-limit rota-
tional frequency W1U (steps S50 to S80). In this way, the
rotational frequency of the first drive shaft 32B is re-
stricted in accordance with the object distance L, such
thatthe CPU 101 can keep the circumferential speed V of
the distal end of the teeth 27 of the bucket 25 lower than or
equal to the upper-limit circumferential speed Vmax re-
gardless of the length of the object distance L.

<Advantageous Effects of First Embodiment>

[0061] (1-1)Asdescribed in the section of Operation of
First Embodiment, the CPU 101 in this embodiment can
restrict the circumferential speed V of the distal end of the
teeth 27 of the bucket 25 regardless of the length of the
objectdistance L. This allows the CPU 101 to mitigate the
impact applied to the attachment 20 when the bucket 25
collides with an excavation object or an obstacle.

[0062] (1-2) In the first process in step S40, the CPU
101 converts the upper-limit circumferential speed Vmax
to the rotational frequency by dividing the upper-limit
circumferential speed Vmax by the object distance L.
By limiting the rotational frequency of the first drive shaft
32B to be lower than or equal to the upper-limit rotational
frequency W1U, which is a converted value, the CPU 101
can ensure that the circumferential speed V of the distal
end of the teeth 27 is kept lower than or equal to the
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upper-limit circumferential speed Vmax.

[0063] (1-3) The object distance L, which is the radius
of rotation of the bucket 25, depends on the attitude of the
attachment 20. In the first process in step S30, the CPU
101 of this embodiment calculates the object distance L
based on the angular position of each movable member
that reflects the attitude of the attachment 20. This allows
CPU 101 to accurately calculate the object distance L and
thus the upper-limit rotational frequency W1U in accor-
dance with the attitude of the attachment 20.

[0064] (1-4) The excavator 10 often performs works in
which the attachment 20 collides with target objects such
as earth and sand. Therefore, applying the driving control
of this embodiment to the excavator 10 is particularly
effective in that there are more opportunities to utilize the
technique of this embodiment to mitigate the impact
applied to the attachment 20.

<Second Embodiment>

[0065] The following describes a second embodiment
of a drive system for a work machine, a control device for
a work machine, a control method for a work machine,
and a control program for a work machine. In this embo-
diment, the contents of driving control differ from those in
the firstembodiment. Except for this point, the contents of
the second embodiment are basically the same as those
of the first embodiment. In the following description of the
second embodiment, redundant description of the same
features as in the first embodiment may be omitted or
simplified to focus on the differences from the first em-
bodiment.

[0066] The driving control in this embodiment is for the
first electric motor 32, the second electric motor 42, and
the third electric motor 52. In the driving control, the CPU
101 performs in parallel the rotational drive of the boom
21 by the first electric motor 32, the rotational drive of the
arm 23 by the second electric motor 42, and the rotational
drive of the bucket 25 by the third electric motor 52. The
driving control of this embodiment is an extension of the
driving control of the first embodiment for three electric
motors, and the basic concept is the same as in the
driving control of the first embodiment. Therefore, the
following description of the driving control will be simpli-
fied.

[0067] For example, when receiving a signal 90S with
an instruction for rotating the boom 21, the arm 23, and
the bucket 25 from an operating device 90, the CPU 101
starts the driving control. As shown in Fig. 5, when the
CPU 101 starts the driving control, it first performs the
process in step S110.

[0068] Instep S110,the CPU 101 obtains the latest first
base rotational frequency W1, the latest second base
rotational frequency W2, and the latest third base rota-
tional frequency W3. Each of the base rotational fre-
quency W1, W2, W3 is calculated in the base value
calculation process in accordance with the operation of
the operating device 90 by the operator. As with the first
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base rotational frequency W1, the second and third base
rotational frequencies W2 and W3 are lower than the
physical limits of the rotational frequencies of the respec-
tive drive shafts 42B and 52B. The CPU 101 proceeds to
step S120 after obtaining the base rotational frequencies
W1, W2, W3.

[0069] Instep S120,the CPU 101 obtains the latestfirst
angular position 218, the latest second angular position
238, and the latest third angular position 25S. The CPU
101 then proceeds to step S130.

[0070] Instep S130,the CPU 101 calculates the object
distance L in the same manner as in step S30 of the first
embodiment. After step S130, the CPU 101 proceeds to
step S140.

[0071] In step S140, the CPU 101 calculates the first
upper-limit rotational frequency W1U, the second upper-
limit rotational frequency W2U, and the third upper-limit
rotational frequency W3U. The first upper-limit rotational
frequency W1U is the limit value that defines the upper
limit of the rotational frequency allowed for the first drive
shaft 32B. The second upper-limit rotational frequency
W2U is the limit value that defines the upper limit of the
rotational frequency allowed for the second drive shaft
42B. The third upper-limit rotational frequency W3U is the
limit value that defines the upper limit of the rotational
frequency allowed for the third drive shaft 52B. The first
upper-limit rotational frequency W1U is the first limit
value. The second upper-limit rotational frequency
W2U is the second limit value. The third upper-limit
rotational frequency W3U is the third limit value. In step
S140, as the object distance L is longer, the CPU 101
decreases the first upper-limit rotational frequency W1U,
the second upper-limit rotational frequency W2U, and the
third upper-limit rotational frequency W3U. The CPU 101
sets the first upper-limit rotational frequency W1U, the
second upper-limit rotational frequency W2U, and the
third upper-limit rotational frequency W3U as appropri-
ate, using formulas determined based on experiments or
simulations. At this time, the CPU 101 ensures that the
circumferential speed V of the distal end of the teeth 27 of
the bucket 25 is lower than or equal to the upper-limit
circumferential speed Vmax when controlling the electric
motors 32, 42, 52 later in step S160. For example, the
CPU 101 may calculate the first upper-limit rotational
frequency W1U using the same method as in step S40
of the first embodiment. When calculating the upper-limit
rotational frequencies W1U, W2U, and W3U, the CPU
101 may adjust the upper-limit rotational frequencies
W1U, W2U, and W3U based on the angular positions
218, 23S, and 258 obtained in step S110. The CPU 101
proceeds to step S150 after calculating the upper-limit
rotational frequencies W1U, W2U, W3U. Note that in
steps S130 and S140, the CPU 101 calculates the
upper-limit rotational frequencies W1U, W2U, W3U
based on the object distance L calculated from the sec-
ond angular position 23S and the third angular position
258S. The processes in steps S130 and S140 constitute a
first process.
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[0072] In step S150, the CPU 101 calculates the first
target rotational frequency W1F, the second target rota-
tional frequency W2F, and the third target rotational
frequency W3F. The first target rotational frequency
WA1F is the target rotational frequency of the first drive
shaft 32B. The second target rotational frequency W2F is
the target rotational frequency of the second drive shaft
42B. The third target rotational frequency W3F is the
target rotational frequency of the third drive shaft 52B.
The CPU 101 calculates the target rotational frequencies
W1F, W2F, and W3F in the same manner as in steps S50
to S70 of the first embodiment. Specifically, the CPU 101
sets the lower of the first base rotational frequency W1
and the first upper-limit rotational frequency W1U as the
first target rotational frequency W1F. The CPU 101 sets
the lower of the second base rotational frequency W2 and
the second upper-limit rotational frequency W2U as the
second target rotational frequency W2F. The CPU 101
sets the lower of the third base rotational frequency W3
and the third upper-limit rotational frequency W3U as the
third target rotational frequency W3F. If the base rota-
tional frequency and the upper-limit rotational frequency
are the same, the CPU 101 can use the base rotational
frequency as the target rotational frequency. As aresult of
setting the target rotational frequencies W1F, W2F, and
W3F in this way, each of the target rotational frequencies
W1F, W2F, and W3F is lower than or equal to correspond-
ing one of the upper-limit rotational frequencies W1U,
W2U, and W3U. The CPU 101 proceeds to step S160
after calculating the target rotational frequencies W1F,
W2F, W3F.

[0073] Instep S160, the CPU 101 controls the electric
motors 32, 42, 52 based on the respective target rota-
tional frequencies W1F, W2F, W3F. For the second elec-
tric motor 42 for example, the CPU 101 controls the
second electric motor 42 so that the rotational frequency
of the second drive shaft 42B matches the second target
rotational frequency W2F. The same is true for the other
two electric motors 32, 52. Using the target rotational
frequencies W1F, W2F, W3F calculated in step S150, the
CPU 101 controls the electric motors 32, 42, 52 as
follows. The CPU 101 controls the first electric motor
32 so that the rotational frequency of the first drive shaft
32Bis lower than or equal to the first upper-limit rotational
frequency W1U. The CPU 101 controls the second elec-
tric motor 42 so that the rotational frequency of the
second drive shaft 42B is lower than or equal to the
second upper-limit rotational frequency W2U. The
CPU 101 controls the third electric motor 52 so that the
rotational frequency of the third drive shaft 52B is lower
than or equal to the third upper-limit rotational frequency
W3U. The CPU 101 continues the process in step S160
for a predetermined second control period. The second
control period is, for example, a few seconds. When the
second control period has elapsed after the process in
step S160 is started, the CPU 101 ends the process in
step S160. The process in step S160 constitutes a sec-
ond process.
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[0074] After ending the process in step S160, the CPU
101 returns to step S110. The CPU 101 then performs the
processes in and after step S110 again. In this way, the
CPU 101 repeats the processes in step S110 to step
S160. The CPU 101 ends the driving control when the
ending condition is satisfied while the processes are
repeated. One example of the ending condition is that
asignal 90S with an instruction for stopping the rotation of
the boom 21, the arm 23, and the bucket 25 is received
from the operating device 90.

<Operation and Effects of Second Embodiment>

[0075] This embodiment can produce the same ad-
vantageous effects as described in sections (1-1) to (1-4).
In addition, the second embodiment produces the follow-
ing advantageous effects.

[0076] (2-1) The CPU 101 of this embodiment drives
the three drive shafts 32B, 42B, and 52B to operate the
boom 21, the arm 23, and the bucket 25 in parallel. In this
operation, the object distance L changes sequentially as
the respective positions of the boom 21, arm 23, and
bucket 25 change. Under these circumstances, as the
object distance L is longer, the CPU 101 decreases the
first upper-limit rotational frequency W1U of the first drive
shaft 32B, the second upper-limit rotational frequency
W2U of the second drive shaft 42B, and the third upper-
limit rotational frequency W3U of the third drive shaft 52B.
By setting the upper-limit rotational frequencies W1U,
W2U, and W3U in accordance with the changes in the
objectdistance L, the circumferential speed V of the distal
end of the teeth 27 can be restricted even when the
trajectory of the distal end of the teeth 27 changes freely.

<Modification Examples>

[0077] The above embodiments can be modified as
described below. The above embodiments and the fol-
lowing modification examples can be implemented in
combination to the extent where they are technically
consistent to each other.

[0078] The upper-limit circumferential speed Vmax is
not limited to the example in the above embodiments.
Depending on the type of work of the excavator 10, it is
possible that the circumferential speed V of the distal end
ofthe teeth 27 needs to be limited for purposes other than
protection of the attachment 20. Inthese and other cases,
an appropriate value may be set for the upper-limit cir-
cumferential speed Vmax as needed. Furthermore, the
upper-limit circumferential speed Vmax is not limited to
one, but may have multiple values predetermined. Spe-
cifically, the memory 102 may store, for example, multiple
upper-limit circumferential speeds Vmax for various
types of work performed by the excavator 10. In this case,
the CPU 101 may select one of these multiple upper-limit
circumferential speeds Vmax for calculating the upper-
limit rotational frequency W1U in step S40 of the first
embodiment.
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[0079] The method of calculating the first limit value is
not limited to the example in the above embodiments.
The first limit value should be lower when the object
distance L is a first value than when the object distance
L is a second value. The second value is smaller than the
firstvalue. Itis notrequired that the first limit value is lower
as the object distance L is longer. For example, the first
limit value may vary stepwise with respect to the object
distance L. In calculating the first limit value, it is not
required to use the upper-limit circumferential speed
Vmax of the distal end of the teeth 27 of the bucket 25.
An appropriate calculation method may be employed so
that the circumferential speed V of the distal end of the
teeth 27 can be restricted regardless of the length of the
object distance L. In such case, the first limit value should
be calculated based at least on the information of the
second angular position 23S.

[0080] For the second embodiment, the method of
calculating the first limit value and the second limit value
is not limited to the above example. As with the first limit
value, it is not required to calculate the second and third
limit values so that these values are lower as the object
distance L is longer. Furthermore, at least one of the
second and third limit values may be eliminated. For
example, the first limit value may be set strictly, so as
to restrict the circumferential speed V of the distal end of
the teeth 27 even when the second and third limit values
are eliminated.

[0081] The electric motors to be driven in the driving
control are not limited to those in the above example. For
example, in the driving control, itis possible to drive two of
the three electric motors 32, 42, 52, i.e., the first electric
motor 32 and the second electric motor 42. This may
allow the boom 21 and the arm 23 to rotate. In this case,
setting both the first and second limit values is suitable for
restricting the circumferential speed V of the distal end of
the teeth 27. As in the second embodiment, it is con-
ceivable to calculate both the first and second limit values
so that these values are lower as the object distance L is
longer.

[0082] Inthedriving control, itis possible to drive two of
the three electric motors 32, 42, 52, i.e., the second
electric motor 42 and the third electric motor 52. This
may allow the arm 23 and the bucket 25 to rotate. In this
case, the arm 23 constitutes the first movable member,
and the arm actuator 41 constitutes the first electric
actuator. The bucket 25 constitutes the second movable
member, and the bucket actuator 51 constitutes the
second electric actuator. In such configuration, for ex-
ample, the object distance should be the distance from
the second axis 41J to the distal end of the teeth 27 of the
bucket 25 in the particular plan view. In addition, this
object distance should be calculated based on the third
angular position 258, and the limit value for the second
drive shaft 42B should be calculated in accordance with
the object distance L.

[0083] As described in the above modification exam-
ples, itis possible to change as necessary the member of
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the attachment 20 that is treated as the first movable
member and the member that is treated as the second
movable member. Depending on which member is trea-
ted as the first movable member, the actuator that con-
stitutes the first electric actuator can be changed. When
the first movable member is changed from the example in
the above embodiment, the first electric actuator should
be an actuator that rotates the first movable member.
Similarly, depending on which member is treated as the
second movable member, the actuator that constitutes
the second electric actuator can be changed. The second
electric actuator should be an actuator that rotates the
second movable member. If another movable member
different from the first movable member is coupled to the
second movable member, the other movable member
should be treated as the third movable member. The
actuator that rotates the third movable member should
be treated as the third electric actuator.

[0084] Forthe rotational speed of the drive shafts 32B,
42B, and 52B, the rotational frequency may be replaced
with the angular speed, which is the amount of change in
the angular position of a drive shaft per unit time. In this
case, each limit value can be expressed using an angular
speed.

[0085] The overall configuration of the attachment20is
not limited to the example in the above embodiments.
The attachment 20 may be configured with appropriate
movable members in accordance with the type of the
work. For example, a member other than the bucket 25
may be used as the third movable member. Depending
on the third movable member used, the distal end of the
third movable member opposite to the coupling point with
the third output shaft may be changed. Simultaneously,
the distal end of the attachment 20 opposite to the cou-
pling point with the first output shaft can be changed. The
third movable member may be eliminated. The attach-
ment 20 should include at least two movable members. If
the third movable member is eliminated, the distal end of
the attachment 20 opposite to the coupling point with the
first output shaft is a portion of the second movable
member.

[0086] Instead of the first drive shaft 32B of the first
electric motor 32, the first output member 33C of the first
speed reducer 33 may be treated as the first output shaft.
In this case, the values of the parameters such as the
base rotational frequency, upper-limit rotational fre-
quency, and target rotational frequency, which were de-
termined for the first drive shaft 32B, should be converted
to values for the first output member 33C by taking
account of the reduction ratio of the first speed reducer
33. Similarly, instead of the second drive shaft 42B of the
second electric motor 42, the output member 43C of the
second speed reducer 43 may be treated as the second
output shaft. Instead of the third drive shaft 52B of the
third electric motor 52, the output member 53C of the third
speed reducer 53 may be treated as the third output shaft.
[0087] The shape of the first drive shaft 32B of the first
electric motor 32 and the shape of the output member
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33C of the first speed reducer 33 are not limited to a
cylindrical shape. The first drive shaft 32B and the output
member 33C may have any shape that allows torque to
be transmitted to a mating member. Similarly, the shape
ofthe second drive shaft 42B of the second electric motor
42 and the shape of the output member43C of the second
speed reducer 43 are not limited to a cylindrical shape.
The same is true for the shape of the third drive shaft 52B
of the third electric motor 52 and the shape of the output
member 53C of the third speed reducer 53.

[0088] The boom actuator 31 can be configured in any
other manners than described in the above embodi-
ments. The boom actuator 31 should include an electric
motor and should be able to drive the rotation of the boom
21. For example, the first speed reducer 33 may be
eliminated from the boom actuator 31. Furthermore,
the boom actuator 31 does not necessarily output torque
to the outside coaxially with the drive shaft of the electric
motor.

[0089] The boom actuator 31 may be mounted to the
boom 21 and the swing bracket 17 in any other manners
than described in the above embodiments. Any mounting
method is acceptable as long as the boom 21 can be
rotated by the boom actuator 31. For example, the boom
actuator 31 may be oriented reversely between the sec-
ond swing wall 17B of the swing bracket 17 and the boom
21. Specifically, the boom actuator 31 may be mounted to
the boom 21 and the swing bracket 17 so that the first
speed reducer 33 is located closer to the second swing
wall 17B and the first electric motor 32 is located closer to
the boom 21.

[0090] Asinthe above modification example regarding
the boom actuator 31, the arm actuator 41 may be con-
figured and mounted in any other manners than de-
scribed in the above embodiments. The arm actuator
41 should include an electric motor and should be able
to drive the rotation of the arm 23.

[0091] Asinthe above modification example regarding
the boom actuator 31, the bucket actuator 51 may be
configured and mounted in any other manners than
described in the above embodiments. The bucket actua-
tor 51 should include an electric motor and should be able
to drive the rotation of the bucket 25.

[0092] 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
body 14. The shape of the case main portion 14A and the
case front portion 14B may be other than a rectangular
parallelepiped. The upper body 14 should be configured
to achieve the required function, for example, housing of
various devices.

[0093] In addition to the cabin eliminated from the
upper body 14 as in the above modification example,
the operating device 90 may be eliminated from the upper
body 14. Simultaneously, various signals to the control
device 100 with an instruction for operation of the ex-
cavator 10 may be transmitted via wireless communica-
tion from a device outside the vehicle body 15.
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[0094] The componentsincluded inthe drive system of
the excavator 10 are not limited to the example in the
above embodiments. For example, the attachment 20
may be treated as a component not included in the drive
system. The drive system should include the drive unit 30
and the control device 100.

[0095] The overall configuration of the vehicle body 15
and thus the excavator 10 is not limited to the example in
the above embodiments. For example, the entire shape
of the vehicle body 15 may be changed from the example
in the above embodiments, as a result of the change in
the shape of the upper body 14 as described in the above
modification example. The excavator 10 as a whole
should be configured to achieve the required work, for
example, excavation.

[0096] The work machineis notlimited to the excavator
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.

[0097] 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 RAM ora ROM. The memory 102
stores program codes 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.

[0098] (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.

[0099] (c) The processing circuit includes a processor
that performs part of the various processes according to a
computer program and a dedicated hardware circuit that
performs the rest of the various processes.

[0100] The foregoingembodimentdescribes a plurality
of physically separate constituent parts. They may be
combined into a single part, and any one of them may 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.

[0101] 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.
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Claims

Adrive system for awork machine, the work machine
including an attachment having a first movable mem-
ber and a second movable member, the second
movable member being rotatably coupled to the first
movable member, the drive system comprising:

a drive unit having a first electric actuator and a
second electric actuator, the first electric actuator
having a first output shaft for rotating the first mova-
ble member, the second electric actuator having a
second output shaft for rotating the second movable
member; and

a control device for controlling the drive unit,
wherein the control device performs:

a first process to calculate a limit value for a
rotational speed of the first output shaftbased on
a relative position of the second movable mem-
ber relative to the first movable member; and
a second process to control the first electric
actuator such that the rotational speed of the
first output shaft is lower than or equal to the limit
value, and

wherein the first process is performed such that
the limit value is lower when a distance is a first
value than when the distance is a second value
smaller than the first value, the distance being
from the first output shaft to a distal end of the
attachment opposite to a coupling point with the
first output shaft.

The drive system for a work machine according to
claim 1, wherein supposing that an upper-limit cir-
cumferential speed is defined as an upper limit of a
circumferential speed for the distal end of the attach-
ment, the control device performs the first process
such that the limit value is calculated at a value
corresponding to a divided value, the divided value
being obtained by dividing, by the distance, the
upper-limit circumferential speed predetermined.

The drive system for a work machine according to
claim 1,

wherein the attachment has a third movable
member rotatably coupled to the second mova-
ble member,

wherein the drive unit has a third electric actua-
tor having a third output shaft for rotating the
third movable member,

wherein the distal end of the attachment is a
distal end of the third movable member opposite
to acoupling point with the third output shaft, and
wherein the control device performs the first
process such that the limit value is calculated
based on the relative position of the second
movable member relative to the first movable
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member and a relative position of the third mo-
vable member relative to the second movable
member.

The drive system for a work machine according to
claim 3,

wherein supposing that the limit value is a first limit
value, the control device performs:

thefirst process to calculate the first limit value, a
second limit value as a limit value for a rotational
speed of the second output shaft, and a third limit
value as a limit value for a rotational speed of the
third output shaft, based on the relative position
of the second movable member relative to the
first movable member and the relative position of
the third movable member relative to the second
movable member; and

the second process to control the first electric
actuator such that the rotational speed of the first
output shaftis lower than or equal to the first limit
value, control the second electric actuator such
that the rotational speed of the second output
shaft is lower than or equal to the second limit
value, and control the third electric actuator such
that the rotational speed of the third output shaft
is lower than or equal to the third limit value, and
wherein the first process is performed such that
the first limit value, the second limit value, and
the third limit value are lower when the distance
is the first value than when the distance is the
second value, the distance being from the first
output shaft to the distal end of the attachment.

5. The drive system for a work machine according to

claim 3,

wherein the work machine is a construction
machine,

wherein the first movable member is a boom,
wherein the second movable memberis anarm,
and

wherein the third movable member is a bucket.

6. A control device for a work machine, the work ma-

chine including:

an attachment having a first movable member
and a second movable member, the second
movable member being rotatably coupled to
the first movable member; and

a drive unit having a first electric actuator and a
second electric actuator, the first electric actua-
tor having a first output shaft for rotating the first
movable member, the second electric actuator
having a second output shaft for rotating the
second movable member,

wherein the control device performs:
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a first process to calculate a limit value for a
rotational speed of the first output shaft
based on a relative position of the second
movable member relative to the first mova-
ble member; and

a second process to control the first electric
actuator such that the rotational speed of
the first output shaft is lower than or equal to
the limit value, and

wherein the first process is performed such
that the limit value is lower when a distance
is a first value than when the distance is a
second value smaller than the first value,
the distance being from the first output shaft
to a distal end of the attachment opposite to
a coupling point with the first output shaft.

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

an attachment having a first movable member
and a second movable member, the second
movable member being rotatably coupled to
the first movable member; and

a drive unit having a first electric actuator and a
second electric actuator, the first electric actua-
tor having a first output shaft for rotating the first
movable member, the second electric actuator
having a second output shaft for rotating the
second movable member,

wherein a control device applied to the work
machine performs:

a first process to calculate a limit value for a
rotational speed of the first output shaft
based on a relative position of the second
movable member relative to the first mova-
ble member; and

a second process to control the first electric
actuator such that the rotational speed of
the first output shaft is lower than or equal to
the limit value, and

wherein the first process is performed such
that the limit value is lower when a distance
is a first value than when the distance is a
second value smaller than the first value,
the distance being from the first output shaft
to a distal end of the attachment opposite to
a coupling point with the first output shaft.

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

an attachment having a first movable member
and a second movable member, the second
movable member being rotatably coupled to
the first movable member; and

a drive unit having a first electric actuator and a
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second electric actuator, the first electric actua-
tor having a first output shaft for rotating the first
movable member, the second electric actuator
having a second output shaft for rotating the
second movable member,

wherein the control program causes a control
device applied to the work machine to perform:

afirst process to calculate a limit value for a
rotational speed of the first output shaft
based on a relative position of the second
movable member relative to the first mova-
ble member; and

a second process to control the first electric
actuator such that the rotational speed of
the first output shaft is lower than or equal to
the limit value, and

wherein the first process is performed such
that the limit value is lower when a distance
is a first value than when the distance is a
second value smaller than the first value,
the distance being from the first output shaft
to a distal end of the attachment opposite to
a coupling point with the first output shaft.



EP 4 818 412 A1

el j S
! S E
| iz
“ MLE-T ._...”%.\",vsm. -1€
_ S—)
m Vie
|
ro|— /
/! ! 12

0l

leay

z

Jamo]

Jaddn

X

Juou

16



EP 4 818 412 A1

!

- .

.
\\\ II
llllll N
s ” . .
4 "4 ~ .
v pr . N
.
’ s N “
’ ’ . 'Y
! 4 \ )
g f A .
’ ’‘ \ '
1 . \ .
. 1] H H
[ Vo
' '
i '
mm — Seaa ' ' '
’ '
: \ ' '
81 ' U
\ 3 \
S WPt o —M.\.L v K
¥ I (Y
N ~, S s
\ N P F
. s o ’
N, S /
- .
~ -
Il -
N -

||||||||||

Z 814

cl

02
y
LIS
rIE FLv vmm €2 \ mmm
\ N , N
Y12 12 0 riSed I
” f /Imv" A—_ u-m.-../mm Dm —m
EANSITIIN 7
L Ser0e e g/ L2 ,
NaL| T\
N U vez 92 82
G2
vl 8vl
—— 3o
KT \
183y Juou4 o
A

146y

17



EP 4 818 412 A1

N
.l.rf; et ]
NP
N N “ * A1 7
ANI Al —
=g 1 f ._" 7
' \
z [ S | , N

A — T mm_mm
Y25 825, ¥ES BES DES,
8201 Y201 25 £G

— 0€ ‘1S
06~z [ O SlA
Mwﬁamgmmmw 201~ 1vd ANI A $
(SE2) S67 , x
BE~Fom=nm > 101 ﬁ e

\ ; i
(S12) s8¢ , 3V vevaey, vev 8ev 0ev,
001 2r ev

¥

0€ “Iv

F

ey

..
- ——
Iy ol |
.
’ .
}Z_” A et — s —
sspad= “..__ (] 7
r ol
[ -
r r (

7 g N T T 12
61 Y2E gee, vee 8ec oee,

L

18



EP 4 818 412 A1

( STRT )

y
Obtain Base Rotational Frequency W1 ~S10
v
Obtain Angular Positions 238, 258 ~S20
v
Calculate Object Distance L ~S30
¥
Calculate 540
Upper-limit Rotational Frequency W1U
* ~3550
Base Rotational Frequency W1< N0
Upper-limit Rotational Frequency W1U? _~
\\I’YES ~S60 1 ~ST0

Target Rotational Frequency W1F = Target Rotational Frequency W1F =
Base Rotational Frequency W1 Upper-limit Rotational Frequency W1U

\;r ]

Control Motor ~S580

( = )

Fig. 4

19



EP 4 818 412 A1

( SRT )

\’

Obtain Base Rotational Frequencies
W1, W2, W3

~S110

v

Obtain Angular Positions 21S, 23S, 25S

~5120

v

Calculate Object Distance L

~5130

v

Calculate Upper-limit Rotational
Frequencies W1U, W2U, W3U

~S5140

\

Calculate Target Rotational
Frequencies W1F, W2F, W3F

~S5150

v

Control Motors

~S5160

v

(' RETURN )

Fig. 5

20



EP 4 818 412 A1

2y 'a2y

L2

P T

21



10

15

20

25

30

35

40

45

50

55

9

Europdisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EP 4 818 412 A1

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 26 16 1599

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A US 2023/033938 Al (MATSUYAMA TORU [JP]) 1-8 INV.
2 February 2023 (2023-02-02) EO2F3/30
* paragraph [0065] - paragraph [0068]; E02F9/20
figures 1,2 * E02F9/26
A US 2016/145827 Al (KAMI YOSHIKI [JP] ET 1-8

AL) 26 May 2016 (2016-05-26)
* paragraph [0167]; figure 2 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

EO2F

Place of search

Date of completion of the search

Examiner

Munich 20 August 2026 Clarke, Alister
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A : technological background
O : non-written disclosure
P : intermediate document

& : member of the same patent family, corresponding

document

22




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 818 412 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 26 16 1599

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

The members are as contained in the European Patent Office EDP file on

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

20-08-2026
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2023033938 Al 02-02-2023 CN 114787455 A 22-07-2022
DE 112020005198 T5 28-07-2022
JP 7396875 B2 12-12-2023
JP 7640655 B2 05-03-2025
JpP 2021085213 A 03-06-2021
JP 2024009353 A 19-01-2024
JP 2025068002 A 24-04-2025
KR 20220086672 A 23-06-2022
us 2023033938 A1 02-02-2023
WO 2021106905 Al 03-06-2021

US 2016145827 Al 26-05-2016 CN 104619922 A 13-05-2015
DE 112014000145 TS5 02-07-2015
JP 5864775 B2 17-02-2016
JP W02015025986 Al 02-03-2017
KR 20160030869 A 21-03-2016
us 2016145827 Al 26-05-2016
WO 2015025986 Al 26-02-2015

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

23




EP 4 818 412 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2025061851 A [0001] e JP 2001254395 A [0003]

24



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

