US 20230399814A1
a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2023/0399814 Al

Sugimura 43) Pub. Date: Dec. 14, 2023
(54) WORK VEHICLE (52) US. CL
CPC ............ EO02F 9/0858 (2013.01); EO2F 3/325
(71) Applicant: HONDA MOTOR CO., LTD., Tokyo (2013.01)
(IP)

57 ABSTRACT
(72)  Inventor: ;ﬁ?:;g?kiﬁg(l;g;lm’ Wako-shi, A work vehicle includes an electric drive source, and a
vehicle main body part to which a traveling part is provided.
21) Appl. No.: 18/250,624 The vehicle main body part includes: a loading part that
extends in a first direction and that can operate with respect
(22) PCT Filed: Oct. 30, 2020 to the vehicle main body part; and a removable battery
storage unit that extends in a second direction which is the
(86) PCT No.: PCT/JP2020/040852 reverse direction of the first direction. The loading part loads

an object to be loaded. The removable battery storage unit

includes a storage section capable of storing a removable

battery. An opening is formed in an upper part of the storage

section. The opening is oriented upward, and an axis line

along a battery attachment/removal direction of the storage

(51) Int. CL section is inclined so as to be oriented in the first direction
EO02F 9/08 (2006.01) or the second direction.

§ 371 (e)(D),
(2) Date: Apr. 26, 2023

Publication Classification

up

FRONT REAR
(FIRST DIRECTION) (SECOND DIRECTION)




US 2023/0399814 A1l

Dec. 14,2023 Sheet 1 of 4

NMOC

Yée
(NOI11O341Q QNOD3S) (NOI1O341Q 1SHId)
L EN 1NOY

o | ‘914

Patent Application Publication



Patent Application Publication Dec. 14, 2023 Sheet 2 of 4 US 2023/0399814 A1

FIG. 2

54up, 60bo

FRONT REAR
(FIRST DIRECTION) (SECOND DIRECTION)

DOWN



Patent Application Publication Dec. 14, 2023 Sheet 3 of 4 US 2023/0399814 A1

22h

FRONT REAR
(FIRST DIRECTION) (SECOND DIRECTION)

DOWN



Patent Application Publication Dec. 14, 2023 Sheet 4 of 4 US 2023/0399814 A1

FIG. 4

upP

FRONT REAR
(FIRST DIRECTION) (SECOND DIRECTION)

DOWN



US 2023/0399814 Al

WORK VEHICLE

TECHNICAL FIELD

[0001] The present invention relates to a work vehicle
including a loading unit on which a loaded object is loaded.

BACKGROUND ART

[0002] A work vehicle such as a hydraulic excavator, a
tractor shovel, or a forklift includes a vehicle body provided
with a seat for a driver (operator), and a loading unit
provided so as to extend from an outer wall surface of the
vehicle body. For example, a loaded object such as earth and
sand or cargo is loaded on the loading unit. In recent years,
attempts have been made to employ, as a traveling drive
source for this type of work vehicle, a motor driven by
electric power supplied from a battery.

[0003] For example, JP 2008-190245 A discloses a
hydraulic excavator in which a battery box is provided in the
vicinity of a seat on which an operator is seated. When a
back side of the operator seated on the seat is defined as a
rear side, and a side opposite thereto is defined as a front
side, the battery box is disposed rearward of the seat. In
order to facilitate replacement of the battery with a new
battery when the capacity of the battery has decreased, the
battery box is supported by a battery box lifting and low-
ering unit that pivots so as to approach or separate from the
ground.

SUMMARY OF THE INVENTION

[0004] In a hydraulic excavator, a bucket is provided
forward of a seat. When loaded objects such as cargo, earth
and sand, or rocks are loaded on the bucket, the weight of the
front portion of the hydraulic excavator becomes consider-
ably large. That is, the weight is unbalanced between the
front portion and the rear portion of the hydraulic excavator.
As a result, the posture of the work vehicle may become
unstable.

[0005] A main object of the present invention is to provide
a work vehicle capable of maintaining a stable posture even
when a loaded object is loaded on a loading unit.

[0006] According to an embodiment of the present inven-
tion, there is provided a work vehicle comprising: an electric
drive source driven by electric power; a traveling unit driven
by the electric drive source; a vehicle body on which the
traveling unit is provided; a loading unit that is provided on
the vehicle body so as to extend in a first direction, is
configured to allow a loaded object to be loaded thereon, and
is operable with respect to the vehicle body; and a detach-
able battery storage unit provided on the vehicle body so as
to extend in a second direction that is an opposite direction
to the first direction, wherein the detachable battery storage
unit includes a housing portion that is configured to house a
detachable battery configured to supply electric power to the
electric drive source, and an opening that is formed in an
upper portion of the housing portion, the detachable battery
being inserted or removed through the opening, and the
opening is oriented upward, and an axis line of the housing
portion that extends in a battery attachment/detachment
direction is inclined so as to be oriented in the first direction
or the second direction.

[0007] Here, the “opposite direction” means the other
direction side with respect to one direction side, more
specifically, a “reverse direction”. For example, when the

Dec. 14, 2023

direction in which the operator faces is the first direction, the
direction toward the back side of the operator is the second
direction. In the case of a work vehicle in which the traveling
unit includes a crawler, it is generally recognized that “the
side on which the drive sprocket is disposed is the rear side”.
However, in the case where the vehicle body is provided so
as to be pivotable with respect to the traveling unit, the
direction in which the traveling unit faces and the direction
in which the vehicle body faces may not coincide with each
other. Therefore, in the present specification, the first direc-
tion and the second direction are defined based on the
direction of the vehicle body.

[0008] According to the present invention, since the load-
ing unit and the detachable battery storage unit are disposed
on opposite sides, even when a loaded object is loaded on the
loading unit and a load acts on the first direction side of the
work vehicle, the load (or weight) can be substantially
balanced between the first direction side and the second
direction side. As a result, the posture of the work vehicle is
prevented from becoming unstable, and various types of
work such as excavation work and transportation work, for
example, can be smoothly performed by the work vehicle.

[0009] In addition, the opening of the detachable battery
storage unit is oriented upward, and the axis line, of the
housing portion that houses the detachable battery, along the
battery attachment/detachment direction is inclined so as to
be oriented in the first direction or the second direction.
Therefore, for example, the inner wall of the housing portion
that faces downward receives a part of the weight of the
detachable battery. That is, the housing portion bears the
load of the detachable battery. Therefore, it is possible to
reduce the force required when the operator pushes the
detachable battery into the housing portion or pulls the
detachable battery out of the housing portion, compared to
a case where the axis line of the detachable battery storage
unit extends in the vertical direction. In other words, the
detachable battery can be easily attached to and detached
from the housing portion.

[0010] In addition, since the detachable battery storage
unit is inclined as described above, the center of gravity of
the detachable battery storage unit can be easily separated
from the loading unit toward the second direction side,
compared to a state where the detachable battery storage unit
is not inclined. As a result, it becomes easier to balance the
weight of the loading unit (on the first direction side) on
which the loaded object is loaded and the weight of the
detachable battery storage unit (on the second direction
side). Therefore, the posture of the work vehicle is further
prevented from becoming unstable, so that the above-de-
scribed work can be more smoothly performed.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a schematic overall side view of a mini
hydraulic excavator which is a work vehicle according to an
embodiment of the present invention;

[0012] FIG. 2 is a schematic longitudinal cross-sectional
view of a main portion of a battery case that is a detachable
battery storage unit;

[0013] FIG. 3 is a schematic longitudinal cross-sectional
view of a main portion showing a state where a detachable
battery is temporarily stopped in the vicinity of an opening
of the battery case; and
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[0014] FIG. 4 is a schematic longitudinal cross-sectional
view of a main portion showing a state where the posture of
the detachable battery is changed from that in FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

[0015] Hereinafter, a preferred embodiment of a work
vehicle according to the present invention will be described
in detail with reference to the accompanying drawings.
Although the work vehicle exemplified in the present
embodiment is a so-called mini hydraulic excavator, it is
hereinafter simply referred to as a “hydraulic excavator”.
[0016] FIG. 1 is a schematic overall side view of a
hydraulic excavator 10. The hydraulic excavator 10 includes
a traveling unit 12 and a vehicle body 14 provided above the
traveling unit 12. In this case, the traveling unit 12 is formed
of'a crawler including a drive sprocket 15, and is capable of
rotating either leftward or rightward in FIG. 1. As the
traveling unit 12 rotates in this way, the hydraulic excavator
10 travels straight to the left or right in FIG. 1. A ground
contact portion 12bo, which is at the lowest position of the
traveling unit 12, contacts the ground G.

[0017] An operation unit 16 operated by an operator W,
and a seat 18 on which the operator W is seated, are provided
on an upper portion of the vehicle body 14. Hereinafter, for
convenience of description, a side on which the operation
unit 16 is provided is defined as “front (forward)” or a “first
direction”, and a direction opposite thereto is defined as
“rear (rearward)” or a “second direction”. That is, the
operation unit 16 is always located forward of the operator
W seated on the seat 18 or in the first direction. Note that
“front (forward)” or “first direction”, and “rear (rearward)”
or “second direction” are words representing directions.
That is, for example, also at the position on the rear side of
the operation unit 16, the operation unit 16 is located in the
first direction (front side) when seen from that position, and
the opposite direction (opposite side) thereto is the second
direction (rear side).

[0018] The vehicle body 14 can turn with respect to the
traveling unit 12. That is, when the vehicle body 14 is in the
state shown in FIG. 1, the operator W seated on the seat 18
faces leftward. On the other hand, when the vehicle body 14
turns by 180° in a state where the traveling unit 12 is
stopped, the operator W seated on the seat 18 faces right-
ward. In any case, it is needless to say that the operation unit
16 is positioned forward of the operator W. In other words,
the first direction is leftward when the vehicle body 14 is in
the state shown in FIG. 1, and is rightward when the vehicle
body 14 turns by 180° from the state shown in FIG. 1. The
second direction is opposite to this direction.

[0019] A motor 20 is housed in the vehicle body 14 so as
to be slightly displaced rearward. The motor 20 is an electric
drive source that is driven by receiving power supply from
a detachable battery (hereinafter, also simply referred to as
a “battery”) 22, which will be described later. The motor 20
rotates the drive sprocket 15 to cause the crawler to rotate.
Further, a power drive unit (PDU) 24 for converting DC
power of the battery 22 into AC power is provided in the
vicinity of the motor 20.

[0020] A coupling protrusion 26 is provided on a front
wall surface (in other words, an outer wall surface facing in
the first direction) of the vehicle body 14 so as to protrude
further forward than the operation unit 16. A loading unit 28
is provided at the coupling protrusion 26. Accordingly, the
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loading unit 28 extends further forward (in the first direc-
tion) from the front wall surface of the vehicle body 14.
[0021] The loading unit 28 is operable with respect to the
vehicle body 14. Specifically, the loading unit 28 includes a
plurality of pivoting arms 30, and a bucket 32 provided on
the pivoting arms 30 at the distal end. The adjacent pivoting
arms 30 are connected to each other via a pivot shaft 34, and
similarly, the pivoting arms 30 at the distal end and the
bucket 32 are connected to each other via the pivot shafts 34.
Upon receiving a command signal input by the operator W
via the operation unit 16, each of the pivoting arms 30 and
the bucket 32 receive driving electric power from the motor
20 and pivot about the pivot shafts 34.

[0022] For example, earth and sand, rocks, or the like are
loaded on the bucket 32 as a loaded object 36. As the crawler
rotates, the hydraulic excavator 10 can move forward in a
state where the loaded object 36 is held on the bucket 32.
[0023] A stay 38 that protrudes further rearward than the
seat 18 is provided at a lower portion of a rear wall surface
(in other words, an outer wall surface facing in the second
direction) of the vehicle body 14. The stay 38 is inclined
toward the ground G as it is separated from the vehicle body
14. Further, a part of the rear wall surface is cut out to form
an insertion opening 40.

[0024] Two battery cases 42 serving as detachable battery
storage units are supported by the stay 38 so as to be
arranged in parallel on the front side and the back side in a
direction orthogonal to the plane of FIG. 1. Here, the lower
surface of the stay 38 is located above the traveling unit 12.
Therefore, a lower surface 4260 (see FIG. 2) of each of the
battery cases 42 is also located above the traveling unit 12.
That is, the entire battery case 42 is located above the
traveling unit 12.

[0025] Further, since the stay 38 is inclined in the manner
as described above, a front lower end 42/ and a front upper
end 42fu of the battery case 42 are located above (higher
than) a rear lower end 42rb and a rear upper end 42ru,
respectively. That is, the battery case 42 is inclined down-
ward (to be lower) from the front end (the end portion in the
first direction) toward the rear end (the end portion in the
second direction), in other words, is inclined so as to
approach the ground G. Therefore, the front lower end 42/b
is located on the first direction side, and the rear upper end
42ru is located on the second direction side.

[0026] The front lower end 4275 of the battery case 42 is
inserted into the vehicle body 14 through the insertion
opening 40. The other portions of the battery case 42 are
exposed from the vehicle body 14 and extend rearward (in
the second direction). Note that it is not essential for the
front lower end 42/b of the battery case 42 to be inserted into
the vehicle body 14, and the entire battery case 42 may be
exposed from the vehicle body 14.

[0027] As the battery case 42, for example, a battery case
may be adopted which is configured according to the battery
case included in the battery storage device described in WO
2019/064593 A1l and is set so as to be able to house only one
battery 22. That is, the main configuration of the battery case
42 is known, and therefore, detailed description and illus-
tration thereof will be omitted.

[0028] As shown in FIG. 2, the battery case 42 includes a
case body 44, and a lid member 46 connected to the case
body 44 via a hinge (not shown). The case body 44 has a
substantially rectangular parallelepiped shape, and a housing
portion 50 capable of housing the battery 22 is formed inside
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the case body 44. When the lid member 46 pivots so as to
rise forward and upward, the battery case 42 is brought into
an open state in which the housing portion 50 is visually
recognized. On the other hand, when the lid member 46
pivots rearward and downward and covers the case body 44,
the battery case 42 is brought into a closed state in which the
housing portion 50 is hidden. The lid member 46 is locked
to the case body 44 by a lock mechanism (not shown). In this
case, the lid member 46 is maintained in the closed state
unless the lock mechanism is released.

[0029] In the present embodiment, the battery 22 has a
substantially rectangular parallelepiped shape such as shown
in FIG. 1 of JP 2019-068720 A. Therefore, the housing
portion 50 has a hole shape obtained by hollowing out a
quadrangular prism. Specifically, in this case, the housing
portion 50 is a space defined by one bottom wall 52 and four
side walls.

[0030] One of the side walls is a lower side wall 54 facing
downward, and a corner portion 55 is formed at the inter-
section of the lower side wall 54 and the bottom wall 52.
Further, two of the side walls are lateral side walls 56 rising
from the lower side wall 54, and the remaining one of the
side walls is an upper side wall 58 connected to the two
lateral side walls 56 and opposing the lower side wall 54. An
opening 60 for inserting or removing the battery 22 is
formed in an upper portion of the housing portion 50. That
is, the battery case 42 includes the opening 60 oriented
upward.

[0031] In the present embodiment, the battery 22 is attach-
able to and detachable from the battery case 42 (insertable
into and removable from the housing portion 50). It goes
without saying that the battery 22 passes through the open-
ing 60 at the time of attachment and detachment. An axis line
L of the housing portion 50 extends in a movement direction
of the battery 22 when the battery 22 is inserted into or
removed from the housing portion 50, that is, an attachment/
detachment direction.

[0032] Since the battery case 42 is inclined in a state of
being supported by the stay 38 as described above, the axis
line L of the housing portion 50 is also inclined. In this case,
the axis line L. of the housing portion 50 is inclined upward
(so as to be higher) from the first direction side toward the
second direction side. An inclination angle 6 of the axis line
L of the housing portion 50 with respect to the vertical
direction is preferably 10° to 45°. This is because, by setting
in this manner, the battery 22 can be easily pushed into or
pulled out from the housing portion 50.

[0033] The opening 60 is inclined so as to be substantially
orthogonal to the axis line L. of the housing portion 50.
Specifically, the opening 60 includes an opening upper end
60up (highest portion) which is at the highest position, and
an opening lower end 6050 (lowest portion) which is at the
lowest position, the opening upper end 60up being located
on the first direction side, and the opening lower end 6050
being located on the second direction side. Therefore, the
opening 60 is oriented in the second direction. Note that the
opening upper end 60up is substantially at the same position
as an upper end 58up which is an end of the upper side wall
58 on the opening 60 side, and the opening lower end 6050
is substantially at the same position as an upper end 54up
which is an end of the lower side wall 54 on the opening 60
side.

[0034] The opening lower end 60bo is located below a
highest portion 18up of an upper surface of a seating surface
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of the seat 18. On the other hand, the opening upper end
60up is located at substantially the same height as the seating
surface. Note that the opening upper end 60up may be
located below the seating surface. In other words, at least a
part of the opening 60 may be located below the highest
portion 18up, but the entire opening 60 may be located
below the highest portion 18up.

[0035] It is preferable that a height H of the opening lower
end 6050 of the opening 60 from the ground contact portion
12bo is set at a position where it is not necessary to largely
bend down when inserting or removing the battery 22, for
example, based on the average height of an adult male living
in a country or an area where the hydraulic excavator 10 is
used. For example, the height H is preferably in a range of
80 cm to 120 cm, and more preferably in a range of 80 cm
to 100 cm.

[0036] Incidentally, the stay 38 may be provided in a
tilting unit so that the inclination angle 6 of the axis line L
with respect to the vertical direction can be changed. In this
case, by tilting the stay 38 with the tilting unit, the height
position H and the inclination angle 8 can be appropriately
changed according to the physique of the operator W.
Therefore, the versatility of the hydraulic excavator 10 is
enhanced. Note that, even when the tilt angle of the stay 38
is changed, the entire battery case 42 is located above the
traveling unit 12.

[0037] The bottom wall 52 serves to stop the battery 22
inserted into the housing portion 50 and to position the
battery 22. That is, the bottom wall 52 is a battery position-
ing portion. The bottom wall 52 is inclined so as to be
substantially orthogonal to each of the side walls (the lower
side wall 54, the two lateral side walls 56, and the upper side
wall 58) and substantially parallel to the opening 60. There-
fore, the bottom wall 52 includes a bottom upper end 52up
which is at the highest position and a bottom lower end 5250
which is at the lowest position, the bottom upper end 52up
being located on the first direction side, and the bottom
lower end 52bo being located on the second direction side.
[0038] On the bottom wall 52, for example, a device-side
connector 64 is provided at a position close to the upper side
wall 58, more specifically, at a position closer to the bottom
upper end 52up than a perpendicular line that is orthogonal
to a line connecting the bottom upper end 52up and the
bottom lower end 52bo and that passes through a midpoint
of this line. The device-side connector 64 is electrically
connected to a battery-side connector 66 provided at the
bottom of the battery 22. Electric power of the battery 22 is
supplied to the motor 20 (electric drive source) and electrical
components such as the PDU 24, via the battery-side con-
nector 66 and the device-side connector 64. In this way, the
device-side connector 64 functions as a conduction connect-
ing member. Since the configuration of the device-side
connector 64 is described in detail in WO 2019/064593 A1,
detailed illustration and description thereof will be omitted.
[0039] The lower side wall 54, which is one of the side
walls, is inclined so as to be substantially parallel to the axis
line L of the housing portion 50. In other words, the lower
side wall 54 extends upward from the first direction side
toward the second direction side. Therefore, a lower end
54bo (the bottom wall 52 side), which is at the lowest
position, is positioned on the first direction side. On the other
hand, the upper end 54up (the opening 60 side), which is at
the highest position, is positioned on the second direction
side. The weight of the battery 22 is applied as a load to the
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lower side wall 54. In other words, the lower side wall 54 is
a battery support portion that receives the weight of the
battery 22. The lower end 5450 of the lower side wall 54 is
at the same position as the bottom lower end 52bo.

[0040] The lower side wall 54 has a slight thickness, and
its upper end is substantially horizontally cut out. The cutout
serves as a guide wall 68 for temporarily placing the battery
22 thereon to change the posture thereof.

[0041] The hinge connects a front upper end 44f of the
case body 44 configured as described above, and a front
lower end 46f of the lid member 46. Therefore, the lid
member 46 can pivot such that a rear end 46 rises forward
and upward as described above.

[0042] The hydraulic excavator 10 (the work vehicle)
according to the present embodiment is basically configured
as described above, and the operation and effect thereof will
be described next.

[0043] The hydraulic excavator 10 is operated in a state
where the battery 22 is housed in the housing portion 50 of
each of the two battery cases 42 and the housing portion 50
is closed by the lid member 46. At this time, it is needless
to say that the battery-side connector 66 is electrically
connected to the device-side connector 64. Accordingly,
electric power from the battery 22 is supplied to the motor
20, which is an electric drive source, and various electrical
components such as the PDU 24.

[0044] When the operator W seated on the seat 18 appro-
priately operates the operation unit 16, the drive sprocket 15
constituting the traveling unit 12 rotates and the crawler
starts rotating. Along therewith, the hydraulic excavator 10
moves forward, for example, to the left in FIG. 1. After
arriving at the work site where excavation or the like is
performed, the traveling unit 12 may be stopped to stop the
forward movement of the hydraulic excavator 10.

[0045] Next, when the operator W appropriately operates
the operation unit 16, the loading unit 28 is operated to
perform excavation. That is, the pivoting arms 30 and the
bucket 32 are appropriately operated to excavate a part of the
ground G. As a result, earth and sand, rocks, and the like are
collected in the bucket 32. In other words, the loaded object
36 such as earth and sand or rocks is loaded on the bucket
32. Since earth and sand, rocks, and the like are considerably
heavy objects, a large load acts on the front side (in the first
direction) of the hydraulic excavator 10.

[0046] The hydraulic excavator 10 is small, and the
vehicle body 14 is relatively lightweight. For this reason, if
the weight of the loaded object 36 is excessively large, there
is a concern that the center of gravity is displaced to the front
side (in the first direction) and the posture of the hydraulic
excavator 10 becomes unstable.

[0047] In the present embodiment, two battery cases 42
are disposed on the second direction side of the vehicle body
14, which is opposite to the first direction side, and the
batteries 22 are stored in the two battery cases 42, respec-
tively. Therefore, the weight of the battery cases 42 and the
batteries 22 is applied as a load to the rear portion of the
vehicle body 14. Accordingly, the weight of the loading unit
28 on which the loaded object 36 is loaded, that is, the
weight of the front side of the vehicle body 14 (the loading
unit 28 on which the loaded object 36 is loaded) and the
weight of the rear side of the vehicle body 14 (the battery
cases 42 and the batteries 22) are substantially balanced.
Thus, the posture of the hydraulic excavator 10 is prevented
from becoming unstable when the loaded object 36 is loaded
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on the bucket 32. As a result, excavation work, transporta-
tion work, and the like can be smoothly performed.

[0048] In addition, each of the battery cases 42 and each
of the batteries 22 are inclined with respect to the vertical
direction such that the upper portion of the housing portion
50 where the opening 60 is formed extends in the second
direction. In this case, the center of gravity of the battery
case 42 and the center of gravity of the battery 22 can be
more easily separated from the loading unit 28 toward the
second direction side, compared to a state where the battery
case 42 is placed such that the lower surface 42bo thereof is
horizontal (a state where the battery case 42 is not inclined).
This also contributes to balancing the weight of the front
side of the vehicle body 14 (the loading unit 28 on which the
loaded object 36 is loaded) and the weight of the rear side
of'the vehicle body 14 (the battery cases 42 and the batteries
22). That is, the posture of the hydraulic excavator 10 is
further prevented from becoming unstable.

[0049] Note that the inclination direction of each of the
battery cases 42 may be opposite to that in FIG. 1. That is,
the axis line L. of the housing portion 50 can be inclined with
respect to the vertical direction such that the opening 60 is
oriented upward, the upper portion in which the opening 60
is formed is extended in the first direction, and the lower
portion including the lower surface 42bo of the battery case
42 is extended in the second direction. In this case, the
battery case 42 is inclined downward from the first direction
side toward the second direction side. Also in this case, the
center of gravity of the battery case 42 and the center of
gravity of the battery 22 can be more easily separated from
the loading unit 28 toward the second direction side, com-
pared to a state where the battery case 42 is placed such that
the lower surface 42bo thereof is horizontal (a state where
the battery case 42 is not inclined).

[0050] In addition, the battery cases 42 are always posi-
tioned on the back side (rear side) of the operator W no
matter how much the vehicle body 14 turns. That is, the
battery cases 42 do not block the field of view of the operator
W. Therefore, the situation where the battery cases 42
interfere with the work is avoided.

[0051] In addition, the battery cases 42 are positioned on
the opposite side of the vehicle body 14 from the loading
unit 28. Therefore, even if earth and sand or the like loaded
on the bucket 32 are scattered by wind, it is difficult for the
earth and sand or the like to reach the battery cases 42. Thus,
the adhesion of earth and sand or the like to the battery cases
42, that is, the contamination of the battery cases 42 is
suppressed.

[0052] It is assumed that the hydraulic excavator 10 is
used in rainy weather. Although the gap between the case
body 44 and the lid member 46 is sealed by a seal member,
there is a concern that rainwater or the like may enter the
battery case 42 when the seal member deteriorates over time.
[0053] Here, the lower side wall 54 of the housing portion
50 is inclined so as to be oriented in the first direction from
the upper end 54up toward the lower end 54bo, and the
bottom wall 52 is inclined so as to be oriented in the first
direction from the bottom lower end 5250 which is the lower
end (at the lowest position) toward the bottom upper end
52up which is the upper end (at the highest position).
Therefore, rainwater or the like is temporarily stored in the
corner portion 55 formed by the lower side wall 54 and the
bottom wall 52. As described above, the device-side con-
nector 64 and the battery-side connector 66 are located on
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the bottom wall 52 at a position closer to the bottom upper
end 52up than a perpendicular line that is orthogonal to a
line connecting the bottom upper end 52up and the bottom
lower end 52bo and that passes through a midpoint of this
line. That is, both connectors 64 and 66 are close to the
highest side on the bottom wall 52. Therefore, both connec-
tors 64 and 66 are prevented from being immersed in water.
The same applies to a case where dew condensation occurs
in each of the battery cases 42. As described above, by
inclining the housing portion 50, it is also possible to obtain
an advantage that the device-side connector 64 and the
battery-side connector 66 can be protected from rainwater,
condensed water, or the like.

[0054] When the excavation work, the operation of the
loading unit 28, and the traveling of the hydraulic excavator
10 are repeated, the capacity of the battery 22 decreases. In
this case, the operator W replaces the battery 22. For this
purpose, the hydraulic excavator 10 may be caused to travel
to a charging station, or the battery 22 may be conveyed to
the hydraulic excavator 10.

[0055] The operator W first releases the locking (locking
of the lid member 46) by the lock mechanism and then
pivots the lid member 46 to bring the battery case 42 into the
open state. In accordance therewith, the opening 60 of the
housing portion 50 and the upper end portion of the battery
22 are visually recognized. Next, the operator W grips a grip
portion 22/ provided at the upper end portion of the battery
22 and pulls up the battery 22 along the axis line LL of the
housing portion 50.

[0056] Here, the range of a height position A of the
opening 60 of the housing portion 50 from the opening lower
end 60bo to the opening upper end 60up overlaps, at least
partially, the range of a height position B from the highest
portion 18up to a lowest portion 18bo of the upper surface
of the seating surface of the seat 18. In this manner, the
height position A of the opening 60 is set such that the
operator W can grip the battery 22 without largely bending
down. In addition, since the height position A in at least a
part of the range thereof is located below the highest portion
18up of the upper surface of the seating surface of the seat
18, and the opening 60 is oriented in the second direction, it
is easy for the operator W to visually recognize the housing
portion 50 and the battery 22.

[0057] Moreover, since the housing portion 50 is inclined
such that the inclination angle 0 of the axis line I with
respect to the vertical direction is 10° to 45°, the opening 60
substantially faces the operator W. Further, the lower side
wall 54 that defines the housing portion 50 receives the
weight of the battery 22. According to the features described
above, the operator W can easily pull up the battery 22.

[0058] Furthermore, since the height H of the opening
lower end 60bo of the opening 60 from the ground contact
portion 12bo of the traveling unit 12 is low, the operator W
does not need to lift up the battery 22 to a high position.
Therefore, the burden on the operator W is reduced. In
particular, when the height H is preferably set to be equal to
or greater than 80 cm and equal to or less than 120 cm, and
more preferably equal to or greater than 80 cm and equal to
or less than 100 cm, the burden can be greatly reduced.

[0059] Furthermore, since the opening 60 is oriented in the
second direction, the situation where the battery 22 pulled
out from the housing portion 50 interferes with the seat 18
or the like is avoided.
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[0060] Next, the operator W lifts up the charged battery 22
and brings it close to the opening 60. Since the lid member
46 pivots forward and upward, the situation where the lid
member 46 interferes with the battery 22 is avoided. In
addition, as described above, since the operator W does not
need to lift up the battery 22 to the high position, the burden
on the operator W is reduced.

[0061] At this point of time, there is no problem if the
battery 22 is in the lying posture in which an axis line M of
the battery 22 extends in the horizontal direction. Here, the
guide wall 68 is provided at the opening 60 of the housing
portion 50. As shown in FIG. 3, the operator W can place,
on the guide wall 68, a lower end of a side surface 22s of the
battery 22 that is in the lying posture, the side surface 22s
facing the guide wall 68.

[0062] From this state, the operator W pivots the battery
22 about the guide wall 68 such that the battery 22 slightly
stands up, and changes the posture of the battery 22 from the
lying posture to the inclined posture as shown in FIG. 4. As
a result, the axis line L. of the housing portion 50 and the axis
line M of the battery 22 become parallel to each other. That
is, the axis line M of the battery 22 extends in the attach-
ment/detachment direction.

[0063] Further, as the battery 22 becomes inclined, the
bottom portion thereof slides on the guide wall 68, and the
side surface 22s of the inclined battery 22 comes into contact
with the lower side wall 54 of the housing portion 50.
Thereafter, the battery 22 easily moves toward the bottom
wall 52 by its own weight while being supported by the
lower side wall 54. In this manner, by inclining the battery
case 42 and the housing portion 50, the work of inserting the
battery 22 into the housing portion 50 is facilitated com-
pared to a case where the housing portion 50 extends in the
vertical direction or the horizontal direction.

[0064] The present invention is not particularly limited to
the above-described embodiment, and various modifications
can be made without departing from the gist of the present
invention.

[0065] For example, the traveling unit 12 may be wheels.
In addition, the work vehicle is not limited to the hydraulic
excavator 10, and may be a forklift or a tractor shovel
including a wheel loader and a crawler loader.

[0066] Further, the detachable battery storage unit may be
constituted by a frame member.

REFERENCE SIGNS LIST

[0067] 10: hydraulic excavator
[0068] 12: traveling unit
[0069] 14: vehicle body
[0070] 16: operation unit
[0071] 18: seat

[0072] 20: motor

[0073] 22: detachable battery
[0074] 24: power drive unit
[0075] 28: loading unit
[0076] 30: pivoting arm
[0077] 32: bucket

[0078] 34: pivot shaft

[0079] 36: loaded object
[0080] 42: battery case
[0081] 44: case body

[0082] 46: lid member
[0083] 50: housing portion
[0084] 52: bottom wall
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[0085] 54: lower side wall

[0086] 56: lateral side wall

[0087] 58: upper side wall

[0088] 60: opening

[0089] 64: device-side connector

[0090] 66: battery-side connector

[0091] 68: guide wall

[0092] G: ground

[0093] L, M: axis line

[0094] W: operator

1. A work vehicle comprising:

an electric drive source driven by electric power;

a traveling unit driven by the electric drive source;

a vehicle body on which the traveling unit is provided;

a loading unit that is provided on the vehicle body so as
to extend in a first direction, is configured to allow a
loaded object to be loaded thereon, and is operable with
respect to the vehicle body; and

a detachable battery storage unit provided on the vehicle
body so as to extend in a second direction that is an
opposite direction to the first direction,

wherein the detachable battery storage unit includes a
housing portion that is configured to house a detachable
battery configured to supply electric power to the
electric drive source, and an opening that is formed in
an upper portion of the housing portion, the detachable
battery being inserted or removed through the opening,
and

the opening is oriented upward, and an axis line of the
housing portion that extends in a battery attachment/
detachment direction is inclined so as to be oriented in
the first direction or the second direction.

2. The work vehicle according to claim 1, wherein

the detachable battery storage unit is provided on a
portion of the vehicle body that faces in the second
direction, and the opening is oriented in the second
direction.

3. The work vehicle according to claim 1, wherein

the detachable battery storage unit is disposed above the
traveling unit.
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4. The work vehicle according to claim 3, wherein

a lowest position on the detachable battery storage unit on
a side of the first direction is located above a lowest
position on the detachable battery storage unit on a side
of the second direction.

5. The work vehicle according to claim 1, further com-

prising a seat on which an operator is seated, wherein

at least a part of the opening is located below a seat
surface of the seat.

6. The work vehicle according to claim 5, wherein

at least a part of the opening from a highest portion of the
opening at a highest position thereof to a lowest portion
of the opening at a lowest position thereof is positioned
within a range from a highest portion of the seat at a
highest position thereof to a lowest portion of the seat
at a lowest position thereof.

7. The work vehicle according to claim 1, wherein

a distance from a lowest position on the traveling unit to
a lowest portion of the opening at a lowest position
thereof is 80 cm to 120 cm, and an inclination angle of
the axis line of the housing portion with respect to a
vertical direction is 10° to 45°.

8. The work vehicle according to claim 1, wherein

the detachable battery storage unit includes, in the hous-
ing portion, a battery support portion that is inclined so
as to extend along the axis line of the housing portion
and that is configured to support the detachable battery.

9. The work vehicle according to claim 8, wherein

the detachable battery storage unit includes, in the hous-
ing portion, a battery positioning portion that is pro-
vided so as to be orthogonal to the battery support
portion and that is configured to position the detachable
battery, and

a conduction connecting member that is electrically con-
nected to the detachable battery is provided in prox-
imity to a highest position on the battery positioning
portion.



