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(54) WORK VEHICLE

(57) A working vehicle (1) includes: a vehicle body
(2); and a boom (31); a bucket (32); a boom driving unit
including a boom cylinder (36); a bucket driving unit con-
figured to swing the bucket (32); a boom-bottom pressure
sensor (460) configured to detect a boom-bottom pres-
sure of the boom cylinder (36); and a working equipment
controller (10) configured to control at least one of a lift
motion of the boom (31) and a tilt motion of the bucket
(32). The bucket (32) includes an inclined portion (44).
The working equipment controller (10) controls the lift
motion or the tilt motion by comparing a threshold set in
accordance with an inclination angle of the inclined por-
tion (44) with the boom-bottom pressure.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a working vehicle.

BACKGROUND ART

[0002] A working vehicle is provided with working equipment for loading, for instance, soil and sand or crushed rocks
onto a dump truck or the like. Such a working vehicle may be a wheel loader. The wheel loader is a bucket-equipped
vehicle configured to travel using tires. In order to reduce a burden on an operator in performing an excavation work
using the wheel loader, a motion of the bucket may be automatically controlled to excavate (see, for instance, Patent
Literature 1).
[0003] In the automatic excavation control disclosed in Patent Literature 1, when a bottom pressure, which is a pressure
of a hydraulic oil supplied to a boom hydraulic cylinder, a driving speed of the working vehicle and a boom angle satisfy
auto lift start conditions, an auto lift control of a boom is started. Similarly, when the bottom pressure of the boom hydraulic
cylinder and the driving speed of the working vehicle satisfy auto tilt start conditions, an auto tilt control of the bucket is
started.

CITATION LIST

PATENT LITERATURE(S)

[0004] Patent Literature I: Japanese Patent No. 5700613

SUMMARY OF THE INVENTION

PROBLEM(S) TO BE SOLVED BY THE INVENTION

[0005] In addition to the excavation work, the wheel loader sometimes performs a grading work (e.g., ground leveling),
which also increases the bottom pressure. Accordingly, the wheel loader needs to be set not to start the automatic
excavation control in response to an increase in the bottom pressure during the grading work.
[0006] Thus, a threshold to be compared with the bottom pressure is set high so that the auto lift control or the auto
tilt control is started only during the automatic excavation work.
[0007] However, when the threshold is set high, the auto lift control or the auto tilt control cannot be started until the
bottom pressure reaches a high value, which results in delay of the timing of the start of the control. The control cannot
thus be started until a bucket-thrusting distance relative to an object such as soil and sand becomes large, so that the
auto lift control or the auto tilt control cannot be started at an optimal timing. Consequently, an operating efficiency cannot
be sufficiently improved under the automatic excavation control.
[0008] An object of the invention is to provide a working vehicle capable of improvement in an operating efficiency
during an automatic excavation control.

MEANS FOR SOLVING THE PROBLEM(S)

[0009] According to a first aspect of the invention, a working vehicle includes: a vehicle body; a boom swingably
supported by the vehicle body; a bucket swingably supported by the boom; a boom driving unit configured to swing the
boom, the boom driving unit including a boom hydraulic cylinder; a bucket driving unit configured to swing the bucket;
a boom-bottom pressure detector configured to detect a boom-bottom pressure of the boom hydraulic cylinder; and a
controller configured to control at least one of a lift motion of the boom and a tilt motion of the bucket, the bucket including
a bottom plate, the bottom plate including an inclined portion inclined upward toward an innermost of the bucket when
a bottom surface of the bottom plate is set horizontal, the controller controlling the lift motion or the tilt motion by comparing
a threshold set in accordance with an inclination angle of the inclined portion relative to the bottom surface with the
boom-bottom pressure.
[0010] In the above aspect of the invention, the bottom plate of the bucket includes the inclined portion. Thus, when
the bucket is thrust into an object to be excavated (e.g., soil and sand), a horizontal reaction force applied to the boom
via the bucket from the object to be excavated is increased and, consequently, an increase ratio of the boom-bottom
pressure of the boom hydraulic cylinder is increased. Therefore, even when the threshold to be compared with the bottom
pressure is set high so that a grading work is distinguishable, the time elapsed before the bottom pressure exceeds the
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threshold is shortened, thereby allowing the controller to start the automatic control of the lift motion of the boom or the
tilt motion of the bucket at an early timing. Thus, the lift motion or the tilt motion under the automatic control is likely to
be started at an optimal thrusting distance of the bucket relative to the object to be excavated, thereby improving the
operating efficiency during an automatic excavation control. In particular, the threshold is set in accordance with the
inclination angle of the inclined portion. Therefore, even when a variation in the bottom pressure is changed with a
change in the inclination angle, the lift motion or the tilt motion can be started at an optimal timing in accordance with
the variation, thereby improving the operating efficiency under the automatic excavation control.
[0011] Further, the increased horizontal reaction force lowers the speed of the working vehicle, so that an operator
can easily operate the working vehicle at the right timing, which also results in an improvement in the operation efficiency
under the automatic excavation control.
[0012] In the above aspect, it is preferable that the bottom plate further includes a straight portion extending continuously
from a front edge of the inclined portion.
[0013] In the above aspect, it is preferable that the inclination angle is in a range from four degrees to eight degrees.
[0014] In the above aspect, it is preferable that the controller controls the lift motion of the boom by comparing a first
threshold set in accordance with the inclination angle of the inclined portion relative to the bottom surface with the boom-
bottom pressure, and controls the tilt motion of the bucket by comparing a second threshold set in accordance with the
inclination angle of the inclined portion relative to the bottom surface with the boom-bottom pressure.
[0015] According to a second aspect of the invention, a working vehicle includes: a vehicle body; a boom swingably
supported by the vehicle body; a bucket swingably supported by the boom; a boom driving unit configured to swing the
boom; a bucket driving unit configured to swing the bucket; a horizontal reaction force detector configured to detect a
horizontal reaction force applied when the bucket is thrust into an object to be loaded in the bucket; and a controller
configured to control at least one of a lift motion of the boom and a tilt motion of the bucket, the bucket including a bottom
plate, the bottom plate including an inclined portion inclined upward toward an innermost of the bucket when a bottom
surface of the bottom plate is set horizontal, the controller controlling the lift motion or the tilting motion by comparing a
threshold set in accordance with an inclination angle of the inclined portion relative to the bottom surface with the
horizontal reaction force.

BRIEF DESCRIPTION OF DRAWING(S)

[0016]

Fig. 1 is a side view showing a working vehicle according to an exemplary embodiment of the invention.
Fig. 2 is a perspective view showing the entirety of a bucket provided to the working vehicle.
Fig. 3 is a cross sectional view showing the bucket.
Fig. 4 is a cross sectional view showing a positional relationship between the bucket and a boom in a traveling position.
Fig. 5 schematically illustrates a drive mechanism for working equipment.
Fig. 6 is a block diagram showing an arrangement of a working equipment controller.
Fig. 7 schematically illustrates a process of an automatic excavation work.
Fig. 8 is a flow chart showing the process of the automatic excavation work.
Fig. 9 is a graph showing a relationship between a boom-bottom pressure and a thrusting distance
Fig. 10 is a graph showing a relationship between the boom-bottom pressure and the thrusting distance
Fig. 11 is a graph showing a relationship between a vehicle speed and the thrusting distance.
Fig. 12 is a graph showing a relationship between a deceleration and the thrusting distance.
Fig. 13 is a graph showing a relationship between a speed ratio and the thrusting distance.
Fig. 14 is a sectional view showing a modification of the bucket.

DESCRIPTION OF EMBODIMENT(S)

[0017] An exemplary embodiment of the invention will be described below with reference to the attached drawings.
[0018] Fig. 1 is a side view showing a wheel loader 1 (working vehicle) according to the exemplary embodiment. It
should be noted that, in the figures, directions are determined with reference to an operator in an operating state for the
wheel loader 1. Specifically, a vehicle front-rear direction is simply referred to as a front-rear direction, a vehicle width
direction is referred to as a right-left direction, and a vehicle up-down (vertical) direction is simply referred to as an up-
down (vertical) direction. Further, an innermost of the bucket means a rear side relative to a bucket opening.

Description of Overall Arrangement of Wheel Loader

[0019] As shown in Fig. 1, the wheel loader 1 includes a vehicle body 2, working equipment 3, a cab 4, a travel device
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5, and a power unit 6.
[0020] The vehicle body 2 includes a steel front vehicle body frame 21 that supports the working equipment 3 and a
steel rear vehicle body frame that supports the cab 4 and the power unit 6. The working equipment 3 is provided on a
front side of the front vehicle body frame 21. The travel device 5 includes tires 7, which are driven to control the travel
of the wheel loader 1.
[0021] The working equipment 3 is described in detail. The working equipment 3 includes a boom 31 pivotally supported
by the front vehicle body frame 21, a bucket 32 vertically pivotally supported by the boom 31, and a bell crank 33 pivotally
supported by the boom 31 at a middle of the boom 31.
[0022] The boom 31, which includes right and left pair of booms, is pivotally supported to be vertically swingable
relative to the front vehicle body frame 21. A boom hydraulic cylinder, i.e., a boom cylinder 36 (Fig. 5), is supported at
the middle of the boom 31, the boom cylinder 36 having a base end portion pivotally supported by the front vehicle body
frame 21. Hydraulic extension and retraction of the boom cylinder 36 causes the boom 31 to be vertically swung.
[0023] The bucket 32 is adapted to be loaded with an object to be excavated such as excavated soil (W in Figs. 3 and
7). The bucket 32 has a link 37 (Fig. 5) that is pivotally supported above a position where the bucket 32 is pivotally
supported by the boom 31. An opposite end of the link 37 is pivotally supported at a lower end of the bell crank 33.
[0024] The lower end of the bell crank 33, which is pivotally supported between the pair of booms 31, is connected to
a base end portion of the link 37. A bucket cylinder 34 is pivotally supported at an upper end of the bell crank 33. A base
end portion of the bucket cylinder 34 is pivotally supported by the front vehicle body frame 21.
[0025] The bucket 32 is positioned to be slightly in contact with a ground surface GL and thrust into a pile of blasted
rocks or a ground (a white arrow in Fig. 3 shows a thrusting direction). When the boom cylinder 36 is extended, the
boom 31 is swung upward with the bucket 32 being loaded with the object to be excavated (Fig. 3) (i.e., a lift motion of
the boom 31).
[0026] Hydraulic extension and retraction of the bucket cylinder 34 causes the bucket 32 to be rotated (i.e., a tilt motion
of the bucket 32). Shoveling of, for instance, soil and sand and excavation can thus be performed.
[0027] Further, when the bucket cylinder 34 is retracted with the bucket 32 being positioned above, an upper end
portion of the bell crank 33 is rotated toward the vehicle body 2, while a lower end portion thereof is rotated toward a
vehicle front side. The link then pushes an upper portion of the bucket 32 toward the vehicle front side, thereby rotating
the bucket 32 to dump the object to be excavated loaded in the bucket 32.

Specific Description of Bucket

[0028] Fig. 2 is a perspective view showing the entirety of the bucket 32. Fig. 3 is a sectional view showing a side of
the bucket 32 with a bottom surface 43G of a bottom plate 321 being set horizontal.
[0029] As shown in Figs. 2 and 3, the bucket 32, a lower front edge 43F of which is in the form of a linear flat blade,
includes a main plate 41 continuous from a lower side to an upper side of the bucket opening, and a pair of side plates
42 covering right and left sides of the main plate 41. A lower portion of each of the side plates 42 may be attached with
a side edge guard (not shown).
[0030] The main plate 41 includes: a first straight portion 43 horizontally extending from the lower front edge 43F
toward the innermost of the bucket; a flat inclined portion 44 continuously further extending from a rear edge 43B of the
first straight portion 43 toward the innermost of the bucket while being inclined upward toward the innermost of the
bucket; a curve 45 with a predetermined bucket radius R having a lower edge 45L continuous with a rear edge 44B of
the inclined portion 44; a second straight portion 46 continuous with an upper edge 45U of the curve 45 and inclined
upward toward the bucket opening; and a third straight portion 48 bent at a bent portion 47 toward the bucket opening
relative to a front edge 46F of the second straight portion 46 and further extending toward the bucket opening. The first
straight portion 43 and the inclined portion 44 provide the bottom plate 321 of the bucket 32.
[0031] The first straight portion 43 includes a plate-shaped attachment portion 431 including the lower front edge 43F
and a plate-shaped bottom 432 continuous with a rear edge 431B of the plate-shaped attachment portion 431, and
defines the bottom surface 43G. The plate-shaped attachment portion 431, which is a thick steel plate elongated along
the right-left direction, has a lower surface to which a bottom guard 51 is bolted. The plate-shaped bottom 432, the
inclined portion 44, the curve 45, the second straight portion 46, the bent portion 47 and the third straight portion 48 are
made of a single steel plate, and a laminated plate 52 is additionally layered over a range from the plate-shaped bottom
432 to a part of the curve 45 to reinforce them.
[0032] An angle θ between the inclined portion 44 and the first straight portion 43 (the bottom surface 43G of the first
straight portion 43 in the exemplary embodiment) is four degrees or more, preferably in a range from four degrees to
eight degrees. When the angle is less than four degrees, the object to be excavated pushed to the curve 45 from the
first straight portion 43 through the inclined portion 44 is unlikely to smoothly slide between the inclined portion 44 and
the curve 45 toward the innermost of the bucket. In contrast, when the angle exceeds eight degrees, the bucket 32 is
inevitably thrust into the object to be excavated with an increased resistance, and thus the operation cannot be smoothly
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performed. Further, the object pushed into the innermost of the bucket is likely to roll toward the bucket opening.
[0033] The bucket radius R of the curve 45 is large as compared with a typical bucket radius. The curve 45 is continuous
with the rear side of the inclined portion 44 to be defined at a higher level than that of a typical bucket. The inclined
portion 44 provided before the curve 45 is continuous with the curve 45 having the bucket radius R in a tangent direction.
[0034] A ratio (A/B) between a horizontal length A of the first straight portion 43 and a horizontal length B from the
lower front edge 43F to the most-projecting portion of the curve 45 toward the innermost of the bucket is in a range from
0.3 to 0.5.
[0035] For instance, when the ratio falls below 0.3, a height of the inclined portion 44 in the up-down direction is
relatively increased. Consequently, the bucket is inevitably thrust into the object to be excavated with an increased
resistance, and thus the operation cannot be smoothly performed. Further, since the innermost of the bucket is inevitably
defined at a higher level, it may be actually difficult to attach the bucket 32 due to interference with the boom 31 or the
like. Further, when the ratio falls below 0.3, the horizontal length A of the first straight portion 43 is relatively reduced,
and thus the bucket 32 may be unstably thrust into the object to be excavated.
[0036] In contrast, when the ratio exceeds 0.5, the horizontal length of the curve 45 is relatively reduced, and thus the
curve 45 is unlikely to have the large bucket radius R. Further, for instance, the object to be excavated cannot be smoothly
pushed into the bucket 32, and thus the operation cannot be smoothly performed. When the ratio exceeds 0.5, the length
A is relatively increased, and thus the bucket 32 is inevitably thrust into the object to be excavated with an increased
resistance.
[0037] A stop 53 is provided to a back surface of the second straight portion 46. The stop 53 is a member that is to
be deliberately brought into contact with the boom 31 when the wheel loader 1 is in a traveling position (described later).
Consequently, the bucket 32, the boom 31, the bell crank 33, and a connection portion of any other link can be restrained
from being rattled during traveling, thereby achieving a noiseless stable traveling.
[0038] The bent portion 47, which is defined in an upper exterior surface of the bucket 32, is provided near the innermost
of the bucket relative to a reinforcing member 54 for reinforcing a back surface of the third straight portion 48 (i.e., behind
the reinforcing member 54). The upper exterior surface of the bucket 32 can thus be reinforced over a wide range not
only by the bent portion 47 but also by the reinforcing member 54. The bent portion 47 may be appropriately shaped in
the practice of the invention. For instance, the bent portion 47 may be bent with a predetermined bend radius or may
be sharply bent to create a right-to-left bend line.
[0039] The back surface of the third straight portion 48 is provided with the reinforcing member 54. A spill guard 55
continuously extends from a front edge 54F of the reinforcing member 54 to cover the bucket opening from above It
should be noted that the spill guard 55 is not a component of the main plate 41 of the bucket 32 in the exemplary
embodiment.
[0040] In the exemplary embodiment, the second straight portion 46, the bent portion 47 and the third straight portion
48 in combination define a bulging portion 56 continuous in the right-left direction and bulging outward from the bucket
32. A hollow space defined by the bulging portion 56 accounts for a part of a bucket capacity. In other words, although
the bucket capacity is inevitably reduced at a lower side of the bucket 32 when the curve 45 subsequent to the inclined
portion 44 is defined at a higher level than that of a typical bucket, the bulging portion 56 compensates for the reduction
in the bucket capacity.

Description of Traveling Position

[0041] Fig. 4 shows a positional relationship between the bucket 32 and the boom 31 in the traveling position.
[0042] As shown in Fig. 4, in the traveling position, the bucket 32 is tilted at a maximum with the bucket opening facing
upward and a front edge 42F of each of the side plates 42 being substantially leveled. In the traveling position, a
connection portion 57 where the bucket 32 is pivotally supported at the end of the boom 31 is lifted above a level of the
vehicle body 2 above the ground. In the traveling position, the bucket 32 is brought closest to the boom 31 at the majority
of the second straight portion 46 including the bent portion 47 with a distance S therebetween being minimized.
[0043] A position of the stop 53 corresponds to the position brought closest to the boom 31. The position of the stop
53 is appropriately determined in view of a moment of the boom 31 that supports the bucket 32 via the stop 53. In the
exemplary embodiment, the bucket radius R is maximized until the distance S is minimized as long as the stop 53 is
situated at the appropriate position.
[0044] The bucket 32 is brought closest to the bell crank 33 at a position corresponding to the third straight portion
48. Accordingly, the shape and dimension of the reinforcing member 54 are appropriately determined so that the rein-
forcing member 54 can fit in such a narrow space.
[0045] It should be noted that, in the figures, a reference numeral 57 seen behind the curve 45 of the bucket 32 denotes
the connection portion between the bucket 32 and the boom 31 as described above, and a reference numeral 58 denotes
a connection portion of a tilt link member (not shown) that connects the lower side of the bell crank 33 and the bucket 32.
[0046] In the bucket 32 described above, the bottom plate 321 according to the invention corresponds to a portion of
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the main plate 41 including the bottom surface 43G. Specifically, the main plate 41 of the bucket 32 of the exemplary
embodiment includes: the first straight portion 43 and the inclined portion 44 defining the bottom plate 321 of the bucket
32; and the curve 45, the second straight portion 46 and the third straight portion 48 defining a back surface of the bucket 32.

Drive Mechanism for Working Equipment

[0047] Fig. 5 schematically illustrates a drive mechanism for the working equipment 3. The wheel loader 1 includes a
working equipment controller 10 (a controller according to the invention), an engine 11, and a power take-off (PTO) 12.
The PTO 12 distributes an output from the engine 11 to a travel system for driving the tires 7 and a hydraulic system for
driving the working equipment 3.

Arrangement of Travel System

[0048] The travel system, which is a mechanism allowing the wheel loader I to travel (i.e., the travel device 5), includes
a torque converter (T/C) 15 in addition to, for instance, a transmission and an axle (both not shown). A power outputted
from the engine 11 is transmitted to the tires 7 through the PTO 12, the torque converter 15, the transmission and the axle.

Arrangement of Hydraulic System

[0049] The hydraulic system is a mechanism for driving mainly the working equipment 3 (e.g., the boom 31 and the
bucket 32). The hydraulic system includes: a hydraulic pump 16 for the working equipment driven by the PTO 12;
hydraulic pilot valves including a bucket operation valve 22 and a boom operation valve 23 provided in a discharge circuit
of the hydraulic pump 16; solenoid proportional pressure control valves 24, 25 for the bucket independently connected
to pilot-pressure receiving portions of the bucket operation valve 22; and solenoid proportional pressure control valves
26, 27 for the boom independently connected to pilot-pressure receiving portions of the boom operation valve 23.
[0050] The solenoid proportional pressure control valves 24 to 27 are connected to a pilot pump (not shown) to
independently control the supply of a hydraulic oil to the pilot-pressure receiving portions in accordance with a control
signal from the working equipment controller 10.
[0051] Specifically, the solenoid proportional pressure control valve 24 switches the bucket operation valve 22 so that
the bucket cylinder 34 is retracted to move the bucket 32 in a damping direction. Similarly, the solenoid proportional
pressure control valve 25 switches the bucket operation valve 22 so that the bucket cylinder 34 is extended to move the
bucket 32 in a tilt direction.
[0052] The solenoid proportional pressure control valve 26 switches the boom operation valve 23 so that the boom
cylinder 36 is retracted to swing down the boom 31. Similarly, the solenoid proportional pressure control valve 27 switches
the boom operation valve 23 so that the boom cylinder 36 is extended to swing up the boom 31.
[0053] Thus, the solenoid proportional pressure control valves 24, 25, the bucket operation valve 22 and the bucket
cylinder 34 provide a bucket driving unit for rotating the bucket 32.
[0054] The solenoid proportional pressure control valves 26, 27, the boom operation valve 23 and the boom cylinder
36 provide a boom driving unit for swinging the boom 31.

Devices Connected to Working Equipment Controller

[0055] As shown in Fig. 6, the working equipment controller 10 is connected to a boom lever 410, a bucket lever 420,
which are both disposed in the cab 4, a boom angle sensor 440, a bucket angle sensor 450, a boom-bottom pressure
sensor 460 (a boom-bottom pressure detector), an engine controller 470, and a transmission controller 480.
[0056] The working equipment controller 10 is also connected to an automatic excavation mode inputting unit 531 and
a bucket setting unit 532, which are provided to a monitor 430 disposed in the cab 4.
[0057] The boom lever 410 includes a lever angle sensor for detecting a lever angle. When an operator operates the
boom lever 410, the lever angle sensor detects a lever angle corresponding to displacement of the boom lever 410, and
outputs the lever angle in the form of a boom lever signal to the working equipment controller 10.
[0058] The bucket lever 420 includes a lever angle sensor for detecting a lever angle. When an operator operates the
bucket lever 420, the lever angle sensor detects a lever angle corresponding to displacement of the bucket lever 420,
and outputs the lever angle in the form of a bucket lever signal to the working equipment controller 10.
[0059] The boom lever 410 is provided with a kickdown switch 411. The kickdown switch 411 is connected to the
transmission controller 480. When the kickdown switch 411 is operated, the transmission controller 480 shifts the trans-
mission into a low-speed gear position. For instance, when two gear positions are selectable, the transmission controller
480 shifts the transmission into the first gear position when the kickdown switch 411 is operated.
[0060] The automatic excavation mode inputting unit 531 displays an automatic excavation start button on the monitor
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430, and outputs an automatic excavation start signal to the working equipment controller 10 when an operator operates
the automatic excavation start button.
[0061] The type of the bucket 32 attached to the wheel loader 1 is set in the bucket setting unit 532. The bucket 32
may be exchanged depending on, for instance, the intended use of the wheel loader 1. Some buckets attachable as the
bucket 32 have different inclination angles θ of the inclined portion 44 relative to the bottom surface 43G of the first
straight portion 43. Accordingly, when exchanging the bucket 32, for instance, an operator or a maintenance person
inputs the type (e.g., model number) of the currently attached bucket 32 in the bucket setting unit 532, in which the type
of the bucket 32 attached before shipment has been set as an initial value. The information set in the bucket setting unit
532 is outputted to the working equipment controller 10. This bucket setting information is used by a threshold setting
unit 120 (described later) to set a threshold in accordance with the inclination angle θ.
[0062] The boom angle sensor 440, which may include a rotary encoder provided to a connection portion (a support
shaft) of the boom 31 relative to the vehicle body 2 shown in Fig. 5, detects a boom angle between the center axis of
the boom 31 and a horizontal axis, and outputs the detection signal. The boom angle sensor 440 thus serves as a boom
position detecting unit. The center axis of the boom 31, which is represented by a line Y-Y in Fig. 5, connects the
connection portion of the boom 31 (i.e., the center of the support shaft) relative to the vehicle body 2 and a connection
portion of the bucket 32 (i.e., the center of a bucket support shaft). Specifically, when the line Y-Y in Fig. 5 is set along
the horizontal axis, the boom angle sensor 440 outputs a boom angle of zero degrees. Further, the boom angle sensor
440 outputs a positive value when a distal end of the boom 31 is lifted from a position of the zero-degree boom angle,
and outputs a negative value when the distal end of the boom 31 is lowered.
[0063] The bucket angle sensor 450, which may include a rotary encoder provided to a rotation shaft of the bell crank
33, outputs zero degrees when the bucket 32 is in contact with the ground with the first straight portion 43 of the bucket
32 being horizontal on the ground. Further, the bucket angle sensor 450 outputs a positive value when the bucket 32 is
moved in the tilt direction (upward), and outputs a negative value when the bucket 32 is moved in the damping direction
(downward).
[0064] The boom-bottom pressure sensor 460 detects a bottom-side pressure of the boom cylinder 36. The boom-
bottom pressure is increased when the bucket 32 is loaded and decreased when the bucket 31 is unloaded. The boom-
bottom pressure is also increased when the bucket 32 is thrust into the object to be excavated (e.g., soil and sand)
during an excavation work.
[0065] The engine controller 470 communicates with the working equipment controller 10 through a controller area
network (CAN), and outputs engine operation information including the speed of the engine 11 to the working equipment
controller 10.
[0066] The transmission controller 480 communicates with the working equipment controller 10 through the CAN, and
outputs FR information and vehicle speed information to the working equipment controller 10, the FR information indicating
a travel direction of the wheel loader 1 (i.e., forward or reverse) selected using an FR lever 490, the vehicle speed
information being received from a vehicle speed sensor 500. It should be noted that the vehicle speed sensor 500 is
configured to detect the vehicle speed based on, for instance, the rotation of drive shafts of the tires 7, and the vehicle
speed information detected by the vehicle speed sensor 500 is outputted to the working equipment controller 10 via the
transmission controller 480.

Arrangement of Working Equipment Controller

[0067] The working equipment controller 10 includes an operating state detecting unit 110, the threshold setting unit
120, a working equipment controlling unit 140, and a storage 150.

Operating State Detecting Unit

[0068] The operating state detecting unit 110 determines and detects an operating state based on signals inputted to
the working equipment controller 10. Specifically, the operating state detecting unit 110 determines which one of the
following states the wheel loader 1 is currently in: an automatic excavation control start state; an auto lift start state; an
auto lift termination state; an auto tilt start state; an auto tilt stop state; and an auto tilt termination state.

Threshold Setting Unit

[0069] The threshold setting unit 120 sets a threshold, which is to be compared with a detection value of the boom-
bottom pressure, based on the inclination angle θ of the inclined portion 44 of the bucket 32. The threshold is used by
the operating state detecting unit 110 to detect the operating state.
[0070] The threshold setting unit 120 sets the threshold with reference to a correspondence table of inclination angle
and threshold stored in the storage 150.
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[0071] As shown in Table 1, the type (model number) of the bucket 32, the inclination angle θ of the inclined portion
44 of the bucket 32, and corresponding first and second thresholds are stored in the correspondence table to be associated
with one another.
[0072] Based on the type of the bucket 32, which is determined in accordance with bucket capacity and the blade type
of the bucket 32 (e.g., flat blade or zigzag blade), the inclination angle of the inclined portion 44 is determined. The first
threshold is mainly used for determining whether or not the wheel loader 1 is in the auto lift start state. The second
threshold is mainly used for determining whether or not the wheel loader 1 is in the auto tilt start state.
[0073] Thus, when the type of the bucket 32 is inputted from the bucket setting unit 532, the threshold setting unit 120
searches the correspondence table for the inclination angle θ of the bucket 32, and sets the first and second thresholds.
[0074] However, when the inclination angle θ of the inclined portion 44 of the bucket 32 is a known fixed value, the
thresholds are also fixed values. Therefore, the first and second thresholds may be directly written in a program for
determination of the auto lift start state and the auto tilt start state without providing, for instance, the threshold setting
unit 120 and/or the correspondence table stored in the storage 150.

[0075] It should be noted that it is not requisite that the first and second thresholds are set with reference to Table 1,
but, for instance, the first and second thresholds may each be determined by substituting the capacity of the bucket 32
and the inclination angle θ into a predetermined equation representing a relationship between the inclination angle θ of
the inclined portion 44 and the first (second) threshold.

Working Equipment Controlling Unit

[0076] Based on the various pieces of inputted information and the detection result from the operating state detecting
unit 110, the working equipment controlling unit 140 outputs control signals to the solenoid proportional pressure control
valves 24 to 27 to actuate the bucket 32 and/or the boom 31.
[0077] Further, the working equipment controller 10 outputs an indicator command and/or a buzzer command to the
monitor 430. Upon reception of the indicator command, the monitor 430 controls the display of an indicator 535 provided
to the monitor 430 to present information to an operator.
[0078] Upon reception of the buzzer command, the monitor 430, which is provided with a buzzer 536 capable of
beeping, activates the buzzer 536 to beep to warn an operator.
[0079] The storage 150 stores various pieces of data inputted to the working equipment controller 10 and various
parameters required for controlling the working equipment 3 in addition to the correspondence table,

Process of Automatic Excavation Work

[0080] Next, an operation performed when an automatic excavation mode is selected by the automatic excavation
mode inputting unit 531 will be described with reference to Fig. 7. The automatic excavation work performed by the
wheel loader 1 includes the following plurality of operation steps as shown in Fig. 7.

1. Kickdown

[0081] When the bucket 32 brought into contact with the ground with the bottom surface 43G of the bucket 32 being
horizontal is thrust into the object to be excavated by an operator’s operation, and thus the boom-bottom pressure

Table I

Bucket Type Inclination Angle 1st Threshold 2nd Threshold

A50 6° T11 T21

A56 6° T12 T22

A60 5° T13 T23

A65 5° T14 T24

B47 6° T15 T25

B50 6° T16 T26

B6 5 5° T17 T27

B7 0 5° T18 T28
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satisfies predetermined conditions, the transmission controller 480 performs automatic kickdown to automatically shift
the transmission into the first gear position. An operator may perform the kickdown by pushing a button as needed.

2. Auto Lift

[0082] When the bucket 32 is thrust into the object to be excavated, and the boom-bottom pressure and the vehicle
speed satisfy auto lift conditions, the working equipment controller 10 performs auto lift to automatically lift the boom 31.

3. Auto Tilt

[0083] When the boom-bottom pressure and the vehicle speed satisfy auto tilt conditions, the working equipment
controller 10 performs auto tilt to rotate the bucket 32 while the boom 31 is stopped.
[0084] When it is detected that the bucket 32 is in a tilt-end state based on a tilt angle of the bucket 32 or when the
wheel loader 1 is operated by an operator to travel not forward but rearward or be in a neutral state, the working equipment
controller 10 terminates the automatic excavation work.

Automatic Excavation Control

[0085] A process performed by the working equipment controller 10 when the automatic excavation mode is selected
will be described with reference to a flowchart of Fig. 8.
[0086] The working equipment controller 10 determines whether or not the automatic excavation start signal is inputted
from the automatic excavation mode inputting unit 531, i.e., whether or not the automatic excavation mode is turned
"ON" (Step S1). When the automatic excavation mode is "OFF", the determination result by the working equipment
controller 10 is "NO" in Step S1. The working equipment controller 10 then outputs the indicator command to the monitor
430 so that an indicator indicating that the automatic excavation mode is on (if any) disappears from the monitor 430
(Step S2). The working equipment controller 10 repeats Steps S1 and S2 until the automatic excavation mode is turned
"ON".
[0087] When the automatic excavation mode is "ON", the determination result by the working equipment controller 10
is "YES" in Step S1. The working equipment controller 10 then outputs the indicator command to the monitor 430 so
that the monitor 430 displays the indicator indicating that the automatic excavation mode is on (Step S3).
[0088] In response to the kickdown operation or the automatic kickdown, the working equipment controller 10 outputs
a kickdown command to the transmission controller 480 so that kickdown is performed to keep the transmission in the
first gear position (Step S4). Consequently, a tractive force is increased while the vehicle speed of the wheel loader 1
is lowered. Thus, the wheel loader 1 is thrust into the object to be excavated with the bucket 32 being horizontal by the
tractive force to excavate the object to be excavated as shown in Fig. 7.
[0089] When the transmission is shifted into the first gear position by the kickdown, the working equipment controller
10 determines whether or not auto lift start conditions are satisfied (Step S5).
[0090] Specifically, the operating state detecting unit 110 of the working equipment controller 10 determines that the
auto lift start conditions are satisfied when the boom-bottom pressure inputted from the boom-bottom pressure sensor
460 is equal to or more than the first threshold and the vehicle speed information inputted from the transmission controller
480 is less than a determination value.
[0091] In other words, when the bucket 32 is thrust into the object to be excavated, the vehicle speed of the wheel
loader 1 falls below the determination value. Further, the object to be excavated (e.g., soil and sand) entering the bucket
32 increases the boom-bottom pressure. Accordingly, when the boom-bottom pressure is equal to or more than first
threshold and the vehicle speed is less than the determination value, the bucket 32 can be determined to be thrust into
the object to be excavated.
[0092] When the determination result is "NO" in Step S5, the working equipment controller 10 repeats the determination
step of Step S5.
[0093] When the determination result is "YES" in Step S5, the working equipment controlling unit 140 of the working
equipment controller 10 outputs control signals to control the solenoid proportional pressure control valves 24 to 27 so
that the lift of the boom 31 is started and the bottom surface 43G of the bucket 32 is kept horizontal (Step S6).
[0094] After the boom lift is started in Step S6, the working equipment controller 10 determines whether or not auto
lift termination conditions are satisfied (Step S7).
[0095] Specifically, when the boom-bottom pressure is increased to the second threshold or more or when the boom
angle of the boom 31 is increased to a determination value or more, the operating state detecting unit 110 of the working
equipment controller 10 determines that the auto lift termination conditions are satisfied.
[0096] In other words, the auto lift, which is performed to increase a grip force of the tires 7 during the excavation
work, is terminated when the boom 31 is determined to be lifted to a predetermined level by determining that the boom
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angle is increased to the determination value or more. Even when the boom 31 is not lifted to the predetermined level,
the auto lift is terminated as long as the boom-bottom pressure is increased to the second threshold or more (i.e., auto
tilt start conditions are satisfied).
[0097] When the determination result is "NO" in Step S7, the working equipment controller 10 repeats the determination
step of Step S7.
[0098] When the determination result is "YES" in Step S7, the working equipment controlling unit 140 of the working
equipment controller 10 outputs control signals to the solenoid proportional pressure control valves 24 to 27 so that the
lift of the boom 31 (boom lift) is stopped (Step S8).
[0099] After the boom lift is stopped in Step S8, the working equipment controller 10 determines whether or not the
auto tilt start conditions are satisfied (Step S9).
[0100] Specifically, the operating state detecting unit 110 of the working equipment controller 10 determines that the
auto tilt start conditions are satisfied when the boom-bottom pressure is increased to the second threshold or more and
the vehicle speed information is less than the determination value.
[0101] When the determination result is "NO" in Step S9, the working equipment controller 10 repeats the determination
step of Step S9.
[0102] When the determination result is "YES" in Step S9, the working equipment controlling unit 140 of the working
equipment controller 10 outputs a control signal to the solenoid proportional pressure control valve 25 so that the tilt of
the bucket 32 is started (Step S10).
[0103] After the tilt of the bucket 32 is started in Step S10, the working equipment controller 10 determines whether
or not auto tilt stop conditions are satisfied (Step S11).
[0104] Specifically, the operating state detecting unit 110 of the working equipment controller 10 determines that the
bucket stop conditions are satisfied when an increase in the boom-bottom pressure from the time when the tilt of the
bucket 32 is started becomes a determination value or more or when the vehicle speed is increased to the determination
value or more.
[0105] When the determination result is "NO" in Step S11, the working equipment controller 10 determines whether
or not auto tilt termination conditions are satisfied (Step S12).
[0106] Specifically, when it is detected that the bucket 32 is in the tilt-end state or when the wheel loader 1 travels
rearward or is in the neutral state (i.e., the wheel loader 1 does not travel forward), the operating state detecting unit
110 of the working equipment controller 10 determines that the auto tilt conditions are satisfied. It should be noted that
when the bucket 32 is in the "tilt-end state", the bucket cylinder 34 is extended at a maximum, and thus the bucket 32
cannot be further tilted. The tilt-end state is thus detectable by, for instance, the bucket angle sensor 450.
[0107] Thus, when the tilt-end state is detected during the auto tilt motion (NO in Step S11), the determination result
is "YES" in Step S12. Therefore, the working equipment controller 10 terminates the control under the automatic exca-
vation mode.
[0108] Simultaneously, the working equipment controller 10 informs an operator of the termination of the automatic
excavation mode using the indicator 535 and the buzzer 536 of the monitor 430.
[0109] When the determination result is "NO" in Step S12, the working equipment controller 10 again performs the
determination step of Step S7.
[0110] When the determination result is "YES" in Step S11, the working equipment controller 10 stops the tilt of the
bucket 32 (Step S13).
[0111] After the bucket tilt is stopped in Step S13, the working equipment controller 10 determines whether or not the
auto tilt termination conditions are satisfied (Step S14).
[0112] When the determination result is "NO" in Step S14, the working equipment controller 10 again performs the
determination step of Step S9 to determine whether or not the auto tilt start conditions are satisfied, and continues the
control. Thus, when the auto tilt start conditions are again satisfied (the determination result "YES" in Step S9), the
working equipment controller 10 repeats Steps S10 to S14. The tilt motion is thus usually repeated for two or three times,
approximately.
[0113] When the determination result is "YES" in Step S14, the working equipment controller 10 terminates the control
under the automatic excavation mode in the same manner as when the determination result is "YES" in Step S12.

Boom-bottom Pressure and Thrusting Distance

[0114] Fig. 9 is a graph comparing actual measured values of the boom-bottom pressure variable with a thrusting
distance between when the bucket 32 including the inclined portion 44 with the inclination angle θ of six degrees is used
and when a bucket with an inclination angle θ of zero degrees (i.e., a bucket including no inclined portion) is used. Here,
the type of the bucket 32 is A50, a first threshold T11 is 16 MPa, and a second threshold T21 is 27 MPa.
[0115] As is evident from the graph of Fig. 9, when the bucket 32 including the inclined portion 44 is used, an increase
ratio of the boom-bottom pressure is large. Further, the auto lift start conditions are satisfied, i.e., the boom-bottom
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pressure exceeds the first threshold T11, at an early timing (a thrusting distance L1) when the bucket 32 according to
the exemplary embodiment is used as compared with when a bucket including no inclined portion is used (a thrusting
distance L2).
Specifically, in the exemplary embodiment, the auto lift start conditions are satisfied before the thrusting distance L1
reaches 1500 mm.
[0116] Accordingly, when a bucket not including the inclined portion 44 is used, a first threshold T01 needs to be set
at approximately 12 MPa so that the auto lift start conditions are satisfied at the thrusting distance L1.
[0117] Consequently, when a bucket including no inclined portion is used, and thus the low threshold T01 is set as
the auto lift start conditions, the excavation work is unlikely to be distinguished from a grading work. In contrast, when
the high threshold T11 is set, the thrusting distance L2 necessarily becomes long due to the delay of the timing when
the auto lift start conditions are satisfied. The control may thus be started after the travel of the wheel loader 1 is stopped,
which results in a lowered control efficiency.
[0118] Further, when the bucket 32 according to the exemplary embodiment is used, the auto tilt start conditions are
satisfied, i.e., the boom-bottom pressure exceeds the second threshold T21, at an early timing (thrusting distance) as
compared with when a bucket including no inclined portion is used. The auto tilt motion can thus be started early.

Advantage(s) of Exemplary Embodiment(s)

[0119] In the above exemplary embodiment, the bucket 32 including the inclined portion 44 increases a horizontal
reaction force acting on the boom 31 from the objet to be excavated (e.g., soil and sand) via the bucket 32 when the
bucket 32 is thrust into the object to be excavated, so that an increase ratio of the boom-bottom pressure of the boom
cylinder 36 can be increased. Thus, the first threshold can be set high so that the excavation work is distinguishable
from a grading work.
[0120] Further, as compared with when a bucket including no inclined portion is used, a distance for the boom-bottom
pressure to exceed the first or second threshold can be shortened, so that the working equipment controller 10 can start
the auto lift motion of the boom 31 or the auto tilt motion of the bucket 32 at an early timing. Thus, the lift motion or the
tilt motion under the automatic control is likely to be started at an optimal thrusting distance of the bucket 32 relative to
the object to be excavated, thereby improving the operating efficiency under the automatic excavation control.
[0121] In particular, the first and second thresholds are set in accordance with the inclination angle θ of the inclined
portion 44. Therefore, even when a variation in the boom-bottom pressure is changed with a change in the inclination
angle θ, the lift motion or the tilt motion can be started at an optimal timing in accordance with the variation, thereby
improving the operating efficiency under the automatic excavation control.
[0122] Since the bucket 32 including the inclined portion 44 increases the horizontal reaction force, the speed of the
wheel loader 1 is lowered. An operator can thus easily operate the wheel loader 1 at the right timing, which results in
an improvement in operability. Therefore, the operating efficiency can be improved under the automatic excavation
control.
[0123] The curve 45 of the bucket 32 has a bucket radius larger than a typical one, and the inclined portion 44 is
provided close to the bucket opening relative to the curve 45. Consequently, as the bucket 32 is thrust forward for a
shoveling work or an excavation work, the object to be excavated, which has been pushed into the bucket 32 to reach
the curve 45 through the inclined portion 44, can further slide to rise along the curve 45 at the innermost of the bucket
as shown by a two-dot chain line and a two-dot chain line arrow C in Fig. 3. The object to be excavated can thus be
pushed into the bucket 32 more and more without being blocked.
[0124] Further, the curve 45 at the innermost of the bucket is defined at a high level by the presence of the inclined
portion 44 provided therebefore. Consequently, in the exemplary embodiment, although the bucket capacity is reduced
at the lower portion of the bucket in spite of the large bucket radius R, the upper portion of the bucket 32, i.e., the bulging
portion 56 defined by the second and third straight portions 46, 48 and the bent portion 47, can compensate for this
reduction Therefore, the large bucket radius R can accelerate, in combination with the bulging portion 56, the movement
of the object to be excavated into the bucket through the upper portion of the bucket opening as shown by a two-dot
chain line arrow D.
[0125] An advantage of the large bucket radius R lies not in simply increasing the bucket capacity, but in facilitating
the object to be excavated to be pushed toward the innermost of the bucket, thereby effectively utilizing the inherent
bucket capacity and ensuring a sufficient workload.
[0126] Further, the bucket 32, which is provided with the first straight portion 43 near the bucket opening, can be thrust
into the object to be excavated horizontally straight forward for a shoveling work or an excavation work, which results
in a stable operation.
[0127] The bucket 32 of the exemplary embodiment is suitable for an object to be excavated that should be smoothly
pushed to the curve 45 without sliding or rolling down the inclined portion 44. Such an object to be excavated may be
crushed to have, for instance, a diameter of approximately 40 mm.
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[0128] An object to be excavated with a large diameter cannot be smoothly pushed into the bucket 32, and thus the
wheel loader 1 may get stuck. However, a downward force is generated in the bucket 32 by the presence of the inclined
portion 44, and thus a load is applied on the front wheels of the wheel loader 1 to increase a tractive force, thereby
facilitating an operation.
[0129] Incidentally, it should be understood that the scope of the invention is not limited to the above-described
exemplary embodiment(s) but includes any modifications and improvements compatible with the invention.
[0130] For instance, it is not requisite that the inclination angle θ of the inclined portion 44 of the bucket 32 is six
degrees. However, the inclination angle θ is preferably in a range from four degrees to eight degrees. In Fig. 10, estimated
values of the boom-bottom pressure at the time of the inclination angle θ of the inclined portion 44 being eight degrees
are shown by a dotted line, and estimated values at the time of the inclination angle θ being four degrees are shown by
a chain double-dashed line.
[0131] Apparently, the start of the auto lift control or the auto tilt control is delayed when the inclination angle θ of the
inclined portion 44 is less than four degrees in the same manner as when no inclined portion is provided (i.e., the
inclination angle θ is zero degrees). Thus, the control is highly likely to be started after the travel of the wheel loader 1
is stopped, which results in a lowered control efficiency.
[0132] In contrast, when the inclination angle θ of the inclined portion 44 is more than eight degrees, the inclined
portion 44 provides a large load to increase an increase ratio of the boom-bottom pressure. The control is thus likely to
be started before the bucket is sufficiently thrust. Accordingly, the inclination angle of the inclined portion 44 is preferably
in a range from four degrees to eight degrees.
[0133] The working equipment controller 10 of the exemplary embodiment determines the start of the auto lift control
or the auto tilt control based on the boom-bottom pressure. Alternatively, the working equipment controller 10 may
determine the start of the control by comparing the horizontal reaction force applied to the wheel loader 1 when the
bucket 32 is thrust into an object to be excavated with a threshold set in accordance with the inclination angle θ of the
inclined portion 44, the horizontal reaction force being detected by a horizontal reaction force detector.
[0134] The horizontal reaction force detector may be the vehicle speed sensor 500 for detecting the vehicle speed, a
device for detecting deceleration (acceleration), or a device for detecting a speed ratio (vehicle speed/engine speed).
Alternatively, for instance, a relationship between accelerator opening degree and vehicle speed or a tractive force (a
torque converter stall ratio) may be used. In other words, any factor may be used as long as a thrust resistance (i.e.,
the horizontal reaction force) applied when the bucket 32 is thrust into an object to be excavated can be detected.
[0135] For instance, as shown in Fig. 11, the bucket 32 including the inclined portion 44 increases the horizontal
reaction force applied when the bucket 32 is thrust into an object to be excavated. A decrease ratio of the vehicle speed
is thus increased as compared with an instance in which a bucket includes no inclined portion. Therefore, when, for
instance, a vehicle speed of 5 km/h is set as the first threshold, a thrusting distance L3 where the vehicle speed of the
wheel loader 1 using the bucket 32 falls to or below the first threshold is shorter than a thrusting distance L4 of a bucket
including no inclined portion, and thus the auto lift control or the auto tilt control can be started at an earlier timing.
[0136] Further, as shown in Fig. 12, the bucket 32 including the inclined portion 44 allows for a quick change in
deceleration (acceleration) as compared with a bucket including no inclined portion. Therefore, when, for instance, a
deceleration of 10 m/s2 is set as the first threshold, a thrusting distance L5 where the vehicle speed of the wheel loader
1 using the bucket 32 falls to or below the first threshold is shorter than a thrusting distance L6 of a bucket including no
inclined portion, and thus the auto lift control or the auto tilt control can be started at an earlier timing.
[0137] Further, as shown in Fig. 13, the bucket 32 including the inclined portion 44 allows for a quick change in speed
ratio (vehicle speed/engine speed) as compared with a bucket including no inclined portion. Therefore, when, for instance,
a speed ratio of 2.8 is set as the first threshold, a thrusting distance L7 where the vehicle speed of the wheel loader 1
using the bucket 32 falls to or below the first threshold is shorter than a thrusting distance L8 of a bucket including no
inclined portion, and thus the auto lift control or the auto tilt control can be started at an earlier timing.
[0138] In the exemplary embodiment, the first straight portion 43 includes the plate-shaped attachment portion 431
having the lower front edge 43F and the plate-shaped bottom 432 subsequent thereto. Alternatively, as shown in Fig.
14, the whole of the first straight portion 43 may consist solely of a plate-shaped attachment portion 433 made of a single
thick steel plate, the plate-shaped attachment portion 433 including a portion comparable to the plate-shaped bottom
432. Further, the bucket 32 may have a zigzag blade instead of a flat blade.
[0139] In the exemplary embodiment, the inclined portion 44 is flat, but may be slightly curved (almost flat) according
to the invention.
[0140] The invention is applicable to not only a wheel loader, but also a backhoe loader, a skid steer loader and the like.

EXPLANATION OF CODE(S)

[0141] 1...wheel loader (working vehicle), 2...vehicle body, 3...working equipment, 10...working equipment controller,
22...bucket operation valve, 23...boom operation valve, 24 to 27...solenoid proportional pressure control valve, 31...boom,
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32...bucket, 34...bucket cylinder, 321...bottom plate, 36...boom cylinder, 41...main plate, 43...first straight portion,
43G...bottom, 44...inclined portion, 110...operating state detecting unit, 120...threshold setting unit, 140...working equip-
ment controlling unit, 150...storage, 430...monitor, 460...boom-bottom pressure sensor (boom-bottom pressure detector),
500...vehicle speed sensor, 531 ...automatic excavation mode inputting unit, 532...bucket setting unit, θ...inclination angle

Claims

1. A working vehicle comprising:

a vehicle body;
a boom swingably supported by the vehicle body;
a bucket swingably supported by the boom;
a boom driving unit configured to swing the boom, the boom driving unit comprising a boom hydraulic cylinder;
a bucket driving unit configured to swing the bucket;
a boom-bottom pressure detector configured to detect a boom-bottom pressure of the boom hydraulic cylinder;
and
a controller configured to control at least one of a lift motion of the boom and a tilt motion of the bucket,
the bucket comprising a bottom plate,
the bottom plate comprising an inclined portion inclined upward toward an innermost of the bucket when a
bottom surface of the bottom plate is set horizontal,
the controller controlling the lift motion or the tilt motion by comparing a threshold set in accordance with an
inclination angle of the inclined portion relative to the bottom surface with the boom-bottom pressure.

2. The working vehicle according to claim 1, wherein the bottom plate further comprises a straight portion extending
continuously from a front edge of the inclined portion.

3. The working vehicle according to claim 1 or 2, wherein the inclination angle is in a range from four degrees to eight
degrees.

4. The working vehicle according to any one of claims 1 to 3, wherein the controller controls the lift motion of the boom
by comparing a first threshold set in accordance with the inclination angle of the inclined portion relative to the bottom
surface with the boom-bottom pressure, and controls the tilt motion of the bucket by comparing a second threshold
set in accordance with the inclination angle of the inclined portion relative to the bottom surface with the boom-
bottom pressure.

5. A working vehicle comprising:

a vehicle body;
a boom swingably supported by the vehicle body;
a bucket swingably supported by the boom;
a boom driving unit configured to swing the boom;
a bucket driving unit configured to swing the bucket;
a horizontal reaction force detector configured to detect a horizontal reaction force applied when the bucket is
thrust into an object to be loaded in the bucket; and
a controller configured to control at least one of a lift motion of the boom and a tilt motion of the bucket,
the bucket comprising a bottom plate,
the bottom plate comprising an inclined portion inclined upward toward an innermost of the bucket when a
bottom surface of the bottom plate is set horizontal,
the controller controlling the lift motion or the tilting motion by comparing a threshold set in accordance with an
inclination angle of the inclined portion relative to the bottom surface with the horizontal reaction force.
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