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(57) Abrégée/Abstract:

A dump truck includes: a vehicle body frame; a body supported by the vehicle body frame and configured to be raised or lowered; a
plurality of tires provided to the vehicle body frame; an electric motor configured to drive the tires; and a cooling blower configured
to feed a cooling air to the electric motor, in which the vehicle body frame at least partially includes a hollow part, and the hollow part
defines a duct through which the cooling air passes.
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ABSTRACT

A dump truck (1) includes: a vehicle body frame (20); a body (30) supported by
the vehicle body frame (20) and configured to be raised or lowered; a plurality of tires (11,
12) provided to the vehiclc body frame (20); an electric motor (43) configured to drive the
tires (11, 12); and a cooling blower (71) configured to feed a cooling air to the electric
motor (43), in which the vehicle body frame (20) at least partially includes a hollow part,

and the hollow part defines a duct (72) through which the cooling air passes.
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DUMP TRUCK

TECHNICAL FIELD
[0001]

The present invention relates to a dump truck, for instance, a large-sized driverless off-

road dump truck.

BACKGROUND ART

[0002]

Typically, since an electric motor in an electrically drivable off-road dump truck
generates a large amount of heat, the electric motor is cooled by a cooling air fed from a
cooling blower. Such an electric motor is housed inside a rear axle suspended from a vehicle
body frame. The cooling air from the cooling blower is fed to the electric motor inside the

rear axle through a duct exclusively used for the cooling air (see, for instance, Patent
Literature 1).

[0003]

Moreover, there has been known a dump truck with use of all-wheel drive by driving
all tires using respective electric motors (see, for instance, Patent Literature 2).

Further, a hydraulically drivable off-road dump truck has been known. In such a dump
truck, a hydraulic motor is integrated with a pivotally movable yoke forming a suspension for
each of the tires. The tires are configured to be driven by respective hydraulic motors (see, for

Instance, Patent Literatures 3 and 4).

CA 2940600 2017-07-14
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CITATION LIST
PATENT LITERATURES
[0004]
Patent Literature 1: US Patent Application Publication No. 2012/0230843
Patent Literature 2: US Patent No. 6578925
Patent Literature 3: JP-A-05-193373

Patent Literature 4: JP-A-09-300984

SUMMARY
PROBLEMS TO BE SOLVED

[0005]

In Patent Literature 1, in order to feed the cooling air from the cooling blower to the
clectric motor, it is necessary to provide a large-scale duct to the vehicle body frame, which
complicates a cooling structure.

Moreover, 1n an all-wheel drive vehicle mounted with a plurality of electric motors,
the duct for feeding the cooling air needs to be large-sized, disposed in a complicated layout,
or the like, thereby further complicating the cooling structure. However, Patent Literature 2

fails to study the cooling structure of the electric motor. Accordingly, the problem in the

cooling structure of the electric motor is desired to be solved.

In Patent Literatures 3 and 4, the hydraulic motor is not a source of heat generation
and 1t 1s not necessary to consider cooling of the hydraulic motor. Accordingly, Patent
Literatures 3 and 4 are silent on the cooling structure of the hydraulic motor. Consequently,

Patent Literatures 3 and 4 do not suggest anything about the cooling structure of the electric

motor.

CA 2940600 2017-07-14
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[0006]

An object is to provide a dump truck provided with a simplified cooling structure of an

electric motor.

MEANS FOR SOLVING THE PROBLEMS

[0007]

According to an aspect of selected embodiments, there is provided a dump truck
comprising: a vehicle body frame; a body supported by the vehicle body frame and
configured to be raised and lowered; a plurality of tires provided to the vehicle body frame;
an electric motor configured to drive the plurality of tires; and a cooling blower configured to
feed a cooling air to the electric motor, wherein: the vehicle body frame at least partially
comprises a hollow part, the hollow part of the vehicle body frame defines a duct through
which the cooling air passes; the electric motor is housed in the hollow part of the vehicle
body frame; the cooling blower is attached to the vehicle body frame; the vehicle body frame
comprises a cross member having the hollow part and extending in a vehicle width direction:

the electric motor is supported on an inside of the cross member; and the hollow part of the

cross member defines the duct.
In the above aspect, since the hollow part of the vehicle body frame defines the duct, a

typical dedicated duct can be eliminated, thereby simplifying the cooling structure of the

clectric motor.
[0008]
In the dump truck with the above arrangement, it is preferable that the electric motor is

housed in the hollow part of the vehicle body frame, and the cooling blower is attached to the

vehicle body frame.

CA 2940600 2017-07-14
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With this arrangement, since the duct other than the hollow part of the frame is not
required, the cooling structure can be further simplified.

[0009]

In the dump truck with the above arrangement, it is preferable that the vehicle body
frame includes a cross member having the hollow part and extending in a vehicle width
direction, the electric motor is supported on an inside of the cross member, and the hollow
part of the cross member defines the duct.

With this arrangement, since the hollow part of the cross member supports the electric
motor and simultaneously functions as the duct, the cross member can collectively serves for
the layout of the electric motor and the cooling structure of the electric motor, thereby
promoting size reduction of the dump truck. In addition, when the electric motor and the
cooling blower are mounted in the same cross member, a length of the duct formed inside the
cross member can be decreased to inhibit a loss of a flow amount of the cooling air, so that
the electric motor can be efficiently cooled.

[0010]

In the dump truck with the above arrangement, it is preferable that all the tires are

configured to be steered and/or each independently driven by the electric motor.
With this arrangement, since when the electric motor is mounted in the vehicle body
frame, the duct exclusively used for feeding the cooling air can be eliminated and all-wheel

steering can be achieved. Moreover, even in an arrangement where the electric motor is
disposed in the wheel of the tire (i.e., as in-wheel motor), it is only necessary to communicate
the vehicle body frame with the electric motor using a bendable short duct near the

suspension, so that the cooling structure can be simplified. Like the all-wheel drive in which

CA 2940600 2017-07-14
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all tires are drivable by respective electric motors, the duct is increasingly formed with use of
the vehicle body frame as the number of the used electric motor is increased, thereby further
preferably simplifying the cooling structure.

[0011]

According to another aspect of selected embodiments there is provided a dump truck
comprising: a vehicle body frame; a body supported by the vehicle body frame and
configured to be raised and lowered; a plurality of tires provided to the vehicle body frame;
an electric motor configured to drive the tires; and a cooling blower configured to feed a
cooling air to the electric motor, wherein the vehicle body frame comprises a pair of front and
back cross members each comprising a hollow part and extending in a vehicle width direction
at positions of the tires provided to first and second sides of the vehicle body frame in a travel
direction in a side view; the electric motor is supported on an inside of each of both sides of
each of the cross members and is connected via a drive shaft to each of the tires disposed to an
outside of both the sides of each of the cross members; the cooling blower is attached to each
of the cross members at a position of an inflow port for the cooling air provided in a middle of

each of the cross members in the vehicle width direction; the hollow part of each of the cross
members defines a duct through which the cooling air passes; all the tires are configured to be
steered; and all the tires are configured to be each independently driven by the electric motor.

According to the above aspect, the same advantages as those in the above-described

aspect of the invention can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

10012]

4a

CA 2940600 2017-07-14
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Fie. | is a partially-exploded perspective view of a dump truck according to an
cxemplary embodiment of the invention.

Fig. 2 is a side view of the dump truck.

Fig. 3 is an illustration of the dump truck in a travel direction, which is viewed In
a direction indicated by an arrow L1 in Fig. 2.

Fig. 4 is a plan view of the dump truck.

Fig. 5 is a cross-sectional view showing a suspension, which 1s viewed in a
direction indicated by an arrow V-V in Fig. 4.

Fig. 6 is a schematic illustration for explaining an intersection angle.

Fig. 7 is a cross-sectional view showing a steering mechanism, which 1s viewed
in a direction indicated by an arrow VII-VII in Fig. 4.

Fig. 8 is a cross-sectional view showing a support structure and a cooling
structure of an electric motor.

Fig. 9 is a plan view showing a layout of devices.

Fig. 10 is a perspective view showing an overall support frame.

Fig. 11 is an illustration of an attachment position of a hoist cylinder in the travel
direction, which is viewed in a direction indicated by an arrow X1-XI in Fig. 4.

Fig. 12 is a side view showing the attachment position of the hoist cylinder.

DESCRIPTION OF EMBODIMENT(S)

[0013]

Exemplary embodiment(s) of thc invention will be described below  with
reierence to the attached drawings.

Figs. | to 4 are respectively a partially-exploded perspective view, a side view, an
Hlustration of the dump truck in a travel direction, which 1s viewed in a direction indicated
by an arrow I in Fig. 2, and a plan view of a dump truck according to an exemplary
embodiment of the imnvention.

10014]

X. Y and Z axes in the drawings are orthogonal to each other in the exemplary
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embodiment. For convenience of the explanation, in the exemplary embodiment, with
reference to Fig. |, a first travel direction of the dump truck 1 is defined as an arrow
direction ol the X axis while a second travel direction thereof 1s defined as an opposite
direction of the arrow direction of the X axis, a first vehicle width direction of the dump
truck | is defined as an arrow direction of the Y axis while a second vehicle width
direction thereof is defined as an opposite direction of the arrow direction of the Y axis,
and a first vertical direction of the dump truck 1 is defined as an arrow direction of the Z
axis while a second vertical direction thereof is defined as an opposite direction of the
arrow direction of the Z axis. Moreover, in the following exemplary embodiment, the first
travel direction, the second travel direction, the first vehicle width direction and the
second vehicle width direction are sometimes respectively referred to as “front,” “rear
(back),” “right” and “lett”.
[0015]

Overall Description of Dump Truck

As shown in Fig. 1, a dump truck 1 is a driverless off-road dump truck contigured
to travel by remote control. For instance, the dump truck 1 is a vehicle working at a
mining site for developing mines. The remote control is pcrformed fully using information
communication technology such as a communication means set at a control center and the
dump truck 1 and GPS (Global Positioning System).

[0016]

The dump truck 1 includes a vehicle body 10 configured to travel with use of a
pair of left and right tires 11. 11 and a pair of left and right tircs 12, 12, the tires 11, 11
being set on both vehicle-width-directional sides of the vehicle body 10 in the tirst travel
direction, the tires 12, 12 being set on both vehicle-width-directional sides of the vehicle
body 10 in the second travel direction. The vehicle body 10 includes: a vehicle body
frame 20 extending along the travel direction and to which the tires 11, 12 are provided; a
load-carrying body 30 that is supported by the vehicle body frame 20 and configured to be
raised and lowered (see a two-dot chain line in Fig. 2; devices 41 to 49 mounted on the

vehicle body frame 20 a suspension 50 by which the tires 11, 12 are suspended from the
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vehicle body frame 20; and a steering mechanism. The dump truck 1, which is a vehicle

dedicated for remote control, does not include a cab for a driver to operate, which 1s

provided in a typical dump truck.

[0017]

Explanation of Vehicle Body Frame

I'he vehicle body frame 20 will be described in details below.

As shown in Figs. 2 to 4, the vehicle body frame 20 includes: a lower cross
member 201 provided at positions of the right and left tires 11 in the first travel direction
(i.e., the right and left tires 11 provided to a first side of the vehicle body frame 20 1n the
travel direction) and extending in the vehicle width direction; a pair of right and left
vertical members 202, 202 standing upward on both ends of the lowcer cross member 201 ;
and an upper cross member 203 extending in the vehicle width direction 1n a manner to
connect upper ends of the respective vertical members 202. Among the above members,
the pair of vertical members 202 and the upper cross member 203 define a first vertical
frame 21 that vertically stands at the positions of the right and left tires 11 and has a portal

shape viewed in the travel direction of the vehicle body 10 (see I'1g. 3).

In other words, the vehicle body frame 20 includes the first vertical frame 21 that
vertically stands in a side view at the positions of the tires 11 provided to the first side of

the vehicle body frame 20 in the travel direction.

[0018]

The vehicle body frame 20 also includes: the lower cross member 201 provided at
positions of the right and left tires 12 in the second travel direction (1.e., the right and left
tires 12 provided to a second side of the vehicle body trame 20 in the travel direction) and
extending in the vehicle width direction; a pair of right and left vertical members 202, 202
standing upward on both ends of the lower cross member 201; and an upper cross member
203 extending in the vehicle width direction in a manner to connect upper ends of the
respective vertical members 202. Among the above members, the pair of vertical members
202 and the upper cross member 203 define a second vertical frame 22 that vertically

stands at the positions of the right and left tires 12 and has a portal shape viewed in the
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travel direction ot the vehicle body 10.

In other words, the vehicle body framc 20 includes the second vertical frame 22
that vertically stands in a side view at the positions of the tires 12 provided to the second
side of the vehicle body frame 20 in the travel direction.

The first vertical frame 21 and the second vertical frame 22 have substantially the

same shape.

(0019]

Ends of the front lower cross member 201 are connected to ends of the back
lower cross member 201 by a pair of right and left lowcer side members 23, 23 disposed n
parallel to each other in the travel direction and spaced from each other in the vehicle
width direction. A vertical middle of the first vertical frame 21 i1s connected to a vertical
middle of the second vertical [rame 22 by a pair of right and left upper side members 24,

24 positioned above the lower side members 23, 23 (see Fig. 2).

[0020]
Side members 25, 25 of a short length, which are respectively positioned on
extension lines of the lower side members 23, 23, extend in the first travel direction from a

lower portion of the first vertical frame 21. Ends ol the respective side members 25, 25 are
connected by a cross member 26. Side members 27, 27 ot a short length, which are
respectively positioned on extension lines of the lower side members 23, 23, extend in the

second travel direction from a lower portion of the second vertical frame 22. Ends of the

respective side members 27, 27 are connected by a cross member 28 along the vchicle
width direction (see Fig. 4).

[0021]

As shown in Figs. 3 and 5, the lower cross member 201 on which the first vertical
frame 21 stands is shaped in a hollow cylinder. Electric motors 43, 43 configured to
independently respectively drive the tires 11, 11 via a drive shaft 18 are housed at both
sides of an inside of the lower cross member 201. In the exemplary embodiment in which
all the tires 11, 12 are to be driven, a pair of electric motors 43, 43 are also housed in the

same manner as the above within the lower cross member 201 on which the second
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vertical frame 22 stands and are configured to independently respectively drive the tires 12.

A final reduction gear 14 (a planet gear mcchanism) is disposed between an end of the

drive shaft 18 and a tire wheel.

10022

An upper surface of the upper cross member 203 defining an upper portion of the
first vertical frame 21 and an upper portion of the second vertical frame 22 is defined as a
mount portion 204 that is a concave curve with a predetermined curvature. The body 30 1s
mounted only on the mount portion 204. A suspension support 205 supporting an upper
end of a suspension cylinder 53 (a part of the suspension 50) 1s provided at each end of the
upper cross member 203. A lower end of the suspension cylinder 53 1s connected (o an
upper arm 51 (a part of the suspension 50). With this arrangement, the mount portion 204
is positioned on an axial line 53A of the suspension cylinder 53 configured to transmit a

load downward (see Fig. 3).

The suspension 50 will be described later.

[0023]

Herein, the load to be transmitted to a road surtace through the tircs 11, 12
includes a carrying load and a vehicle body load. The carrying load means a load delined
by a weight of the body 30 loaded with goods. The vehicle body load means a load
defined by a weight of the vehicle body 10 excluding weights of the tires 11, 12 and the

body 30. In the exemplary embodiment, the vehicle body load and the carrying load are

sometimes collectively referred to as an entire load.

10024]

Accordingly. the carrying load is transmitted from the mount portion 204 to the
road surface through the suspension 50 (including the suspension cylinder 53) beneath the
mount portion 204 and the tires 11, 12. Thus, the carrying load is transmitted through a
short and simple transmission path (see dotted lines in I'igs. 2 and 3). In other words, the

carrving load is transmitted without acting on the upper side member 24, the lower side

member 23 and the like.

10025]
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A shape of the entire vehicle body frame 20 1s substantially plane-symmetrical to
a vertical planc including a first center line 10A passing through the middle between the
front tires 11 and the rear tires 12 and extending in the vehicle width direction, while
being substantially plane-symmetrical to a vertical plane including a second center line
0B being orthogonal to the first center line 10A and extending in the travel direction
through the middle between the tires in the vehicle width direction (see Figs. | and 4).

[0026]

Moreover, a support frame 81 is provided on the first center line 10A in the
vehicle body frame 20 1in a manner to bridge over the vehicle body frame 20 in the vehicle
width direction. The support frame 81 is provided for supporting the devices 44 to 48 on
the vehicle body frame 20. As shown in Figs. 1, 9 and 10, the support frame 81 includes a
pair of front and back sub frames 82 spaced from each other in the travel direction. The
entire support frame 81 is shaped in a form of a saddle. Both sides of the support frame 81
project between the pair of front and back tires 11 and 12 on both the right and Ictt sidcs
of the vehicle body frame 20. Accordingly, the devices 44 to 48 supported by the support
framc 81 are also disposed between the pair of front and back tires 11 and 12.

Specific disposition of the devices 44 to 48 will be described later.

[0027]

Fach of the sub frames 82 includes: a pair of right and left L-shaped frames 85

cach including vertical portions 83 that are each fixed to the lower side member 23 and the

upper side member 24 at both sides of the vehicle width direction and extensions 84
respectively horizontally extending toward the outside of the vehicle body frame 20 from
lower ends of both the vertical portions 83 in the vehicle width direction; an upper
connccting portion 86 connecting upper ends of the vertical portions 83 ot the pair of right
and left L-shaped frames &5 above the upper side member 24; and a lower connecting
portion 87 connccting the respective lower ends of the vertical portions 83 of the pair of
right and left L-shaped frames 85 under the lower side member 23.
10023]

The L-shaped frames 85 are detachably fixed to the lower side members 23 and

10
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the upper side member 24s with an unillustrated fastening unit (e.g., a bolt). The upper
ends of thc vertical portions 83 in each of the L-shaped frames 85 are detachably
connected to the upper connecting portion 86 with a pin. The lower ends ot the vertical
portions 83 in each of the L-shaped frames 85 are detachably connected to the lower
connecting portion 87 with a pin. Accordingly, the conncction of each ot the L-shaped
frames 85 to the connecting portions 86 and 87 is provided by a flexible connection with a
pin while each of the L-shapcd frames 85 to the vehicle body frame 20 is kept firmly fixed,
so that the L-shaped frames 85 can favorably tolerate torsion or the like of the vehicle
body framc 20.

[0029]

Explanation of Body

As shown in Figs. | to 3, a depth of the body 30 is the maximum at a middle
portion thereof in the travel direction and is decreased toward both the sides thereof in the
travel direction and both the sides thereof in the vehicle width direction. Specifically, the
body 30 include: a slant bottom 31 that defines the depth deeper toward the middle ot the
body 30; and side faces 32, 32 that guard respective edges of longer sides of the bottom 31
in the travel direction. On slant parts, which are slant in different dircctions, of a lower
surface of the bottom 31, horizontal ribs 33, 33 are provided in a manner to traverse the
slant parts in the vehicle width direction and so that ends of each of the horizontal ribs 33,
33 extend to outer faces of the side faces 32, 32. The horizontal ribs 33 are mounted on the
respective mount portions 204 of the first vertical frame 21 and the second vertical frame
22. Each of the horizontal ribs 33 is curved at the same curvature as that of thc mount
portion 204 so that the horizontal ribs 33 are respectively in close contact with the mount
portions 204. Morcover. a pair of vertical ribs 34, 34 are provided in parallel in the travel
direction on the lower surface of the bottom 31. The body 30 is mounted on the mount
portion 204 at positions where the vertical ribs 34 intersect with the horizontal ribs 33 (see
Figs. 2 and 3).

[0030]

Respective attachment portions 36, 36 to which upper ends ot a pair of hoist

b
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cylinders 35, 35 are attached are provided on one of the slant parts of the lower surface of

the bottom 31 (see Figs. 1, 11 and 12). The hoist cylinders 35 are hydraulic actuators for
raising and lowering the body 30. Lower ends of the hoist cylinders 35 are attached to the
fowcr cross member 201 on which the sccond vertical frame 22 stands. In the middle of
the one of the slant parts, a pair of pivot shafts 37, 37 connecting the body 30 to the
vehicle body frame 20 so that the body 30 i1s pivotable are provided (only one of the pivot
shafts 37, 37 1s shown in Figs. 2 and 12). The pivot shafts 37 are respectively supported on
body supports 206, 206 extending from upper portions of the vertical members 202 to the
upper cross member 203. Since the second vertical frame 22 stands at the position of the
right and left tires 12 in a side view, in terms of the support position of the body 30 in the
travel direction, the body 30 1s supported on the vehicle body frame 20 at the position of

the right and left tires 12 through the body support 206.

1003 1]

A shape of the entire body 30 1s also substantially plane-symmetrical to the
above-described vertical plane including the first center line 10A and substantially plane-
symmetrical to the above-described vertical plane including the second center line 10B
(see Fig. 1). The body 30 is mounted in the middle of the vehicle body frame 20 that 1s
planc-symmctrical to thc vertical planc including the first center hine 10A and the second
center line 10B. Consequently, a load distribution of the carrying load to be transmitted
from the mount portion 204 of the vehicle body frame 20 to the tires 11 and 12 becomes
equal. In other words, an entire load obtained by combining the vehicle load and the
carrying load is transmitted to the tires 11, 12 at an even load distribution.

(0032]

Explanation of Devices

Main devices shown in Fig. 1 are an engine 41, a generator motor 42 and a
hydraulic pump (not shown) configured to be driven by an output of the engine 41, an
electric motor 43 contigured to be driven by electric energy generated by the gencrator

motor 42 (see Figs. 2 and 3). a first radiator 44 configured to radiate heat of a cooling

water of the engine 41, a first cooling fan 45 configured to supply a cooling air to the first

|2
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radiator 44, a second radiator 46 for a water-cooling type aftercooler 41 A (see Fig. 9)

configured to cool charge air delivered from an air cleaner through a supercharger to the
engine 41, a second cooling fan 47 configured to supply a cooling air to the second
radiator 46, a pair of brake resistors 48, 48 configured to convert Kinetic energy of the tires
11, 12 to electric energy to generate Joule heat, a hydraulic fluid tank (not shown)
configured to store a hydraulic fluid pumped from the hydraulic pump, and a pair ol front
and rear controllers 49, 49 configured to totally control travel of the dump truck 1.

Specific disposition of the devices 41 to 49 will be described later.

0033 ]
Explanation of Suspension

Fig. 5 is a cross-sectional view showing the suspension 50, which is viewed in a
direction indicated by an arrow V-V in Fig. 4

As shown in Figs. 3 to 5, an independent double-wishbone-type suspension 1s
employed as the suspension 50. The suspension 50 includes: substantially horizontal upper
arm 51 and lower arm 32 each having vertically movable proximal ends supported by the
vehicle body framc 20; a cylindrical casing 56 having an upper portion rotatably
connected to a distal end of the upper arm 51 and a lower portion rotatably connected to a
distal end of the lower arm 52; and a suspension cylinder 33 having an upper end rotatably
connected to the vehicle body frame 20 and a lower end rotatably connected to the upper

arm 51. The suspension cylinder 53 absorbs and attenuates impacts to the tires 11, 12

whilc transmitting the vehicle body load and the carrying load to the tires 11, 12. The
casing 56 rolates and supports the tires 11, 12 through a final reduction gear 14.

[0034]

Specifically, a pair of proximal ends of the upper arms 51 having a bifurcated
shape in a plan view are rotatably supported by an upper support 207 provided on a lower
portion of the vertical member 202 of each of the first vertical frame 21 and the second
vertical frame 22. A pair of proximal ends of the lower arm 52 having a bifurcated shape
in a plan view arc¢ rotatably supportcd by a lower support 208 provided on a lower end ot

the lower cross member 201 on which each of the first vertical frame 21 and the second
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vertical frame 22 stands.

[0035]

A distal end of the upper arm 51 is connected to an upper ball joint 57 provided to
the upper portion of the casing 56. A distal end of the lower arm 52 is connected to a
lower ball joint 58 provided to the lower portion of the casing 56. A top of the upper ball
joint 57 is covered with a connecting bracket 54 fixed to an upper surtace of the upper arm
51. The connecting bracket 54 is connected by the suspension cylinder 53 to the
suspension support 205 of each of the first vertical frame 21 and the second vertical frame

22. At this time, the lower end of the suspension cylinder 33 is connected to the

connecting bracket 54 at a position very close to the upper ball joint 57.

10036]

A king pin shaft 56A connecting a rotation center 57A of the upper ball joint 57
to a rotation center S8A of the lower ball joint 58 intersects with an axial line 53A of the
suspension cylinder 53 at a connecting portion of the upper ball joint 57 of the casing 56
and the upper arm 51, specifically, within a range of a ball diameter of the upper ball joint
57, more specifically at a rotation center 57A of the upper ball joint 57 and the upper arm
51. Accordingly, the vehicle body load and the carrying load to be transmitted through the
suspension cylinder 53 hardly act on the upper arm 51, but are transmitted to the tires 11,
|2 through the casing 56 to which the upper ball joint 57 1s provided. Consequently, since

the carrying load is not transmitted to the upper arm 51 and the lower arm 52, respective

structures of the upper arm 51 and the lower arm 52 can be simplified.

|0037]
Herein, when the vehicle body 10 1s vertically moved along with the vertical

motion of the upper arm 51 and the lower arm 52, a positional relationship between the
tires 11, 12 and the electric motor 43 is slightly shifted. The drive shaft 18 is connected to
an output shaft 43A of the electric motor 43 and an input shaft 14A of the tinal reduction
oear |4 via a universal joint in order to absorb the shift of the tires 11, 12 trom the electric
motor 43, and is structured in such a shide type that the drive shaft 18 1s extendable and

contractible in an axial direction in order to absorb a changed amount of a distance

|4
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between the vehicle body frame 20 and the casing 56 to be generated when the tires 11, 12

vertically move.

10038]

Although the drive shaft 18 is shown horizontal in Fig. 5 for convenience, when
no load is placed in the body 30, as shown in Fig. 6, the drive shaft 18 is actually inclincd
at an intersection angle al relative to the horizon with a distal end of the drive shaft 18
near the tire 11 facing downward. On the other hand, when the maximum load within the
allowable load is placed in the body 30, the drive shaft 18 is inclined at an ntersection
angle a2 relative to the horizon with the distal end of the drive shaft 18 near the tire 11
facing upward. The intersection angles al and a2 are preferably in a range from 2.5
degrees to 3.5 degrees. In the exemplary embodiment, both of the intersection angles al
and 02 are approximately 3 degrees. The intersection angles al and a2 are set by adjusting
a strength of the suspension cylinder 53 or adjusting a distance between the connecting
bracket 54 and the suspension support 205 that are connected by the suspension cylinder
53.

[0039]

With the above arrangement, a change in the inclination angle of the drive shaft
18 relative to the horizon between when the load is placed and when no Joad 1s placed can
be decreased, thereby inhibiting torsional vibration of the drive shaft 18 during travelling.
For instance. if the drive shaft 18 is arranged to be horizontal at the intersection angle ol
of zero degree when no load is placed, the drive shaft 18 becomes largely inclined relative
to the horizon at an angle close to the intersection angle a2 of about 6 degrees when the
maximum load is placed. so that the torsional vibration during travelling is increased (o
reduce durability. In other words, when the drive shaft 18 1s largely inclined, even during a
constant speed travelling in which an angular speed o1 of the output shalt 43A and an
angular speed ®3 of the input shaft [4A are kept constant, an angular speed ©2 ot the
drive shaft 18 is changed depending on the size of the intersection angles al and uZ2,
resulting in generation of torsional vibration. In the cxemplary embodiment, such

generation of torsional vibration can be inhibited to improve durability and the above-
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described universal joint can be employed well instead of an expensive constant-velocity

joint capable of absorbing a large inclination angle.

Incidentally. for the sake of an easy understanding of thc intersection angles al
and a2, the intersection angles al and a2 are exaggeratingly shown in Fig. 6 to be larger
than the actual angles.

[0040]

[xplanation of Stecring Mechanism

Fig. 7 is a cross-sectional view showing the steering mechanism, which is viewed
in a dircction indicated by an arrow VII-VII in Fig. 4.

As shown in Figs. 4 and 7, the steering mechanism is configurcd to move all the
tires 11 and 12 using respective steering cylinders 61. The steering mechanism includes

the steering cylinders 61 each having a proximal ¢nd attached to the upper arm 51 and a

distal end attached to the casing 56.

(0041

Specifically, the bifurcated upper arm 51 integrally includes a cylinder
attachment arm 55 having an L shape in a plan view. The cylinder attachment arm 35
horizontally extends inward from one of the proximal ends of the upper arm 51 to extend
over the upper support 207 on the vertical member 202. Moreover, the casing 56 integrally
includes a knuckle arm 563 extending in the same direction as the distal end of the

cylinder attachment arm 55 in the plan view. The proximal end of the steering cylinder 61

is attached to the cylinder attachment arm 55 while the distal end of the steering cylinder
61 is attached to the knuckle arm 56B.

[0042]

Moreover, a steering arm 56C extending in the travel direction in the plan view 1s
integrally formed to the lower portion of the casing 56. The steering arm 56C includes
first and sccond steering arms 56C in the vehicle width direction. The first and second
steering arms 56C are connected by a pair of tie rods 62, 62 (on the sides) and a bell crank
63 (in the middle). By advancing and retracting each of the steering cylinders 61, the tires

11, 12 with the respective casings 56 are steered around the king pin shaft 56A via the

16
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knuckle arm 568. This movement is mutually transmitted to the casings 56 in pair via the

tic rods 62 and the bell crank 63, so that both the tires 11 (12) are steered in conjunction

with each other.

(0043

Further, a distal end of the knuckle arm 56B 1s bent upward. A height of a
connecting portion between the knuckle arm 56B and the steering cylinder 61 1s set
substantially the same as a height of the rotation center of the upper arm 51 and the casing
56, specifically, a height of the rotation center 57A of the upper ball joint 57. Accordingly,
viewed 1n the travel direction, an axial line 61A of the steering cylinder 61 overlaps a line
51A passing through the rotation center 37A and traversing a motion center 207A of the
uppcr arm 51 on the upper support 207. The respective vertical motions of the upper arm
51 and the steering cylinder 61 are exactly the same. Accordingly, respective vertical
motion regions to be required for the upper arm 51 and the steering cylinder 61 to
vertically move are the same when viewed in the travel direction (see Figs. 5 and 7).

[0044]

In this arrangement, the steering cylinder 61 1s disposed adjacent to the lower
cross member 201 along the vehicle width direction. On the lower cross member 201 near
the second vertical frame 22, in other words, on the lower cross member 201 supporting
the lower end of the hoist cylinder 35, the steering cylinder 61 i1s disposed opposite the
hoist cylinder 35 in the travel direction across the lower cross member 201, 1n order to
avold interference with the hoist cylinder 35.

[0045]

In the exemplary embodiment, since the proximal end of the steering cylinder 61

is attached not to the vehicle body frame 20 but to the cylinder attachment arm 55
integrated with the upper arm 51. even when the suspension 50 including the upper arm 51
1s operated, a distance between the knuckle arm 56B and the cylinder attachment arm 55
of the upper arm 51 1s hardly changed. Accordingly, a relationship between steering
amounts of the respective tires 11. 12 and advancing and retracting amounts of the

respective steering cvlinders 61 becomes clear, so that advancing or retracting of the

| 7
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steering cylinders 61 for obtaining desired steering amounts of the steering cylinders 61
can be easily controlled.

10046]

Explanation of Support Structure and Cooling Structure of Electric Motor

Fig. 8 is a cross-sectional view showing a support structure and a cooling
structure of the electric motor 43.

As shown in Fig. 8, the electric motors 43 arc housed in both sides of a hollow
portion of the lower cross member 201 on which each of the first vertical frame 21 and the
second vertical frame 22 stands. Openings 209 are provided on both sides of the lower
cross member 201. Each end of a body of the electric motors 43 close to the output shaft
43A is fixed around each of thc openings 209 by an appropriate fastening unit.

10047]

Inside the lower cross member 201 (i.e., one of the cross members), a projection
210 projects [rom an inner surface of the hollow portion toward cach of the electric motors
43. Accordingly, an end of each of the electric motors 43 opposite the output shaft 43A 1s
supported by the inner surface of the hollow portion through the projection 210. The
projection 210 is provided by a plurality of projections spaced from each other in a
circumferential direction. Since the clectric motors 43 are housed inside the lower cross
member 201 and fixed to the lower cross member 201, the lower cross member 201 itself

is reinforced by the clectric motors 43, so that rigidity of the lower cross member 201 1s

improved.

[0048]
An inflow port 211 for taking in a cooling air is provided on a center top of the

lower cross member 201 in the vehicle width direction. A cooling blower 71 1s attachced to
the lower cross member 201 at a position corresponding to the intlow port 211. Moreover,
a predetermined gap (not shown) for discharging the cooling air to the outside is formed at
cach of fastcning parts between the electric motors 43 and both the sides ot the lower cross
member 201. The cooling air supplied from the cooling blower 71 flows from the intlow

port 211 to a space between a pair of electric motors 43 inside the lower cross member

| 8



10

[5

2()

23

CA 02940600 2016-08-24

201, and is subsequently branched toward the electric motors 43. The branched cooling air
passes between the projections 210 to enter a space between the electric motors 43 and the
lower cross member 201, flows to the ends while cooling the electric motors 43 from an

outer circumference thereof, and flows to the outside from the gaps on both the sides of

the lower cross member 201.

[0049]

[n the exemplary embodiment, the hollow portion of the lower cross member 201
defines a duct 72 configured to circulate the cooling air.

The arrangement for flowing the cooling air to the outside 1s not limited to the
arrangement for flowing the cooling air to the outside from the gaps on the fastening units
between the lower cross member 201 and the electric motors 43. A plurality of outtlow
openings, through which the cooling air is discharged, may be provided on both the sides
of the lower cross member 201.

10050}

Explanation of Layout of Dcvices

Fig. 9 is a plan view showing a layout of the devices 41 to 49.

As shown in Fig. 9, the devices 41 to 49 are disposed on the vehicle body frame
20 as follows in consideration of a weight balance and maintenance capability ot thc
vehicle body 10. Specifically. in the order from the first travel direction of the vehicle

body frame 20 (in the order from the lcft to the right in Fig. 9), the controller 49, a pair of

electric motors 43, 43 configured to drive the tires 11, the engine 41, the generator motor
42, a pair of electric motors 43, 43 configured to drive the tires 12, and a second controller
49 are disposed substantially in alignment. The engine 41 1s the heaviest device among the

above devices and is disposed closer to the middle of the vehicle body [rame 20 than the

first vertical framc 21.

10051 ]

[n the middle of the vchicle body frame 20 in the travel direction, at a position
outwardly away from the vehicle body frame 20 in the first vehicle width direction, the

first radiator 44 for the engine 41 is disposed and the first cooling fan 45 1s disposed to an
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inner side of the first radiator 44. At a position outwardly away from the vehicle body

frame 20 in the second vehicle width direction, the second radiator 46 tor thc water-
cooling type aftercooler 41A is disposed and the second cooling fan 47 is disposed to an

inner side of the second radiator 46.

10052]

The first and second radiators 44 and 46 are substantially the same in size and the
first and second cooling fans 45 and 47 are substantially the same in size. The first and
second radiators 44 and 46 arc disposed symmetrically with respect to the above-described
second center line 10B and the first and second cooling fans 45 and 47 are disposed
symmetrically with respect to the above-described second center line 10B (see Fig. 4). The
first and second cooling fans 45 and 47 are suction fans. A cooling air sucked from thc
outside and having been subjected to heat exchange with the cooling water of the engine
41 at the first and second radiators 44 and 46 and a cooling air having been subjected to
heat exchange with the cooling water of the aftercooler 41A are delivered toward the
engine 41 and the generator motor 42 provided in the middle of the vehicle body frame 20

to cool the engine 41 and the generator motor 42 from outer sides thereot.

10053

A pair of brake resistors 48, 48 covered with respective exterior covers are
disposed on the second radiator 46 and the second cooling fan 47 (see Fig. 1). Cooling

fans (not shown) configured to respectively cool the brake resistors 48 arc housed inside

the respective exterior covers. Such cooling fans are discharge fans. The brake resistors 48
are collectively disposed on one side of the vehicle body frame 20 in order to put priority
on maintenance capability. Since the brake resistors 48 have a light weight compared with
those of the other devices. a weight balance of the vehicle body 10 is less affected even by
the disposition of the brake resistors 48 only on the onc side of the vehicle body frame 20.

10054]

The first and second radiators 44 and 46, the first and second cooling tans 45 and
47. and the brake resistor 48 are mounted on the support frame 81. The support frame 31

is fixed to the lower side member 23 and the upper side member 24 of the vehicle body



10

23

CA 02940600 2016-08-24

framc 20 by a fastening unit (e.g., a bolt).
[0055]
At the outside of the vehicle body frame 20 in the first vehicle width direction,

the first radiator 44 and the first cooling fan 45 bridge over a pair of L-shaped frames &5

juxtaposed in the travel direction to be supported by the frames 85 and are disposed in an

area between the tires |1 and 12. The first radiator 44 and the first cooling fan 45 are
mounted in the middle of the vehicle body frame 20 in the travel direction via the support

frame 81 (see the first center line 10A in Fig. ).

(0056]

Similarly, at the outside of the vehicle body frame 20 in the second vehicle width
direction, the second radiator 46 and the second cooling fan 47 bridge over the pair of L-
shaped frames 85 juxtaposed in the travel direction to be supported by the frames 85. The
second radiator 46 and the second cooling fan 47 are disposed in an area between the tires
11 and 12. The second radiator 46 and the second cooling fan 47 are mounted in the
middle of the vehicle body frame 20 in the travel direction via the support frame 81 (see
the first center line 10A in Fig. 1).

[0057]

Attachment Position of Hoist Cylinder and Relationship between Hoist Cylinder and
Engine
Fig. 11 is an illustration of an attachment position of the hoist cylinder 35 in the

travel direction, which is viewed in a direction indicated by an arrow XI-XI in Fig. 4. Fig.
12 is a side view showing the attachment position of the hoist cylinder 35. However, the
steering mechanism is not shown in Fig. 11.

[0058]

As shown in Figs. 11 and 12, upper ends of the pair of hoist cylinders 35 are
rotatably attached to the attachment portions 36 provided in the middle of the lower
surface of the body 30. At the second side ot the vchicle body frame 20 in the travel
direction, a pair of hoist supports 212 are juxtaposed in the vehicle width direction on the

lower cross member 201 on which the sccond vertical frame 22 stands. The lower ends of
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the pair of hoist cylinders 35 are rotatably supported by the respective hoist supports 212
to be supported ncar the sct positions of the tires 12 in the travel direction. The hoist
cylinders 33 set at such positions are supported with a large distance from the engine 41
and the generator motor 42 connected to the enginc 41 ncar the hoist cylinders 35.

[0059]

The hoist supports 212 are respectively provided at the positions where the
electric motors 43 are housed in the lower cross member 201, in other words, al the
positions reinforced by the electric motors 43 in the lower cross member 201. Moreover,
the lower cross member 201 is a member on which the second vertical frame 22 provided
with the body support 206 stands. Accordingly, the portion to receive the carrying load of
the standing body 30 i1s focused on the second vertical frame 22 and the lower cross
member 201 positioned between the right and left tires 12. The carrying load is
transmitted from the body supports 206 and thc hoist supports 212 of the hoist cylinders
35 to the road surface immediately under the tires 12 through the suspension 50 and the
tires 12. The carrying load does not act on the lower side member 23 and the upper side
member 24 (see Fig. 12).

[0060]

As shown by solid lines in I'ig. 12, the body 30 is raised in the second travel
direction by extending the hoist cylinder 35, thereby performing an unloading operation.

When the body 30 1s sufficiently raised at or cxcceding a predetermined angle, the hoist

cyhinders 35 substantially vertically stand. In such a condition, a large open-top space is
defined from the first vertical frame 21 to the middle of the vehicle body frame 20, in
other words, above the portion where the engine 41 is mounted. Since the body 30 and the
hoist cylinders 35 are not present in this space, the engine 41 disposed near the middle of
the vehicle body frame 20 can be suspended with a wire or the like with use of this space
and 1s contigured to be moved up and down while being suspended when the engine 41 is
detached and attached for maintenance.
[0061]

[n addition, the engine 41 is disposed in a region defined by the first vertical

-
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frame 21, the second vertical frame 22, a pair of right and left lower side members 23, and
a pair of right and left upper side members 24. As shown in Fig. 12, there is an open space
between the lower side members 23 and the upper side members 24 so that the engine 41
is accessible from the outside of the vehicle body frame 20. With this arrangement, even
while the engine 41 is mounted on the vehicle body frame 20, maintenance of the engine
41 can be easily conducted from the right and left sides of the vehicle body frame 20.

(0062]

Travelling of Driverless Dump Truck

The above-described dump truck | travels between a loading site where dug
minerals are taken in the dump truck 1 as a load and an unloading site where the load 1s
unloaded. At this time, when the dump truck 1 travels on an outward road toward the
unloading site, the side of the dump truck 1 supporting the body 30, in other words, near
the second vertical frame 22 is dcfined as the back (rear) of the dump truck 1 and the side
thereof near the first vertical frame 21 is delined as the front of the dump truck 1. When
the dump truck 1 travcls on a return road after the unloading, since the dump truck 1 is not
turned around, the side of the dump truck | near the second vertical frame 22 1s defined as
the front of the dump truck 1 and the side thereof near the first vertical frame 21 1s defined
as the back (rear) of the dump truck I (shuttle travelling).

However, the dump truck 1 may be turned around as needed and travel with
either the first vertical frame 21 or the second vertical frame 22 constantly defined as the

front of the dump truck 1.

10063 ]

[t should be understood that the scope of the invention is not limited to the above-
described exemplary embodiment(s) but includes modifications and improvements as long
as the modifications and improvements are compatible with the invention.

[n the above exemplary embodiment, the cooling blower 71 attached to the lower
cross member 201 feeds the cooling air to the clectric motors 43 housed in an inside of
each of both the sides of the lower cross member 201. However, for instance, the inflow

port 211 may be provided to the vchicle body frame 20 at any position and the cooling

-
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blower 71 is attached to the vehicle body frame 20 at the position corresponding to the

inflow port 211, thereby guiding the cooling air to the lower cross member 201 through an
insidc of the vehicle body frame 20 to cool the electric motors 43.

(0064]

Alternatively, instead of attaching the cooling blower 71 to the vehicle body
frame 20 at the position corresponding to the inflow port 211, the cooling blower 71 may
be attached to a position away from the inflow port 211 and communicated with the
inflow port 211 through a duct pipe.

In short, all paths for feeding the cooling air are not necessarily the duct detined
inside the vehicle body frame, but the duct pipe may be partially used.

[0065]
The dump truck of the invention may employ any one of 4WD, 4WS and 4WR

and is not limited to the above exemplary embodiment.
Morcover, the electric motor 43 may be an in-wheel motor and the duct 72

defined in the vehicle body frame 20 may be communicated with the electric motor 43

inside the wheel using a short duct pipe.

[0066]

The invention is also applicable to a manned off-road dump truck including a cab.

EXPLANATION OF CODES
10067]

| ---dump truck, 11,12---tire, 20---vehicle body frame, 30---body, 43---electric

motor, 43A - -drive shaft, 71---cooling blower, 72---duct, 201---lower cross member (cross

member), 21 1---inflow port.

24



CLAIMS

. A dump truck comprising:

a vehicle body frame;

b a body supported by the vehicle body frame and configured to be raised and
lowered:;
a plurality of tires provided to the vehicle body frame;
an electric motor configured to drive the plurality of tires; and
a cooling blower configured to feed a cooling air to the electric motor,
10 wherein:
the vehicle body frame at least partially comprises a hollow part, the
hollow part of the vehicle body frame defines a duct through which the cooling air passes;
the electric motor is housed in the hollow part of the vehicle body
frame;
15 the cooling blower is attached to the vehicle body frame;

the vehicle body frame comprises a cross member having the hollow

part and extending in a vehicle width direction;
the electric motor i1s supported on an inside of the cross member; and

the hollow part of the cross member defines the duct.

20

2. The dump truck according to claim 1, wherein

all the tires are configured to be steered.

235
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3. The dump truck according to claim 1 or 2, wherein

all the tires are configured to be each independently driven by the electric motor.

4 A dump truck comprising:

a vehicle body frame;

a body supported by the vehicle body frame and configured to be raised and lowered:

a plurality of tires provided to the vehicle body frame;

an electric motor configured to drive the tires; and

a cooling blower configured to feed a cooling air to the electric motor, wherein

the vehicle body frame comprises a pair of front and back cross members each
comprising a hollow part and extending in a vehicle width direction at positions of the tires
provided to first and second sides of the vehicle body frame in a travel direction in a side
VIEW;

the electric motor is supported on an inside of each of both sides of each of the cross
members and is connected via a drive shaft to each of the tires disposed to an outside of both
the sides of each of the cross members:

the cooling blower 1s attached to each of the cross members at a position of an inflow

port for the cooling air provided in a middle of each of the cross members in the vehicle

width direction;

the hollow part of each of the cross members defines a duct through which the
cooling air passes;

all the tires are configured to be steered; and

all the tires are configured to be each independently driven by the electric motor.

26
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