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(54) WHEEL LOADER

(57) The motor cooling system circulates cooling oil
for cooling the motor. The transmission is configured to
change a rotation speed ratio of the output shaft with
respect to the input shaft by changing the rotation speed
of the motor. The transmission case has an output shaft
case for housing the output shaft. The output shaft case

is positioned forward the motor and protrudes to a posi-
tion below the motor. The motor cooling system has a
cooling oil tank for storing the cooling oil and a cooling
oil pipe which connects the cooling oil tank and the motor.
The cooling oil tank is positioned behind the output shaft
case and under the motor.
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Description

Field of the Invention

[0001] The present invention relates to a hybrid-type
wheel loader.

Description of the Related Art

[0002] Recently, a hybrid-type wheel loader has been
proposed that travels using driving power from an engine
and driving power from a motor. A hydraulic-mechanical
transmission (HMT) or an electric-mechanical transmis-
sion (EMT) are disclosed as transmissions for a hybrid-
type wheel loader as in, for example, Patent Document 1.
[0003] The HMT has a planetary gear mechanism, and
at least two hydraulic motors connected to rotating ele-
ments of the planetary gear mechanism. The hydraulic
motor functions as either a motor or a pump in response
to the travel state of the wheel loader. The HMT is con-
figured to enable stepless changing of the rotation speed
of the output shaft by changing the rotation speed of the
hydraulic motor.
[0004] An electric motor may be used in an EMT in
place of the hydraulic motor in the HMT. The electric mo-
tor functions as either a motor or a generator in response
to the travel state of the wheel loader. Similar to the HMT,
the EMT is configured to enable stepless changing of the
rotation speed of the output shaft by changing the rotation
speed of the electric motor.

Prior Art Documents

References

[0005] Document 1: Japanese Patent Laid-open No.
2006-329244

Summary of the Invention

Technical Problem

[0006] The temperature of the motor in the transmis-
sion of the abovementioned hybrid-type wheel loader in-
creases and therefore cooling of the motor becomes nec-
essary. However, there is a concern that the size of the
vehicle body increases when a cooling system for the
motor is added.
[0007] An object of the present invention is to enable
cooling of the motor while suppressing an increase in the
size of the vehicle body in the hybrid-type wheel loader.

Solution to Problem

[0008] A wheel loader according to a first aspect of the
present invention is provided with an engine, a travel de-
vice, and a transmission. The travel device is driven by
the engine. The transmission transmits driving power

from the engine to the travel device. The transmission
has an input shaft, an output shaft, a gear mechanism,
a transmission case, a motor, and a motor cooling sys-
tem. The gear mechanism includes a planetary gear
mechanism and transmits the rotation of the input shaft
to the output shaft. The transmission case houses the
input shaft, the gear mechanism, and the output shaft.
The motor is connected to a rotating element of the plan-
etary gear mechanism and is attached to the transmis-
sion case. The motor cooling system circulates cooling
oil for cooling the motor. The transmission is configured
so that a rotation speed ratio of the output shaft with re-
spect to the input shaft is changed by changing the rota-
tion speed of the motor. The transmission case has an
output shaft case for housing the output shaft. The output
shaft case is positioned forward the motor and protrudes
to a position below the motor. The motor cooling system
has a cooling oil tank for storing the cooling oil and a
cooling oil pipe which connects the cooling oil tank and
the motor. The cooling oil tank is positioned behind the
output shaft case and under the motor.
[0009] The cooling oil tank in the wheel loader accord-
ing to the present embodiment is positioned behind the
output shaft case and under the motor. That is, by ar-
ranging the cooling oil tank by using a space behind the
output shaft case and under the motor, the transmission
case and the cooling oil tank can be arranged in a com-
pact manner.
[0010] Moreover, by positioning the cooling oil tank un-
der the motor, the cooling oil can be recovered from the
motor to the cooling oil tank due to gravity. As a result,
the cooling oil can be circulated efficiently.
[0011] The travel device preferably further has an axle
shaft that extends in the vehicle width direction and an
axle housing for housing the axle shaft. The axle housing
is positioned further to the rear of the motor. The cooling
oil tank is positioned in front of the axle housing.
[0012] In this case, by arranging the cooling oil tank by
using a space positioned behind the output shaft case,
under the motor, and in front of the axle housing, the
transmission case, the cooling oil tank, and the axle hous-
ing can be arranged in a compact manner.
[0013] The bottom surface of the cooling oil tank pref-
erably has a first sloped surface that slopes to the rear
and upward. In this case, air flowing under the wheel
loader can be guided toward the axle housing due to the
bottom surface of the cooling oil tank. As a result, the
axle housing can be cooled.
[0014] A virtual extension line of the sloped surface as
seen in a side view of the vehicle preferably overlaps the
axle housing. In this case, the axle housing can be cooled
more effectively.
[0015] A vehicle body frame for supporting the trans-
mission is preferably provided. The travel device further
has a transmission shaft that transmits driving power
from the transmission to the axle shaft. The cooling oil
tank is arranged between the side surface of the vehicle
body frame and the transmission shaft in the vehicle width
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direction. In this case, the cooling oil tank can be ac-
cessed easily from the side of the wheel loader. As a
result, maintenance performance of the cooling oil tank
can be improved.
[0016] The front surface of the cooling oil tank prefer-
ably has a second sloped surface that slopes to the front
and downward. The cooling oil pipe is connected to the
second sloped surface. In this case, the cooling oil pipe
can be connected easily to the second sloped surface.
[0017] The motor and the cooling oil tank are preferably
arranged on the same side with regard to the center axis
of the transmission that extends in the vehicle front-back
direction. In this case, the cooling oil pipe can be installed
easily.
[0018] The wheel loader is preferably further provided
with a transmission lubrication system. The transmission
lubrication system circulates lubricating oil for lubricating
the transmission. The motor cooling system is separate
from the transmission lubrication system.
[0019] A conventional transmission without a motor is
provided with a lubrication system for circulating lubricat-
ing oil for lubricating mechanisms such as gears inside
the transmission. The lubricating oil is circulated through
the inside of the transmission whereby lubrication and
cooling of the mechanisms inside the transmission are
carried out.
[0020] When the motor is cooled using the transmis-
sion lubrication system as in the conventional transmis-
sion, there is a concern that the performance of the trans-
mission or of the motor could deteriorate. For example,
lubricating oil that has passed through the transmission
includes metallic powder produced in the transmission.
As a result, there is a possibility that the rotation of the
parts inside the motor could be hindered due to the me-
tallic powder if the motor is cooled using the transmission
lubrication system.
[0021] Moreover, the temperature conditions of the oil
suited to the transmission are different from the temper-
ature conditions of the oil suited to the motor. However,
it is difficult to control the temperature of the lubricating
oil for the transmission and the temperature of the cooling
oil for the motor to a temperature suited for each when
the motor is cooled using the transmission lubrication
system as in the conventional transmission.
[0022] Accordingly, the motor cooling system in the
wheel loader according to the present embodiment is
separate from the transmission lubrication system and
therefore the motor can be cooled while suppressing a
deterioration in the performance of the transmission or
the motor in comparison to when the motor cooling sys-
tem is the same system as the transmission lubrication
system.

Effects of Invention

[0023] By arranging the cooling oil tank by using the
space behind the output shaft case and under the motor,
the transmission case and the cooling oil tank can be

arranged in a compact manner in the wheel loader ac-
cording to the first aspect of the present invention. More-
over, by arranging the cooling oil tank under the motor,
the cooling oil can be recovered from the motor to the
cooling oil tank due to gravity. As a result, the cooling oil
can be circulated efficiently.

Brief Description of Drawings

[0024]

FIG. 1 is a side view of a wheel loader according to
an embodiment of the present invention.
FIG. 2 is a schematic view of a configuration of the
wheel loader.
FIG. 3 is a table illustrating functions of first to third
motors and states of clutches.
FIG. 4 illustrates changes in rotation speeds of the
first to third motors with respect to the vehicle speed.
FIG. 5 is a perspective view of a transmission.
FIG. 6 is a left side surface view of the transmission.
FIG. 7 is a rear surface view of the transmission.
FIG. 8 is a side surface view of a portion of the rear
part of the wheel loader.
FIG. 9 is a rear surface view of a portion of the rear
part of the wheel loader.
FIG. 10 is a view seen obliquely from below of a
portion of the rear part of the wheel loader.
FIG. 11 is a schematic view illustrating configurations
of a transmission lubrication system and a motor
cooling system.
FIG. 12 is a perspective view of the transmission
including the motor cooling system.
FIG. 13 is a cross-sectional view of the first motor.
FIG. 14 is an enlarged view of a configuration of the
cooling oil tank in FIG. 8 and the vicinity thereof.
FIG. 15 is a bottom surface view of a portion of the
rear part of the wheel loader.

Description of Embodiments

[0025] Embodiments of the present invention will be
explained in detail with reference to the figures. FIG. 1
is a side view of a wheel loader 1 according to an em-
bodiment of the present invention. The wheel loader 1
includes a vehicle body frame 2, a work implement 3,
traveling wheels 4 and 5, and an operating cabin 6 as
illustrated in FIG. 1. The wheel loader 1 travels due to
the traveling wheels 4 and 5 being driven in a rotating
manner. The wheel loader 1 is able to carry out work
such as excavation by using the work implement 3.
[0026] The work implement 3 and the traveling wheels
4 are attached to the vehicle body frame 2. The work
implement 3 is driven by hydraulic fluid from a work im-
plement pump 23 (see FIG. 2). The work implement 3
has a boom 11 and a bucket 12. The boom 11 is mounted
on the vehicle body frame 2. The work implement 3 in-
cludes a lift cylinder 13 and a bucket cylinder 14. The lift
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cylinder 13 and the bucket cylinder 14 are hydraulic cyl-
inders. One end of the lift cylinder 13 is attached to the
vehicle body frame 2. The other end of the lift cylinder
13 is attached to the boom 11. The boom 11 swings up
and down due to the extension and contraction of the lift
cylinder 13 due to hydraulic fluid from the work implement
pump 23. The bucket 12 is attached to the tip of the boom
11. One end of the bucket cylinder 14 is attached to the
vehicle body frame 2. The other end of the bucket cylinder
14 is attached to the bucket 12 via a bell crank 15. The
bucket 12 swings up and down due to the extension and
contraction of the bucket cylinder 14 due to hydraulic fluid
from the work implement pump 23.
[0027] The operating cabin 6 and the traveling wheels
5 are attached to the vehicle body frame 2. The operating
cabin 6 is mounted on the vehicle body frame 2. A seat
for the operator and a belowmentioned operating device
are disposed in the operating cabin 6. The vehicle body
frame 2 has a front frame 16 and a rear frame 17. The
front frame 16 and the rear frame 17 are attached to each
other in a manner that allows swinging in the left-right
direction.
[0028] The work implement 3 is attached to the front
frame 16. The operating cabin 6 is mounted on the rear
frame 17. Devices such as a belowmentioned engine 21,
a transmission 24, and a cooling device 26 are also
mounted on the rear frame 17. The transmission 24 is
positioned in front of the engine 21. The cooling device
26 is positioned behind the engine 21. The cooling device
26 has a radiator for cooling liquid coolant for the engine
21.
[0029] The wheel loader 1 has a steering cylinder 18.
The steering cylinder 18 is attached to the front frame 16
and the rear frame 17. The steering cylinder 18 is a hy-
draulic cylinder. The wheel loader 1 is able to change the
advancing direction to the right and left with the extension
and contraction of the steering cylinder 18 due to hydrau-
lic fluid from a belowmentioned steering pump 30.
[0030] FIG. 2 is a schematic view of a configuration of
the wheel loader 1. As illustrated in FIG. 2, the wheel
loader 1 is provided with the engine 21, the work imple-
ment pump 23, a transmission pump 29, the steering
pump 30, the transmission 24, and a travel device 25.
[0031] The engine 21 is, for example, a diesel engine.
The engine 21 generates driving power for driving the
travel device 25, the work implement pump 23, the trans-
mission pump 29, the steering pump 30, and the like.
[0032] The work implement pump 23, the transmission
pump 29, and the steering pump 30 are hydraulic pumps.
The work implement pump 23, the transmission pump
29, and the steering pump 30 are driven by driving power
from the engine 21.
[0033] The work implement pump 23 is a variable dis-
placement hydraulic pump. Hydraulic fluid discharged
from the work implement pump 23 is supplied to the lift
cylinder 13 and the bucket cylinder 14 through a work
implement control valve 41.
[0034] The transmission pump 29 is a fixed displace-

ment hydraulic pump. Hydraulic fluid discharged from the
transmission pump 29 is supplied to various belowmen-
tioned clutches of the transmission 24 via a clutch control
valve 32.
[0035] The steering pump 30 is a variable displace-
ment hydraulic pump. Hydraulic fluid discharged from the
steering pump 30 is supplied to the abovementioned
steering cylinder 18 through a steering control valve 43.
[0036] The transmission 24 transmits driving power
from the engine 21 to the travel device 25. The transmis-
sion 24 changes the speed and outputs the driving power
from the engine 21. A configuration of the transmission
24 is discussed in detail below.
[0037] The travel device 25 is driven by the engine 21.
The travel device 25 has a transmission shaft 46, an axle
shaft 45, and the abovementioned traveling wheels 5.
The transmission shaft 46 transmits driving power from
the transmission 24 to the axle shaft 45. The axle shaft
45 extends in the vehicle width direction and is connected
to the traveling wheels 5. The axle shaft 45 transmits
driving power from the transmission 24 to the traveling
wheels 5. As a result, the traveling wheels 5 rotate.
[0038] A configuration of the transmission 24 is dis-
cussed in detail next. The transmission 24 is provided
with an input shaft 61, a first power take-off mechanism
22 (referred to below as "first PTO 22"), a second power
take-off mechanism 27 (referred to below as "second
PTO 27"), a gear mechanism 62, an output shaft 63, a
first motor MG1, a second motor MG2, and a third motor
MG3.
[0039] The rotation from the engine 21 is inputted to
the input shaft 61. The gear mechanism 62 transmits the
rotation of the input shaft 61 to the output shaft 63. The
output shaft 63 is connected to the abovementioned trav-
el device 25, and transmits the rotation from the gear
mechanism 62 to the travel device 25.
[0040] The first PTO 22 is connected to the input shaft
61 and transmits a portion of the driving power from the
engine 21 to the work implement pump 23 and the trans-
mission pump 29. The second PTO 27 is connected to
the input shaft 61 parallel to the first PTO 22 and transmits
a portion of the driving power from the engine 21 to the
steering pump 30.
[0041] The gear mechanism 62 is a mechanism for
transmitting driving power from the engine 21. The gear
mechanism 62 is configured so that the rotation speed
ratio of the output shaft 63 with respect to the input shaft
61 is changed in response to changes in the rotation
speeds of the motors MG1, MG2, and MG3. The gear
mechanism 62 has a FR switch mechanism 65 and a
speed change mechanism 66.
[0042] The FR switch mechanism 65 has a forward
movement clutch CF, a reverse movement clutch CR,
and various types of gears. The forward movement clutch
CF and the reverse movement clutch CR are hydraulic
clutches. The direction of the rotation outputted from the
FR switch mechanism 65 is switched due to the switching
between connected and disconnected states of the for-
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ward movement clutch CF and connected and discon-
nected states of the reverse movement clutch CR.
[0043] The speed change mechanism 66 has a middle
shaft 67, a first planetary gear mechanism 68, a second
planetary gear mechanism 69, a Hi/Lo switch mechanism
70, and an output gear 71. The middle shaft 67 is coupled
to the FR switch mechanism 65. The first planetary gear
mechanism 68 and the second planetary gear mecha-
nism 69 are disposed on the same axis as the middle
shaft 67.
[0044] The first planetary gear mechanism 68 has a
first sun gear S1, a plurality of first planet gears P1, a
first carrier C1 that supports the plurality of first planet
gears P1, and a first ring gear R1. The first sun gear S1
is coupled to the middle shaft 67. The plurality of first
planet gears P1 mesh with the first sun gear S1 and are
supported in a rotatable manner by the first carrier C1.
A first carrier gear Gc1 is provided on an outer peripheral
part of the first carrier C1. The first ring gear R1 meshes
with the plurality of first planet gears P1 and is able to
rotate. A first ring outer periphery gear Gr1 is provided
on the outer periphery of the first ring gear R1.
[0045] The second planetary gear mechanism 69 has
a second sun gear S2, a plurality of second planet gears
P2, a second carrier C2 that supports the plurality of sec-
ond planet gears P2, and a second ring gear R2. The
second sun gear S2 is coupled to the first carrier C1. The
plurality of second planet gears P2 mesh with the second
sun gear S2 and are supported in a rotatable manner by
the second carrier C2. The second ring gear R2 meshes
with the plurality of second planet gears P2 and is able
to rotate. A second ring outer periphery gear Gr2 is pro-
vided on the outer periphery of the second ring gear R2.
The second ring outer periphery gear Gr2 meshes with
the output gear 71, and the rotation of the second ring
gear R2 is outputted to the output shaft 63 via the output
gear 71.
[0046] The Hi/Lo switch mechanism 70 is a mechanism
for switching the driving power transmission path of the
transmission 24 between a high-speed mode (Hi mode)
in which the vehicle speed is high and a low-speed mode
(Lo mode) in which the vehicle speed is low. The Hi/Lo
switch mechanism 70 has a Hi-clutch CH that is ON dur-
ing the Hi mode and a Lo-clutch CL that is ON during the
Lo mode. The Hi-clutch CH connects or disconnects the
first ring gear R1 and the second carrier C2. The Lo-
clutch CL connects or disconnects the second carrier C2
and a fixed end 72 to prohibit or allow the rotation of the
second carrier C2.
[0047] The clutches CH and CL are hydraulic clutches,
and hydraulic fluid from the transmission pump 29 is sup-
plied to each of the clutches CH and CL. The hydraulic
fluid for the clutches CH and CL is controlled by the clutch
control valve 32.
[0048] The first motor MG1, the second motor MG2,
and the third motor MG3 function as drive motors that
generate driving power using electrical energy. The first
motor MG1, the second motor MG2, and the third motor

MG3 also function as generators that use inputted driving
power to generate electrical energy.
[0049] The first motor gear Gm1 is fixed to a rotating
shaft Sm1 of the first motor MG1. The first motor gear
Gm1 meshes with the first carrier gear Ge1. A second
motor gear Gm2 is fixed to a rotating shaft Sm2 of the
second motor MG2. The second motor gear Gm2 mesh-
es with the first ring outer periphery gear Gr1.
[0050] The third motor MG3 assists the first motor MG1
and the second motor MG2. The speed change mecha-
nism 66 has a motor switching mechanism 73, and the
motor switching mechanism 73 selectively switches the
target of the assistance from the third motor MG3 to the
first motor MG1 or the second motor MG2.
[0051] Specifically, the motor switching mechanism 73
has a first motor clutch Cm1, a second motor clutch Cm2,
a first connecting gear Ga1, and a second connecting
gear Ga2. A third motor gear Gm3 is connected to a ro-
tating shaft Sm3 of the third motor MG3, and the third
motor gear Gm3 meshes with the first connecting gear
Ga1. The first motor clutch Cm1 switches between con-
necting and disconnecting the first connecting gear Ga1
and the rotating shaft Sm1 of the first motor MG1. The
first connecting gear Ga1 meshes with the second con-
necting gear Ga2. The second motor clutch Cm2 switch-
es between connecting and disconnecting the second
connecting gear Ga2 and the rotating shaft Sm2 of the
second motor MG2.
[0052] The first motor clutch Cm1 and the second mo-
tor clutch Cm2 are hydraulic clutches. Hydraulic fluid from
the transmission pump 29 is supplied to each of the motor
clutches Cm1 and Cm2. The hydraulic fluid for the motor
clutches Cm1 and Cm2 is controlled by the clutch control
valve 32.
[0053] While the first motor clutch Cm1 is connected
and the second motor clutch Cm2 is disconnected, the
third motor gear Gm3 assists the first motor MG1. While
the second motor clutch Cm2 is connected and the first
motor clutch Cm1 is disconnected, the third motor gear
Gm3 assists the second motor MG2.
[0054] The first motor MG1 is connected to a capacitor
64 via a first inverter I1. The second motor MG2 is con-
nected to the capacitor 64 via a second inverter I2. The
third motor MG3 is connected to the capacitor 64 via a
third inverter I3.
[0055] The capacitor 64 functions as an energy reser-
voir unit for storing energy generated by the motors MG1,
MG2, and MG3. That is, the capacitor 64 stores electrical
power generated by the motors MG1, MG2, and MG3
when the total electrical power generation amount of the
motors MG1, MG2, and MG3 is high. The capacitor 64
releases electrical power when the total electrical power
consumption amount of the motors MG1, MG2, and MG3
is high. That is, the motors MG1, MG2 and MG3 are driv-
en by electrical power stored in the capacitor 64. A battery
may be used as another electrical power storage means
in place of the capacitor.
[0056] The wheel loader 1 is provided with a control
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unit 31. The control unit 31 applies command signals for
indicating the command torques for the motors MG1,
MG2, and MG3 to the inverters I1, I2, and I3. The control
unit 31 applies command signals for controlling the clutch
hydraulic pressure of the clutches CF, CR, CH, CL, Cm1,
and Cm2 to the clutch control valve 32. The clutch control
valve 32 includes a plurality of valves for controlling the
clutches CF, CR, CH, CL, Cm1, and Cm2.
[0057] The motors MG1, MG2, and MG3 and the
clutches CF, CR, CH, CL, Cm1, and Cm2 are controlled
with command signals from the control unit 31, whereby
the speed change ratio and the output torque of the trans-
mission 24 are controlled. The operations of the trans-
mission 24 are discussed below.
[0058] An outline of operations of the transmission 24
when the vehicle speed An outline of operations of the
transmission 24 when the vehicle speed increases from
zero in the forward movement side while the rotation
speed of the engine 21 remains fixed, will be explained
with reference to FIGS. 3 and 4. FIG. 3 illustrates func-
tions of the motors MG1, MG2, and MG3 and states of
the clutches in the modes. The Lo mode has an L1 mode
and an L2 mode. The Hi mode has an H1 mode and an
H2 mode. In FIG. 3, "M" signifies the fact that the motors
MG1, MG2, and MG3 are functioning as driving motors.
"G" signifies the fact that the motors MG1, MG2, and
MG3 are functioning as generators. "O" signifies the fact
that the clutch is in the connected state. "X" signifies the
fact that the clutch is in the disconnected state.
[0059] FIG. 4 illustrates rotation speeds of the motors
MG1, MG2, and MG3 with respect to the vehicle speed.
When the rotation speed of the engine 21 is fixed, the
vehicle speed changes in response to the rotation speed
ratio of the transmission 24. The rotation speed ratio is
the ratio of the rotation speed of the output shaft 63 with
respect to the rotation speed of the input shaft 61. There-
fore, the variation in the vehicle speed in FIG. 4 matches
the variation of the rotation speed ratio of the transmis-
sion 24. That is, FIG. 4 illustrates the relationships be-
tween the rotation speeds of the motors MG1, MG2, and
MG3 and the rotation speed ratio of the transmission 24.
The solid line in FIG. 4 represents the rotation speed of
the first motor MG1, the dashed line represents the ro-
tation speed of the second motor MG2, and the long
dashed short dashed line represents the rotation speed
of the third motor MG3.
[0060] In the region in which the vehicle speed is zero
or greater to less than V1, the Lo-clutch CL is connected,
the Hi-clutch CH is disconnected, the first motor clutch
Cm1 is connected, and the second motor clutch Cm2 is
disconnected (L1 mode). Because the Hi-clutch CH is
disconnected, the second carrier C2 and the first ring
gear R1 are disconnected. Because the Lo-clutch CL is
connected, the second carrier C2 is fixed. Moreover, the
first connecting gear Ga1 is connected to the rotating
shaft Sm1 of the first motor MG1 and the second con-
necting gear Ga2 is disconnected from the rotating shaft
Sm2 of the second motor MG2. As a result, the third

motor MG3 is connected to the first motor MG1 via the
third motor gear Gm3, the first connecting gear Ga1, and
the first motor clutch Cm1. The third motor MG3 is dis-
connected from the second motor MG2 because the sec-
ond motor clutch Cm2 is disconnected.
[0061] The driving power from the engine 21 in the L1
mode is inputted to the first sun gear S1 via the middle
shaft 67, and the driving power is outputted from the first
carrier C1 to the second sun gear S2. Conversely, the
driving power inputted to the first sun gear S1 is trans-
mitted from the first planet gears P1 to the first ring gear
R1 and outputted through the first ring outer periphery
gear Gr1 and the second motor gear Gm2 to the second
motor MG2. The second motor MG2 functions mainly as
a generator in the L1 mode, and a portion of the electrical
power generated by the second motor MG2 is stored in
the capacitor 64.
[0062] The first motor MG1 and the third motor MG3
function mainly as electric motors in the L1 mode. The
driving power of the first motor MG1 and the third motor
MG3 is outputted to the second sun gear S2 along a path
from the first motor gear Gm1 to the first carrier gear Gc1
to the first carrier C1. The driving power outputted to the
second sun gear S2 as described above is transmitted
to the output shaft 63 along a path from the second planet
gears P2 to the second ring gear R2 to the second ring
outer periphery gear Gr2 to the output gear 71.
[0063] In the region in which the vehicle speed is V1
or greater to less than V2, the Lo-clutch CL is connected,
the Hi-clutch CH is disconnected, the first motor clutch
Cm1 is disconnected, and the second motor clutch Cm2
is connected (L2 mode). Therefore, the second connect-
ing gear Ga2 is connected to the rotating shaft Sm2 of
the second motor MG2 and the first connecting gear Ga1
is disconnected from the rotating shaft Sm1 of the first
motor MG1. As a result, the third motor MG3 is connected
to the second motor MG2 via the third motor gear Gm3,
the first connecting gear Ga1, the second connecting
gear Ga2, and the second motor clutch Cm2. The third
motor MG3 is disconnected from the first motor MG1 be-
cause the first motor clutch Cm1 is disconnected.
[0064] The driving power from the engine 21 in the L2
mode is inputted to the first sun gear S1 via the middle
shaft 67, and the driving power is outputted from the first
carrier C1 to the second sun gear S2. Conversely, the
driving power inputted to the first sun gear S1 is trans-
mitted from the first planet gears P1 to the first ring gear
R1 and outputted through the first ring outer periphery
gear Gr1 and the second motor gear Gm2 to the second
motor MG2. Moreover, the driving power is outputted
from the second motor gear Gm2 to the third motor MG3
via the second motor clutch Cm2, the second connecting
gear Ga2, the first connecting gear Ga1, and the third
motor gear Gm3. The second motor MG2 and the third
motor MG3 function mainly as generators in the L2 mode,
and a portion of the electrical power generated by the
second motor MG2 and the third motor MG3 is stored in
the capacitor 64.
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[0065] The first motor MG1 functions mainly as an elec-
tric motor in the L2 mode. The driving power of the first
motor MG1 is outputted to the second sun gear S2 along
a path from the first motor gear Gm1 to the first carrier
gear Gc1 to the first carrier C1. The driving power out-
putted to the second sun gear S2 as described above is
transmitted to the output shaft 63 along a path from the
second planet gears P2 to the second ring gear R2 to
the second ring outer periphery gear Gr2 to the output
gear 71.
[0066] In the region in which the vehicle speed is V2
or greater to less than V3, the Lo-clutch CL is discon-
nected, the Hi-clutch CH is connected, the first motor
clutch Cm1 is disconnected, and the second motor clutch
Cm2 is connected (H1 mode). Because the Hi-clutch CH
is connected in the H1 mode, the second carrier C2 and
the first ring gear R1 are connected. Because the Lo-
clutch CL is disconnected, the second carrier C2 is re-
leased. Therefore, the rotation speeds of the first ring
gear R1 and the second carrier C2 match. Moreover, the
second connecting gear Ga2 is connected to the rotating
shaft Sm2 of the second motor MG2 and the first con-
necting gear Ga1 is disconnected from the rotating shaft
Sm1 of the first motor MG1. As a result, the third motor
MG3 is connected to the second motor MG2 via the third
motor gear Gm3, the first connecting gear Ga1, the sec-
ond connecting gear Ga2, and the second motor clutch
Cm2. The third motor MG3 is disconnected from the first
motor MG1 because the first motor clutch Cm1 is discon-
nected.
[0067] The driving power from the engine 21 in the H1
mode is inputted to the first sun gear S1 and the driving
power is outputted from the first carrier C1 to the second
sun gear S2. The driving power inputted to the first sun
gear S1 is outputted from the first carrier C1 through the
first carrier gear Gc1 and the first motor gear Gm1 to the
first motor MG1. The first motor MG1 functions mainly
as a generator in the H1 mode, and thus a portion of the
electrical power generated by the first motor MG1 is
stored in the capacitor 64.
[0068] The second motor MG2 and the third motor
MG3 function mainly as electric motors in the H1 mode.
The driving power of the third motor MG3 is transmitted
to the rotating shaft Sm2 of the second motor MG2 via
the third motor gear Gm3, the first connecting gear Ga1,
the second connecting gear Ga2, and the second motor
clutch Cm2. The driving power of the second motor MG2
and the driving power of the third motor MG3 is outputted
to the second carrier C2 along a path from the second
motor gear Gm2 to the first ring outer periphery gear Gr1
to the first ring gear R1 to the Hi-clutch CH. The driving
power outputted to the second sun gear S2 as described
above is outputted through the second planet gears P2
to the second ring gear R2, and the driving power out-
putted to the second carrier C2 is outputted through the
second planet gears P2 to the second ring gear R2. The
driving power combined by the second ring gear R2 in
this way is transmitted through the second ring outer pe-

riphery gear Gr2 and the output gear 71 to the output
shaft 63.
[0069] In the region in which the vehicle speed is V3
or greater to less than V4, the Lo-clutch CL is discon-
nected, the Hi-clutch CH is connected, the first motor
clutch Cm1 is connected, and the second motor clutch
Cm2 is disconnected (H2 mode). In the H2 mode, the
first connecting gear Ga1 is connected to the rotating
shaft Sm1 of the first motor MG1 and the second con-
necting gear Ga2 is disconnected from the rotating shaft
Sm2 of the second motor MG2. As a result, the third
motor MG3 is connected to the first motor MG1 via the
third motor gear Gm3, the first connecting gear Ga1, and
the first motor clutch Cm1. The third motor MG3 is dis-
connected from the second motor MG2 because the sec-
ond motor clutch Cm2 is disconnected.
[0070] The driving power from the engine 21 in the H2
mode is inputted to the first sun gear S1 and the driving
power is outputted from the first carrier C1 to the second
sun gear S2. The driving power inputted to the first sun
gear S1 is outputted from the first carrier C1 through the
first carrier gear Gc1 and the first motor gear Gm1 to the
first motor MG1 and the third motor MG3. The first motor
MG1 and the third motor MG3 function mainly as gener-
ators in the H2 mode, and thus a portion of the electrical
power generated by the first motor MG1 and the third
motor MG3 is stored in the capacitor 64.
[0071] The second motor MG2 functions mainly as an
electric motor in the H2 mode. The driving power of the
second motor MG2 is outputted to the second carrier C2
along a path from the second motor gear Gm2 to the first
ring outer periphery gear Gr1 to the first ring gear R1 to
the Hi-clutch CH. The driving power outputted to the sec-
ond sun gear S2 as described above is outputted through
the second planet gears P2 to the second ring gear R2,
and the driving power outputted to the second carrier C2
is outputted through the second planet gears P2 to the
second ring gear R2. The driving power combined by the
second ring gear R2 in this way is transmitted through
the second ring outer periphery gear Gr2 and the output
gear 71 to the output shaft 63.
[0072] While forward movement driving has been dis-
cussed above, the operations of reverse movement driv-
ing are the same.
[0073] Next, a configuration of the transmission 24 will
be discussed. FIG. 5 is a perspective view of a transmis-
sion 24. FIG. 6 is a left surface side view of the transmis-
sion 24. FIG. 7 is a rear surface view of the transmission
24.
[0074] The transmission 24 has a transmission case
33. The transmission case 33 houses the input shaft 61,
the gear mechanism 62, and the output shaft 63. Specif-
ically, the transmission case 33 has an input shaft case
331, a middle shaft case 332, and an output shaft case
333. The input shaft case 331 houses the input shaft 61.
The input shaft 61 extends in the front-back direction of
the vehicle. As illustrated in FIG. 7, a lower part of the
input shaft case 331 includes a curved surface part 334.

11 12 



EP 3 009 288 A1

8

5

10

15

20

25

30

35

40

45

50

55

The curved surface part 334 is curved to protrude down-
wards. Specifically the input shaft case 331 has a shape
that is approximately cylindrical. The center axis of the
input shaft case 331 extends in the vehicle front-back
direction. The center axis of the input shaft case 331
matches a center axis Ax1 of the input shaft 61.
[0075] The transmission case 33 has a first PTO case
335 and a second PTO case 336. The first PTO case
335 houses the first PTO 22 (see FIG. 2). The second
PTO case 336 houses the second PTO 27 (see FIG. 2).
The first PTO case 335 and the second PTO case 336
are positioned over the input shaft case 331. The first
PTO case 335 and the second PTO case 336 are con-
nected to the input shaft case 331. The first PTO case
335 and the second PTO case 336 are arranged in a row
in the vehicle width direction.
[0076] The middle shaft case 332 houses the above-
mentioned first planetary gear mechanism 68 and the
second planetary gear mechanism 69. Furthermore, the
middle shaft case 332 houses the middle shaft 67. The
middle shaft 67 extends in the vehicle front-back direction
and is positioned under the input shaft 61. The middle
shaft case 332 is arranged in line with the input shaft
case 331 in the vehicle front-back direction. Specifically,
the middle shaft case 332 is positioned in front of the
input shaft case 331. The middle shaft case 332 is posi-
tioned forward the first PTO case 335 and the second
PTO case 336. A bottom part of the middle shaft case
332 is positioned below a bottom part of the input shaft
case 331. The abovementioned clutch control valve 32
is attached to the front surface of the middle shaft case
332.
[0077] As illustrated in FIG. 7, the transmission case
33 further has a protruding part 337 that protrudes down-
ward from the bottom part of the input shaft case 331.
The protruding part 337 extends in the vehicle front-back
direction and is connected to the middle shaft case 332.
A portion of the middle shaft 67 positioned further to the
rear of the middle shaft case 332 is arranged inside the
protruding part 337.
[0078] The output shaft case 333 houses the output
shaft 63. The output shaft case 333 is positioned under
the middle shaft case 332. The output shaft case 333 is
positioned forward the input shaft case 331. A bottom
part of the output shaft case 333 is positioned the furthest
below the transmission case 33. The output shaft 63 pro-
trudes from the output shaft case 333. The output shaft
63 extends in the vehicle front-back direction and is cou-
pled to the transmission shaft 46.
[0079] The first motor MG1, the second motor MG2,
and the third motor MG3 are attached to the transmission
case 33. Specifically, the first motor MG1, the second
motor MG2, and the third motor MG3 are attached to the
middle shaft case 332.
[0080] The first motor MG1 and the second motor MG2
are arranged below the input shaft 61. The first motor
MG1 and the second motor MG2 overlap the traveling
wheels 5 as seen from the side of the vehicle (see FIG.

1). Portions of the first motor MG1 and the second motor
MG2 overlap the curved surface part 334 as seen in a
projection view in the up-down direction. That is, the first
motor MG1 and the second motor MG2 overlap the input
shaft case 331 as seen in a projection view in the up-
down direction (see FIG. 15). Portions of the first motor
MG1 and the second motor MG2 overlap the middle shaft
case 332 as seen in the vehicle front-back direction. The
first PTO case 335 and the second PTO case 336 are
arranged over the first motor MG1 and the second motor
MG2. The output shaft case 333 is positioned forward
the first motor MG1 and the second motor MG2 and pro-
trudes to a position below the first motor MG1.
[0081] As illustrated in FIG. 7, the first motor MG1 and
the second motor MG2 are arranged symmetrically rel-
ative to a vertical plane PL1 that passes through the cent-
er axis Ax1 of the input shaft 61. The input shaft 61, the
middle shaft 67, and the output shaft 63 are arranged in
a row in the up-down direction as seen in the shaft direc-
tion of the input shaft 61.
[0082] A rotational axis Ax2 of the first motor MG1 is
positioned below the bottom part of the input shaft case
331. A rotational axis Ax3 of the second motor MG2 is
positioned below the bottom part of the input shaft case
331. The bottom part of the first motor MG1 is positioned
below the bottom part of the input shaft case 331. The
bottom part of the second motor MG2 is positioned below
the bottom part of the input shaft case 331. The upper-
most part of the first motor MG1 is positioned above the
bottom part of the input shaft case 331. The uppermost
part of the second motor MG2 is positioned above the
bottom part of the input shaft case 331. The first motor
MG1 and the second motor MG2 are arranged with an
interval therebetween in the vehicle width direction. The
protruding part 337 is arranged between the first motor
MG1 and the second motor MG2 in the vehicle width
direction. That is, the middle shaft 67 is arranged between
the first motor MG1 and the second motor MG2 in the
vehicle width direction. The first motor MG1 and the sec-
ond motor MG2 are arranged obliquely upward the output
shaft 63.
[0083] The third motor MG3 is arranged beside of the
transmission case 33. The third motor MG3 is arranged
on the same side as the first motor MG1 with respect to
the vertical plane PL1 that passes through the center of
the transmission case 33. In the present embodiment,
the first motor MG1 and the third motor MG3 are arranged
to the left of the vertical plane PL1. The second motor
MG2 is arranged to the right of the vertical plane PL1 that
passes through the center of the transmission case 33.
The third motor MG3 is arranged by being shifted in the
vehicle front-back direction with respect to the first motor
MG1 and the second motor MG2. Specifically, the third
motor MG3 is positioned forward the first motor MG1 and
the second motor MG2. The third motor MG3 is arranged
to the side of the middle shaft case 332. The third motor
MG3 is positioned above the output shaft case 333.
[0084] A rotational axis Ax4 of the third motor MG3 is
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positioned above the rotational axis Ax2 of the first motor
MG1 and the rotational axis Ax3 of the second motor
MG2. As illustrated in FIG. 6, an end E1 of the rotating
shaft Sm1 of the first motor MG1 and an end of the ro-
tating shaft Sm2 of the second motor MG2 are oriented
in a direction from the first motor MG1 and the second
motor MG2 toward the third motor MG3 in the vehicle
front-back direction. An end E3 of the rotating shaft Sm3
of the third motor MG3 is oriented in a direction from the
third motor MG3 toward the first motor MG1 and the sec-
ond motor MG2 in the vehicle front-back direction. Spe-
cifically, the end E1 of the rotating shaft Sm1 of the first
motor MG1 and the end of the rotating shaft Sm2 of the
second motor MG2 face toward the front. The end E3 of
the rotating shaft Sm3 of the third motor MG3 faces to-
ward the rear.
[0085] FIG. 8 is a side surface view of a portion of the
rear part of the wheel loader 1. A portion of the configu-
ration such as the traveling wheels 5 and an exterior cov-
er are omitted in FIG. 8 to facilitate understanding. As
illustrated in FIG. 8, the travel device 25 has an axle hous-
ing 47. The axle housing 47 houses the axle shaft 45.
The axle housing 47 is supported in a swingable manner
on the vehicle body frame 2. Specifically, the axle housing
47 is supported in a swingable manner on the rear frame
17. The axle housing 47 is swingable around the trans-
mission shaft 46 and consequently end parts on the left
and right of the axle shaft 45 move in the up-down direc-
tion.
[0086] The first motor MG1 and the second motor MG2
are arranged by being shifted in the vehicle front-back
direction with respect to the axle housing 47. Specifically,
the axle housing 47 is positioned further toward the rear
than the first motor MG1 and the second motor MG2.
The bottom part of the first motor MG1 is arranged below
the uppermost part of the axle housing 47. The bottom
part of the second motor MG2 is arranged below the up-
permost part of the axle housing 47.
[0087] The transmission shaft 46 is arranged under the
transmission 24 and extends in the vehicle front-back
direction. The transmission shaft 46 is arranged behind
the output shaft case 333. The transmission shaft 46 is
arranged under the middle shaft case 332. The transmis-
sion shaft 46 is arranged on the same axis as the output
shaft 63. Therefore, the first motor MG1 and the second
motor MG2 are arranged obliquely upward the transmis-
sion shaft 46 as seen in the axial direction of the trans-
mission shaft 46.
[0088] FIG. 9 is a rear surface view of a portion of the
rear part of the wheel loader 1. A portion of the configu-
ration such as the traveling wheels 5 and the axle housing
47 are omitted in FIG. 9 to facilitate understanding. As
illustrated in FIG. 9, the rear frame 17 has a left side part
171 and a right side part 172. The transmission 24 is
arranged between the left side part 171 and the right side
part 172 and is supported by the vehicle body frame 2.
The first motor MG1 and the second motor MG2 are ar-
ranged between the left side part 171 and the right side

part 172.
[0089] The rear frame 17 has a plurality of mount parts
48 to 51 (see FIG. 15) for supporting the operating cabin
6. The operating cabin 6 is attached in a detachable man-
ner to the mount parts 48 to 51. Therefore, the operating
cabin 6 is attached in a detachable manner to the vehicle
body frame 2. Specifically, the plurality of mount parts 48
to 51 include a pair of front mount parts 48 and 51 and
a pair of rear mount parts 49 and 50. The third motor
MG3 is positioned under the operating cabin 6.
[0090] As illustrated in FIG. 8, a side part opening 173
is provided in the left side part 171. The side part opening
173 is positioned to the side of the transmission 24. A
portion of the first motor MG1 opposes the side part open-
ing 173. An exterior cover (not illustrated) is attached in
a detachable manner to the left side part 171. The side
part opening 173 is covered by the exterior cover while
the exterior cover is attached. A portion of the first motor
MG1 is visible through the side part opening 173 while
the exterior cover is removed. An opening similar to the
side part opening 173 of the left side part 171 is provided
in the right side part 172.
[0091] FIG. 10 is a view seen obliquely from below of
a portion of the rear part of the wheel loader 1. As illus-
trated in FIG. 10, a bottom part opening 174 is provided
in the bottom surface of the rear frame 17. The bottom
part opening 174 is positioned under the transmission
24. As illustrated in FIG. 9, the bottom part opening 174
is positioned under the output shaft case 333 and the
transmission shaft 46. Therefore, the bottom part open-
ing 174 is positioned under the first motor MG1 and the
second motor MG2. A bottom plate (not illustrated) is
attached to the bottom surface of the rear frame 17 in a
detachable manner so as to cover the bottom part open-
ing 174.
[0092] As illustrated in FIG. 8, the vehicle body frame
2 further has a mount bracket 52 that supports the axle
housing 47 in a swingable manner. The mount bracket
52 is positioned in front of the axle housing 47. The mount
bracket 52 is a plate-like member which extends in the
vehicle width direction and the up-down direction.
[0093] As illustrated in FIG. 9, an upper surface of the
mount bracket 52 has a recessed part 521. The recessed
part 521 has a shape that is recessed downward from
the upper surface of the mount bracket 52. The first motor
MG1 and the second motor MG2 are arranged so as to
pass through the recessed part 521 in the vehicle front-
back direction. Specifically, the recessed part 521 has a
first recessed part 522 and a second recessed part 523.
The first recessed part 522 and the second recessed part
523 are aligned in the vehicle width direction and are
joined to each other. The first motor MG1 is arranged so
as to pass through the first recessed part 522 in the ve-
hicle front-back direction. The second motor MG2 is ar-
ranged so as to pass through the second recessed part
523 in the vehicle front-back direction. The protruding
part 337 of the transmission case 33 is arranged between
the first recessed part 522 and the second recessed part
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523.
[0094] The mount bracket 52 has a through-hole 524.
The through-hole 524 passes through the mount bracket
52 in the vehicle front-back direction. The through-hole
524 is located under the recessed part 521. Specifically,
the recessed part 521 has a ridge part 525 positioned
between the first recessed part 522 and the second re-
cessed part 523. The ridge part 525 has a shape that
rises to a position above the bottom part of the first re-
cessed part 522 and the bottom part of the second re-
cessed part 523. The through-hole 524 is positioned un-
der the ridge part 525. The transmission shaft 46 passes
through the through-hole 524.
[0095] Next, a transmission lubrication system 53 and
a motor cooling system 54 included in the transmission
24 will be discussed. FIG. 11(a) is a schematic view il-
lustrating a configuration of the transmission lubrication
system 53. FIG. 11(b) is a schematic view of a configu-
ration of the motor cooling system 54. The transmission
lubrication system 53 circulates lubricating oil for lubri-
cating the transmission 24.
[0096] As illustrated in FIG. 11(a), the transmission lu-
brication system 53 has a lubricating oil pump 531, an
oil cooler 532, and a lubricating oil pipe 533. The lubri-
cating oil pump 531 and the oil cooler 532 are connected
to the transmission case 33 via the lubricating oil pipe
533. A lubricating oil filter 534 is provided between the
oil cooler 532 and the transmission case 33 in the lubri-
cating oil pipe 533.
[0097] The lubricating oil inside the transmission case
33 is stored inside the output shaft case 333. The lubri-
cating oil pump 531 feeds the lubricating oil inside the
output shaft case 333 to the oil cooler 532. The lubricating
oil is cooled in the oil cooler 532 and supplied to the trans-
mission case 33. The lubricating oil lubricates various
gears inside the transmission case 33. The lubricating
oil drips off the various gears and is stored in the output
shaft case 333.
[0098] The motor cooling system 54 is separate from
the transmission lubrication system 53 and circulates
cooling oil for cooling the first to third motors MG1 to
MG3. FIG. 12 is a perspective view of the transmission
24 including the motor cooling system 54. As illustrated
in FIG. 11(b) and FIG. 12, the motor cooling system 54
has a cooling oil pump 541, a motor cooler 542, a cooling
oil tank 543, and a cooling oil pipe 544. The cooling oil
pump 541, the motor cooler 542, and the cooling oil tank
543 are connected to the first to third motors MG1 to MG3
via the cooling oil pipe 544. Specifically, the cooling oil
pipe 544 includes a first cooling oil pipe 551, a second
cooling oil pipe 552, a third cooling oil pipe 553, a first
supply pipe 554, a second supply pipe 555, a third supply
pipe 556, a first drain pipe 557, a second drain pipe 558,
and a third drain pipe 559. The first cooling oil pipe 551
connects the cooling oil tank 543 and the cooling oil pump
541. The second cooling oil pipe 552 connects the cooling
oil pump 541 and the motor cooler 542. The third cooling
oil pipe 553 is connected to the motor cooler 542. The

motor cooler 542 cools the cooling oil. The motor cooler
542 is included in the abovementioned cooling device 26
with the oil cooler 532. The third cooling oil pipe 553 is
connected to the first supply pipe 554, the second supply
pipe 555, and the third supply pipe 556. A cooling oil filter
561 is provided in the third cooling oil pipe 553.
[0099] The first supply pipe 554 is connected to the
first motor MG1. A first branch pipe 562 is connected to
the first supply pipe 554. Specifically, the first supply pipe
554 is connected to a cooling oil path inside the rotating
shaft Sm1 of the first motor MG1. The first branch pipe
562 is connected to an upper part of the motor case of
the first motor MG1. A configuration of the first motor
MG1 is discussed below.
[0100] The second supply pipe 555 is connected to the
second motor MG2. A second branch pipe 563 is con-
nected to the second supply pipe 555. Specifically, the
second supply pipe 555 is connected to a cooling oil path
inside the rotating shaft Sm2 of the second motor MG2.
The second branch pipe 563 is connected to an upper
part of the motor case of the second motor MG2.
[0101] The third supply pipe 556 is connected to the
third motor MG3. A third branch pipe 564 is connected
to the third supply pipe 556. Specifically, the third supply
pipe 556 is connected to a cooling oil path inside the
rotating shaft Sm3 of the third motor MG3. The third
branch pipe 564 is connected to an upper part of the
motor case of the third motor MG3.
[0102] The first drain pipe 557 connects the first motor
MG1 and the cooling oil tank 543. The second drain pipe
558 connects the second motor MG2 and the cooling oil
tank 543. The third drain pipe 559 connects the third mo-
tor MG3 and the cooling oil tank 543.
[0103] The cooling oil tank 543 stores the cooling oil
for cooling the first motor MG1, the second motor MG2,
and the third motor MG3. The cooling oil pump 541 sucks
in the cooling oil inside the cooling oil tank 543 via the
first cooling oil pipe 551 and feeds the cooling oil to the
motor cooler 542 via the second cooling oil pipe 552. The
cooling oil is cooled by the motor cooler 542. The cooling
oil is branched from the third cooling oil pipe 553 to the
first supply pipe 554, the second supply pipe 555, and
the third supply pipe 556.
[0104] The cooling oil is supplied from the first supply
pipe 554 and the first branch pipe 562 to the first motor
MG1 to cool the first motor MG1. The cooling oil is re-
turned from the first motor MG1 to the cooling oil tank
543 via the first drain pipe 557. The cooling oil is supplied
from the second supply pipe 555 and the second branch
pipe 563 to the second motor MG2 to cool the second
motor MG2. The cooling oil is returned from the second
motor MG2 to the cooling oil tank 543 via the second
drain pipe 558. The cooling oil is supplied from the third
supply pipe 556 and the third branch pipe 564 to the third
motor MG3 to cool the third motor MG3. The cooling oil
is returned from the third motor MG3 to the cooling oil
tank 543 via the third drain pipe 559.
[0105] FIG. 13 is a cross-sectional view of the first mo-
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tor MG1. As illustrated in FIG. 13, the first motor MG1
has a motor case 74, the rotating shaft Sm1, a rotor 75,
and a stator 76. The motor case 74 houses the rotating
shaft Sm1, the rotor 75, and the stator 76. The rotor 75
is fixed to the rotating shaft Sm1 and is provided so as
to rotate with the rotating shaft Sm1. The rotor 75 has a
magnet 751. The magnet 751 is configured, for example,
by stacking a plurality of thin plate-like electromagnetic
steel sheets. The stator 76 is arranged so as to encircle
the periphery of the rotor 75. The stator 76 has a coil 761.
[0106] The rotating shaft Sm1 has the liquid coolant
path 752. The liquid coolant path 752 is provided along
the center axis of the rotating shaft Sm1. The liquid cool-
ant path 752 communicates with a through-hole 753. The
through-hole 753 passes through the rotating shaft Sm1
in the axial direction. The cooling oil from the first supply
pipe 554 is supplied to the liquid coolant path 752 and is
supplied to the rotor 75 via the through-hole 753. The
cooling oil supplied to the rotor 75 is scattered inside the
motor case 74 by centrifugal force caused by the rotation
of the rotor 75.
[0107] A cooling oil supply port 741 is provided in the
uppermost part of the motor case 74. The cooling oil sup-
ply port 741 communicates with a space inside the motor
case 74. The abovementioned first branch pipe 562 is
connected to the cooling oil supply port 741. The cooling
oil from the first branch pipe 562 drips down due to gravity
via the cooling oil supply port 741 whereby the cooling
oil is supplied to the motor case 74.
[0108] A cooling oil drain port 742 is provided in the
bottom part of the motor case 74. The cooling oil drain
port 742 communicates with a space inside the motor
case 74. The abovementioned first drain pipe 557 is con-
nected to the cooling oil drain port 742. The cooling oil
supplied to the inside of the motor case 74 is returned
due to gravity from the cooling oil drain port 742 to the
cooling oil tank 543 via the first drain pipe 557.
[0109] Explanations of the configurations of the sec-
ond motor MG2 and the third motor MG3 will be omitted
because the configurations thereof are similar to the con-
figuration of the abovementioned first motor MG1.
[0110] As illustrated in FIG. 8, the cooling oil tank 543
is positioned below the first motor MG1 and the second
motor MG2. The cooling oil tank 543 is positioned below
the third motor MG3. The cooling oil tank 543 is posi-
tioned behind the output shaft case 333 and under the
first motor MG1. The cooling oil tank 543 is positioned in
front of the axle housing 47. The cooling oil tank 543
overlaps the traveling wheels 5 as seen in a side view of
the vehicle (see FIG. 1).
[0111] FIG. 14 is an enlarged view of a configuration
of the cooling oil tank 543 in FIG. 8 and the vicinity thereof.
As illustrated in FIG. 14, the cooling oil tank 543 is at-
tached to the mount bracket 52 via a bracket 540. The
bottom surface of the cooling oil tank 543 has a first
sloped surface 571 that slopes to the rear and upward.
A virtual extension line EL1 of the first sloped surface
571 as seen in a side view of the vehicle overlaps the

axle housing 47.
[0112] The front surface of the cooling oil tank 543 has
a second sloped surface 572 that slopes to the front and
downward. The cooling oil pipe 544 is connected to the
second sloped surface 572. Specifically, the first cooling
oil pipe 551, the first drain pipe 557, the second drain
pipe 558, and the third drain pipe 559 are connected to
the second sloped surface 572. The first drain pipe 557
is arranged so as to not have a portion that extends up-
ward from the first motor MG1 toward the cooling oil tank
543. The second drain pipe 558 is arranged so as to not
have a portion that extends upward from the second mo-
tor MG2 toward the cooling oil tank 543. The third drain
pipe 559 is arranged so as to not have a portion that
extends upward from the third motor MG3 toward the
cooling oil tank 543.
[0113] FIG. 15 is a bottom surface view of a portion of
the rear part of the wheel loader 1. As illustrated in FIG.
15, the cooling oil tank 543 is arranged between the side
surface of the vehicle body frame 2 and the transmission
shaft 46 in the vehicle width direction. In the present em-
bodiment, the cooling oil tank 543 is arranged between
the left side part 171 of the vehicle body frame 2 and the
transmission shaft 46 in the vehicle width direction.
[0114] The first motor MG1, the third motor MG3, and
the cooling oil tank 543 are arranged on the same side
with regard to the center axis of the transmission 24 that
extends in the vehicle front-back direction. That is, the
first motor MG1, the third motor MG3, and the cooling oil
tank 543 are arranged on the same side with regard to
the vertical plane PL1 that includes the center axis Ax1
of the input shaft 61. In the present embodiment, the first
motor MG1 ,the third motor MG3 and the cooling oil tank
543 are arranged to the left of the vertical plane PL1. A
portion of the cooling oil tank 543 overlaps the first motor
MG1 as seen from the bottom surface.
[0115] The wheel loader 1 according to the present
embodiment has the following characteristics.
[0116] The cooling oil tank 543 is positioned behind
the output shaft case 333 and under the first motor MG1.
That is, by arranging the cooling oil tank 543 by using
the space behind the output shaft case 333 and under
the first motor MG1, the transmission case 33 and the
cooling oil tank 543 can be arranged in a compact man-
ner.
[0117] Moreover, by arranging the cooling oil tank 543
below the first to third motors MG1 to MG3, the cooling
oil can be recovered from the first to third motors MG1
to MG3 to the cooling oil tank 543 due to gravity. As a
result, the cooling oil can be circulated efficiently.
[0118] Moreover, the motor cooling system 54 is sep-
arate from the transmission lubrication system 53 and
therefore the first to third motors MG1 to MG3 can be
cooled while suppressing a deterioration in the perform-
ance of the transmission 24 or the first to third motors
MG1 to MG3 in comparison to when the motor cooling
system 54 is the same system as the transmission lubri-
cation system 53.
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[0119] The axle housing 47 is positioned further toward
the rear than the first motor MG1. The cooling oil tank
543 is positioned in front of the axle housing 47. As a
result, by arranging the cooling oil tank 543 by using the
space positioned behind the output shaft case 333, under
the first motor MG1, and in front of the axle housing 47,
the transmission case 33, the cooling oil tank 543, and
the axle housing 47 can be arranged in a compact man-
ner.
[0120] The bottom surface of the cooling oil tank 543
has the first sloped surface 571 that slopes to the rear
and upward. As a result, air flowing under the wheel load-
er 1 can be guided toward the axle housing 47 due to the
bottom surface of the cooling oil tank 543. As a result,
the axle housing 47 can be cooled.
[0121] The virtual extension line EL1 of the sloped sur-
face as seen in a side view of the vehicle overlaps the
axle housing 47. As a result, the axle housing 47 can be
cooled more effectively due to the air flowing under the
wheel loader 1.
[0122] The cooling oil tank 543 is arranged between
the side surface of the rear frame 17 and the transmission
shaft 46 in the vehicle width direction. In this case, the
cooling oil tank 543 can be accessed easily from the side
of the wheel loader 1. As a result, maintenance perform-
ance of the cooling oil tank 543 can be improved.
[0123] The front surface of the cooling oil tank 543 has
the second sloped surface 572 that slopes to the front
and downward. Moreover, the first cooling oil pipe 551,
the first drain pipe 557, the second drain pipe 558, and
the third drain pipe 559 are connected to the second
sloped surface 572. As a result, the first cooling oil pipe
551, the first drain pipe 557, and the second drain pipe
558 that extend from above the cooling oil tank 543 can
be connected to the second sloped surface 572 without
being bent in a large manner. Consequently, the connec-
tions of the first cooling oil pipe 551, the first drain pipe
557, and the second drain pipe 558 to the second sloped
surface 572 are facilitated.
[0124] The first motor MG1, the third motor MG3, and
the cooling oil tank 543 are arranged on the same side
with respect to the center axis of the transmission 24 that
extends in the vehicle front-back direction. As a result,
the installation of the first drain pipe 557 and the second
drain pipe 558 is facilitated.
[0125] Although an embodiment of the present inven-
tion has been described so far, the present invention is
not limited to the above embodiments and various mod-
ifications may be made within the scope of the invention.
[0126] The present invention may be applicable to an-
other type of speed change device such as a HMT without
being limited to the EMT. In this case, the first motor MG1
functions as a hydraulic motor and a hydraulic pump. The
second motor MG2 functions as a hydraulic motor and a
hydraulic pump. The third motor MG3 functions as a hy-
draulic motor and a hydraulic pump. The first motor MG1,
the second motor MG2, and the third motor MG3 are
variable capacitor pump/motors, and the capacities are

controlled by the control unit 31.
[0127] The configuration of the transmission 24 is not
limited to the configuration of the above embodiment. For
example, the coupling and disposition of the elements of
the two planetary gear mechanisms 68 and 69 are not
limited to the coupling and disposition of the above em-
bodiments. The number of planetary gear mechanisms
is not limited to two. For example, the transmission may
be provided with one planetary gear mechanism. The
number of motors is not limited to three. The number of
motors may be one, two, or four or more. For example,
the third motor MG3 may be omitted.
[0128] All of the first motor MG1 and the second motor
MG2 may overlap the input shaft case 331 as seen in a
projection view in the up-down direction. All of the first
motor MG1 and the second motor MG2 may overlap the
middle shaft case 332 as seen in the vehicle front-back
direction.
[0129] The shape of the input shaft case 331 is not
limited to a cylindrical shape. So long as at least the lower
part of the input shaft case 331 has the curved surface
part 334 that is curved so as to protrude downward, the
upper part of the input shaft case 331 may have a linear
shape.
[0130] The locations of the first to third motors MG1 to
MG3 are not limited to the positions of the above embod-
iment and may be changed. The shape of the transmis-
sion case 33 is not limited to the position of the above
embodiment and may be changed. For example, the po-
sitions of the first to third motors MG1 to MG3 and/or the
shape of the transmission case 33 may be reverse in the
front-back direction to the respective positions and shape
in the above embodiment. Alternatively, the positions of
the first to third motors MG1 to MG3 and/or the shape of
the transmission case 33 may be reverse in the left-right
direction to the respective positions and shape in the
above embodiment.
[0131] The clutch control valve 32 may be arranged in
a location other than the front surface of the transmission
24. For example, the clutch control valve 32 may be ar-
ranged on the rear surface of the transmission 24.
[0132] The shape of the mount bracket 52 is not limited
to the shape described in the above embodiment. For
example, the shape of the recessed part 521 in the mount
bracket 52 may be changed. Alternatively, the recessed
part 521 may be omitted.
[0133] The shape of the vehicle body frame 2 is not
limited to the shape in the above embodiment. For ex-
ample, the bottom part opening 174 may be omitted. Al-
ternatively, the side part opening 173 may be omitted.
[0134] The position of the cooling oil tank 543 is not
limited to the position of the above embodiment. For ex-
ample, the cooling oil tank 543 may be arranged under
the second motor MG2. Alternatively, the cooling oil tank
543 may be arranged in a location other than under the
transmission 24. The shape of the cooling oil tank 543 is
not limited to the shape in the above embodiment. For
example, the first sloped surface 571 may be omitted.
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Alternatively, the second sloped surface 572 may be
omitted. Alternatively, the cooling oil tank 543 may have
a rectangular solid shape, a cubic shape, or a cylindrical
shape.

Industrial Applicability

[0135] According to the present invention, cooling of
the motor is enabled while an increase in the size of the
vehicle body can be suppressed in the hybrid-type wheel
loader.

List of Reference Numerals

[0136]

21: Engine, 25: Travel device, 24: Transmission, 2:
Vehicle body frame, 61: Input shaft, 63: Output shaft,
68: First planetary gear mechanism, 69: Second
planetary gear mechanism, 62: Gear mechanism,
MG1: First motor, MG2: Second motor, 332: Middle
shaft case, 45: Axle shaft, 46: Transmission shaft,
47: Axle housing, 543: Cooling oil tank, 53: Trans-
mission lubrication system, 54: Motor cooling sys-
tem, 333: Output shaft case, 544: Cooling oil pipe,
571: First sloped surface, 572: Second sloped sur-
face

Claims

1. A wheel loader comprising:

an engine;
a travel device driven by the engine; and
a transmission that transmits driving power from
the engine to the travel device; wherein
the transmission has:

an input shaft;
an output shaft;
a gear mechanism that includes a planetary
gear mechanism and that transmits rotation
of the input shaft to the output shaft; and
a transmission case that houses the input
shaft, the gear mechanism, and the output
shaft;
a motor connected to a rotating element of
the planetary gear mechanism and at-
tached to the transmission case; and
a motor cooling system for circulating cool-
ing oil for cooling the motor; and,

the transmission is configured so that a rotation
speed ratio of the output shaft with respect to
the input shaft is changed by changing a rotation
speed of the motor;
the transmission case has an output shaft case

for housing the output shaft;
the output shaft case is positioned forward the
motor and protrudes to a position below the mo-
tor;
the motor cooling system has a cooling oil tank
for storing the cooling oil and a cooling oil pipe
connecting the cooling oil tank and the motor;
and
the cooling oil tank is positioned behind the out-
put shaft case and under the motor.

2. The wheel loader according to claim 1, wherein
the travel device further has an axle shaft that ex-
tends in the vehicle width direction and an axle hous-
ing for housing the axle shaft;
the axle housing is positioned further to the rear of
the motor, and
the cooling oil tank is positioned in front of the axle
housing.

3. The wheel loader according to claim 2, wherein
a bottom surface of the cooling oil tank has a first
sloped surface that slopes to the rear and upward.

4. The wheel loader according to any one of claim 3,
wherein
a virtual extension line of the first sloped surface
overlaps the axle housing as seen in a side view of
the vehicle.

5. The wheel loader according to any one of claims 2
to 4, further comprising:

a vehicle body frame that supports the transmis-
sion; wherein
the travel device further has a transmission shaft
that transmits driving power from the transmis-
sion to the axle shaft; and
the cooling oil tank is arranged between a side
surface of the vehicle body frame and the trans-
mission shaft in the vehicle width direction.

6. The wheel loader according to any one of claims 1
to 5, wherein
a front surface of the cooling oil tank has a second
sloped surface that slopes to the front and down-
ward, and
the cooling oil pipe is connected to the second sloped
surface.

7. The wheel loader according to any one of claims 1
to 6, wherein
the motor and the cooling oil tank are arranged on
the same side with regard to a center axis of the
transmission that extends in the vehicle front-back
direction.

8. The wheel loader according to any one of claims 1
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to 7, further comprising:

a transmission lubrication system for circulating
lubricating oil for lubricating the transmission;
wherein
the motor cooling system is separate from the
transmission lubrication system.
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