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(54) TRANSMISSION AND WORKING VEHICLE

(57) A first clutch is configured so as to switch be-
tween connection and disconnection of a second carrier
and a housing. The first clutch is arranged between a
first planetary gear mechanism and a second planetary
gear mechanism in the axial direction. A second clutch
is arranged between the second planetary gear mecha-
nism and the first planetary gear mechanism in the axial
direction. The second clutch has an outer diameter which

is smaller than the outer diameter of the first clutch. A
first piston is configured so that, by applying pressures
to the first clutch, the first clutch is connected. A return
spring lines up with the first clutch in the axial direction
and is arranged on the outside of the second clutch in
the radial direction. The return spring presses the first
piston so as to separate from the first clutch.
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Description

[Technical Field]

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

[Prior Art]

[0002] A plurality of planetary gear mechanisms and a
plurality of clutches, which are for switching between con-
nection and disconnection of rotation elements in the
planetary gear mechanisms, are provided in a transmis-
sion. For example, a transmission which is provided with
a first planetary gear mechanism and a second planetary
gear mechanism is disclosed in PTL 1. In this transmis-
sion, connection and disconnection of a carrier of the
second planetary gear mechanism and a housing is
switched using a low speed clutch. In addition, connec-
tion and disconnection of a carrier of the second planetary
gear mechanism and a ring gear in the first planetary
gear mechanism is switched using a high speed clutch.
[0003] At the same time, a return spring for returning
the clutch to a state of disconnection is typical provided
in the clutch. The return spring presses a piston in the
clutch in a direction which returns the clutch to a state of
disconnection. For example, the piston applies pressure
to a clutch plate against the pressing force of the return
spring due to hydraulic fluid being supplied to a hydraulic
fluid chamber of the piston when the clutch is connected.
The hydraulic fluid is discharged from the hydraulic fluid
chamber of the piston by the piston being returned due
to the pressing force of the return spring when the clutch
is disconnected.

[Citation List]

[Patent Literature]

[0004] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2006-329244

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0005] The number of clutch plates increases or the
outer diameter of the clutch plates becomes larger due
to an increase in the load which is received by the clutch
for switching between connection and disconnection of
the carrier of the second planetary gear mechanism and
the housing as described above. For this reason, the pis-
ton for driving the clutch becomes larger. When the piston
becomes larger, it is easy for there to be delays in the
hydraulic fluid being discharged from the hydraulic fluid
chamber when the clutch is disconnected. Delays in the
hydraulic fluid being discharged in this manner are a
cause of there being delays in the clutch being discon-

nected. Accordingly, it is preferable that the force of the
return spring for returning the clutch to a state of discon-
nection be large.
[0006] At the same time, the plurality of clutches are
for switching between connection and disconnection of
rotation elements in the first planetary gear mechanism
and the second planetary gear mechanism and it is pref-
erable that the plurality of clutches are arranged in a com-
pact manner in the space between the first planetary gear
mechanism and the second planetary gear mechanism.
[0007] However, in this case, the space between the
first planetary gear mechanism and the second planetary
gear mechanism is limited due to the positioning of the
first planetary gear mechanism or the second planetary
gear mechanism. For this reason, it is not easy to arrange
the return spring in the space between the first planetary
gear mechanism and the second planetary gear mech-
anism. When the return spring is, for example, arranged
between the plurality of clutches in the axial direction of
the first planetary gear mechanism and the second plan-
etary gear mechanism, the distance between the first
planetary gear mechanism and the second planetary
gear mechanism in the axial direction becomes larger.
For this reason, there is a problem in that there is an
increase in size of the transmission. In addition, when
the return spring is arranged on the outside of the clutch
in the radial direction, there is a problem in that there is
an increase in size of the transmission in the radial di-
rection. In particular, there is a further increase in size in
the transmission when the return spring which is used is
large in order to increase the force of the return spring.
[0008] In addition, it is preferable that one out of the
plurality of clutches described above is arranged to be
close to the housing in order to switch between connec-
tion and disconnection of the carrier of the second plan-
etary gear mechanism and the housing. However, there
is a problem in that the structure for connecting the hous-
ing and the clutch becomes complicated since the return
spring is arranged on the outside of the clutch in the radial
direction.
[0009] The problem of the present invention is to sup-
press delays in a clutch being disconnected, increases
in the size of a transmission, and the structure becoming
complicated.

[Means to Solve the Problems]

[0010] A transmission according to one aspect is pro-
vided with a first planetary gear mechanism, a second
planetary gear mechanism, a housing, a first clutch, a
second clutch, a first piston, and a return spring. The first
planetary gear mechanism has a first sun gear. The sec-
ond planetary gear mechanism has a second sun gear,
a plurality of second planetary gears which engage with
the second sun gear, and a second carrier which supports
the plurality of second planetary gears. The second plan-
etary gear mechanism is arranged to be separated from
the first planetary gear mechanism in the axial direction
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of the first planetary gear mechanism. The housing ac-
commodates the first planetary gear mechanism and the
second planetary gear mechanism. The first clutch is
configured so as to switch between connection and dis-
connection of the second carrier and the housing. The
first clutch is arranged between the first planetary gear
mechanism and the second planetary gear mechanism
in the axial direction. The second clutch is arranged be-
tween the first planetary gear mechanism and the second
planetary gear mechanism in the axial direction. The sec-
ond clutch has an outer diameter which is smaller than
the outer diameter of the first clutch. The first piston is
configured so that, by applying pressure to the first clutch,
the first clutch is connected. The return spring lines up
with the first clutch in the axial direction and is arranged
on the outside of the second clutch in the radial direction.
The return spring presses the first piston so as to sepa-
rate from the first clutch.
[0011] In this case, the return spring is arranged in a
space which lines up with the first clutch in the axial di-
rection and is positioned on the outside of the second
clutch in the radial direction by utilizing the difference in
the outer diameters of the first clutch and the second
clutch. For this reason, even if the return spring with a
large force is used, it is possible to suppress increases
in the size of the transmission compared to a case where
the return spring is arranged on the outside of the first
clutch in the radial direction or a case where the return
spring is arranged to line up with the first clutch and the
second clutch in the axial direction.
[0012] In addition, it is possible to secure a space for
arranging the return spring even if the first clutch and the
second clutch are arranged in a compact manner be-
tween the first planetary gear mechanism and the second
planetary gear mechanism. For this reason, it is possible
to suppress increases in the size of the transmission.
Furthermore, it is possible to suppress the structure for
connecting the first clutch and the housing from becom-
ing complicated.
[0013] It is preferable that the first piston lines up with
the first clutch in the axial direction and be arranged on
the outside of the second clutch in the radial direction. In
this case, the first piston is arranged in a space which
lines up with the first clutch in the axial direction and is
positioned on the outside of the second clutch in the radial
direction by utilizing the difference in the outer diameters
of the first clutch and the second clutch. Due to this, it is
possible to further suppress increases in the size of the
transmission.
[0014] It is preferable that a portion of the first piston
be arranged on the outside of the first planetary gear
mechanism in the radial direction. In this case, a portion
of the first piston is arranged by utilizing the space which
is positioned on the outside of the first planetary gear
mechanism in the radial direction. Due to this, it is pos-
sible to further suppress increases in the size of the trans-
mission.
[0015] It is preferable that the return spring be a coil

spring. Due to this, it is possible to secure the return
spring with a large force.
[0016] It is preferable that the transmission be further
provided with a second piston. The second piston is con-
figured so that, by applying pressure to the second clutch,
the second clutch is connected. The second piston is
arranged on the inside of the first clutch in the radial di-
rection. In this case, the second piston is arranged by
utilizing the space on the inside of the first clutch, which
has a large outer dimeter, in the radial direction. Due to
this, it is possible to further suppress increases in the
size of the transmission.
[0017] It is preferable that the transmission be further
provided with a spring member which presses so that the
second clutch is disconnected. The second clutch has a
plurality of clutch plates. The spring member is a wave
spring which is arranged between the plurality of clutch
plates. In this case, it is possible for the spring member
to be arranged in a small space. Due to this, it is possible
to further suppress increases in the size of the transmis-
sion. In addition, it is difficult for the problem of there
being a delay in the second clutch being disconnected
to occur even when the force of the spring member is
small compared to the force of the return spring since
the second clutch is small compared to the first clutch.
[0018] It is preferable that the transmission be further
provided with a return spring support section which is
fixed to the housing. The first piston has a first flange
section, a second flange section, and a linking section.
The second flange section is arranged to be separated
from the first flange section in the axial direction. The
linking section links the first flange section and the second
flange section. The return spring support section is po-
sitioned between the first flange section and the second
flange section. The first flange section is positioned be-
tween the first clutch and the return spring support sec-
tion. The return spring is arranged between the return
spring support section and the second flange section.
[0019] In this case, the return spring support section
is positioned between the first flange section and the sec-
ond flange section in the first piston. For this reason, it
is possible to suppress increases in the size of the trans-
mission compared to a case where the first clutch, the
first piston, and the return spring support section are ar-
ranged to line up in order in the axial direction.
[0020] It is preferable that the transmission be further
provided with a first clutch support section, a first clutch
pressing section, and a fixing member. The first clutch
support section is arranged on the outside of the first
clutch in the radial direction. The first clutch support sec-
tion supports the first clutch. The first clutch pressing sec-
tion is arranged to line up with the first clutch in the axial
direction. The fixing member fixes the return spring sup-
port section, the first clutch support section, and the first
clutch pressing section to the housing so as to overlap
in the axial direction.
[0021] In this case, the return spring support section,
the first clutch support section, and the first clutch press-
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ing section are fixed to the housing using the fixing mem-
ber in a state of overlapping with each other in the axial
direction. For this reason, assembly is easy.
[0022] It is preferable that the first piston have a first
component, a second component which is a separate
body to the first component, and a fastening member.
The first component includes the first flange section. The
second component includes the second flange section.
The fastening member fixes the second component to
the first component. In this case, it is possible to fix the
second component to the first component in a state where
the return spring support section and the return spring
are positioned between the first flange section and the
second flange section. Due to this, assembly is easy.
[0023] It is preferable that the first planetary gear
mechanism have a first sun gear, a plurality of first plan-
etary gears, and a first ring gear. The plurality of first
planetary gears engage with the first sun gear. The first
ring gear engages with the plurality of planetary gears
and is provided to be able to rotate. The second clutch
switches between connection and disconnection of the
second carrier and the first ring gear. In this case, the
second clutch is not connected with the housing. For this
reason, it is possible to suppress the structure of the
transmission from becoming complicated even if the re-
turn spring is arranged on the outside of the second clutch
in the radial direction.
[0024] It is preferable that the second clutch be ar-
ranged between the first clutch and the first planetary
gear mechanism in the axial direction. In this case, the
second clutch is arranged to be closer to the first plane-
tary gear mechanism than the first clutch.
[0025] A working vehicle according to another aspect
is provided with an engine, a hydraulic pump, a working
implement, a travel apparatus, and the transmission de-
scribed above. The hydraulic pump is driven using the
engine. The working implement is driven using hydraulic
fluid which is discharged from the hydraulic pump. The
travel apparatus is driven using drive force from the en-
gine. The transmission transfers drive force from the en-
gine to the travel apparatus.

[Effects of the Invention]

[0026] According to the present invention, it is possible
to suppress delays in a clutch being disconnected, in-
creases in the size of a transmission, and the structure
becoming complicated.

[Brief Description of the Drawings]

[0027]

[Fig. 1] Fig. 1 is a side surface diagram of a wheel
loader according to an embodiment of the present
invention.
[Fig. 2] Fig. 2 is a schematic diagram illustrating the
configuration of a wheel loader.

[Fig. 3] Fig. 3 is a table illustrating functions of first
to third motors and the states of each clutch.
[Fig. 4] Fig. 4 is a diagram illustrating changes in
rotation speeds of first to third motors with regard to
vehicle speed.
[Fig. 5] Fig. 5 is a cross sectional diagram of a portion
of a transmission.
[Fig. 6] Fig. 6 is an enlarged diagram of a cross sec-
tion of a portion of a transmission.

[Description of the Embodiments]

[0028] An embodiment of the present invention will be
described below with reference to the diagrams. Fig. 1
is a side surface diagram of a working vehicle 1 according
to an embodiment of the present invention. In the present
embodiment, the working vehicle 1 is a wheel loader.
The working vehicle 1 is provided with a vehicle frame
2, a working implement 3, travel wheels 4 and 5, and a
driving cab 6 as shown in Fig. 1. The working vehicle 1
travels due to the travel wheels 4 and 5 being driven to
rotate. It is possible for the working vehicle 1 to perform
work such as digging using the working implement 3.
[0029] The working implement 3 and the travel wheel
4 are attached to the vehicle frame 2. The working im-
plement 3 is driven using hydraulic fluid from a working
implement pump 23 (refer to Fig. 2). The working imple-
ment 3 has a boom 11 and a bucket 12. The boom 11 is
mounted on the vehicle frame 2. The working implement
3 has a lift cylinder 13 and a bucket cylinder 14. The lift
cylinder 13 and the bucket cylinder 14 are hydraulic cyl-
inders. One end of the lift cylinder 13 is attached to the
vehicle frame 2. The other end of the lift cylinder 13 is
attached to the boom 11. The boom 11 swings up and
down by the lift cylinder 13 expanding and contracting
due to hydraulic fluid from the working implement pump
23. The bucket 12 is attached to the tip end of the boom
11. One end of the bucket cylinder 14 is attached to the
vehicle 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 by the bucket cylinder 14 ex-
panding and contracting due to hydraulic fluid from the
working implement pump 23.
[0030] The driving cab 6 and the travel wheel 5 are
attached to the vehicle frame 2. The driving cab 6 is
placed on the vehicle frame 2. A seat where an operator
sits, an operating apparatus which will be described later,
and the like are arranged inside the driving cab 6. The
vehicle 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 so as to be able to swing in the left and
right direction.
[0031] The working implement 3 is attached to the front
frame 16. The driving cab 6 is placed on the rear frame
17. In addition, apparatuses such as an engine 21 and
a transmission 24 which will be described later and the
like are mounted on the rear frame 17. The transmission
24 is position in front of the engine 21.
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[0032] The working vehicle 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
hydraulic cylinder. The travelling direction of the working
vehicle 1 changes to the left and right by the steering
cylinder 18 expanding and contracting due to hydraulic
fluid from a steering pump 30 which will be described
later.
[0033] Fig. 2 is a schematic diagram illustrating the
configuration of the working vehicle 1. The working ve-
hicle 1 is provided with the engine 21, the working imple-
ment pump 23, a transmission pump 29, the steering
pump 30, the transmission 24, a travel apparatus 25, and
the like as shown in Fig. 2.
[0034] The engine 21 is, for example, a diesel engine.
The engine 21 generates drive force for driving the travel
apparatus 25, the working implement pump 23, the trans-
mission pump 29, the steering pump 30, and the like.
[0035] The working implement pump 23, the transmis-
sion pump 29, and the steering pump 30 are hydraulic
pumps. The working implement pump 23, the transmis-
sion pump 29, and the steering pump 30 are driven using
drive force from the engine 21.
[0036] The working implement pump 23 is a variable
capacity type of hydraulic pump. Hydraulic fluid which is
discharged from the working implement pump 23 is sup-
plied to the lift cylinder 13 and the bucket cylinder 14
described above via a working implement control valve
41.
[0037] The transmission pump 29 is a fixed capacity
type of hydraulic pump. Hydraulic fluid which is dis-
charged from the transmission pump 29 is supplied to
various types of clutches in the transmission 24 which
will be described later via a clutch control valve 32.
[0038] The steering pump 30 is a variable capacity type
of hydraulic pump. Hydraulic fluid which is discharged
from the steering pump 30 is supplied to the steering
cylinder 18 described above via a steering control valve
43.
[0039] The transmission 24 transfers drive force from
the engine 21 to the travel apparatus 25. The transmis-
sion 24 applies gearing and outputs drive force from the
engine 21. The configuration of the transmission 24 will
be described later in detail.
[0040] The travel apparatus 25 is driven using the en-
gine 21. The travel apparatus 25 has a transfer shaft 46,
an axle shaft 45, and the travel wheel 5 described above.
The transfer shaft 46 transfers drive force from the trans-
mission 24 to the axle shaft 45. The axle shaft 45 extends
in a vehicle width direction and is connected with the
travel wheel 5. The axle shaft 45 transfers drive force
from the transmission 24 to the travel wheel 5. Due to
this, the travel wheel 5 is rotated.
[0041] The configuration of the transmission 24 will be
described next in detail. The transmission 24 is provided
with an input shaft 61, a first power takeoff mechanism
22 (referred to below as a "first PTO 22"), a second power
takeoff mechanism 27 (referred to below as a "second

PTO 22"), a gear mechanism 62, an output shaft 63, a
first motor MG1, a second motor MG2, and a third motor
MG3.
[0042] Rotation from the engine 21 is input to the input
shaft 61. The gear mechanism 62 transfers rotation from
the input shaft 61 to the output shaft 63. The output shaft
63 is connected with the travel apparatus 25 described
above and transfers rotation from the gear mechanism
62 to the travel apparatus 25.
[0043] The first PTO 22 is connected with the input
shaft 61 and transfers a portion of drive force from the
engine 21 to the working implement pump 23 and the
transmission pump 29. The second PTO 27 is connected
with the input shaft 61 in parallel with the first PTO 22
and transfers a portion of drive force from the engine 21
to the steering pump 30.
[0044] The gear mechanism 62 is a mechanism which
transfers drive force from the engine 21. The gear mech-
anism 62 is configured so that the rotation speed ratio of
the output shaft 63 with regard to the input shaft 61 chang-
es according to changes in the rotation speed of the mo-
tors MG1, MG2, and MG3. The gear mechanism 62 has
a FR switching mechanism 65 and a gearing mechanism
66.
[0045] The FR switching mechanism 65 has a forward
clutch CF, a reverse clutch CR, and various types of
gears. The forward clutch CF and the reverse clutch CR
are hydraulic clutches. The direction of rotation which is
output from the FR switching mechanism 65 is switched
due to switching between connection and disconnection
of the forward clutch CF and connection and disconnec-
tion of the reverse clutch CR.
[0046] The gearing mechanism 66 has an intermediate
shaft 67, a first planetary gear mechanism 68, a second
planetary gear mechanism 69, a Hi/Lo switching mech-
anism 70, and an output gear 71. The intermediate shaft
67 is linked with the FR switching mechanism 65. The
first planetary gear mechanism 68 and the second plan-
etary gear mechanism 69 are arranged on the same shaft
as the intermediate shaft 67.
[0047] The first planetary gear mechanism 68 has a
first sun gear S1, a plurality of first planetary gears P1,
a first carrier C1 which supports the plurality of first plan-
etary gears P1, and a first ring gear member Rm1. The
first sun gear S1 is linked with the intermediate shaft 67.
The plurality of first planetary gears P1 engage with the
first sun gear S1 and are supported by the first carrier
C1 so as to be able to rotate. A first carrier gear Gc1 is
provided on an outer circumference section of the first
carrier C1. A first ring gear R1 is provided on the inner
circumference of the first ring gear member Rm1. The
first ring gear R1 engages with the plurality of planetary
gears P1 and is able to rotate. In addition, a first ring
outer circumference gear Gr1 is provided on the outer
circumference of the first ring gear member Rm1.
[0048] The second planetary gear mechanism 69 has
a second sun gear S2, a plurality of second planetary
gears P2, a second carrier C2 which supports the plurality
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of second planetary gears P2, and a second ring gear
member Rm2. The second sun gear S2 is linked with the
first carrier C1. The plurality of second planetary gears
P2 engage with the second sun gear S2 and are sup-
ported by the second carrier C2 so as to be able to rotate.
A second ring gear R2 is provided on the inner circum-
ference of the second ring gear member Rm2. The sec-
ond ring gear R2 engages with the plurality of planetary
gears P2 and is able to rotate. A second ring outer cir-
cumference gear Gr2 is provided on the outer circumfer-
ence of the second ring gear member Rm2. The second
ring outer circumference gear Gr2 engages with the out-
put gear 71 and rotation from the second ring gear R2 is
output to the output shaft 63 via the output gear 71.
[0049] The Hi/Lo switching mechanism 70 is a mech-
anism for switching a drive force transfer pathway in the
transmission 24 between a high speed mode (Hi mode)
where the vehicle speed is high and a low speed mode
(Lo mode) where the vehicle speed is low. The Hi/Lo
switching mechanism 70 has a second clutch CH which
is on during the Hi mode and a first clutch CL which is
on during the Lo mode. The second clutch CH connects
or disconnects the first ring gear R1 and the second car-
rier C2. In addition, the first clutch CL connects or dis-
connects the second carrier C2 and a fixing end 72 and
blocks or permits rotation of the second carrier C2.
[0050] Here, each of the clutches CH and CL are hy-
draulic clutches and hydraulic fluid from the transmission
pump 29 is supplied respectively to each of the clutches
CH and CL. Hydraulic fluid to each of the clutches CH
and CL is controlled using the clutch control valve 32.
[0051] The first motor MG1, the second motor MG2,
and the third motor MG3 function as drive motors which
generate drive force using electrical energy. In addition,
the first motor MG1, the second motor MG2, and the third
motor MG3 also function as generators which generate
electrical energy using drive force which is input.
[0052] A first motor gear Gm1 is fixed to a rotation shaft
Sm1 in the first motor MG1. The first motor gear Gm1
engages with the first carrier gear Gc1. A second motor
gear Gm2 is fixed to a rotation shaft Sm2 in the second
motor MG2. The second motor gear Gm2 engages with
the first ring outer circumference gear Gr1.
[0053] The third motor MG3 assists the first motor MG1
and the second motor MG2. The gearing mechanism 66
has a motor switching mechanism 73 and the motor
switching mechanism 73 switches the target which the
third motor MG3 assists selectively between the first mo-
tor MG1 and the second motor MG2.
[0054] In detail, 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 with a rotation
shaft Sm3 of the third motor MG3 and the third motor
gear Gm3 engages with the first connecting gear Ga1.
The first motor clutch Cm1 switches between connection
and disconnection of the rotation shaft Sm1 of the first
motor MG1 and the first connecting gear Ga1. The first

connecting gear Ga1 engages with the second connect-
ing gear Ga2. The second motor clutch Cm2 switches
between connection and disconnection of the rotation
shaft Sm2 of the second motor MG2 and the second con-
necting gear Ga2.
[0055] The first motor clutch Cm1 and the second mo-
tor clutch Cm2 are hydraulic clutches. Hydraulic fluid from
the transmission pump 29 is supplied respectively to
each of the motor clutches Cm1 and Cm2. Hydraulic fluid
to each of the motor clutches Cm1 and Cm2 is controlled
using the clutch control valve 32.
[0056] The third motor clutch Gm3 assists the first mo-
tor MG1 in a state where the first motor clutch Cm1 is
connected and the second motor clutch Cm2 is discon-
nected. The third motor clutch Gm3 assists the second
motor MG2 in a state where the second motor clutch Cm2
is connected and the first motor clutch Cm1 is discon-
nected.
[0057] The first motor MG1 is connected with a capac-
itor 64 via a first inverter I1. The second motor MG2 is
connected to the capacitor 64 via a second inverter I2.
The third motor MG3 is connected with the capacitor 64
via a third inverter I3.
[0058] The capacitor 64 functions as an energy retain-
ing section which stores energy which is generated by
the motors MG1, MG2, and MG3. That is, the capacitor
64 stores electrical power which is generated by each of
the motors MG1, MG2, and MG3 when the total amount
of electrical power generated by each of the motors MG1,
MG2, and MG3 is large. In addition, the capacitor 64 dis-
charges power when the total amount of electrical power
consumed by each of the motors MG1, MG2, and MG3
is large. That is, each of the motors MG1, MG2, and MG3
are driven using electrical power which is stored in the
capacitor 64. Here, a battery may be used as the elec-
tricity storage means instead of the capacitor.
[0059] The working vehicle 1 is provided with a control
section 31. The control section 31 applies command sig-
nals, which express command torque to each of the mo-
tors MG1, MG2, and MG3, to the respective inverters I1,
I2, and I3. In addition, the control section 31 applies com-
mand signals, which are for controlling the clutch hydrau-
lics for each 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 each
of the clutches CF, CR, CH, CL, Cm1, and Cm2.
[0060] The gearing ratio and output torque of the trans-
mission 24 is controlled by controlling the motors MG1,
MG2, and MG3 and the clutches CF, CR, CH, CL, Cm1,
and Cm2 using command signals from the control section
31. The operations of the transmission 24 will be de-
scribed below.
[0061] Here, basic operations of the transmission 24
will be described using Fig. 3 and Fig. 4 in a case where
the vehicle speed is accelerating forward from zero while
the rotation speed of the engine 21 is maintained to be
constant. Fig. 3 shows functions of the motors MG1,
MG2, and MG3 and the states of the clutches in each
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mode. 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" has the meaning of the motors MG1, MG2, and
MG3 functioning as a drive motor. "G" has the meaning
of the motors MG1, MG2, and MG3 functioning as a gen-
erator. "O" has the meaning of the clutch being in a state
of connection. "X" has the meaning of the clutch being
in a state of disconnection.
[0062] Fig. 4 shows the rotation speeds of each of the
motors MG1, MG2, and MG3 with regard to vehicle
speed. In a case where the rotation speed of the engine
21 is constant, the vehicle speed changes according to
the rotation speed ratio of the transmission 24. The ro-
tation speed ratio is the ratio of the rotation speed of the
output shaft 63 with regard to the rotation speed of the
input shaft 61. Accordingly, changes in vehicle speed in
Fig. 4 coincide with changes in the rotation speed ratio
of the transmission 24. That is, Fig. 4 shows the relation-
ship between the rotation speeds of each of the motors
MG1, MG2, and MG3 and the rotation speed ratio of the
transmission 24. In Fig. 4, the solid line indicates the ro-
tation speed of the first motor MG1, the dashed line in-
dicates the rotation speed of the second motor MG2, and
the one-dot chain line indicates the rotation speed of the
third motor MG3.
[0063] Over the range where the vehicle speed is equal
to or more than zero and less than V1, the first clutch CL
is connected, the second clutch CH is disconnected, the
first motor clutch Cm1 is connected, and the second mo-
tor clutch Cm2 is disconnected (L1 mode). Since the sec-
ond clutch CH is disconnected, the second carrier C2
and the first ring gear R1 are disconnected. Since the
first clutch CL is connected, the second carrier C2 is fixed.
In addition, the first connecting gear Ga1 is connected
with the rotation shaft Sm1 of the first motor MG1 and
the second connecting gear Ga2 is disconnected from
the rotation shaft Sm2 of the second motor MG2. Due to
this, the third motor MG3 is connected with the first motor
MG1 via the third motor gear Gm3, the first connecting
gear Ga1, and the first motor clutch Cm1. In addition,
since the second motor clutch Cm2 is disconnected, the
third motor MG3 is disconnected from the second motor
MG2.
[0064] In the L1 mode, the drive force from the engine
21 is input into the first sun gear S1 via the intermediate
shaft 67 and this drive force is output from the first carrier
C1 to the second sun gear S2. On the other hand, the
drive force which is input into the first sun gear S1 is
transferred from the first planetary gears P1 to the first
ring gear R1 and is output to the second motor MG2 via
the first ring outer circumference gear Gr1 and the second
motor gear Gm2. In the L1 mode, the second motor MG2
mainly functions as a generator and a portion of the elec-
trical power which is generated by the second motor MG2
is stored in the capacitor 64.
[0065] In addition, the first motor MG1 and the third
motor MG3 mainly function as electric motors in the L1
mode. The drive force from the first motor MG1 and the

third motor MG3 is output to the second sun gear S2
using a pathway of the first motor gear Gm1 → the first
carrier gear Gc1 → the first carrier C1. The drive force
which is output to the second sun gear S2 in the manner
described above is transferred to the output shaft 63 us-
ing a pathway of the second planetary gears P2 → the
second ring gear R2 → the second ring outer circumfer-
ence gear Gr2 → the output gear 71.
[0066] Over the range where the vehicle speed is equal
to or more than V1 and less than V2, the first clutch CL
is connected, the second clutch CH is disconnected, the
first motor clutch Cm1 is disconnected, and the second
motor clutch Cm2 is connected (L2 mode). Accordingly,
the second connecting gear Ga2 is connected with the
rotation shaft Sm2 of the second motor MG2 and the first
connecting gear +Ga1 is disconnected from the rotation
shaft Sm1 of the first motor MG1. Due to this, the third
motor MG3 is connected with 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. In addition, since the first motor clutch Cm1
is disconnected, the third motor MG3 is disconnected
from the first motor MG1.
[0067] In the L2 mode, the drive force from the engine
21 is input into the first sun gear S1 via the intermediate
shaft 67 and this drive force is output from the first carrier
C1 to the second sun gear S2. On the other hand, the
drive force which is input into the first sun gear S1 is
transferred from the first planetary gears P1 to the first
ring gear R1 and is output to the second motor MG2 via
the first ring outer circumference gear Gr1 and the second
motor gear Gm2. In addition, drive force is output 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. In the L2 mode, the second motor MG2
and the third motor MG3 mainly function as generators
and a portion of the electrical power which is generated
by the second motor MG2 and the third motor MG3 is
stored in the capacitor 64.
[0068] In addition, the first motor MG1 mainly functions
as an electric motor in the L2 mode. The drive force from
the first motor MG1 is output to the second sun gear S2
using a pathway of the first motor gear Gm1 → the first
carrier gear Gc1 → the first carrier C1. The drive force
which is output to the second sun gear S2 in the manner
described above is transferred to the output shaft 63 us-
ing a pathway of the second planetary gears P2 → the
second ring gear R2 → the second ring outer circumfer-
ence gear Gr2 → the output gear 71.
[0069] Over the range where the vehicle speed is equal
to or more than V2 and less than V3, the first clutch CL
is disconnected, the second clutch CH is connected, the
first motor clutch Cm1 is disconnected, and the second
motor clutch Cm2 is connected (H1 mode). Since the
second clutch CH is connected in the H1 mode, the sec-
ond carrier C2 and the first ring gear R1 are connected.
In addition, since the first clutch CL is disconnected, the
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second carrier C2 is released. Accordingly, the rotation
speeds of the first ring gear R1 and the second carrier
C2 coincide. In addition, the second connecting gear Ga2
is connected with the rotation shaft Sm2 of the second
motor MG2 and the first connecting gear Ga1 is discon-
nected from the rotation shaft Sm1 of the first motor MG1.
Due to this, the third motor MG3 is connected with 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. In addition, since the
first motor clutch Cm1 is disconnected, the third motor
MG3 is disconnected from the first motor MG1.
[0070] In the H1 mode, the drive force from the engine
21 is input into the first sun gear S1 and this drive force
is output from the first carrier C1 to the second sun gear
S2. In addition, the drive force which is input into the first
sun gear S1 is output from the first carrier C1 to the first
motor MG1 via the first carrier gear Gc1 and the first
motor gear Gm1. In the H1 mode, since the first motor
MG1 mainly functions as a generator, a portion of the
electrical power which is generated by the first motor
MG1 is stored in the capacitor 64.
[0071] In addition, the second motor MG2 and the third
motor MG3 mainly function as electric motors in the H1
mode. The drive force from the third motor MG3 is trans-
ferred from the third motor gear Gm3 to the rotation shaft
Sm2 of the second motor MG2 via the first connecting
gear Ga1, the second connecting gear Ga2, and the sec-
ond motor clutch Cm2. Then, the drive force from the
second motor MG2 and the drive force from the third
motor MG3 is output to the second carrier C2 using a
pathway of the second motor gear Gm2 → the first ring
outer circumference gear Gr1 → the first ring gear R1 →
the second clutch CH. The drive force which is output to
the second sun gear S2 in the manner described above
is output to the second ring gear R2 via the second plan-
etary gears P2 and the drive force which is output to the
second carrier C2 is output to the second ring gear R2
via the second planetary gears P2. The drive force which
is combined using the second ring gear R2 in this manner
is transferred to the output shaft 63 via the second ring
outer circumference gear Gr2 and the output gear 71.
[0072] Over the range where the vehicle speed is equal
to or more than V3 and less than V4, the first clutch CL
is disconnected, the second clutch CH is connected, the
first motor clutch Cm1 is connected, and the second mo-
tor clutch Cm2 is disconnected (H2 mode). In the H2
mode, the first connecting gear Ga1 is connected with
the rotation shaft Sm1 of the first motor MG1 and the
second connecting gear Ga2 is disconnected from the
rotation shaft Sm2 of the second motor MG2. Due to this,
the third motor MG3 is connected with the first motor
MG1 via the third motor gear Gm3, the first connecting
gear Ga1, and the first motor clutch Cm1. In addition,
since the second motor clutch Cm2 is disconnected, the
third motor MG3 is disconnected from the second motor
MG2.
[0073] In the H2 mode, the drive force from the engine

21 is input into the first sun gear S1 and this drive force
is output from the first carrier C1 to the second sun gear
S2. In addition, the drive force which is input into the first
sun gear S1 is output from the first carrier C1 to the first
motor MG1 and the third motor MG3 via the first carrier
gear Gc1 and the first motor gear Gm1. In the H2 mode,
since the first motor MG1 and the third motor MG3 mainly
function as generators, a portion of the electrical power
which is generated by the first motor MG1 and the third
motor MG3 is stored in the capacitor 64.
[0074] In addition, the second motor MG2 mainly func-
tions as an electric motor in the H2 mode. The drive force
from the second motor MG2 is output to the second car-
rier C2 using a pathway of the second motor gear Gm2
→ the first ring outer circumference gear Gr1 → the first
ring gear R1 → the second clutch CH. The drive force
which is output to the second sun gear S2 in the manner
described above is output to the second ring gear R2 via
the second planetary gears P2 and the drive force which
is output to the second carrier C2 is output to the second
ring gear R2 via the second planetary gears P2. The drive
force which is combined using the second ring gear R2
in this manner is transferred to the output shaft 63 via
the second ring outer circumference gear Gr2 and the
output gear 71.
[0075] Here, the above is a description of when driving
forward but the operations are the same when driving in
reverse.
[0076] Next, the structure of the transmission 24 will
be described. Fig. 5 is a diagram illustrating a portion of
a cross section of the transmission 24. The transmission
24 has a housing 28 as shown in Fig. 5. The housing 28
accommodates the first planetary gear mechanism 68
and the second planetary gear mechanism 69. The sec-
ond planetary gear mechanism 69 is arranged concen-
trically with the first planetary gear mechanism 68. The
second planetary gear mechanism 69 is arranged to be
separated from the first planetary gear mechanism 68 in
the axial direction of the first planetary gear mechanism
68 (refer to one-dot chain line Ax1).
[0077] The first sun gear S1 is linked with the interme-
diate shaft 67. The first planetary gears P1 is arranged
on the outside of the first sun gear S1 in the radial direc-
tion. The first carrier C1 supports the first planetary gears
P1 via a first support pin 74 so as to be able to rotate.
The first ring gear member Rm1 is positioned on the out-
side of the first carrier C1 and the first planetary gears
P1 in the radial direction. The first ring gear R1 is arranged
on the outside of the first planetary gears P1 in the radial
direction.
[0078] The second sun gear S2 is linked with the first
carrier C1. The second planetary gears P2 is arranged
on the outside of the second sun gear S2 in the radial
direction. The second planetary gears P2 is supported
by the second carrier C2 via a second support pin 75 so
as to be able to rotate. The second ring gear member
Rm2 is positioned on the outside of the second carrier
C2 and the second planetary gears P2 in the radial di-
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rection. The second ring gear R2 is arranged on the out-
side of the second planetary gears P2 and the second
carrier C2 in the radial direction.
[0079] Here, on the outside in the radial direction in the
present embodiment has the meaning of a direction of
separating from an axis Ax1 of the first planetary gear
mechanism 68 and the second planetary gear mecha-
nism 69 in the radial direction. In addition, on the inside
in the radial direction in the present embodiment has the
meaning of a direction of moving closer to the axis Ax1
of the first planetary gear mechanism 68 and the second
planetary gear mechanism 69 in the radial direction.
[0080] The first clutch CL and the second clutch CH
are arranged between the first planetary gear mechanism
68 and the second planetary gear mechanism 69 in the
axial direction. The first clutch CL is arranged between
the second clutch CH and the second planetary gear
mechanism 69 in the axial direction. In detail, the first
clutch CL is arranged between the second clutch CH and
the second planetary gears P2 in the axial direction. The
second clutch CH is arranged between the first clutch CL
and the first planetary gear mechanism 68 in the axial
direction. In detail, the second clutch CH is arranged be-
tween the first clutch CL and the first planetary gears P1
in the axial direction. The second clutch CH has an outer
diameter which is smaller than the outer diameter of the
first clutch CL. The first clutch CL is arranged on the out-
side of the second carrier C2 in the radial direction. The
second clutch CH is arranged on the outside of the first
ring gear member Rm1 in the radial direction.
[0081] Fig. 6 is an enlarged diagram of a portion of a
cross section of a portion of the transmission 24 in Fig.
5. The first clutch CL has a plurality of first clutch plates
76 and a plurality of second of second clutch plates 77
as shown in Fig. 6. Here, in the diagrams, the reference
numeral 76 is only given to one of the first clutch plates
76, the reference numeral 77 is only given to one of the
second clutch plates 77, and the reference numerals for
the other clutch plates are omitted. The plurality of first
clutch plates 76 and the plurality of the second clutch
plates 77 are arranged to line up alternately in the axial
direction. The first clutch plates 76 are attached to the
fixing end 72. The first clutch plates 76 are fixed to the
fixing end 72 so that rotation is not possible. In addition,
the first clutch plates 76 are attached to the fixing end 72
so as to be able to move in the axial direction.
[0082] The plurality of second clutch plates 77 are at-
tached so as to be able to move in the axial direction with
regard to the second carrier C2. The plurality of second
clutch plates 77 are provided so as to rotate along with
the second carrier C2. In detail, the second carrier C2
has a cylinder section 51. The plurality of second clutch
plates 77 are attached to the outer circumference of the
cylinder section 51.
[0083] The transmission 24 has a first piston 52, a re-
turn spring 53, and a first spring member 54. The first
piston 52 is configured so that the first clutch CL is con-
nected by applying pressure to the first clutch plates 76

and the second clutch plates 77. The first piston 52 lines
up with the first clutch CL in the axial direction and is
arranged on the outside of the second clutch CH in the
radial direction. A portion of the first piston 52 is arranged
on the outside of the first planetary gear mechanism 68
in the radial direction. In detail, a portion of the first piston
52 is arranged on the outside of the first planetary gears
P1 of the first planetary gear mechanism 68 in the radial
direction.
[0084] The return spring 53 lines up with the first clutch
CL in the axial direction and is arranged on the outside
of the second clutch CH in the radial direction. The return
spring 53 presses so that the first piston 52 separates
from the first clutch CL. The return spring 53 is a coil
spring. The first spring member 54 is a wave spring which
is arranged between the plurality of first clutch plates 76.
The first spring member 54 presses the first clutch plates
76 so that the plurality of first clutch plates 76 separate
from the plurality of second clutch plates 77.
[0085] The fixing end 72 is provided with a first clutch
support section 81, a first clutch pressing section 82, a
return spring support section 83, and a fixing member
84. The first clutch support section 81, the first clutch
pressing section 82, and the return spring support section
83 are each separate bodies.
[0086] The first clutch support section 81 is arranged
on the outside of the first clutch CL in the radial direction.
The plurality of first clutch plates 76 are attached to the
first clutch support section 81. The first clutch pressing
section 82 is arranged to line up with the first clutch CL
in the axial direction. The first clutch CL is positioned
between the first clutch pressing section 82 and the first
piston 52 in the axial direction. The return spring support
section 83 supports the return spring 53. The fixing mem-
ber 84 fixes the return spring support section 83, the first
clutch support section 81, and the first clutch pressing
section 82 to the housing 28 so as to overlap in the axial
direction. Due to this, the return spring support section
83 is fixed to the housing 28. The fixing member 84 is,
for example, a bolt.
[0087] The first piston 52 has a first flange section 55,
a second flange section 56, and a linking section 57. The
second flange section 56 is arranged to be separated
from the first flange section 55 in the axial direction. The
linking section 57 links the first flange section 55 and the
second flange section 56. The first flange section 55 pro-
trudes from the linking section 57 toward the outside in
the radial direction. The second flange section 56 pro-
trudes from the linking section 57 toward the outside in
the radial direction.
[0088] The first flange section 55 is positioned between
the first clutch CL and the return spring support section
83. The return spring 53 is arranged between the return
spring support section 83 and the second flange section
56. In detail, the return spring support section 83 has a
piston support section 831 and an inner flange section
832. The piston support section 831 is positioned on the
outside of the first piston 52 in the radial direction. The
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first piston 52 is provided so as to be able to move in the
axial direction along the inner circumference of the piston
support section 831.
[0089] The inner flange section 832 protrudes from the
piston support section 831 toward the inside in the radial
direction. The inner flange section 832 is positioned be-
tween the first flange section 55 and the second flange
section 56. A concave section 833 is provided on one
side surface of the inner flange section 832. A concave
section 561 is provided on a side surface of the second
flange section 56. One end of the return spring 53 is ar-
ranged in the concave section 833 of the inner flange
section 832 and the other end of the return spring 53 is
arranged in the concave section 561 of the second flange
section 56. Due to this, the return spring 53 is arranged
to span between the first piston 52 and the return spring
support section 83.
[0090] A hydraulic fluid chamber 551 is formed be-
tween the other side surface of the inner flange section
832 and the first flange section 55. The first piston 52
moves in a direction to be closer to the first clutch CL
against the force of the return spring 53 due to hydraulic
fluid being filled into the hydraulic fluid chamber 551. Due
to this, the first clutch CL is connected by the first piston
52 applying pressure for the first clutch plates 76 toward
the second clutch plates 77. In addition, when there is
relief of hydraulic fluid in the hydraulic fluid chamber 551,
the first piston 52 moves in a direction to separate from
the first clutch CL due to the force of the return spring
53. At this time, the hydraulic fluid in the hydraulic fluid
chamber 551 is discharged from the hydraulic fluid cham-
ber 551 due to being pressed by the first piston 52. Due
to this, the first clutch CL is disconnected due to sepa-
rating of the first clutch plates 76 and the second clutch
plates 77.
[0091] Here, the first piston 52 has a first component
52a, a second component 52b which is a separate body
to the first component 52a, and a fastening member 52c.
The first component 52a includes the first flange section
55 and the linking section 57. The second component
52b includes the second flange section 56. The fastening
member 52c is, for example, a bolt and fixes the second
component 52b to the first component 52a. The fastening
member 52c fixes the second component 52b to the first
component 52a by being inserted in the second compo-
nent 52b and the first component 52a in the expansion
and contraction direction of the return spring 53, that is,
the axial direction.
[0092] The second clutch CH has a plurality of third
clutch plates 78 and a plurality of fourth clutch plates 79.
Here, in the diagrams, the reference numeral 78 is only
given to one of the third clutch plates 78, the reference
numeral 79 is only given to one of the fourth clutch plates
79, and the reference numerals for the other clutch plates
are omitted. The plurality of third clutch plates 78 and the
plurality of the fourth clutch plates 79 are arranged to line
up alternately in the axial direction. The plurality of third
clutch plates 78 are attached to the second carrier C2.

The plurality of third clutch plates 78 are attached to the
second carrier C2 so that rotation with regard to the sec-
ond carrier C2 is not possible. The plurality of third clutch
plates 78 rotate along with the second carrier C2. The
plurality of third clutch plates 78 are attached to the sec-
ond carrier C2 so as to be able to move in the axial di-
rection. In detail, the plurality of third clutch plates 78 are
attached to the inner circumference of the cylinder sec-
tion 51 of the second carrier C2.
[0093] The plurality of fourth clutch plates 79 are at-
tached so that rotation with regard to the first ring gear
member Rm1 is not possible. The plurality of fourth clutch
plates 79 are provided so as to rotate along with the first
ring gear member Rm1. The plurality of fourth clutch
plates 79 are attached to the first ring gear member Rm1
so as to be able to move in the axial direction. In detail,
the first ring gear member Rm1 has a first cylinder section
58 and a second cylinder section 59. The first ring gear
R1 described above is provided on the inner circumfer-
ence of the first cylinder section 58. The outer diameter
of the second cylinder section 59 is smaller than the outer
diameter of the first cylinder section 58. The second cyl-
inder section 59 is arranged on the inside of the cylinder
section 51 of the second carrier C2 in the radial direction.
The plurality of fourth clutch plates 79 are arranged on
the outer circumference of the second cylinder section
59.
[0094] Here, the outer diameter of the first ring outer
circumference gear Gr1 described above is larger than
the outer diameter of the first cylinder section 58 as
shown in Fig. 5. The outer diameter of the first ring outer
circumference gear Gr1 is larger than the outer diameter
of the cylinder section 51 of the second carrier C2. The
first piston 52 is positioned on the outside of the first cyl-
inder section 58 in the radial direction. The first piston 52
lines up with the first ring outer circumference gear Gr1
in the axial direction.
[0095] The transmission 24 has a second piston 85
and a second spring member 86 as shown in Fig. 6. The
second piston 85 is configured so that the second clutch
CH is connected by applying pressure to the plurality of
third clutch plates 78 and the plurality of fourth clutch
plates 79. The second piston 85 is arranged to line up
with the second clutch CH in the axial direction. The sec-
ond piston 85 is arranged on the inside of the first clutch
CL in the radial direction.
[0096] The second spring member 86 is a wave spring
which is positioned between the plurality of third clutch
plates 78. The second spring member 86 presses the
third clutch plates 78 so that the plurality of third clutch
plates 78 separate from the plurality of fourth clutch plates
79.
[0097] The second piston 85 is arranged inside the cyl-
inder section 51 of the second carrier C2. The second
piston 85 is provided so as to be able to move in the axial
direction along the inner circumference of the cylinder
section 51 of the second carrier C2. A circular plate sec-
tion 87 is arranged inside the cylinder section 51 of the
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second carrier C2. A concave section 871 is provided on
a side surface of the circular plate section 87 and an end
section of the second piston 85 is arranged in the concave
section 871.
[0098] A hydraulic fluid chamber 851 is formed be-
tween the concave section 871 in the circular plate sec-
tion 87 and the end section of the second piston 85. The
second piston 85 moves in a direction to be closer to the
second clutch CH against the force of the second spring
member 86 due to hydraulic fluid being filled into the hy-
draulic fluid chamber 851. Due to this, the second clutch
CH is connected by the second piston 85 applying pres-
sure to the third clutch plates 78 toward the fourth clutch
plates 79. In addition, when there is relief of hydraulic
fluid in the hydraulic fluid chamber 851, the third clutch
plates 78 move in a direction to separate from the fourth
clutch plates 79 due to the force of the second spring
member 86. Due to this, the second piston 85 moves in
a direction to separate from the second clutch CH. At this
time, the hydraulic fluid in the hydraulic fluid chamber
851 is discharged from the hydraulic fluid chamber 851
due to being pressed by the second piston 85. Due to
this, the second clutch CH is disconnected. Here, in the
second piston 85, the return spring 53 which applies pres-
sure to the second piston 85 is not provided and the sec-
ond piston 85 moves due to the force from the second
spring member 86.
[0099] The working vehicle 1 according to the present
embodiment has the following characteristics.
[0100] The return spring 53 is arranged in a space
which lines up with the first clutch CL in the axial direction
and is positioned on the outside of the second clutch CH
in the radial direction by utilizing the difference in the
outer diameter of the first clutch CL and the outer diam-
eter of the second clutch CH. For this reason, even if the
return spring 53 with a large force is used, it is possible
to suppress increases in the size of the transmission 24
compared to a case where the return spring 53 is ar-
ranged on the outside of the first clutch CL in the radial
direction or a case where the return spring 53 is arranged
to line up with the first clutch CL and the second clutch
CH in the axial direction. In addition, it is possible to se-
cure a space for arranging the return spring 53 even if
the first clutch CL and the second clutch CH are arranged
in a compact manner between the first planetary gear
mechanism 68 and the second planetary gear mecha-
nism 69. For this reason, it is possible to suppress in-
creases in the size of the transmission 24. Furthermore,
it is possible to suppress the structure for connecting the
first clutch CL and the housing 28 from becoming com-
plicated.
[0101] The first piston 52 lines up with the first clutch
CL in the axial direction and is arranged on the outside
of the second clutch CH in the radial direction. For this
reason, the first piston 52 is arranged in a space which
lines up with the first clutch CL in the axial direction and
is positioned on the outside of the second clutch CH in
the radial direction by utilizing the difference in the outer

diameter of the first clutch CL and the outer diameter of
the second clutch CH. Due to this, it is possible to further
suppress increases in the size of the transmission 24.
[0102] A portion of the first piston 52 is arranged on
the outside of the first planetary gear mechanism 68 in
the radial direction. That is, a portion of the first piston
52 is arranged by utilizing the space which is positioned
on the outside of the first planetary gear mechanism 68
in the radial direction. Due to this, it is possible to further
suppress increases in the size of the transmission 24.
[0103] The return spring 53 is a coil spring. Due to this,
it is possible to secure the return spring 53 with a large
force.
[0104] The second piston 85 is arranged on the inside
of the first clutch CL in the radial direction. For this reason,
the second piston 85 is arranged by utilizing the space
on the inside of the first clutch CL, which has a large outer
diameter, in the radial direction. Due to this, it is possible
to further suppress increases in the size of the transmis-
sion 24.
[0105] The second spring member 86 is a wave spring
which is arranged between the plurality of third clutch
plates 78. For this reason, it is possible for the second
spring member 86 to be arranged in a small space be-
tween the plurality of third clutch plates 78. Due to this,
it is possible to further suppress increases in the size of
the transmission 24. In addition, the force for moving the
second piston 85 may be smaller since the second clutch
CH is smaller compared to the first clutch CL. For this
reason, it is difficult for the problem of there being a delay
in the second clutch CH being disconnected to occur
even when the return spring 53 for pressing the second
piston 85 is not provided.
[0106] The first flange section 55 is arranged on the
inside of the piston support section 831 of the return
spring support section 83 in the radial direction. In addi-
tion, the inner flange section 832 of the return spring sup-
port section 83 is positioned between the first flange sec-
tion 55 and the second flange section 56 in the first piston
52. For this reason, it is possible to suppress increases
in the size of the transmission 24 compared to a case
where the first clutch CL, the first piston 52, and the return
spring support section 83 are arranged to simply line up
in order in the axial direction.
[0107] The return spring support section 83, the first
clutch support section 81, and the first clutch pressing
section 82 are fixed to the housing 28 using the fixing
member 84 in a state of overlapping with each other in
the axial direction. For this reason, assembly is easy.
[0108] The first component 52a which includes the first
flange section 55 and the second component 52b which
includes the second flange section 56 are separate bod-
ies. For this reason, it is possible to fix the second com-
ponent 52b to the first component 52a in a state where
the return spring support section 83 and the return spring
53 are positioned between the first flange section 55 and
the second flange section 56. Due to this, assembly is
easy. In addition, even when the force of the return spring
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53 is large it is possible to easily perform assembly by
using a bolt as the fastening member 52c which fixes the
second component 52b to the first component 52a.
[0109] The second clutch CH switches between con-
nection and disconnection of the second carrier C2 and
the first ring gear R1. Accordingly, the second clutch CH
is not connected with the housing 28. For this reason, it
is possible to suppress the structure of the transmission
24 from becoming complicated even if the return spring
53 is arranged on the outside of the second clutch CH in
the radial direction.
[0110] One embodiment of the present invention is de-
scribed above but the present invention is not limited to
the embodiment described above and various modifica-
tions are possible within a scope which does not depart
from the gist of the invention.
[0111] The working vehicle is not limited to a wheel
loader and may be other types of vehicles such as a
motor grader or a hydraulic excavator.
[0112] The present invention is not limited to an EMT
and may be applied to a different type of transmission
such as an HMT. For example, the first motor MG1 func-
tions as a hydraulic motor and a hydraulic pump in an
HMT. The second motor MG2 functions as a hydraulic
motor and a hydraulic pump. In addition, the third motor
MG3 functions as a hydraulic motor and a hydraulic
pump. The first motor MG1, the second motor MG2, and
the third motor MG3 are pumps or motors with variable
capacities and the capacities are controlled using the
control section 31. Alternatively, the present invention
may be applied to a transmission which is not provided
in a motor.
[0113] The configuration of the transmission 24 is not
limited to the configuration in the embodiment described
above. For example, the shape, linking, and arrangement
of each element in the two planetary gear mechanisms
68 and 69 are not limited to the shape, linking, and ar-
rangement in the embodiment described above. The
number of the planetary gear mechanisms is not limited
to two and may be three or more. The number of the
motors is not limited to three and may be two or less or
may be four or more. For example, the third motor MG3
may be omitted.
[0114] A spring which is different to a coil spring may
be used as the return spring 53. A spring which is different
to a wave spring may be used as the first spring member
54. A spring which is different to a wave spring may be
used as the second spring member 86.

[Industrial Applicability]

[0115] According to the present invention, it is possible
to suppress delays a clutch being disconnected, increas-
es in the size of a transmission, and the structure becom-
ing complicated.

Claims

1. A transmission comprising:

a first planetary gear mechanism;
a second planetary gear mechanism including
a second sun gear, a plurality of second plane-
tary gears which engage with the second sun
gear, and a second carrier which supports the
plurality of second planetary gears, the second
planetary gear mechanism being arranged to be
separated from the first planetary gear mecha-
nism in an axial direction of the first planetary
gear mechanism;
a housing accommodating the first planetary
gear mechanism and the second planetary gear
mechanism;
a first clutch configured to switch between con-
nection and disconnection of the second carrier
and the housing, the first clutch being arranged
between the first planetary gear mechanism and
the second planetary gear mechanism in the ax-
ial direction;
a second clutch arranged between the first plan-
etary gear mechanism and the second planetary
gear mechanism in the axial direction, the sec-
ond clutch having an outer diameter which is
smaller than an outer diameter of the first clutch;
a first piston configured so that, by applying
pressure to the first clutch, the first clutch is con-
nected; and
a return spring lining up with the first clutch in
the axial direction, the return spring being ar-
ranged on an outside of the second clutch in the
radial direction, the return spring being pressing
the first piston so as to separate from the first
clutch.

2. The transmission according to claim 1,
wherein the first piston lines up with the first clutch
in the axial direction and is arranged on the outside
of the second clutch in the radial direction.

3. The transmission according to claim 1 or 2,
wherein a portion of the first piston is arranged on
an outside of the first planetary gear mechanism in
the radial direction.

4. The transmission according to any of claims 1 to 3,
wherein the return spring is a coil spring.

5. The transmission according to any of claims 1 to 4,
further comprising:

a second piston configured so that, by applying
pressure to the second clutch, the second clutch
is connected,
wherein the second piston is arranged on an in-

21 22 



EP 3 009 711 A1

13

5

10

15

20

25

30

35

40

45

50

55

side of the first clutch in the radial direction.

6. The transmission according to any of claims 1 to 5,
further comprising:

a spring member pressing the second clutch so
that the second clutch is disconnected,
wherein the second clutch has a plurality of
clutch plates, and
the spring member is a wave spring which is
arranged between the plurality of clutch plates.

7. The transmission according to any of claims 1 to 6,
further comprising:

a return spring support section fixed to the hous-
ing,
wherein the first piston has

a first flange section,
a second flange section arranged to be sep-
arated from the first flange section in the
axial direction, and
a linking section which links the first flange
section and the second flange section,

the return spring support section is positioned
between the first flange section and the second
flange section,
the first flange section is positioned between the
first clutch and the return spring support section,
and
the return spring is arranged between the return
spring support section and the second flange
section.

8. The transmission according to claim 7, further com-
prising:

a first clutch support section arranged on the
outside of the first clutch in the radial direction,
the first clutch support section supporting the
first clutch;
a first clutch pressing section arranged to line
up with the first clutch in the axial direction; and
a fixing member fixing the return spring support
section, the first clutch support section, and the
first clutch pressing section to the housing so as
to overlap in the axial direction.

9. The transmission according to claim 7 or 8,
wherein the first piston has

a first component which includes the first flange
section,
a second component which is a separate body
to the first component, the second component
including the second flange section, and

a fastening member fixing the second compo-
nent to the first component.

10. The transmission according to any of claims 1 to 9,
wherein the first planetary gear mechanism has

a first sun gear,
a plurality of first planetary gears which engage
with the first sun gear, and
a first ring gear which engages with the plurality
of planetary gears, the first ring gear being pro-
vided to be able to rotate, and
the second clutch switches between connection
and disconnection of the second carrier and the
first ring gear.

11. The transmission according to any of claims 1 to 10,
wherein the second clutch is arranged between the
first clutch and the first planetary gear mechanism
in the axial direction.

12. A working vehicle comprising:

an engine;
a hydraulic pump driven by the engine;
a working implement driven by hydraulic fluid
which is discharged from the hydraulic pump;
a travel apparatus driven by drive force from the
engine; and
the transmission according to any of claims 1 to
11 which transfers drive force from the engine
to the travel apparatus.
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