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(57) ABSTRACT

In a transmission structure according to this invention, speed
change ratios of input side first and second transmission
mechanisms are set so that the rotational speed of a planetary
second element is the same when an HST output is set to a
second HST speed in either a first transmission state or a
second transmission state, and the rotational speed of a
planetary first element is the same when the HST output is
set to the second HST speed in either the second transmis-
sion state or the first transmission state. The speed change
ratios of an output side first and second transmission mecha-
nisms are set so that the rotational speed developed in a
speed change output shaft when the HST output is set to the
second HST speed is the same in either the first or second
transmission states.
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TRANSMISSION STRUCTURE AND
WORKING VEHICLE

TECHNICAL FIELD

[0001] The present invention relates to a transmission
structure including a hydromechanical transmission struc-
ture (HMT structure) that has a hydrostatic transmission
(HST) and a planetary gear mechanism, and a working
vehicle provided with the transmission structure.

BACKGROUND ART

[0002] The HMT structure containing a combination of
the HST and the planetary gear mechanism has been suitably
used for a traveling system transmission path of working
vehicles, such as a combine and a tractor, for example.
Further, various configurations for expanding the vehicle
speed variable range in the working vehicle provided with
the HMT structure have also been proposed.

[0003] For example, Japanese Patent No. 5822761 (here-
inafter referred to as Patent Document 1) discloses a com-
bine in which the HMT structure and a multistage speed
change structure having three speed change stages of a low
speed stage, an intermediate speed stage, and a high speed
stage are disposed in series in a traveling system transmis-
sion path, whereby the vehicle speed variable range is
extended.

[0004] However, the configuration described in Patent
Document 1 assumes that a speed change operation of the
multistage speed change structure is performed in advance
before starting the traveling of a vehicle, and thus, when the
speed change operation of the multistage speed change
structure is performed during the vehicle traveling, the
following inconveniences arise.

[0005] This point is described taking, as an example, a
case where the HMT structure is operated to increase the
traveling vehicle speed in a state where the multistage speed
change structure is engaged with the low speed stage, and,
when the traveling vehicle speed reaches a predetermined
vehicle speed, the multistage speed change structure is
speed-changed from the low speed stage to the intermediate
speed stage.

[0006] In this case, in a stage where an output of the HMT
structure reaches the maximum speed or around the maxi-
mum speed in the low speed stage engagement state of the
multistage speed change structure, the multistage speed
change structure is shifted from the low speed stage to the
intermediate speed stage while the output of the HMT
structure is maintained at the maximum speed or around the
maximum speed, which causes a significant vehicle speed
change in speed changing, so that the ride comfort reduces
and an excessive load is applied to the traveling system
transmission path.

[0007] With respect to this point, Japanese Patent No.
4162328 (hereinafter referred to as Patent Document 2)
proposes a working vehicle transmission in which the HMT
structure and the multistage speed change structure are
disposed in series in the traveling system transmission path
and which can suppress a vehicle speed change to prevent
the application of an excessive load to the traveling system
transmission path even when the multistage speed change
structure is speed-changed during the vehicle traveling.
[0008] In detail, the transmission described in Patent
Document 2 is provided with the HMT structure having the
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HST and the planetary gear mechanism, the multistage
speed change structure speed-changing the output of the
HMT structure in multiple stages, and a lock-up mechanism.
[0009] The HST has a pump inputting rotation power from
a driving source, a motor fluidly driven by the pump, and an
output adjustment member varying the capacity of at least
one of the pump and the motor (for example, pump), in
which the output adjustment member operates according to
the operation amount of a speed change operation member
which is manually operated, so that the rotational speed of
the motor continuously changes in response to the operation.
[0010] The planetary gear mechanism is configured to
synthesize rotation power from the HST input into a sun gear
and rotation power from a driving source input into the
carrier, and output the synthesized rotation power from an
internal gear toward the multistage speed change structure.
[0011] The lock-up mechanism is configured to synchro-
nously rotate the carrier and the internal gear only during a
speed change period of the multistage speed change struc-
ture.

[0012] The speed change operation of the transmission
described in Patent Document 2 is described taking a case
where the multistage speed change structure is accelerated
from a first speed stage to a second speed stage as an
example.

[0013] When the speed change operation member is oper-
ated in a acceleration direction within the first speed stage
operation range, the output adjustment member is moved in
a direction of changing the speed from a first HST speed (for
example, reverse rotation side maximum speed) to a second
HST speed (for example, normal rotation side maximum
speed).

[0014] Then, when the speed change operation member is
operated to a boundary position between the first speed stage
operation range and a second speed stage operation range,
the output adjustment member is operated to a second HST
speed position (for example, normal rotation side maximum
tilted position), so that an HST output is brought into the
second HST speed (for example, normal rotation side maxi-
mum speed).

[0015] This state is the maximum speed output state of the
HMT structure in a first speed stage engagement state of the
multistage speed change structure.

[0016] When the speed change operation member is oper-
ated to the second speed stage operation range beyond the
boundary position between the first speed stage operation
range and the second speed stage operation range, the speed
of the multistage speed change structure is accelerated from
the first speed stage to the second speed stage in response to
the operation.

[0017] In the speed change period of the multistage speed
change structure, the internal gear and the carrier are
coupled by the lock mechanism to be synchronously rotated
as described above.

[0018] Thus, the rotation power synchronized with the
rotation power from the driving source input into the carrier
is transmitted to the multistage speed change structure to
which the rotation power from the internal gear is input.
[0019] Meanwhile, in the speed change period of the
multistage speed change structure, the output adjustment
member is brought into a free state where the connection
with the speed change operation member is canceled. There-
fore, a motor shaft and the sun gear which are operatively
coupled with each other are rotated at a rotational speed
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(hereinafter referred to as “speed change period rotational
speed”) defined by the rotational speed of the internal gear
and the carrier which are coupled by the lock mechanism to
be synchronously rotated with the rotation power from the
driving source.

[0020] Thus, the output adjustment member is returned
from the second HST speed position (for example, normal
rotation side maximum tilted position) to a position where
an HST output corresponding to the speed change period
rotational speed of the sun gear is developed (hereinafter
referred to as “speed change period reference position™) in
a direction toward the first HST speed position.

[0021] Thereafter, when the speed change operation mem-
ber is operated in the acceleration direction within the
second speed stage operation range, the output adjustment
member is operated from the speed change period reference
position toward the second HST speed position, so that the
rotational speed of the motor shaft is accelerated.

[0022] Thus, the rotational speed of the sun gear rotation-
ally driven by the HST output from the motor shaft is
accelerated, so that the rotational speed of the internal gear
is accelerated.

[0023] As described above, in the transmission described
in Patent Document 2, the rotation power input into the sun
gear in the speed change operation of the multistage speed
change structure is reduced from the second HST speed (for
example, normal rotation side maximum speed) to the speed
change period rotational speed.

[0024] Although the transmission described in Patent
Document 2 having such a configuration is useful in the
point that the change width of the traveling vehicle speed in
the speed change of the multistage speed change structure
can be suppressed as compared with the configuration
described in Patent Document 1, a certain large degree of
speed change has still remained in the traveling vehicle
speed in the speed change of the multistage speed change
structure.

SUMMARY OF THE INVENTION

[0025] The present invention has been made in view of the
above-described conventional technique. It is a first object
of the present invention to provide a transmission structure
having an HST and a planetary gear mechanism and a speed
change output shaft operatively driven by an output portion
of the planetary gear mechanism and capable of extending
the speed change width of the speed change output shaft
without causing a rapid rotational speed change in the speed
change output shaft.

[0026] Moreover, it is a second object of the present
invention to provide a working vehicle provided with the
transmission structure.

[0027] In order to achieve the first object, a first aspect of
the present invention provides a transmission structure
including: an HST continuously changing rotation power
operatively input into a pump shaft from a driving source to
rotation power at least between a first HST speed and a
second HST speed according to an operation position of an
output adjustment member, and then outputting the changed
rotation power as an HST power from a motor shaft; a
planetary gear mechanism having first to third elements, in
which the third element functions as an input portion of the
HST output; a speed change output shaft; an input side first
transmission mechanism capable of operatively transmitting
the rotation power of the driving source to the first element
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at an input side first speed change ratio; an input side second
transmission mechanism capable of operatively transmitting
the rotation power of the driving source to the second
element at an input side second speed change ratio; input
side first and second clutch mechanisms engaging/disengag-
ing power transmission of the input side first and second
transmission mechanisms, respectively; an output side first
transmission mechanism capable of operatively transmitting
the rotation power of the second element to the speed change
output shaft at an output side first speed change ratio; an
output side second transmission mechanism capable of
operatively transmitting the rotation power of the first ele-
ment to the speed change output shaft at an output side
second speed change ratio; output side first and second
clutch mechanisms engaging/disengaging power transmis-
sion of the output side first and second transmission mecha-
nisms, respectively; a speed change operation member; an
HST sensor directly or indirectly detecting a speed change
state of the HST; an output sensor directly or indirectly
detecting rotational speed of the speed change output shaft;
and a control device controlling operations of the output
adjustment member, the input side first and second clutch
mechanisms, and the output side first and second clutch
mechanisms. In the first aspect of the present invention,
based on detection signals of the HST sensor and the output
sensor, while the control device develops a first transmission
state where the first element is functioned as an input portion
of reference power operatively transmitted from the driving
source and the second element is functioned as an output
portion of synthetic rotation power by bringing the input
side and output side first clutch mechanisms into an engage-
ment state and bringing the input side and output side second
clutch mechanisms into a disengagement state in a low
speed state where the rotational speed of the speed change
output shaft is less than a predetermined switching speed,
the control device operates the output adjustment member so
that the HST output is speed-changed from the first HST
speed toward the second HST speed in response to an
acceleration operation of the speed change operation mem-
ber, and meanwhile, while the control device develops a
second transmission state where the first element is func-
tioned as the output portion and the second element is
functioned as the input portion of the reference power by
bringing the input side and output side first clutch mecha-
nisms into the disengagement state and bringing the input
side and output side second clutch mechanisms into the
engagement state in a high speed state where the rotational
speed of the speed change output shaft is equal to or higher
than the switching speed, the control device operates the
output adjustment member so that the HST output is speed-
changed from the second HST speed toward the first HST
speed in response to the acceleration operation of the speed
change operation member. The input side first and second
speed change ratios are set so that rotational speed of the
second element when the HST output is set to the second
HST speed in the first transmission state and rotational speed
of'the second element by rotation power transmitted through
the input side second transmission mechanism in the second
transmission state are same and so that rotational speed of
the first element when the HST output is set to the second
HST speed in the second transmission state and rotational
speed of the first element by rotation power transmitted
through the input side first transmission mechanism in the
first transmission state are same. The output side first and
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second speed change ratios are set so that rotational speed
developed in the speed change output shaft when the HST
output is set to the second HST speed is same in the first and
second transmission states.

[0028] The transmission structure according to the first
aspect can develop the first transmission state where the
speed change output shaft is increased to the switching
speed as the HST output is speed-changed from the first HST
speed to the second HST speed and the second transmission
state where the speed change output shaft is increased from
the switching speed as the HST output is speed-changed
from the second HST speed to the first HST speed to thereby
expand the speed changeable range (speed change region) of
the speed change output shaft, and further can effectively
prevent or reduce the rotational speed difference in the speed
change output shaft at the timing of switching between the
first and second transmission states.

[0029] In order to achieve the first object, a second aspect
of the present invention provides a transmission structure
including an HST continuously changing rotation power
operatively input into a pump shaft from a driving source to
rotation power at least between a first HST speed and a
second HST speed according to an operation position of an
output adjustment member, and then outputting the changed
rotation power as an HST output from a motor shaft; a
planetary gear mechanism having first to third elements, in
which the third element functions as an input portion of the
HST output; a speed change output shaft; an input side first
transmission mechanism capable of operatively transmitting
the rotation power of the driving source to the first element
at an input side first speed change ratio; an input side second
transmission mechanism capable of operatively transmitting
the rotation power of the driving source to the second
element at an input side second speed change ratio; input
side first and second clutch mechanisms engaging/disengag-
ing power transmission of the input side first and second
transmission mechanisms, respectively; output side first and
second clutch mechanisms engaging/disengaging power
transmission from the second element and the first element,
respectively, to the speed change output shaft; a speed
change operation member; an HST sensor directly or indi-
rectly detecting a speed change state of the HST; an output
sensor directly or indirectly detecting rotational speed of the
speed change output shaft; and a control device controlling
operations of the output adjustment member, the input side
first and second clutch mechanisms, and the output side first
and second clutch mechanisms, wherein based on detection
signals of the HST sensor and the output sensor, while the
control device develops a first transmission state where the
first element is functioned as an input portion of reference
power operatively transmitted from the driving source and
the second element is functioned as an output portion of
synthetic rotation power by bringing the input side and
output side first clutch mechanisms into an engagement state
and bringing the input side and output side second clutch
mechanisms into a disengagement state in a low speed state
where the rotational speed of the speed change output shaft
is less than a predetermined switching speed, the control
device operates the output adjustment member so that the
HST output is speed-changed from the first HST speed
toward the second HST speed in response to an acceleration
operation of the speed change operation member and mean-
while, while the control device develops a second transmis-
sion state where the first element is functioned as the output
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portion and the second element is functioned as the input
portion of reference power by bringing the input side and
output side first clutch mechanisms into the disengagement
state and bringing the input side and output side second
clutch mechanisms into the engagement state in a high speed
state where the rotational speed of the speed change output
shaft is equal to or higher than the switching speed, the
control device operates the output adjustment member so
that the HST output is speed-changed from the second HST
speed toward the first HST speed in response to the accel-
eration operation of the speed change operation member,
and the input side first and second speed change ratios are set
so that rotational speed of the second element when the HST
output is set to the second HST speed in the first transmis-
sion state and rotational speed of the second element by
rotation power transmitted through the input side second
transmission mechanism in the second transmission state are
same and so that rotational speed of the first element when
the HST output is set to the second HST speed in the second
transmission state and rotational speed of the first element
by rotation power transmitted through the input side first
transmission mechanism in the first transmission state are
same.

[0030] The transmission structure according to the second
aspect can develop the first transmission state where the
speed change output shaft is increased to the switching
speed as the HST output is speed-changed from the first HST
speed to the second HST speed and the second transmission
state where the speed change output shaft is increased from
the switching speed as the HST output is speed-changed
from the second HST speed to the first HST speed to thereby
expand the speed changeable range (speed change region) of
the speed change output shaft, and further can effectively
prevent or reduce the rotational speed difference in the speed
change output shaft at the timing of switching between the
first and second transmission states.

[0031] In the second aspect, the control device preferably
may operate, in switching between the first and second
transmission states, the output adjustment member so that
rotational speed developed in the speed change output shaft
in a transmission state after the switching coincides with or
approaches rotational speed developed in the speed change
output shaft in a transmission state before the switching.

[0032] In any one of the various configurations according
to the first and second aspects, in a switching transition stage
between the first and second transmission states, a double
transmission state preferably may be developed in which
both the input side first and second clutch mechanisms are
brought into the engagement state and both the output side
first and second clutch mechanisms are brought into the
engagement state.

[0033] In one embodiment capable of developing the
double transmission state, at least one of an input side clutch
unit formed by the input side first and second clutch mecha-
nisms and an output side clutch unit formed by the output
side first and second clutch mechanisms is configured as a
dog clutch type.

[0034] The clutch unit of the dog clutch type has a slider
supported by a corresponding rotation shaft so as not to be
relatively rotatable and so as to be movable in an axial
direction and first and second recess-projection engagement
portions on one side and another side, respectively, in the
axial direction.
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[0035] When the slider is located at a first position on the
one side in the axial direction, the first recess-projection
engagement portion is engaged with a corresponding recess-
projection engagement portion while the second recess-
projection engagement portion is not engaged with a corre-
sponding recess-projection engagement portion, whereby
the slider brings only the first clutch mechanism into the
engagement state, when the slider is located at a second
position on the another side in the axial direction, the second
recess-projection engagement portion is engaged with a
corresponding recess-projection engagement portion while
the first recess-projection engagement portion is not engaged
with a corresponding recess-projection engagement portion,
whereby the slider brings only the second clutch mechanism
into the engagement state, and when the slider is located at
an intermediate position between the first and second posi-
tions with respect to the axial direction, both the first and
second recess-projection engagement portions are engaged
with corresponding recess-projection engagement portions,
whereby the slider brings both first and second clutch
mechanisms into the engagement state.

[0036] The input side first transmission mechanism may
have an input side first driving gear relatively rotatably
supported by a main driving shaft operatively coupled with
the driving source and an input side first driven gear opera-
tively coupled with the input side first driven gear and made
relatively unrotatable to the first element, and the input side
second transmission mechanism may have an input side
second driving gear relatively rotatably supported by the
main driving shaft and an input side second driven gear
operatively coupled with the input side second driving gear
and made relatively unrotatable to the second element.
[0037] In this embodiment, the input side clutch unit may
be configured as the dog clutch type and having an input side
slider as the slider.

[0038] The input side slider is supported by the main
driving shaft between the input side first and second driving
gears so as not to be relatively rotatable and so as to be
movable in the axial direction, when located at the first
position, the first recess-projection engagement portion is
engaged with a recess-projection engagement portion of the
input side first driving gear while the second recess-projec-
tion engagement portion is not engaged with a recess-
projection engagement portion of the input side second
driving gear, whereby the input side slider brings only the
input side first clutch mechanism into the engagement state,
when located at the second position, the second recess-
projection engagement portion is engaged with the recess-
projection engagement portion of the input side second
driving gear while the first recess-projection engagement
portion is not engaged with the recess-projection engage-
ment portion of the input side first driving gear, whereby the
input side slider brings only the input side second clutch
mechanism into the engagement state, and, when located at
an intermediate position, the first and second recess-projec-
tion engagement portions are engaged with the recess-
projection engagement portions of the input side first and
second driving gears, respectively, whereby the input side
slider brings both the first and second clutch mechanisms
into the engagement state.

[0039] The transmission structure according to the first
aspect may further include

[0040] a speed change intermediate shaft coupled with the
second element so as not to be relatively rotatable around an

Apr. 23,2020

axis, and the first element may be relatively rotatably
supported by the speed change intermediate shaft.

[0041] In this case, the output side first transmission
mechanism has an output side first driving gear supported by
the speed change intermediate shaft so as not to be relatively
rotatable and an output side first driven gear operatively
coupled with the output side first driving gear and relatively
rotatably supported by the speed change output shaft. The
output side second transmission mechanism has an output
side second driving gear coupled with the first element so as
not to be relatively rotatable and an output side second
driven gear operatively coupled with the output side second
driving gear and relatively rotatably supported by the speed
change output shaft. The output side first and second clutch
mechanisms have recess-projection engagement portions
provided in the output side first and second driven gears and
an output side slider supported between the output side first
and second driven gears by the speed change output shaft so
as not to be relatively rotatable and so as to be movable in
an axial direction and provided with first and second recess-
projection engagement portions on one side and another
side, respectively, in the axial direction.

[0042] When the output side slider is located at a first
position on the one side in the axial direction, the first
recess-projection engagement portion is engaged with a
recess-projection engagement portion of the output side first
driven gear while the second recess-projection engagement
portion is not engaged with a recess-projection engagement
portion of the output side second driven gear, whereby the
output side slider brings only the output side first clutch
mechanism into the engagement state, when the output side
slider is located at a second position on the another side in
the axial direction, the second recess-projection engagement
portion is engaged with the recess-projection engagement
portion of the output side second driven gear while the first
recess-projection engagement portion is not engaged with
the recess-projection engagement portion of the output side
first driven gear, whereby the output side slider brings only
the output side second clutch mechanism into the engage-
ment state, and, when the output side slider is located at an
intermediate position between the first direction and the
second direction in the axial direction, the first and second
recess-projection engagement portions are engaged with the
recess-projection engagement portions of the output side
first and second driven gears, respectively, whereby the
output side slider brings both the output side first and second
clutch mechanisms into the engagement state.

[0043] In another embodiment capable of developing the
double transmission state, at least one of an input side clutch
unit formed by the input side first and second clutch mecha-
nisms and an output side clutch unit formed by the output
side first and second clutch mechanisms may be configured
as a hydraulic friction plate type developing a clutch engage-
ment state by receiving pressure oil supply.

[0044] The transmission structure according to this
embodiment is further provided with a pressure oil supply
line receiving pressure oil supply from a hydraulic source,
first and second supply/discharge lines supplying/discharg-
ing pressure oil to the first and second clutch mechanisms,
respectively, in the clutch units of the hydraulic friction plate
type, first and second electromagnetic valves which are
interposed in the first and second supply/discharge lines,
respectively, and which can take a discharge position where
a corresponding supply/discharge line is drained and a
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supply position where a corresponding supply/discharge line
is fluid-connected to the pressure oil supply line, and a
clutch engagement detection unit detecting an engagement
state of the first and second clutch mechanisms in the clutch
units of the hydraulic friction plate type.

[0045] The control device locates the first electromagnetic
valve at the supply position and locates the second electro-
magnetic valve at the discharge position to develop the first
transmission state in the low speed state where the rotational
speed of the speed change output shaft is less than the
switching speed, while locating the first electromagnetic
valve at the discharge position and locating the second
electromagnetic valve at the supply position to develop the
second transmission state in the high speed state where the
rotational speed of the speed change output shaft is equal to
or higher than the switching speed. Also, the control device
moves the electromagnetic valve located at the discharge
position at time before the switching from the discharge
position to the supply position while maintaining the elec-
tromagnetic valve located at the supply position at the time
before the switching at the supply position in the switching
between the first and second transmission states, and then
moves the electromagnetic valve located at the supply
position at the time before the switching from the supply
position to the discharge position after passage of predeter-
mined time from time when recognizing that the clutch
mechanism to which pressure oil is supplied through the
electromagnetic valve, a position of which is moved from
the discharge position to the supply position is brought into
the engagement state based on a signal from the clutch
engagement detection unit.

[0046] Preferably, the first and second electromagnetic
valves may be configured as proportional electromagnetic
valves configured to receive hydraulic pressure of corre-
sponding supply/discharge lines as pilot pressure to thereby
maintain the hydraulic pressure of the corresponding supply/
discharge lines in a state where a position signal from the
control device to the supply position is input at an engage-
ment hydraulic pressure.

[0047] In the first and second aspects of the present
invention, the input side first and second clutch mechanisms
may be configured as a hydraulic friction plate type devel-
oping a clutch engagement state by receiving pressure oil
supply.

[0048] In this case, the transmission structure is provided
with a pressure oil supply line receiving pressure oil supply
from a hydraulic source, input side first and second supply/
discharge lines supplying/discharging pressure oil to the
input side first and second clutch mechanisms, respectively,
input side first and second electromagnetic valves which are
interposed in the input side first and second supply/discharge
lines, respectively, and which can take a discharge position
where a corresponding supply/discharge line is drained and
a supply position where a corresponding supply/discharge
line is fluid-connected to the pressure oil supply line, and a
clutch engagement detection unit detecting an engagement
state of the input side first and second clutch mechanisms.
[0049] The control device locates the input side first
electromagnetic valve at the supply position and locates the
input side second electromagnetic valve at the discharge
position in the low speed state where the rotational speed of
the speed change output shaft is less than the switching
speed, while locating the input side first electromagnetic
valve at the discharge position and locating the input side
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second electromagnetic valve at the supply position in the
high speed state where the rotational speed of the speed
change output shaft is equal to or higher than the switching
speed. Also, the control device moves the electromagnetic
valve located at the discharge position at time before the
switching from the discharge position to the supply position
while maintaining the electromagnetic valve located at the
supply position at the time before the switching at the supply
position in the switching between the first and second
transmission states, and then moves the electromagnetic
valve located at the supply position at the time before the
switching from the supply position to the discharge position
when recognizing that the clutch mechanism to which
pressure oil is supplied through the electromagnetic valve, a
position of which is moved from the discharge position to
the supply position, is brought into a sliding engagement
state based on a signal from the clutch engagement detection
unit.

[0050] In the first and second aspects of the present
invention, the output side first and second clutch mecha-
nisms may be configured as a hydraulic friction plate type
developing a clutch engagement state by receiving pressure
oil supply.

[0051] In this case, the transmission structure is provided
with a pressure oil supply line receiving pressure oil supply
from a hydraulic source, output side first and second supply/
discharge lines supplying/discharging pressure oil to the
output side first and second clutch mechanisms, respectively,
output side first and second electromagnetic valves which
are interposed in the output side first and second supply/
discharge lines, respectively, and which can take a discharge
position where a corresponding supply/discharge line is
drained and a supply position where a corresponding supply/
discharge line is flued-connected to the pressure oil supply
line, and a clutch engagement detection unit detecting an
engagement state of the output side first and second clutch
mechanisms.

[0052] The control device locates the output side first
electromagnetic valve at the supply position and locates the
output side second electromagnetic valve at the discharge
position in the low speed state where the rotational speed of
the speed change output shaft is less than the switching
speed, while locating the output side first electromagnetic
valve at the discharge position and locating the output side
second electromagnetic valve at the supply position in the
high speed state where the rotational speed of the speed
change output shaft is equal to or higher than the switching
speed. Also, the control device moves, in switching between
the low speed state and the high speed state, the electro-
magnetic valve located at the discharge position at time
before the switching from the discharge position to the
supply position while maintaining the electromagnetic valve
located at the supply position at the time before the switch-
ing at the supply position, and then moves the electromag-
netic valve located at the supply position at the time before
the switching from the supply position to the discharge
position when recognizing that the clutch mechanism to
which pressure oil is supplied through the electromagnetic
valve, a position of which is moved from the discharge
position to the supply position, is brought into a sliding
engagement state based on a signal from the clutch engage-
ment detection unit.

[0053] In the first and second aspect of the present inven-
tion, the input side second clutch mechanism and the output
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side second clutch mechanism preferably may be configured
as friction plate clutch mechanisms.

[0054] In more preferable configuration, all of the input
side first clutch mechanism and the output side first clutch
mechanism are configured as friction plate clutch mecha-
nisms.

[0055] The transmission structure according to the present
invention may include a pressure oil supply line, an
upstream side of which is fluid-connected to a hydraulic
source, a drain line, a first supply/discharge line supplying/
discharging pressure oil to the input side and output side first
clutch mechanisms, a second supply/discharge line supply-
ing/discharging pressure oil to the input side and output side
second clutch mechanisms, and a switching valve, a position
of which is controlled by the control device.

[0056] The switching valve is configured to be able to take
a first position where the pressure oil supply/discharge line
is fluid-connected to the first supply/discharge line and the
second supply/discharge line is fluid-connected to the drain
line and a second position where the first supply/discharge
line is fluid-connected to the drain line and the pressure oil
supply/discharge line is fluid-connected to the second sup-
ply/discharge line. The input side first and second clutch
mechanisms and the output side first and second clutch
mechanisms are configured as a hydraulic type engaging
power transmission of a corresponding transmission mecha-
nism by receiving pressure oil supply.

[0057] Also, in order to achieve the first object, a third
aspect of the present invention provides a transmission
structure interposed in a traveling system transmission path
of'a working vehicle including an HST continuously chang-
ing rotation power operatively input into a pump shaft from
a driving source to rotation power at least between a first
HST speed and a second HST speed according to an
operation position of an output adjustment member, and then
outputting the changed rotation power as an HST output
from a motor shaft; a planetary gear mechanism having first
to third elements, in which the third element functions as an
input portion of the HST output; a speed change output
shaft; input side first and second transmission mechanisms
capable of operatively transmitting the rotation power of the
driving source to the first and second elements, respectively;
input side and second clutch mechanisms engaging/disen-
gaging power transmission of the input side first and second
transmission mechanisms, respectively; output side first and
second clutch mechanisms engaging/disengaging power
transmission from the second element and the first element,
respectively, to the speed change output shaft; a speed
change operation member; an HST sensor directly or indi-
rectly detecting a speed change state of the HST; an output
sensor directly or indirectly detecting rotational speed of the
speed change output shaft; and a control device controlling
operations of the output adjustment member, the input side
first and second clutch mechanisms, and the output side first
and second clutch mechanisms, wherein at least one of an
input side clutch unit formed by the input side first and
second clutch mechanisms and an output side clutch unit
formed by the output side first and second clutch mecha-
nisms is configured as a hydraulic friction plate type devel-
oping a clutch engagement state by receiving pressure oil
supply, the transmission structure is further provided with a
pressure oil supply line receiving pressure oil supply from a
hydraulic source, first and second supply/discharge lines
supplying/discharging pressure oil to the first and second
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clutch mechanisms, respectively, in the clutch units of the
hydraulic friction plate type, first and second electromag-
netic valves which are interposed in the first and second
supply/discharge lines, respectively, and which can take a
discharge position where a corresponding supply/discharge
line is drained and a supply position where a corresponding
supply/discharge line is fluid-connected to the pressure oil
supply line, and a clutch engagement detection unit detect-
ing an engagement state of the first and second clutch
mechanisms in the clutch units of the hydraulic friction plate
type, wherein based on detection signals of the HST sensor
and the output sensor, in a low speed state where the
rotational speed of the speed change output shaft is less than
a predetermined switching speed, while the control device
develops a first transmission state where the first element is
functioned as an input portion of reference power opera-
tively transmitted from the driving source and the second
element is functioned as an output portion of synthetic
rotation power by bringing the input side and output side
first clutch mechanisms into an engagement state and bring-
ing the input side and output side second clutch mechanisms
into a disengagement state, the control device operates the
output adjustment member so that the HST output is speed-
changed from the first HST speed toward the second HST
speed in response to an acceleration operation of the speed
change operation member and meanwhile, in a high speed
state where the rotational speed of the speed change output
shaft is equal to or higher than the switching speed, while the
control device develops a second transmission state where
the first element is functioned as the output portion and the
second element is functioned as the input portion of refer-
ence power by bringing the input side and output side first
clutch mechanisms into the disengagement state and bring-
ing the input side and output side second clutch mechanisms
into the engagement state, the control device operates the
output adjustment member so that the HST output is speed-
changed from the second HST speed toward the first HST
speed in response to the acceleration operation of the speed
change operation member, further, in switching between the
first and second transmission states, while maintaining one
of the first and second electromagnetic valves located at the
supply positions at time before the switching at the supply
positions, the control device moves another one of the first
and second electromagnetic valves located at the discharge
positions at the time before the switching from the discharge
position to the supply position, and then, when recognizing
that the clutch mechanism to which pressure oil is supplied
through the other electromagnetic valve is brought into a
sliding engagement state based on a signal from the clutch
engagement detection unit, the control device moves the one
electromagnetic valve from the supply position to the dis-
charge position to thereby switch engagement/disengage-
ment of the first and second clutch mechanisms in the
hydraulic friction plate clutch units.

[0058] The transmission structure according to the third
aspect makes it possible to increase a degree of freedom for
design to thereby enhance flexibility in designing device,
since it is not needed to strictly set the speed change ratios
of the input side second transmission mechanism and the
output side transmission mechanisms for preventing the
rotational speed difference in the speed change output shaft
in shifting between the first and second transmission states.
The transmission structure according to the third aspect
makes it also possible to suppress unintentional disengage-
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ment and reduction of power transmission in sifting clutch
mechanisms under traveling with heavy load.

[0059] Also, in order to achieve the first object, a fourth
aspect of the present invention provides a transmission
structure including an HST continuously changing rotation
power operatively input into a pump shaft from a driving
source to rotation power at least between first HST speed
and second HST speed according to an operation position of
an output adjustment member, and then outputting the
changed rotation power as an HST output from a motor
shaft; a planetary gear mechanism having first to third
elements, in which the third element functions as an input
portion of the HST output; a speed change output shaft;
input side first and second transmission mechanisms capable
of operatively transmitting the rotation power of the driving
source to the first element and the second element, respec-
tively; input side first and second clutch mechanisms engag-
ing/disengaging power transmission of the input side first
and second transmission mechanisms, respectively; forward
movement first and second transmission mechanisms
capable of operatively transmitting rotation power of the
second element and the first element, respectively, to the
speed change output shaft in a normal rotation state; a
reverse movement transmission mechanism capable of
operatively transmitting the rotation power of the second
element to the speed change output shaft in a reverse rotation
state; a forward movement first clutch mechanism, a forward
movement second clutch mechanism, and a reverse move-
ment clutch mechanism engaging/disengaging power trans-
mission of the forward movement first transmission mecha-
nism, the forward movement second transmission
mechanism, and the reverse movement transmission mecha-
nism, respectively; a speed change operation member; an
HST sensor directly or indirectly detecting a speed change
state of the HST; an output sensor directly or indirectly
detecting rotational speed of the speed change output shaft;
and a control device controlling operations of the output
adjust member, the input side first clutch mechanism, the
input side second clutch mechanism, the forward movement
first clutch mechanism, the forward movement second
clutch mechanism, and the reverse movement clutch mecha-
nism, wherein,

[0060] based on detection signals of the HST sensor and
the output sensor, in a low speed state where the rotational
speed of the speed change output shaft is from zero speed to
speed less than switching speed in a forward movement
direction, while the control device develops a forward
movement first transmission state where the input side first
clutch mechanism and the forward movement first clutch
mechanism are brought into an engagement state, the control
device operates the output adjustment member so that the
HST output is speed-changed from the first HST speed
toward the second HST speed in response to a forward
movement side acceleration operation of the speed change
operation member, in a high speed state where the rotational
speed of the speed change output shaft is equal to or higher
than the switching speed in the forward movement direction,
while the control device develops a forward movement
second transmission state where the input side second clutch
mechanism and the forward movement second clutch
mechanism are brought into the engagement state, the con-
trol device operates the output adjustment member so that
the HST output is speed-changed from the first HST speed
toward the second HST speed in response to the forward
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movement side acceleration operation of the speed change
operation member, and, in a reverse movement transmission
state where the rotational speed of the speed change output
shaft is changed from the zero speed to the reverse move-
ment side, while the control device develops a reverse
movement transmission state where the input side first
clutch mechanism and the reverse movement clutch mecha-
nism are brought into the engagement state, the control
device operates the output adjustment member so that the
HST output is speed-changed from the first HST speed
toward the second HST speed in response to a reverse
movement side acceleration operation of the speed change
operation member.

[0061] The transmission structure according to the fourth
aspect makes it possible to develop the forward movement
first transmission state where the rotational speed of the
speed change output shaft is increased in forward movement
direction until the switching speed as the HST output is
speed-changed from the first HST speed to the second HST
speed, the forward movement second transmission state
where the rotational speed of the speed change output shaft
is increased in forward movement direction from the switch-
ing speed as the HST output is speed-changed from the
second HST speed to the first HST speed and the reverse
movement transmission state where the rotational speed of
the speed change output shaft is increased in reverse move-
ment direction as the HST output is speed-changed from the
first HST speed to the second HST speed to thereby expand
the speed change range of the speed change output shaft, and
further can effectively prevent or reduce the rotational speed
difference in the speed change output shaft in switching
between the forward movement first and second transmis-
sion states and between the forward movement first trans-
mission state and the reverse movement transmission state.

[0062] In the fourth aspect, the input side first transmis-
sion mechanism may operatively transmit the rotation power
of'the driving source to the first element at an input side first
speed change ratio, and the input side second transmission
mechanism may operatively transmit the rotation power of
the driving source to the second element at an input side
second speed change ratio.

[0063] In this case, the input side first and second speed
change ratios are preferably set so that rotational speed of
the second element when the HST output is set to the second
HST speed in the forward movement first transmission state
and rotational speed of the second element by rotation power
transmitted through the input side second transmission
mechanism in the forward movement second transmission
state are same and so that rotational speed of the first
element when the HST output is set to the second HST speed
in the forward movement second transmission state and
rotational speed of the first element by rotation power
transmitted through the input side first transmission mecha-
nism in the forward movement first transmission state are
same.

[0064] In the fourth aspect, the forward movement first
transmission mechanism may operatively transmit the rota-
tion power of the second element to the speed change output
shaft at a forward movement first speed change ratio and the
forward movement second transmission mechanism may
operatively transmit the rotation power of the first element
to the speed change output shaft at a forward movement
second speed change ratio.
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[0065] In this case, the forward movement first and second
speed change ratios are preferably set so that rotational
speed developed in the speed change output shaft when the
HST output is set to the second HST speed is same in the first
and second transmission states.

[0066] Inthe fourth aspect, the HST and the planetary gear
mechanism are preferably set so that the rotational speed of
the second element becomes the zero speed when the HST
output is set to the first HST speed in the engagement state
of the input side first clutch mechanism.

[0067] Also, in order to achieve the first object, a fifth
aspect of the present invention provides a transmission
mechanism including an HST continuously changing rota-
tion power operatively input into a pump shaft from a
driving source to rotation power at least between a first HST
speed and a second HST speed according to an operation
position of an output adjustment member, and then output-
ting the changed rotation power as an HST output from a
motor shaft; a planetary gear mechanism having first to third
elements, in which the third element functions as an input
portion of the HST output; a speed change output shaft; an
input side first transmission mechanism capable of opera-
tively transmitting the rotation power of the driving source
to the first element at an input side first speed change ratio;
an input side second transmission mechanism capable of
operatively transmitting the rotation power of the driving
source to the second element at an input side second speed
change ratio; input side first and second clutch mechanisms
engaging/disengaging power transmission of the input side
first and second transmission mechanisms, respectively; an
output side first transmission mechanism capable of opera-
tively transmitting the rotation power of the second element
to the speed change output shaft at an output side first speed
change ratio; an output side second transmission mechanism
capable of operatively transmitting the rotation power of the
first element to the speed change output shaft at an output
side second speed change ratio; an output side third trans-
mission mechanism capable of operatively transmitting the
rotation power of the first element to the speed change
output shaft at an output side third speed change ratio
rotating the speed change output shaft at speed higher than
the output side second speed change ratio; output side first
to third clutch mechanisms engaging/disengaging power
transmission of the output side first to third transmission
mechanisms, respectively; a speed change operation mem-
ber; an HST sensor directly or indirectly detecting a speed
change state of the HST; an output sensor directly or
indirectly detecting rotational speed of the speed change
output shaft; and a control device controlling operations of
the output adjustment member, the input side first and
second clutch mechanisms, and the output side first to third
clutch mechanism, wherein, based on detection signals of
the HST sensor and the output sensor, in a low speed state
where the rotational speed of the speed change output shaft
is less than a first switching speed, while the control device
develops a first transmission state where the first element is
functioned as an input portion of reference power opera-
tively transmitted from the driving source and the second
element is functioned as an output portion of synthetic
rotation power by bringing the output side first clutch
mechanism into an engagement state and bringing other
output side clutch mechanisms into a disengagement state
while bringing the input side first clutch mechanism into the
engagement state and bringing the input side second clutch
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mechanism into the disengagement state, the control device
operates the output adjustment member so that the HST
output is speed-changed from the first HST speed toward the
second HST speed in response to an acceleration operation
of the speed change operation member, in an intermediate
speed state where the rotational speed of the speed change
output shaft is equal to or higher than the first switching
speed and less than a second switching speed, while the
control device develops a second transmission state where
the second element is functioned as the input portion of
reference power and the rotation power of the first element
is operatively transmitted to the speed change output shaft at
the output side second speed change ratio by bringing the
output side second clutch mechanism into the engagement
state and bringing other output side clutch mechanisms into
the disengagement state while bringing the input side first
clutch mechanisms into the disengagement state and bring-
ing the input side second clutch mechanism into the engage-
ment state, the control device operates the output adjustment
member so that the HST output is speed-changed from the
second HST speed toward the first HST speed in response to
the acceleration operation of the speed change operation
member, and, in a high speed state where the rotational
speed of the speed change output shaft is equal to or higher
than the second switching speed, while the control device
develops a third transmission state where the second element
is functioned as the input portion of reference power and the
rotation power of the first element is operatively transmitted
to the speed change output shaft at the output side third
speed change ratio by bringing the output side third clutch
mechanism into the engagement state and bringing other
output side clutch mechanisms into the disengagement state
while bringing the input side first clutch mechanism into the
disengagement state and bringing the input side second
clutch mechanism into the engagement state, the control
device operates the output adjustment member so that the
HST output is speed-changed from the second HST speed
toward the first HST speed in response to the acceleration
operation of the speed change operation member, and mean-
while the control device operates the output adjustment
member in switching between the second and third trans-
mission states so that rotational speed developed in the
speed change output shaft in a transmission state after the
switching coincides with or approaches rotational speed
developed in the speed change output shaft in a transmission
state before the switching, and the input side first and second
speed change ratios are set so that rotational speed of the
second element when the HST output is set to the second
HST speed in the first transmission state and rotational speed
of'the second element by rotation power transmitted through
the input side second transmission mechanism in the second
transmission state are same and so that rotational speed of
the first element when the HST output is set to the second
HST speed in the second transmission state and rotational
speed of the first element by rotation power transmitted
through the input side first transmission mechanism in the
first transmission state are same.

[0068] The transmission structure according to the fifth
aspect makes it possible to develop the first transmission
state where the rotational speed of the speed change output
shaft is increased until the first switching speed as the HST
output is speed-changed from the first HST speed to the
second HST speed, the second transmission state where the
rotational speed of the speed change output shaft is



US 2020/0124170 Al

increased from the first switching speed until the second
switching speed as the HST output is speed-changed from
the second HST speed to the first HST speed and the third
transmission state where the rotational speed of the speed
change output shaft is increased from the second switching
speed as the HST output is speed-changed from the side of
the second HST speed to the side of the first HST speed to
thereby expand the speed change range of the speed change
output shaft, and further can effectively prevent or reduce
the rotational speed difference in the speed change output
shaft in switching between the first and second transmission
states and between the second and third transmission states.

[0069] The transmission structure according to the fifth
aspect may include a speed change intermediate shaft
coupled with the second element so as not to be relatively
rotatable around an axis, and a speed change transmission
shaft externally inserted into the speed change intermediate
shaft in a relatively rotatable manner and coupled with the
first element so as not to be relatively rotatable.

[0070] Inthis case, the input side first transmission mecha-
nism has an input side first driving gear relatively rotatably
supported by a main driving shaft operatively coupled with
the driving source and an input side first driven gear opera-
tively coupled with the input side first driving gear and made
relatively unrotatable to the speed change transmission
shaft. The input side second transmission mechanism has an
input side second driving gear relatively rotatably supported
by the main driving shaft and an input side second driven
gear operatively coupled with the input side second driving
gear and made relatively unrotatable to the second element.
The output side first transmission mechanism has an output
side first driving gear supported by the speed change inter-
mediate shaft so as not to be relatively rotatable and an
output side first driven gear operatively coupled with the
output side first driving gear and relatively rotatably sup-
ported by the speed change output shaft. The output side
second transmission mechanism has an output side second
driving gear supported by the speed change transmission
shaft so as not to be relatively rotatable and an output side
second driven gear operatively coupled with the output side
second driving gear and relatively rotatably supported by the
speed change output shaft. The output side third transmis-
sion mechanism has an output side third driving gear sup-
ported by the speed change transmission shaft so as not to be
relatively rotatable and an output side third driven gear
operatively coupled with the output third driving gear and
relatively rotatably supported by the speed change output
shaft.

[0071] The transmission structure according to the present
invention may further include a traveling transmission shaft
disposed on a downstream side in a transmission direction
relative to the speed change output shaft, and a forward/
reverse movement switching mechanism capable of switch-
ing a rotation direction of driving force in a forward move-
ment direction and a reverse movement direction between
the speed change output shaft and the traveling transmission
shaft.

[0072] Also, in order to achieve the first object, a sixth
aspect of the present invention provides a transmission
mechanism including an HST continuously changing rota-
tion power operatively input into a pump shaft from a
driving source to rotation power at least between first HST
speed and second HST speed according to an operation
position of an output adjustment member, and then output-
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ting the changed rotation power as an HST output from a
motor shaft; a planetary gear mechanism having first to third
elements, in which the third element functions as an input
portion of the HST output; an input side first transmission
mechanism capable of operatively transmitting the rotation
power of the driving source to the first element at an input
side first speed change ratio; an input side second transmis-
sion mechanism capable of operatively transmitting the
rotation power of the driving source to the second element
at an input side second speed change ratio; an input side first
and second clutch mechanisms engaging/disengaging power
transmission of the input side first and second transmission
mechanisms, respectively; a speed change output shaft; a
traveling transmission shaft disposed on a downstream side
in a transmission direction relative to the speed change
output shaft; a forward/reverse movement switching mecha-
nism interposed in a transmission path from the speed
change output shaft to the traveling transmission shaft and
capable of switching the traveling transmission state
between a forward movement transmission state of rotating
the traveling transmission shaft in a forward movement
direction and a reverse movement transmission state of
rotating the traveling transmission shaft in a reverse move-
ment direction; an output side first transmission mechanism
capable of operatively transmitting the rotation power of the
second element to the speed change output shaft at an output
side first speed change ratio; an output side second trans-
mission mechanism capable of operatively transmitting the
rotation power of the first element to the speed change
output shaft at an output side second speed change ratio; an
output side third transmission mechanism which can opera-
tively transmit the rotation power of the first element to the
traveling transmission shaft as driving force in the forward
movement direction and in which a speed change ratio is set
so that rotational speed of the traveling transmission shaft
when the rotation power of the first element is operatively
transmitted to the traveling transmission shaft through the
output side third transmission mechanism is higher than
rotational speed of the traveling transmission shaft when the
rotation power of the first element is operatively transmitted
to the traveling transmission shaft through the output side
second transmission mechanism and the forward and reverse
movement change mechanism in the forward movement
transmission state; output side first to third clutch mecha-
nisms engaging/disengaging power transmission of the out-
put side first to third transmission mechanisms, respectively;
a speed change operation member; an HST sensor directly or
indirectly detecting a speed change state of the HST; and a
control device controlling operations of the output adjust-
ment member, the input side first and second clutch mecha-
nisms, and the output side first to third clutch mechanisms.
[0073] The transmission structure according to the sixth
aspect makes it possible to expand the speed change range
of the forward movement which is high in frequency of use
while effectively preventing or reducing the rotational speed
difference in the speed change output shaft in switching
between the first and second transmission states and between
the second and third transmission states.

[0074] In the sixth aspect,

[0075] the control device operates the output adjustment
member so that the HST output is set to the first HST speed
which makes a synthetic rotation power of the planetary gear
mechanism zero when the speed change operation member
is positioned at a zero speed position,
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[0076] when the speed change operation member is oper-
ated in a forward movement side low speed range from the
zero speed position to a forward movement side first switch-
ing speed position, while the control device develops a first
transmission state where the first element is functioned as an
input portion of reference power operatively transmitted
from the driving source and the second element is func-
tioned as an output portion of the synthetic rotation power by
bringing the output side first clutch mechanism into an
engagement state and bringing other output side clutch
mechanisms into a disengagement state while bringing the
input side first clutch mechanism into the engagement state
and bringing the input side second clutch mechanism into
the disengagement state, the control device brings the for-
ward/reverse movement switching mechanism into the for-
ward movement transmission state and the control device
operates the output adjustment member so that the HST
output is speed-changed from the side of the first HST speed
toward the side of the second HST speed in response to an
acceleration operation of the speed change operation mem-
ber,

[0077] when the speed change operation member is oper-
ated in a forward movement side intermediate speed range
from the forward movement side first switching speed
position to a forward movement side second switching speed
position, while the control device develops a second trans-
mission state where the second element is functioned as the
input portion of reference power and the rotation power of
the first element is operatively transmitted to the speed
change output shaft at the output side second speed change
ratio by bringing the output side second clutch mechanism
into the engagement state and bringing other output side
clutch mechanisms into the disengagement state while
bringing the input side first clutch mechanism into the
disengagement state and bringing the input side second
clutch mechanism into the engagement state, the control
device brings the forward/reverse movement switching
mechanism into the forward movement transmission state
and the control device operates the output adjustment mem-
ber so that the HST output is speed-changed from the side
of the second HST speed toward the side of the first HST
speed in response to an acceleration operation of the speed
change operation member,

[0078] when the speed change operation member is oper-
ated in a forward movement side high speed range beyond
the forward movement side second switching speed posi-
tion, while the control device develops a third transmission
state where the second element is functioned as the input
portion of reference power and the rotation power of the first
element is operatively transmitted to the traveling transmis-
sion shaft as driving force in the forward movement direc-
tion through the output side third transmission mechanism
by bringing the output side third clutch mechanism into the
engagement state and bringing other output side clutch
mechanisms into the disengagement state while bringing the
input side first clutch mechanism into the disengagement
state and bringing the input side second clutch mechanism
into the engagement state, the control device operates the
output adjustment member so that the HST output is speed-
changed from the side of the second HST speed toward the
side of the first HST speed in response to the acceleration
operation of the speed change operation member,

[0079] when the speed change operation member passes
the forward movement side second switching speed position
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between the forward movement side intermediate speed
range and the forward movement side high speed range, the
control device operates the output adjustment member so
that rotational speed of the traveling transmission shaft in a
transmission state developed immediately after the passage
coincides with or approaches rotational speed of the travel-
ing transmission shaft in a transmission state developed
immediately before the passage,

[0080] when the speed change operation member is oper-
ated in a reverse movement side low speed range from the
zero speed position to a reverse movement side first switch-
ing speed position, while the control device develops the
first transmission state, the control device brings the for-
ward/reverse movement switching mechanism into the
reverse movement transmission state and operates the output
adjustment member so that the HST output is speed-changed
from the side of the first HST speed toward the side of the
second HST speed in response to the acceleration operation
of the speed change operation member, and

[0081] when the speed change operation member is oper-
ated in a reverse movement side high speed range beyond
the reverse movement side first switching speed position,
while the control device develops the second transmission
state, the control device brings the forward/reverse move-
ment switching mechanism into the reverse movement trans-
mission state and operates the output adjustment member so
that the HST output is speed-changed from the side of the
second HST speed toward the side of the first HST speed in
response to the acceleration operation of the speed change
operation member.

[0082] In the sixth aspect, the input side first and second
speed change ratios are set so that rotational speed of the
second element when the HST output is set to the second
HST speed in the first transmission state and the rotational
speed of the second element by rotation power transmitted
through the input side second transmission mechanism in the
second transmission state are same and so that rotational
speed of the first element when the HST output is set to the
second HST speed in the second transmission state and the
rotational speed of the first element by rotation power
transmitted through the input side first transmission mecha-
nism in the first transmission state are same.

[0083] The transmission structure according to the sixth
aspect may include a speed change intermediate shaft
coupled with the second element so as not to be relatively
rotatable around an axis.

[0084] Inthis case, the input side first transmission mecha-
nism has an input side first driving gear relatively rotatably
supported by a main driving shaft operatively coupled with
the driving source and an input side first driven gear opera-
tively coupled with the input side first driving gear and the
first element in a state of being relatively rotatably supported
by the speed change intermediate shaft. The input side
second transmission mechanism has an input side second
driving gear relatively rotatably supported by the main
driving shaft and an input side second driven gear opera-
tively coupled with the input side second driving gear in a
state of being supported by the speed change intermediate
shaft so as not to be relatively rotatable. The output side first
transmission mechanism has an output side first driven gear
operatively coupled with the input side second driven gear
in a state of relatively rotatably supported by the speed
change output shaft. The output side second transmission
mechanism has an output side second driven gear opera-
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tively coupled with the input side first driven gear in a state
of being relatively rotatably supported by the speed change
output shaft. The output side third transmission mechanism
has an output side third driven gear operatively coupled with
one of the output side first and second driven gears in a state
of being relatively rotatably supported by the traveling
transmission shaft.

[0085] The input side first and second clutch mechanisms
are supported by the main driving shaft so as to engage/
disengage the input side first and second driving gears,
respectively, with/from the main driving shaft, the output
side first and second clutch mechanisms are supported by the
speed change output shaft so as to engage/disengage the
output side first and second driven gears, respectively,
with/from the speed change output shaft, and the output side
third clutch mechanism is supported by the traveling trans-
mission shaft so as to engage/disengage the output side third
driven gear with/from the traveling transmission shaft.

[0086] Preferably, the transmission structure according to
the sixth aspect may further include a hollow housing body;
a first bearing plate detachably coupled with the housing
body; and a second bearing plate detachably coupled with
the housing body at a position spaced from the first bearing
plate in a longitudinal direction of the housing body.

[0087] In this case, the main driving shaft, the speed
change intermediate shaft, the speed change output shaft,
and the traveling transmission shaft are supported by the first
and second bearing plates in a state of being parallel to one
another. The input side first and second driving gears and the
input side first and second clutch mechanisms are supported
in a portion located in a partitioned space sandwiched
between the first and second bearing plates of the main
driving shaft in a state where the input side first and second
clutch mechanisms are located between the input side first
and second driving gears with respect to an axial direction
of the main driving shaft. The the input side first and second
driven gears are supported in a portion located in the
partitioned space of the speed change intermediate shaft in
a state of being located at same positions as positions of the
input side first and second driving gears, respectively, with
respect to the axial direction. The output side first and
second driven gears and the output side first and second
clutch mechanisms are supported in a portion located in the
partitioned space of the speed change output shaft in a state
where the output side first and second driven gears are
located at same positions as positions of the input side
second and first driven gears, respectively, with respect to
the axial direction and the output side first and second clutch
mechanisms are located between the input side first and
second driven gears with respect to the axial direction. The
output side third driven gear and the output side third clutch
mechanism are supported in a portion located in the parti-
tioned space of the traveling transmission shaft in a state
where the output side third driven gear is located at a same
position in the axial direction as a position of one of the
output side first and second driven gears and the output side
third clutch mechanism is located on a far side of one of the
output side first and second driven gears from the output side
first and second clutch mechanisms with respect to the axial
direction. The forward/reverse movement switching mecha-
nism is supported in a portion located outside the partitioned
space of the speed change output shaft and the traveling
transmission shaft.
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[0088] In one example, the housing body has a front
housing body and a rear housing body detachably connected
in series.

[0089] In this case, the first bearing plate is detachably
coupled with a boss portion provided in an inner surface of
the front housing body near a rear opening of the front
housing body, and the second bearing plate is detachably
coupled with a boss portion provided in an inner surface of
the rear housing body near a front opening of the rear
housing body.

[0090] In the fifth and sixth aspects, the output side first
and second speed change ratios may be set so that rotational
speed developed in the speed change output shaft when the
HST output is set to the second HST speed is same in the first
and second transmission states.

[0091] Alternatively, the control device may be configured
to operate the output adjustment member so that, in switch-
ing between the first and second transmission states, rota-
tional speed developed in the speed change output shaft in
a transmission state after the switching coincides with or
approaches rotational speed developed in the speed change
output shaft in a transmission state before the switching.
[0092] Inany one of the above configurations according to
the present invention, assuming that a rotation direction of
the rotation power input into the pump shaft is a normal
rotation direction, the HST outputs rotation power in one of
normal and reverse directions as the HST output of the first
HST speed and outputs rotation power in another one of the
normal and reverse directions as the HST output of the
second HST speed.

[0093] Inany one of the above configurations according to
the present invention, an internal gear, a carrier, and a sun
gear of the planetary gear mechanism form the first, second,
and third elements, respectively.

[0094] In order to achieve the second object, the present
invention provides a working vehicle including a driving
source; a driving wheel; and the transmission structure
according to any one of the above configurations interposed
in the traveling system transmission path reaching the driv-
ing wheel from the driving source, wherein switching speed
of the speed change output shaft is set to speed higher than
speed in a work speed range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0095] FIG. 1 is a transmission schematic view of a
working vehicle to which a transmission structure according
to an embodiment 1 of the present invention is applied.
[0096] FIG. 2 is a hydraulic circuit diagram of the trans-
mission structure according to the embodiment 1.

[0097] FIGS. 3A and 3B are graphs illustrating the rela-
tionship between the traveling vehicle speed and the rota-
tional speed of the HST output in the working vehicle to
which the transmission structure according to the embodi-
ment 1 is applied, and illustrate states where a sub speed
change mechanism 240 provided in the transmission struc-
ture is engaged with a low speed stage and a high speed
stage, respectively.

[0098] FIG. 4 is a hydraulic circuit diagram of a trans-
mission structure according to an embodiment 2 of the
present invention.

[0099] FIG. 5A and FIG. 5B illustrate graphs illustrating
the relationship between the traveling vehicle speed and the
rotational speed of the HST output in a working vehicle to
which the transmission structure 2 is applied, and illustrate
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states where the sub speed change mechanism is engaged
with a low speed stage and a high speed stage, respectively.
[0100] FIGS. 6A and 6B illustrate graphs illustrating the
relationship between the traveling vehicle speed and the
rotational speed of the HST output in a working vehicle to
which a modification of the embodiment 2 is applied, and
illustrate states where the sub speed change mechanism is
engaged with the low speed stage and the high speed stage,
respectively.

[0101] FIG. 7 is a hydraulic circuit diagram of a trans-
mission structure 3 according to an embodiment 3 of the
present invention.

[0102] FIG. 8 is hydraulic pressure waveform charts in
switching from first to second transmission states in the
transmission structure according the embodiment 3.

[0103] FIG. 9 is a hydraulic circuit diagram of a trans-
mission structure according to an embodiment 4 of the
present invention.

[0104] FIG. 10 is a partial cross sectional view of a
vicinity of an input side clutch unit of the transmission
structure according to the embodiment 4, and shows a state
in which an input side slider is positioned at a first position
so that an input side first clutch mechanism is engaged and
an input side second clutch mechanism is disengaged.
[0105] FIG. 11 is a partial cross sectional view of the
vicinity of the input side clutch unit shown in FIG. 10, and
shows a state in which the input side slider is positioned at
an intermediate position so that both the input side first and
second clutch mechanism are engaged.

[0106] FIG. 12 is hydraulic pressure wave form charts in
which the transmission structure according to the embodi-
ment 4 is switched from a first transmission state to a second
transmission states.

[0107] FIG. 13 is a hydraulic circuit diagram of a trans-
mission structure according to a modification of the embodi-
ments 3 or 4.

[0108] FIG. 14 is hydraulic pressure waveform charts in
which the transmission structure according to the modifica-
tion is switched from a first transmission state to a second
transmission state.

[0109] FIG. 15 is hydraulic pressure waveform charts in
which a transmission structure according to an embodiment
5 of the present invention is switched from a first transmis-
sion state to a second transmission state.

[0110] FIG. 16 is a hydraulic circuit diagram of a trans-
mission structure according to an embodiment 6 of the
present invention.

[0111] FIG. 17 is hydraulic pressure waveform charts in
which the transmission structure according to the embodi-
ment 6 is switched from a first transmission state to a second
transmission state.

[0112] FIG. 18 is hydraulic pressure waveform charts in
which a transmission structure according to a modification
of the embodiment 5 or 6 is switched from a first transmis-
sion state to a second transmission state.

[0113] FIG. 19 is a transmission schematic view of a
working vehicle to which a transmission structure according
to an embodiment 7 of the present invention is applied.
[0114] FIG. 20 is a hydraulic circuit diagram of the
transmission structure according to the embodiment 7.
[0115] FIGS. 21A and 21B are graphs illustrating the
relationship between the traveling vehicle speed and the
HST output in the working vehicle to which the transmission
structure according to the embodiment 7 is applied, and
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illustrate states where a sub speed change mechanism pro-
vided in the transmission structure is engaged with a low
speed stage and a high speed stage, respectively.

[0116] FIG. 22 is a hydraulic circuit diagram of a trans-
mission structure according to a modification of the embodi-
ment 7.

[0117] FIG. 23 is a transmission schematic view of a
working vehicle to which a transmission structure according
to an embodiment 8 of the present invention is applied.
[0118] FIG. 24 is a partial vertical cross-sectional side
view of the working vehicle shown in FIG. 23.

[0119] FIG. 25 is a graph illustrating the relationship
between the traveling vehicle speed and the HST output in
the working vehicle shown in FIG. 23.

[0120] FIG. 26 is a transmission schematic view of a
working vehicle to which a transmission structure according
to a modification of the embodiment 8 is applied.

[0121] FIG. 27 is a transmission schematic view of a
working vehicle to which a transmission structure according
to an embodiment 9 of the present invention is applied.
[0122] FIG. 28 is a partial vertical cross-sectional side
view of the working vehicle shown in FIG. 27.

[0123] FIG. 29 is a graph illustrating the relationship
between the traveling vehicle speed and the HST output in
the working vehicle shown in FIG. 27.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

[0124] Hereinafter, one embodiment of a transmission
structure according to the present invention is described with
reference to the accompanying drawings.

[0125] FIG. 1 illustrates a transmission schematic view of
a working vehicle 200 to which a transmission structure 1
according to this embodiment is applied.

[0126] FIG. 2 illustrates a hydraulic circuit diagram of the
transmission structure 1.

[0127] As illustrated in FIG. 1 and FIG. 2, the working
vehicle 200 is provided with a driving source 210, driving
wheels 220, and the transmission structure 1 interposed in a
traveling system transmission path reaching the driving
wheels 220 from the driving source 210. The reference
numeral 210q in FIG. 1 and FIG. 2 designates a flywheel
contained in the driving source 210.

[0128] As illustrated in FIG. 1 and FIG. 2, the transmis-
sion structure 1 is provided with a hydrostatic transmission
(HST) 10, a planetary gear mechanism 30 forming an HMT
structure (hydromechanical transmission structure) in coop-
eration with the HST 10, a speed change output shaft 45, a
speed change operation member 90, such as a speed change
lever, capable of detecting the operation position by an
operation position sensor 92, an HST sensor 954 directly or
indirectly detecting the speed change state of the HST 10, an
output sensor 955 directly or indirectly detecting the rota-
tional speed of the speed change output shaft 45, and a
control device 100.

[0129] As illustrated in FIG. 1 and FIG. 2, the HST 10 has
a pump shaft 12 operatively rotationally driven by the
driving source 210, a hydraulic pump 14 supported by the
pump shaft 12 so as not to be relatively rotatable, a hydraulic
motor 18 fluid-connected to the hydraulic pump 14 through
a pair of hydraulic oil lines 15 and hydraulically rotationally
driven by the hydraulic pump 14, a motor shaft 16 support-
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ing the hydraulic motor 18 so as not to be relatively
rotatable, and an output adjustment member 20 varying the
capacity of at least one of the hydraulic pump 14 and the
hydraulic motor 18.

[0130] The HST 10 can continuously change the ratio of
the rotational speed of the HST output to be output from the
motor shaft 16 to the rotational speed of the power input into
the pump shaft 12 (i.e., speed change ratio of the HST 10)
according to the operation position of the output adjustment
member 20.

[0131] More specifically, when the rotational speed of the
rotation power operatively input into the pump shaft 12 from
the driving source 210 is set to a reference input speed, the
HST 10 continuously changes the rotation power of the
reference input speed to the rotation power at least between
the first HST speed and the second HST speed according to
the operation position of the output adjustment member 20,
and then outputs the changed rotation power from the motor
shaft 16.

[0132] In this embodiment, the pump shaft 12 is coupled
with a main driving shaft 212 operatively coupled with the
driving source 210 through a gear train 214 as illustrated in
FIG. 1.

[0133] In this embodiment, the HST 10 is configured so
that the rotation direction of the HST output can be switched
between the normal rotation direction and the reverse rota-
tion direction.

[0134] More specifically, the HST 10 is configured so that,
in the case where the rotation direction of the reference input
speed is set to the normal rotation direction, when the output
adjustment member 20 is located at a first operation position,
the rotation power of the first HST speed in which the
rotation direction is set to one of the normal rotation
direction and the reverse rotation direction (for example,
reverse rotation direction) is output from the motor shaft 16
and, when the output adjustment member 20 is located at a
second operation position, the rotation power of the second
HST speed in which the rotation direction is set to the other
one of the normal rotation direction and the reverse rotation
direction (for example, normal rotation direction) is output
from the motor shaft 16.

[0135] In this case, when the output adjustment member
20 is located at a neutral position between the first and
second operation positions, the rotational speed of the HST
output becomes neutral speed (zero speed).

[0136] In this embodiment, the HST 10 has, as the output
adjustment member 20, a movable swash plate varying the
capacity of the hydraulic pump 14 by being oscillated
around an oscillation shaft and capable of being oscillated to
one side and the other side around the oscillation shaft across
the neutral position where the discharge amount of pressure
oil discharged from the hydraulic pump 14 is set to zero as
illustrated in FIG. 1 and FIG. 2.

[0137] When the movable swash plate is located at the
neutral position, the pressure oil is not discharged from the
hydraulic pump 14, so that the HST 10 is brought into a
neutral state where the output of the hydraulic motor 18 is
Zero.

[0138] Then, when the movable swash plate is oscillated
from the neutral position to the normal rotation side which
is the one side around the oscillation shaft, the pressure oil
is supplied to one of the pair of hydraulic oil lines 15 from

Apr. 23,2020

the hydraulic pump 14, so that the one hydraulic oil line 15
becomes a high-pressure side and the other operation line 15
becomes a low-pressure side.

[0139] Thus, the hydraulic motor 18 is rotationally driven
in the normal rotation direction, so that the HST 10 brought
into a normal rotation output state.

[0140] On the contrary, when the movable swash plate is
oscillated from the neutral position to the reverse rotation
side which is the other side around the oscillation shaft, the
pressure oil is supplied to the other side of the pair of
hydraulic oil lines 15 from the hydraulic pump 14, so that the
other hydraulic oil line 15 becomes a high-pressure side and
the one hydraulic oil line 15 becomes a low-pressure side.
[0141] Thus, the hydraulic motor 18 is rotationally driven
in the reverse rotation direction, so that the HST 10 is
brought into a reverse rotation output state.

[0142] Inthe HST 10, the capacity of the hydraulic motor
18 is fixed by the fixed swash plate.

[0143] As illustrated in FIG. 2, the output adjustment
member 20 is operatively controlled by the control device
100 based on the operation of the speed change operation
member 90.

[0144] More specifically, the control device 100 operates
the output adjustment member 20 through an actuator 110
based on the operation to the speed change operation mem-
ber 90.

[0145] The actuator 110 can take various configurations,
such as an electric motor and a hydraulic servo mechanism,
insofar as the operation is controlled by the control device
100.

[0146] As illustrated in FIG. 1 and FIG. 2, the planetary
gear mechanism 30 has a sun gear 32, a planetary gear 34
meshed with the sun gear 32, an internal gear 36 meshed
with the planetary gear 34, and a carrier 38 supporting the
planetary gear 34 so as to be rotatable around the axis and
rotating around the axis of the sun gear 32 while interlocked
with the revolution around the sun gear 32 of the planetary
gear 34, in which the sun gear 32, the carrier 38, and the
internal gear 36 form three planetary elements.

[0147] A third element which is one of the three planetary
elements is operatively coupled with the motor shaft 16 and
the third element functions as a variable power input portion
which inputs the HST output.

[0148] As illustrated in FIG. 1 and FIG. 2, the sun gear 32
is set as the third element in this embodiment.

[0149] In this embodiment, the sun gear 32 is operatively
coupled with the motor shaft 16 through a gear train 216.
[0150] The transmission structure 1 according to this
embodiment enables switching between a first transmission
state where the first element is functioned as a reference
power input portion inputting the reference rotation power
from the driving source 210 and the second element is
functioned as an output portion outputting synthetic rotation
power, and a second transmission state where the first
element is functioned as the output portion and the second
element is functioned as the reference power input portion.
[0151] Specifically, as illustrated in FIG. 1 and FIG. 2, the
transmission structure 1 has an input side first transmission
mechanism 50(1) and an input side second transmission
mechanism 50(2) capable of operatively transmitting the
rotation power of the driving source 210 to the first element
and the second element, respectively, an input side first
clutch mechanism 60(1) and an input side second clutch
mechanism 60(2) engaging/disengaging the power transmis-
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sion of the input side first transmission mechanism 50(1) and
the input side second transmission mechanism 50(2), respec-
tively, an output side first transmission mechanism 70(1) and
an output side second transmission mechanism 70(2)
capable of operatively transmitting the rotation power of the
first element and the second element, respectively, to the
speed change output shaft, and an output side first clutch
mechanism 80(1) and an output side second clutch mecha-
nism 80(2) engaging/disengaging the power transmission of
the output side first transmission mechanism 70(1) and the
output side second transmission mechanism 70(2), respec-
tively.

[0152] In this embodiment, the internal gear 36 and the
carrier 38 function as the first and second elements, respec-
tively.

[0153] The input side first transmission mechanism 50(1)

is configured to be able to transmit the rotation power of the
driving source 210 to the first element (the internal gear 36
in this embodiment) at an input side first speed change ratio.
[0154] In detail, as illustrated in FIG. 1 and FIG. 2, the
input side first transmission mechanism 50(1) has an input
side first driving gear 52(1) relatively rotatably coupled with
the main driving shaft 212 and an input side first driven gear
54(1) meshed with the input side first driving gear 52(1) and
coupled with the first element.

[0155] The input side second transmission mechanism
50(2) is configured to be able to transmit the rotation power
of the driving source 210 to the second element (the carrier
38 in this embodiment) at an input side second speed change
ratio.

[0156] In detail, as illustrated in FIG. 1 and FIG. 2, the
input side second transmission mechanism 50(2) has an
input side second driving gear 52(2) relatively rotatably
supported by the main driving shaft 212 and an input side
second driven gear 54(2) meshed with the input side second
driving gear 52(2) and coupled with the second element.
[0157] In this embodiment, the input side first and second
clutch mechanisms 60(1) and 60(2) are configured as fric-
tion plate clutch mechanisms.

[0158] In detail, the input side first clutch mechanism
60(1) has an input side clutch housing 62 supported by the
main driving shaft 212 so as not to be relatively rotatable, an
input side first friction plate group 64(1) containing a first
driving side friction plate supported by the input side clutch
housing 62 so as not to be relatively rotatable and a first
driven side friction plate supported by the input side first
driving gear 52(1) so as not to be relatively rotatable in a
state of being opposed to the first driving side friction plate,
and an input side first piston (not illustrated) causing the
input side first friction plate group 64(1) to be frictionally
engaged.

[0159] The input side second clutch mechanism 60(2) has
the input side clutch housing 62, an input side second
friction plate group 64(2) containing a second driving side
friction plate supported by the input side clutch housing 62
s0 as not to be relatively rotatable and a second driven side
friction plate supported by the input side second driving gear
52(2) so as not to be relatively rotatable in a state of being
opposed to the second driving side friction plate, and an
input side second piston (not illustrated) causing the input
side second friction plate group 64(2) to be frictionally
engaged.

[0160] The output side first transmission mechanism 70(1)
is configured to be able to transmit the rotation power of the
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second element to the speed change output shaft 45 at an
output side first speed change ratio.

[0161] In detail, the transmission structure has a speed
change intermediate shaft 43 disposed coaxially with the
planetary gear mechanism 30 and coupled with one of the
first and second elements so as not to be relatively rotatable
around the axis.

[0162] In this embodiment, the speed change intermediate
shaft 43 is coupled with the second element so as not to be
relatively rotatable.

[0163] Then, the output side first transmission mechanism
70(1) has an output side first driving gear 72(1) supported by
the speed change intermediate shaft 43 so as not to be
relatively rotatable and an output side first driven gear 74(1)
meshed with the output side first driving gear 72(1) and
relatively rotatably supported by the speed change output
shaft 45.

[0164] The output side second transmission mechanism
70(2) is configured to be able to transmit the rotation power
of' the first element to the speed change output shaft 45 at an
output side second speed change ratio.

[0165] In detail, the output side second transmission
mechanism 70(2) has an output side second driving gear
72(2) coupled with the first element and an output side
second driven gear 74(2) meshed with the output side
second driving gear 72(2) and relatively rotatably supported
by the speed change output shaft 45.

[0166] In this embodiment, the output side second driving
gear 72(2) is supported by the speed change intermediate
shaft 43 so as to be relatively rotatable.

[0167] Inthis embodiment, the output side first and second
clutch mechanisms 80(1) and 80(2) are configured as fric-
tion plate clutch mechanisms.

[0168] In detail, the output side first clutch mechanism
80(1) has an output side clutch housing 82 supported by the
speed change output shaft 45 so as not to be relatively
rotatable, an output side first friction plate group 84(1)
containing a first driving side friction plate supported by the
output side first driven gear 74(1) so as not to be relatively
rotatable and a first driven side friction plate supported by
the output side clutch housing 82 so as not to be relatively
rotatable in a state of being opposed to the first driving side
friction plate, and an output side first piston (not illustrated)
causing the output side first friction plate group to be
frictionally engaged.

[0169] The output side second clutch mechanism 80(2)
has the output side clutch housing 82, an output side second
friction plate group 84(2) containing a second driving side
friction plate supported by the output side second driven
gear 74(2) so as not to be relatively rotatable and a second
driven side friction plate supported by the output side clutch
housing 82 so as not to be relatively rotatable in a state of
being opposed to the second driving side friction plate, and
an output side second piston (not illustrated) causing the
output side second friction plate group to be frictionally
engaged.

[0170] In the transmission structure 1 according to this
embodiment, the input side first and second clutch mecha-
nisms 60(1) and 60(2) and the output side first and second
clutch mechanisms 80(1) and 80(2) are of a hydraulic type
in which an engagement state is exhibited when it receives
pressure oil supply.

[0171] In detail, as illustrated in FIG. 2, the transmission
structure 1 further has a pressure oil supply line 155, the
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upstream side of which is fluid-connected to a hydraulic
source 150, such as a hydraulic pump, a drain line 157, a first
supply/discharge line 160(1) supplying/discharging pressure
oil to the input side and output side first clutch mechanisms
60(1) and 80(1), a second supply/discharge line 160(2)
supplying/discharging pressure oil to the input side and
output side second clutch mechanisms 60(2) and 80(2), and
a switching valve 165, the position of which is controlled by
the control device 100.

[0172] The reference numeral 156 in FIG. 2 designates a
relief valve setting the hydraulic pressure of the pressure oil
supply line 155.

[0173] The switching valve 165 is configured to be able to
take a first position where the pressure oil supply/discharge
line 155 is fluid-connected to the first supply/discharge line
160(1) and the second supply/discharge line 160(2) is fluid-
connected to the drain line 157 and a second position where
the first supply/discharge line 160(1) is fluid-connected to
the drain line 157 and the pressure oil supply/discharge line
155 is fluid-connected to the second supply/discharge line
160(2).

[0174] As illustrated in FIG. 1, the transmission structure
1 according to this embodiment further has a traveling
transmission shaft 235 disposed on the downstream side in
the transmission direction relative to the speed change
output shaft 45 and a forward/reverse movement switching
mechanism 230 configured to be able to switch the rotation
direction of the driving force between the forward move-
ment direction and the reverse movement direction between
the speed change output shaft 45 and the traveling trans-
mission shaft 235.

[0175] The forward/reverse movement switching mecha-
nism 230 is configured so that the forward movement
direction and the reverse movement direction is switched by
the control device 100 in response to the operation to the
forward movement side and the reverse movement side of
the speed change operation member 90, for example.
[0176] More specifically, when recognizing that the speed
change operation member 90 is operated to the forward
movement side, the control device 100 brings the forward/
reverse movement switching mechanism 230 into a forward
movement transmission state and, when recognizing that the
speed change operation member 90 is operated to the reverse
movement side, the control device 100 brings the forward/
reverse movement switching mechanism 230 into a reverse
movement transmission state.

[0177] As illustrated in FIG. 1, the transmission structure
1 according to this embodiment is further provided with a
second traveling transmission shaft 245 disposed on the
downstream side in the transmission direction relative to the
traveling transmission shaft 235 and a sub speed change
mechanism 240 capable of changing, in multiple stages, the
rotational speed of the driving force in two stages of a high
speed stage and a low speed stage between the traveling
transmission shaft 235 and the second traveling transmission
shaft 245.

[0178] The sub speed change mechanism 240 is config-
ured so that switching between a high speed transmission
state and a low speed transmission state is performed
through a mechanical link mechanism or by the control
device in response to a manual operation to a sub speed
change operation member (not illustrated), for example.
[0179] The working vehicle 200 has one pair of right and
left main driving wheels as the driving wheels 220. There-

Apr. 23,2020

fore, the working vehicle 200 further has a pair of main
driving axles 250 correspondingly driving the pair of main
driving wheels and a differential mechanism 260 differen-
tially transmitting the rotation power of the second traveling
transmission shaft 245 to the pair of main driving axles 250
as illustrated in FIG. 1.

[0180] As illustrated in FIG. 1, the working vehicle 200
further has a traveling brake mechanism 255 selectively
applying braking force to the main driving axle 250, a
differential lock mechanism 265 forcibly synchronously
driving the pair of main driving axles 250 by the rotation
power from the second traveling transmission shaft 245, and
a driving force take-out mechanism 270 for sub-driving
wheels capable of selectively outputting the rotation power
branched from the second traveling transmission shaft 245
toward the sub-driving wheels.

[0181] Moreover, the working vehicle 200 has a PTO shaft
280 outputting the rotation power to the outside and a PTO
clutch mechanism 285 and a PTO multistage speed change
mechanism 290 interposed in a PTO transmission path
reaching the PTO shaft 280 from the driving source 210.
[0182] Herein, the operation control of the HST 10, the
input side first and second clutch mechanisms 60(1) and
60(2), and the output side first and second clutch mecha-
nisms 80(1) and 80(2) by the control device 100 is
described.

[0183] FIG. 3A and FIG. 3B illustrate graphs illustrating
the relationship between the traveling vehicle speed and the
rotational speed of the HST output in the working vehicle
200.

[0184] FIG. 3A and FIG. 3B illustrates states where the
sub speed change mechanism 240 is engaged with a low
speed stage and a high speed stage, respectively.

[0185] The control device 100 produces the first transmis-
sion state where the first element (the internal gear 36 in this
embodiment) is functioned as the reference power input
portion which receives the reference power operatively
transmitted from the driving source 210 and the second
element (the carrier 38 in this embodiment) is functioned as
an output portion of the synthetic rotation power by bringing
the input side and output side first clutch mechanisms 60(1)
and 80(1) into an engagement state and bringing the input
side and output side second clutch mechanisms 60(2) and
80(2) into a disengagement state when the speed change
operation member 90 is operated before the switching speed
positions (i.e., in a low speed state where the rotational
speed of the speed change output shaft 45 is less than a
predetermined switching speed based on a detection signal
of the output sensor 955).

[0186] The output sensor 956 may take various forms,
such as a sensor detecting the rotational speed of the speed
change output shaft 45 and a sensor detecting the rotational
speed of the driving wheel 20 or the driving axle 250, insofar
as the rotational speed of the speed change output shaft 45
can be directly or indirectly recognized.

[0187] The low speed state where the rotational speed of
the speed change output shaft 45 is less than the predeter-
mined switching speed means that, in a case where the
traveling vehicle speed is set as a reference, the vehicle
speed is within the range of —a(L) to +a (L) when the sub
speed change mechanism 240 is engaged with the low speed
stage (see FIG. 3A) and the vehicle speed is within the range
of —a(H) to +a (H) when the sub speed change mechanism
240 is engaged with the high speed stage (see FIG. 3B).
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[0188] “+” and “-” of the traveling vehicle speed mean
that the traveling directions of the working vehicle 200 are
the forward movement direction and the reverse movement
direction, respectively.

[0189] In the first transmission state, the control device
100 operates the output adjustment member 20 so that the
HST output is speed-changed from the first HST speed
(reverse rotation side predetermined speed in this embodi-
ment) toward the second HST speed (normal rotation side
predetermined speed in this embodiment) based on the HST
sensor 95a in response to an acceleration operation of the
speed change operation member 90.

[0190] The HST sensor 95a may take various forms, such
as a sensor detecting the rotational speed of the motor shaft
16 and a sensor detecting the operation position of the output
adjustment member 20, insofar as the output state of the
HST 10 can be detected.

[0191] More specifically, when the speed change opera-
tion member 90 is located before the switching speed
position, the control device 100 produces the first transmis-
sion state, and then,

[0192] (1) when the speed change operation member 90 is
located at a zero speed position (vehicle stop position), the
control device 100 locates the output adjustment member 20
at the first HST speed position (reverse rotation side prede-
termined speed position in this embodiment) where the HST
output is set to the first HST speed,

[0193] (2) until the speed change operation member 90
reaches the switching speed position (i.e., until the rotational
speed of the speed change output shaft 45 reaches the
switching speed from the zero speed (in a case where the
traveling vehicle speed in the working vehicle 200 of this
embodiment is used as a reference, equivalent to the time
until the traveling vehicle speed reaches the vehicle speed
-a(L) (in reverse movement) from the zero speed and the
time until the traveling vehicle speed reaches the vehicle
speed +a(lL) (in forward movement) from the zero speed
when the sub speed change mechanisms 240 is in the low
speed stage engagement state (FIG. 3A) and equivalent to
the time until the traveling vehicle speed reaches the vehicle
speed —a(H) (in reverse movement) from the zero speed and
the time until the traveling vehicle speed reaches the vehicle
speed +a(H) (in forward movement) from the zero speed
when the sub speed change mechanism 240 is in the high
speed stage engagement state (FIG. 3B)), the control device
100 operates the output adjustment member 20 so that the
HST output is speed-changed from the side of the first HST
speed to the side of the second HST speed in response to the
acceleration operation of the speed change operation mem-
ber 90 (so that the output adjustment member 20 is moved
from the reverse rotation side predetermined speed position
side to a normal rotation side predetermined speed position
side in this embodiment), and

[0194] (3) when the speed change operation member 90 is
located at the switching speed position (i.e., when the
rotational speed of the speed change output shaft 45 reaches
the switching speed (in a case where the traveling vehicle
speed in the working vehicle 200 of this embodiment is used
as a reference, equivalent to the time when the traveling
vehicle speed reaches the vehicle speed —-a(l.) (in reverse
movement) and the time when the traveling vehicle speed
reaches the vehicle speed +a(l.) (in forward movement)
when the sub speed change mechanisms 240 is in the low
speed stage engagement state (FIG. 3A) and equivalent to
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the time when the traveling vehicle speed reaches the
vehicle speed -a(H) (in reverse movement) and the time
when the traveling vehicle speed reaches the vehicle speed
+a(H) (in forward movement) when the sub speed change
mechanism 240 is in the high speed stage engagement state
(FIG. 3B)), the control device 100 operates the output
adjustment member 20 at the second HST speed position (in
this embodiment, normal rotation side predetermined speed
position) where the HST output is set to the second HST
speed.

[0195] Furthermore, when recognizing that the speed
change operation member 90 is operated to the high speed
side beyond the switching speed position (i.e., recognizing
that the rotational speed of the speed change output shaft 45
reaches a high speed state equal to or higher than the
predetermined switching speed based on a detection signal
of the output sensor 955), the control device 100 produces
a second transmission state where the first element is func-
tioned as an output portion and the second element is
functioned as the reference power input portion by bringing
the input side and output side first clutch mechanisms 60(1)
and 80(1) into the disengagement state and bringing the
input side and output side second clutch mechanisms 60(2)
and 80(2) into the engagement state.

[0196] The high speed state where the rotational speed of
the speed change output shaft 45 is equal to or higher than
the predetermined switching speed means a state where, in
a case where the traveling vehicle speed is used as a
reference, the traveling vehicle speed is higher than or equal
to —a(L)) (in reverse movement) and higher than or equal to
+a(L) (in forward movement) when the sub speed change
mechanism 240 is engaged with the low speed stage (see
FIG. 3A) and, the traveling vehicle speed is higher than or
equal to —a(H) (in reverse movement) and higher than or
equal to +a(H) (in forward movement) when the sub speed
change mechanism 240 is engaged with the high speed stage
(see FIG. 3B).

[0197] In the second transmission state, the control device
100 operates the output adjustment member 20 so that the
HST output is speed-changed from the second HST speed
(normal rotation side predetermined speed in this embodi-
ment) toward the first HST speed (the reverse rotation side
predetermined speed in this embodiment) based on the HST
sensor 954 in response to the acceleration operation of the
speed change operation member 90.

[0198] More specifically, when the speed change opera-
tion member 90 is operated to the forward movement high
speed side relative to the switching speed position, the
control device 100 produces the second transmission state,
and then,

[0199] (1) when the speed change operation member 90 is
located at the speed switching position, the control device
100 locates the output adjustment member 20 at the second
HST speed position where the HST output is set to the
second HST speed (normal rotation side predetermined
speed position in this embodiment),

[0200] (2) when the speed change operation member 90 is
located between the switching speed position and a forward
movement maximum speed position (i.e., until the rotational
speed of the speed change output shaft 45 reaches the
maximum speed from the switching speed (in a case where
the traveling vehicle speed in the working vehicle 200 of this
embodiment is used as a reference, equivalent to the time
until the traveling vehicle speed reaches the vehicle speed
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-b(L) from the vehicle speed -a(L) (in reverse movement)
and the time until the traveling vehicle speed reaches the
vehicle speed+b(L) from the vehicle speed +a(L.) (in forward
movement) when the sub speed change mechanism 240 is
engaged with the low speed stage (FIG. 3A) and equivalent
to the time until the traveling vehicle speed reaches the
vehicle speed -b(H) from the vehicle speed -a(H) (in
reverse movement) and the time until the traveling vehicle
speed reaches the vehicle speed+b(H) from the vehicle
speed +a(H) (in forward movement) when the sub speed
change mechanism 240 is in the high speed stage engage-
ment state (FIG. 3B)), the control device 100 operates the
output adjustment member 20 so that the HST output is
speed-changed from the side of the second HST speed to the
side of the first HST speed in response to the acceleration
operation of the speed change operation member 90 (the
output adjustment member 20 is moved from the normal
rotation side predetermined speed position to the reverse
rotation side predetermined speed position in this embodi-
ment), and

[0201] (3) when the speed change operation member 90 is
operated to the forward movement maximum speed position
(i.e., when the rotational speed of the speed change output
shaft 45 reaches the maximum speed (in a case where the
traveling vehicle speed in the working vehicle 200 of this
embodiment is used as a reference, equivalent to the time
when the traveling vehicle speed reaches the vehicle speed
-b(L) (in reverse movement) and the time when the travel-
ing vehicle speed reaches the vehicle speed +b(L) (in
forward movement) when the sub speed change mechanism
240 is in the low speed stage engagement state (FIG. 3A)
and equivalent to the time when the traveling vehicle speed
reaches the vehicle speed —b(H) (in reverse movement) and
the time when the traveling vehicle speed reaches the
vehicle speed +b(H) (in forward movement) when the sub
speed change mechanism 240 is in the high speed stage
engagement state (FIG. 3B)), the control device 100 locates
the output adjustment member 20 at the first HST speed
position (the reverse rotation side predetermined speed
position in this embodiment) where the HST output is set to
the first HST speed.

[0202] Herein, in this embodiment, the input side first and
second speed change ratios are set so that the rotational
speed of the second element is the same in the interval of
time between when the HST output is set to the second HST
speed under the first transmission state where the second
element functions as the output portion and when the second
transmission state is realized where the second element
functions as the reference power input portion that receives
the reference power from the driving source 210 operatively
transmitted through the input side second transmission
mechanism 50(2). The input side first and second speed
ratios are also set so that the rotational speed of the first
element is the same in the interval of time between when the
HST output is set to the second HST speed under the second
transmission state where the first element functions as the
output portion and when the first transmission state is
realized where the first element functions as the reference
power input portion that receives the reference power from
the driving source operatively transmitted through the input
side first transmission mechanism 50(1).

[0203] More specifically, in this embodiment, the input
side first and second speed change ratios are set so that a
rotational speed difference does not occur in the second
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element and the third element during the transition between
the first transmission state (where the first element is func-
tioned as the reference power input portion and the second
element is functioned as the output portion) and the second
transmission state (where the first element is functioned as
the output portion and the second element is functioned as
the reference power input portion).

[0204] Furthermore, in this embodiment, the output side
first and second speed change ratios are set so that the
rotational speed developed in the speed change output shaft
45 when the HST output is set to the second HST speed is
same in the first and second transmission states.

[0205] More specifically, in this embodiment, the output
side first and second speed change ratios are set so that a
change does not occur in the rotational speed of the speed
change output shaft 45, i.e., the traveling vehicle speed,
during the transition between the first and second transmis-
sion states.

[0206] According to the transmission structure 1 provided
with such a configuration, as illustrated in FIG. 3, a con-
tinuous speed change can be achieved over the speed change
range where the speed change output shaft 45 is accelerated
by speed-changing the HST output from the first HST speed
to the second HST speed (speed change range of 0 to —a and
0 to +a in a case where the traveling vehicle speed is used
as a reference, which is hereinafter referred to as a low speed
side speed change range) and the speed change range where
the speed change output shaft 45 is accelerated by speed-
changing the HST output from the second HST speed to the
first HST speed (speed change range of —-a to -b and +a to
+b in a case where the traveling vehicle speed is used as a
reference, which is hereinafter referred to as a high speed
side speed change range).

[0207] Furthermore, in the switching between the low
speed side speed change range (first transmission state) and
the high speed side speed change range (second transmission
state), a change in the operation position of the output
adjustment member 20 of the HST 10 is not required and a
change in the traveling vehicle speed is not caused.

[0208] Therefore, the switching can be smoothly per-
formed without applying a load to constituent members of
the traveling system transmission path in which the trans-
mission structure 1 is interposed.

[0209] Moreover, the transmission structure 1 enables the
switching without causing a speed difference between the
low speed side speed change range (first transmission state)
and the high speed side speed change range (second trans-
mission state) without being provided with two or more the
planetary gear mechanisms 30, and thus enables the real-
ization of good transmission efficiency.

[0210] More specifically, when two or more of the plan-
etary gear mechanisms are provided, the switch between the
transmission state in the low speed side speed change range
and the transmission state in the high speed side speed
change range is enabled without requiring a change in the
operation position of the output adjustment member of the
HST and without causing a traveling vehicle speed change.
[0211] However, the transmission efficiency of the plan-
etary gear mechanism is poor, and thus good transmission
efficiency cannot be obtained in the configuration provided
with two or more of the planetary gear mechanisms.
[0212] In contrast thereto, the transmission structure 1 can
obtain the above-described effect by simply being provided
with the single planetary gear mechanism 30.
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[0213] Moreover, in the transmission structure 1 accord-
ing to this embodiment, the input side first and second clutch
mechanisms 60(1) and 60(2) and the output side first and
second clutch mechanisms 80(1) and 80(2) are configured as
the friction plate clutch mechanisms as described above.
[0214] According to such a configuration, the switching
between the low speed side speed change range (first trans-
mission state) and the high speed side speed change range
(second transmission state) can be more smoothly per-
formed.

[0215] Preferably, the switching speed of the speed change
output shaft 45 serving as the target speed to start the switch
between the first and second transmission states can be set
to a speed higher than speed in the work speed range set in
the working vehicle 200.

[0216] More specifically, working vehicles, such as a
tractor and a combine, perform heavy load work, such as
tilling work, plowing work, tamping work, and reaping
work, while traveling at low speed in many cases.

[0217] In general, in the working vehicles, the traveling
vehicle speed in performing such heavy load work is set as
the work speed range. Traveling vehicle speed of 0 to 8 km/h
is usually set as the work speed range and, depending on the
specification, traveling vehicle speed of 0 to 10 km/h is set
as the work speed range.

[0218] Therefore, by setting the switching speed of the
speed change output shaft 45 to be higher than the speed in
the work speed range in a case where the traveling vehicle
speed is used as a reference, it can be effectively prevented
that the switching between the first and second transmission
states is performed in the state where the heavy load work
is performed.

Embodiment 2

[0219] Hereinafter, another embodiment of the transmis-
sion structure according to the present invention is described
with reference to the accompanying drawings.

[0220] FIG. 4 illustrates a hydraulic circuit diagram of a
transmission structure 2 according to this embodiment.
[0221] In the figure, the same components as those in
Embodiment 1 described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0222] The transmission structure 2 according to this
embodiment is different from the transmission structure 1
according to Embodiment 1 in a point that the output side
first and second transmission mechanisms 70(1) and 70(2)
are deleted.

[0223] Inthis embodiment, the output side first and second
clutch mechanisms 80(1) and 80(2) are provided to engage/
disengage the power transmission from the second element
(the carrier 38 in this embodiment) and the first element (the
internal gear 36 in this embodiment), respectively, to the
speed change output shaft 45.

[0224] FIG. 5A and FIG. 5B illustrate graphs illustrating
the relationship between the traveling vehicle speed and the
rotational speed of the HST output in a working vehicle to
which the transmission structure 2 is applied.

[0225] FIG.5A and FIG. 5B illustrate states where the sub
speed change mechanism 240 is engaged with a low speed
stage and a high speed stage, respectively.

[0226] As illustrated in FIG. 5A and FIG. 5B, in this
embodiment, the control device 100 is configured to perform
switching from the first transmission state to the second
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transmission state when the speed change operation member
90 is operated from the zero speed position to the first
switching speed positions, i.e., when recognizing that the
speed change output shaft 45 reaches a predetermined first
switching speed in the first transmission state based on a
detection signal of the output sensor 955 (in a case where the
traveling vehicle speed is used as a reference, —a(L.)(1) (in
reverse movement) or +a(L)(1) (in forward movement) in
the low speed stage engagement and —a(H)(1) (in reverse
movement) or +a(H)(1) (in forward movement) in the high
speed stage engagement).

[0227] Herein, when the HST output is set to the second
HST speed in the first transmission state, the rotational speed
of'the first switching speed is developed in the speed change
output shaft 45.

[0228] More specifically, when the reference power from
the driving source 210 is operatively input into the first
element (the internal gear 36 in this embodiment), the HST
output of the second HST speed is operatively input into the
third element (the sun gear 32 in this embodiment), and the
synthetic rotation power is output from the second element
(the carrier 38 in this embodiment), the speed change output
shaft 45 rotates at the first switching speed by the synthetic
rotation power operatively transmitted from the second
element.

[0229] At this time, the traveling vehicle speed is set to
-a(L)(1) (in reverse movement) or +a(L)(1) (in forward
movement) (FIG. 5A) in the low speed stage engagement of
the sub speed change mechanism 240 and is set to —a(H)(1)
(in reverse movement) or +a(H)(1) (in forward movement)
(FIG. 5B) in the high speed stage engagement of the sub
speed change mechanism 240.

[0230] When the speed change operation member 90 is
operated to the first switching speed positions (i.e., when the
switching from the first transmission state to the second
transmission state is performed due to the fact that the HST
output is set to the second HST speed, so that the rotational
speed of the speed change output shaft 45 reaches the first
switching speed in the first transmission state), a state is set
where the reference power from the driving source 210 is
operatively input into the second element (the carrier 38 in
this embodiment), the HST output of the second HST speed
is operatively input into the third element (the sun gear 32
in this embodiment), and the synthetic rotation power is
output from the first element (the internal gear 38 in this
embodiment), so that the speed change output shaft 45 is
rotated by the synthetic rotation power operatively trans-
mitted from the first element.

[0231] At this time, the transmission structure 2 according
to this embodiment does not have the output side first and
second transmission mechanisms 70(1) and 70(2) as
described above, and therefore the rotational speed of the
speed change output shaft 45 changes from the first switch-
ing speed to a second switching speed.

[0232] The traveling vehicle speed when the rotational
speed of the speed change output shaft 45 is the second
switching speed becomes —a(1L)(2) (in reverse movement) or
+a(L)(2) (in forward movement) (FIG. 5A) in the low speed
stage engagement of the sub speed change mechanism 240,
and becomes -a(H)(2) (in reverse movement) or +a(H)(2)
(in forward movement) (FIG. 5B) in the high speed stage
engagement of the sub speed change mechanism 240.
[0233] More specifically, in the transmission structure 2
according to this embodiment, a rotational speed difference
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occurs in the speed change output shaft 45 in the switching
between the first and second transmission states, so that the
traveling vehicle speed changes.

[0234] However, the rotational speed difference is not so
large, and therefore can be absorbed by components forming
the traveling system transmission path.

[0235] In particular, in this embodiment, the input side
first and second clutch mechanisms 60(1) and 60(2) and the
output side first and second clutch mechanisms 80(1) and
80(2) are configured as the friction plate clutch mechanisms,
and thus the rotational speed difference can be effectively
absorbed by the friction plate clutch mechanisms.

[0236] In place thereof, the input side second clutch
mechanism 60(2) brought into the engagement state in the
second transmission state out of the input side first and
second clutch mechanisms 60(1) and 60(2) and the output
side second clutch mechanism 80(2) brought into the
engagement state in the second transmission state out of the
output side first and second clutch mechanisms 80(1) and
80(2) can be configured as the friction plate clutch mecha-
nisms and the remaining clutch mechanisms 60(1) and 80(1)
can be configured as the other forms, such as a dog clutch
mechanism.

[0237] According to the transmission structure 2 having
such a configuration, although a certain traveling speed
difference occurs in the switching between the first and
second transmission states, the structure can be simplified by
the deletion of the output side first and second transmission
mechanisms 70(1) and 70(2) as compared with Embodiment

[0238] FIG. 6A and FIG. 6B illustrate graphs illustrating
the relationship between the traveling vehicle speed and the
rotational speed of the HST output in a modification of this
embodiment.

[0239] FIG. 6A and FIG. 6B illustrate states where the sub
speed change mechanism 240 is engaged with the low speed
stage and the high speed stage, respectively.

[0240] Inthe modification, the control device 100 operates
the output adjustment member 20 so that the switching
speed in a transmission state after the switching coincides
with or approaches the switching speed in a transmission
state before the switching in the switching between the first
and second transmission states.

[0241] More specifically, in a case where the switching
from the first transmission state to the second transmission
state is taken as an example, the control device 100 is
configured to operate the output adjustment member 20 so
that the switching speed (second switching speed) in the
second transmission state which is a transmission state after
the switching coincides with or approaches the switching
speed (first switching speed) in the first transmission state
which is the transmission state before the switching.
[0242] Such a modification can effectively prevent or
reduce the occurrence of the rotational speed difference in
the speed change output shaft 45 in the switching between
the first and second transmission states, i.e. the occurrence
of a traveling speed difference.

Embodiment 3

[0243] Hereinafter, a still another embodiment of the
transmission structure according to the present invention is
described with reference to the accompanying drawings.
[0244] FIG. 7 illustrates a hydraulic circuit diagram of a
transmission structure 3 according to this embodiment.
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[0245] In the figure, the same components as those in
Embodiments 1 and 2 described above are designated by the
same reference numerals and a description thereof is omitted
as appropriate.

[0246] The transmission structure 3 according to this
embodiment is different from the transmission structure 1
according to Embodiment 1 in a point that a double trans-
mission state where both the input side first and second
clutch mechanisms 60(1) and 60(2) are brought into the
engagement state and both the output side first and second
clutch mechanisms 80(1) and 80(2) are brought into the
engagement state is developed in the switching transition
stage of the first and second transmission states.

[0247] Specifically, the transmission structure 3 is differ-
ent from the transmission 1 according to Embodiment 1 in
the pressure oil supply/discharge configuration to the input
side first and second clutch mechanisms 60(1) and 60(2) and
the output side first and second clutch mechanisms 80(1) and
80(2).

[0248] More specifically, as illustrated in FIG. 7, the
transmission structure 3 is provided with the pressure oil
supply line 155, an input side first supply/discharge line
360(1), an input side second supply/discharge line 360(2),
an output side first supply/discharge line 362(1) and an
output side second supply/discharge line 362(2) supplying/
discharging pressure oil to the input side first clutch mecha-
nism 60(1), the input side second clutch mechanism 60(2),
the output side first clutch mechanism 80(1) and the output
side second clutch mechanism 80(2), respectively, an input
side first electromagnetic valve 365(1), an input side second
electromagnetic valve 365(2), an output side first electro-
magnetic valve 367(1) and an output side second electro-
magnetic valve 367(2) interposed between the pressure oil
supply line 155 and the input side first supply/discharge line
360(1), the input side second supply/discharge line 360(2),
the output side first supply/discharge line 362(1) and the
output side second supply/discharge line 362(2), respec-
tively, and an input side first pressure sensor 370(1), an input
side second pressure sensor 370(2), an output side first
pressure sensor 372(1) and an output side second pressure
sensor 372(2) interposed in the input side first supply/
discharge line 360(1), the input side second supply/dis-
charge line 360(2), the output side first supply/discharge line
362(1) and the output side second supply/discharge line
362(2), respectively.

[0249] Each of the electromagnetic valves 365(1), 365(2),
367(1) and 367(2) is configured to be able to take a discharge
position where the corresponding supply/discharge line 360
(1), 360(2), 362(1) and 362(2) is drained and a supply
position where the corresponding supply/discharge line 360
(1), 360(2), 362(1) and 362(2) is fluid-connected to the
pressure oil supply line 155.

[0250] In this embodiment, each of the electromagnetic
valves 365(1), 365(2), 367(1) and 367(2) is biased toward
the discharge positions by a biasing member and located at
the supply position against the pressing force of the biasing
member when a control signal from the control device 100
is input.

[0251] Inthis embodiment, as illustrated in FIG. 7, each of
the electromagnetic valve 365(1), 365(2), 367(1) and 367(2)
is configured as a proportional electromagnetic valve that
receives the hydraulic pressure of the corresponding supply/
discharge line 360(1), 360(2), 362(1) and 362(2) as pilot
pressure to thereby maintain the hydraulic pressure of the
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corresponding supply/discharge line 360(1), 360(2), 362(1)
and 362(2) at engagement hydraulic pressure in a state
where a position signal to the supply position is input from
the control device 100.

[0252] The position control of the electromagnetic valves
365(1), 365(2), 367(1) and 367(2) by the control device 100
is described taking a case of the switching from the first
transmission state to the second transmission state as an
example.

[0253] FIG. 8 illustrates hydraulic pressure waveform
charts of the supply/discharge lines 360(1), 360(2), 362(1)
and 362(2) in the switching from the first transmission state
to the second transmission state.

[0254] In a state where the speed change operation mem-
ber 90 is located between the zero speed position and the
switching speed position (i.e., in a low speed state where the
rotational speed of the speed change output shaft 45 is less
than the switching speed), the control device 100 locates the
input side first electromagnetic valve 365(1) and the output
side first electromagnetic valve 367(1) at the supply posi-
tions and locates the input side second electromagnetic valve
365(2) and the output side second electromagnetic valve
367(2) at the discharge positions.

[0255] In this state, while the hydraulic pressure of the
input side second supply/discharge line 360(2) and the
output side second supply/discharge line 362(2) are
released, so that the input side second clutch mechanism
60(2) and the output side second clutch mechanism 80(2) are
brought into the disengagement state, the input side first
supply/discharge line 360(1) and the output side first supply/
discharge line 362(1) are maintained at the engagement
hydraulic pressure set by the pilot pressure of the corre-
sponding electromagnetic valves 365(1) and 367(1), so that
the input side first clutch mechanism 60(1) and the output
side first clutch mechanism 80(1) are brought into the
engagement state.

[0256] Thus, the transmission structure 3 is brought into
the first transmission state.

[0257] Meanwhile, in a state where the speed change
operation member 90 is operated beyond the switching
speed position (i.e., in a high speed state where the rotational
speed of the speed change output shaft 45 is equal to or
higher than the switching speed), the control device 100
locates the input side first electromagnetic valve 365(1) and
the output side first electromagnetic valve 367(1) at the
discharge positions and locates the input side second elec-
tromagnetic valve 365(2) and the output side second elec-
tromagnetic valve 367(2) at the supply positions.

[0258] In this state, while the hydraulic pressure of the
input side first supply/discharge line 360(1) and the output
side first supply/discharge line 362(1) is released, so that the
input side first clutch mechanism 60(1) and the output side
first clutch mechanism 80(1) are brought into the disengage-
ment state, the input side second supply/discharge line
360(2) and the output side second supply/discharge line
362(2) are maintained at the engagement hydraulic pressure
set by the pilot pressure of the corresponding electromag-
netic valves 365(2) and 367(2), so that the input side second
clutch mechanism 60(2) and the output side second clutch
mechanism 80(2) are brought into the engagement state.
[0259] Thus, the transmission structure 3 is brought into
the second transmission state.

[0260] Herein, when recognizing that the speed change
operation member 90 is operated to the switching speed
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position at time Ta (see FIG. 8), (i.e., when recognizing that
the rotational speed of the speed change output shaft 45
reaches the switching speed from the state where the rota-
tional speed is less than the switching speed based on a
signal from the output sensor 955), the control device 100
moves the input side second electromagnetic valve 365(2)
and the output side second electromagnetic valve 367(2)
located at the discharge positions at the time before the
switching to the supply positions from the discharge posi-
tions while maintaining the input side first electromagnetic
valve 365(1) and the output side first electromagnetic valve
367(1) located at the supply positions at the time before the
switching of the transmission state (at the time of the first
transmission state in this example) at the supply positions.

[0261] Thus, while the input side first supply/discharge
line 360(1) and the output side first supply/discharge line
362(1) are maintained at the engagement hydraulic pressure,
the hydraulic pressure of the input side second supply/
discharge line 360(2) and the output side second supply/
discharge line 362(2) increase to the engagement hydraulic
pressure at time Tb, so that the double transmission state is
developed.

[0262] Thereafter, the control device 100 moves the input
side first electromagnetic valve 365(1) and the output side
first electromagnetic valve 367(1) located at the supply
positions at the time before the switching from the supply
positions to the discharge positions when predetermined
time (time Tc) has passed from the time (time Tb) when
recognizing that the hydraulic pressure of the input side
second supply/discharge line 360(2) and the output side
second supply/discharge line 362(2) to which pressure oil is
supplied through the input side second electromagnetic
valve 365(2) and the output side second electromagnetic
valve 367(2) moved to the supply positions reaches the
engagement hydraulic pressure based on the signals from the
corresponding pressure sensors 370(2) and 372(2).

[0263] Thus, the second transmission state where, while
the input side second clutch mechanism 60(2) and the output
side second clutch mechanism 80(2) are brought into the
engagement state, the input side first clutch mechanism
60(1) and the output side first clutch mechanism 80(1) are
brought into the disengagement state is developed.

[0264] The transmission structure 3 according to this
embodiment having such a configuration can effectively
prevent the occurrence of a state where traveling driving
force is not transmitted to the driving wheels 220 in the
switching between the first and second transmission states.

[0265] This is particularly effective when the switching
between the first and second transmission states occurs in
the work traveling.

[0266] This embodiment is configured so that the engage-
ment states of the corresponding friction plate clutch mecha-
nisms are detected based on the pressure sensors 370(1),
370(2), 372(1) and 372(2). However, in place of the con-
figuration, this embodiment can be configured so that the
engagement states of the corresponding friction plate clutch
mechanisms are detected based on other clutch engagement
detection units detecting a supply current value, supply
current time, and the like of the proportional electromagnetic
valves 365(1), 365(2), 367(1) and 367(2).
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Embodiment 4

[0267] Hereinafter, yet still another embodiment of the
transmission structure according to the present invention is
described with reference to the accompanying drawings.
[0268] FIG. 9 illustrates a hydraulic circuit diagram of a
transmission structure 4 according to this embodiment.
[0269] In the figure, the same components as those in
Embodiments 1 to 3 described above are designated by the
same reference numerals and a description thereof is omitted
as appropriate.

[0270] The transmission structure 4 according to this
embodiment has an input side clutch unit 410 and an output
side clutch unit 430 of a dog clutch type in place of the input
side first and second clutch mechanisms 60(1) and 60(2) and
the output side first and second clutch mechanisms 80(1) and
80(2) of the friction plate type as compared with the trans-
mission structure 1 according to Embodiment 1.

[0271] FIG. 10 illustrates a partial cross sectional view of
the input side clutch unit 410.

[0272] As illustrated in FIG. 10, the input side clutch unit
410 has an input side slider 412 supported by a correspond-
ing main driving shaft 212 so as not to be relatively rotatable
and so as to be movable in the axial direction.

[0273] The input side slider 412 is disposed between the
input side first and second driving gears 52(1) and 52(2) and
has a first recess-projection engagement portion 412(2) on
one side in the axial direction close to the input side first
driving gear 52(1) and a second recess-projection engage-
ment portion 412(1) on the other side in the axial direction
close to the input side second driving gear 52(2).

[0274] The input side clutch unit 410 further has recess-
projection engagement portions 414(1) and 414(2) formed in
the input side first and second driving gears 52(1) and 52(2),
respectively.

[0275] More specifically, when the input side slider 412 is
located at a first position on the one side in the axial direction
illustrated in FIG. 10, while the second recess-projection
engagement portion 412(2) is not engaged with the recess-
projection engagement portion 414(2) of the input side
second driving gear 52(2), the first recess-projection engage-
ment portion 412(1) is engaged with the recess-projection
engagement portion 414(1) of the input side first driving
gear 52(1), whereby the input side first driving gear 52(1) is
coupled with the main driving shaft 212, so that the input
side slider 412 brings only an input side first clutch mecha-
nism formed by the first recess-projection engagement por-
tion 412(1) and the recess-projection engagement portion
414(1) into the engagement state.

[0276] When the input side slider 412 is located at a
second position on the other side in the axial direction, while
the first recess-projection engagement portion 412(1) is not
engaged with the recess-projection engagement portion 414
(1) of the input side first driving gear 52(1), the second
recess-projection engagement portion 412(2) is engaged
with the recess-projection engagement portion 414(2) of the
input side second driving gear 52(2), whereby the input side
second driving gear 52(2) is coupled with the main driving
shaft 212, so that the input side slider 412 brings only the
input side second clutch mechanism formed by the second
recess-projection engagement portion 412(2) and the recess-
projection engagement portion 414(2) into the engagement
state.

[0277] As illustrated in FIG. 11, when the input side slider
412 is located at an intermediate position between the first
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and second positions with respect to the axial direction, the
first and second recess-projection engagement portions 412
(1) and 412(2) are engaged with the recess-projection
engagement portions 414(1) and 414(2) of the input side first
and second driving gears 52(1) and 52(2), respectively,
whereby the input side slider 412 brings both the input side
first and second driving gears 52(1) and 52(2) are coupled
with the main driving shaft 212, so that both the input side
first and second clutch mechanisms into the engagement
state.

[0278] More specifically, when the input side slider 412
moves between the first position where the first transmission
state is developed and the second position where the second
transmission state is developed, the input side slider 412
certainly passes the intermediate position where both the
input side first and second clutch mechanisms are brought
into the engagement state.

[0279] The transmission structure 4 according to this
embodiment having such a configuration can also effectively
prevent the generation of the state where the traveling
driving force is not transmitted to the driving wheels in the
switching between the first and second transmission states.
[0280] The output side clutch unit 430 has substantially
the same configuration as that of the input side clutch unit
410.

[0281] More specifically, the output side clutch unit 430
has a recess-projection engagement portion (not illustrated)
formed in each of the output side first and second driven
gears 74(1) and 74(2) and an output side slider 432 sup-
ported by the corresponding speed change output shaft 45 so
as not to be relatively rotatable and so as to be movable in
the axial direction between the output side first and second
driven gears 74(1) and 74(2) with respect to the axial
direction.

[0282] The output side slider 432 has a first recess-
projection engagement portion (not illustrated) on one side
in the axial direction close to the output side first driven gear
74(1) and a second recess-projection engagement portion
(not illustrated) on the other side in the axial direction close
to the output side second driven gear 74(2).

[0283] When the output side slider 432 is located at the
first position on the one side in the axial direction, while the
second recess-projection engagement portion is not engaged
with a recess-projection engagement portion of the output
side second driven gear 74(2), the first recess-projection
engagement portion is engaged with a recess-projection
engagement portion of the output side first driven gear 74(1),
whereby the output side first driven gear 74(1) is coupled
with the speed change output shaft 45, so that the output side
slider 432 brings only an output side first clutch mechanism
formed by the first recess-projection engagement portion
and the recess-projection engagement portion of the output
side first driven gear 74(1) into the engagement state.
[0284] When the output side slider 432 is located at the
second position on the other side in the axial direction, while
the first recess-projection engagement portion is not engaged
with the recess-projection engagement portion of the output
side first driven gear 74(1), the second recess-projection
engagement portion is engaged with the recess-projection
engagement portion of the output side second driven gear
74(2), whereby the output side second driven gear 74(2) is
coupled with the speed change output shaft 45, so that the
output side slider 432 brings only an output side second
clutch mechanism formed by the second recess-projection
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engagement portion and the recess-projection engagement
portion of the output side second driven gear 74(2) into the
engagement state.

[0285] Furthermore, when the output side slider 432 is
located at an intermediate position between the first and
second positions with respect to the axial direction, the first
and second recess-projection engagement portions are
engaged with the recess-projection engagement portions of
the output side first and second driven gears 74(1) and 74(2),
respectively, whereby both the output side first and second
driven gears 74(1) and 74(2) are coupled with the speed
change output shaft 45, so that the input side slider 432
brings both the output side first and second clutch mecha-
nisms into the engagement state.

[0286] The transmission structure 4 according to this
embodiment has a hydraulic driving mechanism as a press-
ing mechanism for the input side slider 412 and the output
side slider 432.

[0287] The hydraulic driving mechanism is provided with
the pressure oil supply line 155, the drain line 157, an input
side first oil chamber 450(1) pressing the input side slider
412 toward the first position by pressure oil to be supplied,
an input side second oil chamber 450(2) pressing the input
side slider 412 toward the second position by pressure oil to
be supplied, an output side first oil chamber 452(1) pressing
the output side slider 432 toward the first position by
pressure oil to be supplied, an output side second oil
chamber 452(2) pressing the output side slider 432 toward
the second position by pressure oil to be supplied, a first
supply/discharge line 460(1) supplying/discharging pressure
oil to the input side first oil chamber 450(1) and the output
side first oil chamber 452(1), a second supply/discharge line
460(2) supplying/discharging pressure oil to the input side
second oil chamber 450(2) and the output side second oil
chamber 452(2), and an electromagnetic valve 465, the
position of which is control by the control device 100.
[0288] In the figure, the reference numeral 414 designates
a biasing member pressing the input side slider 412 toward
one side in the axial direction (first position in the example
illustrated in the figure) and the reference numeral 434
designates a biasing member pressing the output side slider
432 toward one side in the axial direction (first position in
the example illustrated in the figure).

[0289] The electromagnetic valve 465 is configured to be
able to take a first position where the pressure oil supply/
discharge line 155 is fluid-connected to the first supply/
discharge line 460(1) and the second supply/discharge line
460(2) is fluid-connected to the drain line 157 and a second
position where the first supply/discharge line 460(1) is
fluid-connected to the drain line 157 and the pressure oil
supply/discharge line 155 is fluid-connected to the second
supply/discharge line 460(2).

[0290] FIG. 12 illustrates hydraulic pressure wave form
charts of the first and second supply/discharge lines 460(1)
and 460(2) in the switching from the first transmission state
to the second transmission state.

[0291] The control device 100 locates the electromagnetic
valve 465 at the first position in a state where the speed
change operation member 90 is located between the zero
speed position and the switching speed position (i.e., in a
low speed state where the rotational speed of the speed
change output shaft 45 is less than the switching speed).
[0292] In this state, the hydraulic pressure of the second
supply/discharge line 460(2) is released and pressure oil is
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supplied to the first supply/discharge line 460(1), and
thereby the input side slider 412 and the output side slider
432 are located at the first position.

[0293] Thus, while the input side second clutch mecha-
nism and the output side second clutch mechanism are
brought into the disengagement state, the input side first
clutch mechanism and the output side first clutch mechanism
are brought into the engagement state, so that the transmis-
sion structure 4 is brought into the first transmission state.
[0294] In a state where the speed change operation mem-
ber 90 exceeds the switching speed position (in the high
speed state where the rotational speed of the speed change
output shaft 45 is equal to or higher than the switching
speed), the control device 100 locates the electromagnetic
valve 465 at the second position.

[0295] In this state, the hydraulic of the first supply/
discharge line 460(1) is released and pressure oil is supplied
to the second supply/discharge line 460(2), and thereby the
input side slider 412 and the output side slider 432 are
located at the second position.

[0296] Thus, while the input side first clutch mechanism
and the output side first clutch mechanism are brought into
the disengagement state, the input side second clutch mecha-
nism and the output side second clutch mechanism are
brought into the engagement state, so that the transmission
structure is brought into the second transmission state.
[0297] Herein, when recognizing that the speed change
operation member 90 is operated from the zero speed
position side to the switching speed position at time Ta (see
FIG. 12) (i.e., when recognizing that the rotational speed of
the speed change output shaft 45 reaches the switching
speed from the state where the rotational speed is less than
the switching speed based on a signal from the output sensor
95b), the control device 100 moves the electromagnetic
valve 465 from the first position to the second position.
[0298] Thus, the input side slider 412 and the output side
slider 432 are moved toward the second position from the
first position where the input side slider 412 and the output
side slider 432 are located at the time Ta, and then reach the
second position at the time Tb. Then, the double transmis-
sion state is developed at the intermediate position in the
middle of the movement.

[0299] Although both the input side clutch unit and the
output side clutch unit are configured as the friction plate
type in Embodiment 3 described above and both the input
side clutch unit and the output side clutch unit are configured
as the dog clutch type in Embodiment 4, the present inven-
tion is not limited to such configurations.

[0300] More specifically, one of the input side clutch unit
and the output side clutch unit can be configured as the
friction plate type and the other side can be configured as the
dog clutch type.

[0301] FIG. 13 illustrates a hydraulic circuit diagram of a
transmission structure 5 according to a modification in
which the input side clutch unit is configured as the dog
clutch type and the output side clutch unit is configured as
the friction plate type.

[0302] FIG. 14 illustrate a hydraulic pressure waveform
charts in the transmission structure 5 in the switching from
the first transmission state to the second transmission state.
[0303] It is a matter of course that the configuration
relating to the double transmission structure in Embodiment
3 and 4 described above is also applicable to Embodiment 2
described above.
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Embodiment 5

[0304] Hereinafter, further yet still another embodiment of
the transmission structure according to the present invention
is described with reference to the accompanying drawings.
[0305] The transmission structure according to this
embodiment is different from the transmission structure 3
according to Embodiment 3 described above only in the
point that the position control timing of the electromagnetic
valves 365(1), 365(2), 367(1) and 367(2) by the control
device 100 in the switching between the first and second
transmission states is changed.

[0306] FIG. 15 illustrates hydraulic pressure waveform
charts of the supply/discharge lines 360(1), 360(2), 362(1)
and 362(2) in the switching from the first transmission state
to the second transmission state.

[0307] In the state where the speed change operation
member 90 is located before the switching speed position
(i.e., in a low speed state where the rotational speed of the
speed change output shaft 45 is less than the switching
speed), the control device 100 performs the same position
control as that of Embodiment 3 described above to the
electromagnetic valves 365(1), 365(2), 367(1) and 367(2).
[0308] More specifically, the control device 100 locates
the input side first electromagnetic valve 365(1) and the
output side first electromagnetic valve 367(1) at the supply
position and locates the input side second electromagnetic
valve 365(2) and the output side second electromagnetic
valve 367(2) at the discharge positions.

[0309] In this state, while the hydraulic pressure of the
input side second supply/discharge line 360(2) and the
output side second supply/discharge line 362(2) is released,
so that the input side second clutch mechanism 60(2) and the
output side second clutch mechanism 80(2) are brought into
the disengagement state, the input side first supply/discharge
line 360(1) and the output side first supply/discharge line
362(1) are maintained at the engagement hydraulic pressure
set by the pilot pressure of the corresponding electromag-
netic valves 365(1) and 367(1), so that the input side first
clutch mechanism 60(1) and the output side first clutch
mechanism 80(1) are brought into the engagement state as
illustrated in FIG. 15.

[0310] Thus, the transmission structure is brought into the
first transmission state.

[0311] Also in a state where the speed change operation
member 90 exceeds the switching speed position (i.e., also
in the high speed state where the rotational speed of the
speed change output shaft 45 is equal to or higher than the
switching speed), the control device 100 performs the same
position control as that of Embodiment 3 described above to
the electromagnetic valves 365(1), 365(2), 367(1) and 367
2.

[0312] More specifically, the control device 100 locates
the input side first electromagnetic valve 365(1) and the
output side first electromagnetic valve 367(1) at the dis-
charge positions and locates the input side second electro-
magnetic valve 365(2) and the output side second electro-
magnetic valve 367(2) at the supply positions.

[0313] In this state, while the hydraulic pressure of the
input side first supply/discharge line 360(1) and the output
side first supply/discharge line 362(1) is released, so that the
input side first clutch mechanism 60(1) and the output side
first clutch mechanism 80(1) are brought into the disengage-
ment state, the input side second supply/discharge line
360(2) and the output side second supply/discharge line
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362(2) are maintained at the engagement hydraulic pressure
set by the pilot pressure of the corresponding electromag-
netic valves 365(2) and 367(2), so that the input side second
clutch mechanism 60(2) and the output side second clutch
mechanism 80(2) are brought into the engagement state as
illustrated in FIG. 15.

[0314] Thus, the transmission structure 3 is brought into
the second transmission state.

[0315] Meanwhile, in the switching between the first and
second transmission states, the control device 100 performs
position control different from that of Embodiment 3
described above to the electromagnetic valves 365(1), 365
(2), 367(1) and 367(2).

[0316] More specifically, when recognizing that the speed
change operation member 90 is operated from the zero speed
position side to the switching speed position at time Ta in
FIG. 15. (i.e., when recognizing that the rotational speed of
the speed change output shaft 45 reaches the switching
speed from a state where the rotational speed is less than the
switching speed based on a signal from the output sensor
955b), the control device 100 moves the input side second
electromagnetic valve 365(2) and the output side second
electromagnetic valve 367(2) located at the discharge posi-
tions at the time before the switching to the supply positions
from the discharge positions while maintaining the input
side first electromagnetic valve 365(1) and the output side
first electromagnetic valve 367(1) located at the supply
positions at the time before switching the transmission state
(at the time of the first transmission state in this example) at
the supply positions.

[0317] Thus, while the input side first supply/discharge
line 360(1) and the output side first supply/discharge line
362(1) are maintained at the engagement hydraulic pressure,
the hydraulic pressure of the input side second supply/
discharge line 360(2) and the output side second supply/
discharge line 362(2) gradually increase to reach the engage-
ment hydraulic pressure at time Tb.

[0318] Herein, when recognizing that the hydraulic pres-
sure of the input side second supply/discharge line 360(2)
and the output side second supply/discharge line 362(2) to
which pressure oil is supplied through the input side second
electromagnetic valve 365(2) and the output side second
electromagnetic valve 367(2), the positions of which are
moved to the supply positions from the discharge positions,
reaches switching hydraulic pressure P less than the engage-
ment hydraulic pressure based on signals from the corre-
sponding pressure sensors 370(2) and 372(2), the control
device 100 moves the input side first electromagnetic valve
365(1) and the output side first electromagnetic valve 367(1)
located at the supply positions at the time before the switch-
ing from the supply positions to the discharge positions.

[0319] The switching hydraulic pressure P is a hydraulic
pressure at which the friction plate group of the correspond-
ing clutch mechanism is brought into a sliding engagement
state of performing power transmission while sliding.

[0320] The transmission structure according to this
embodiment having such a configuration can prevent or
reduce the generation of the state where the traveling driving
force is not transmitted to the driving wheels 220 in the
switching between the first and second transmission states as
much as possible and further can effectively prevent or
reduce a switching shock which may occur in the switching
between the first and second transmission states.
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[0321] More specifically, the input side first and second
speed change ratios are set so that the rotational speed of the
second element when the HST output is set to the second
HST speed in the first transmission state and the rotational
speed of the second element by the rotation power trans-
mitted through the input side second transmission mecha-
nism 50(2) in the second transmission state are the same and
so that the rotational speed of the first element when the HST
output is set to the second HST speed in the second
transmission state and the rotational speed of the first
element by the rotation power transmitted through the input
side first transmission mechanism 50(1) in the first trans-
mission state are the same.

[0322] Therefore, a rotational speed difference theoreti-
cally does not occur in the first element and/or the second
element in the switching between the first and second
transmission states.

[0323] However, a rotational speed difference may occur
in the first element and/or the second element in the switch-
ing between the first and second transmission states due to
a manufacturing error and the like.

[0324] With respect to this point, in this embodiment, even
if a rotational speed difference occurs in the first element
and/or the second element in the switching between the first
and second transmission states, immediately before one of
the clutch mechanisms (the input side second clutch mecha-
nism 60(2) in the example of FIG. 15), to which pressure oil
is supplied through the electromagnetic valve (the input side
second electromagnetic valve 365(2) in the example of FIG.
15), the position of which is moved from the disengagement
position to the supply position in the switching between the
first and second transmission states, is brought into a perfect
engagement state by way of processes in which the friction
plate group of the clutch mechanism is gradually friction-
engaged while sliding, and then the hydraulic pressure of the
one clutch mechanism reaches the engagement hydraulic
pressure, the hydraulic pressure of the other one of the clutch
mechanisms (the input side first clutch mechanism 60(1) in
the example of FIG. 15) brought into the engagement state
before the switching between the first and second transmis-
sion states is released from the engagement hydraulic pres-
sure.

[0325] Therefore, the generation of the state where the
traveling driving force is not transmitted to the driving
wheels 220 in the switching between the first and second
transmission states can be prevented or reduced as much as
possible and a damage on a transmission system due to the
switching shock or the double transmission state which may
occur in the switching between the first and second trans-
mission states can be effectively prevented or reduced.

[0326] Moreover, the output side first and second speed
change ratios are set so that the rotational speed developed
in the speed change output shaft 45 when the HST output is
set to the second HST speed is same in the first and second
transmission states.

[0327] Therefore, a rotational speed difference theoreti-
cally does not occur in the speed change output shaft 45 in
the switching between the first and second transmission
states.

[0328] However, a rotational speed difference occurs in
the speed change output shaft 45 in the switching between
the first and second transmission states due to a manufac-
turing error and the like in some cases.
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[0329] With respect to this point, in this embodiment, even
if a rotational speed difference occurs in the speed change
output shaft 45 in the switching between the first and second
transmission states, immediately before one of the clutch
mechanisms (the output side second clutch mechanism 80(2)
in the example of FIG. 15), to which pressure oil is supplied
through the electromagnetic valve (the output side second
electromagnetic valve 367(2) in the example of FIG. 15), the
position of which is moved from the disengagement position
to the supply position in the switching between the first and
second transmission states, is brought into a perfect engage-
ment state by way of processes in which the friction plate
group of the clutch mechanism is gradually friction-engaged
while sliding, and then the hydraulic pressure of the one
clutch mechanism reaches the engagement hydraulic pres-
sure, the hydraulic pressure of the other one of the clutch
mechanisms (the output side first clutch mechanism 80(1) in
the example of FIG. 15) brought into the engagement state
before the switching between the first and second transmis-
sion states is released from the engagement hydraulic pres-
sure.

[0330] Therefore, the generation of the state where the
traveling driving force is not transmitted to the driving
wheels 220 in the switching between the first and second
transmission states can be prevented or reduced as much as
possible and a damage on the transmission system due to the
switching shock or the double transmission state which may
occur in the switching between the first and second trans-
mission states can be effectively prevented or reduced.

[0331] The configuration in which, immediately before
one of the clutch mechanisms is brought into a perfect
engagement state from a disengagement state by way of
processes in which the electromagnetic valves (the input
side second electromagnetic valve 365(2) and the output
side second electromagnetic valve 367(2) in the example of
FIG. 15) located at the discharge positions at the time before
the switching are moved from the discharge positions to the
supply positions while maintaining the electromagnetic
valves (the input side first electromagnetic valve 365(1) and
the output side first electromagnetic valve 367(1) in the
example of FIG. 15) located at the supply positions at the
time before the switching at the supply positions in the
switching between the first and second transmission states,
and then the hydraulic pressure of the supply/discharge lines
(the input side second supply/discharge line 360(2) and the
output side second supply/discharge line 362(2) in the
example of FIG. 15) to which pressure oil is supplied
through the electromagnetic valves, the positions of which
are moved from the discharge positions to the supply posi-
tions, reaches the engagement hydraulic pressure, the elec-
tromagnetic valves (the input side first electromagnetic
valve 365(1) and the output side first electromagnetic valve
367(1) in the example of FIG. 15) located at the supply
positions at the time before the switching are moved from
the supply positions to the discharge positions can be applied
to only one of the input side clutch unit formed by the input
side first and second clutch mechanisms 60(1) and 60(2) and
the output side clutch unit formed by the output side first and
second clutch mechanisms 80(1) and 80(2) in which a
rotational speed difference may occur due to a manufactur-
ing error and the like and the dog clutch type illustrated in
FIG. 10 described above can be adopted to the other clutch
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unit when the other clutch unit is free from the possibility or
has less possibility, whereby a cost reduction can be
achieved.

Embodiment 6

[0332] Hereinafter, further yet still another embodiment of
the transmission structure according to the present invention
is described with reference to the accompanying drawings.
[0333] FIG. 16 illustrates a hydraulic circuit diagram of a
transmission structure 6 according to this embodiment.
[0334] In the figure, the same components as those in
Embodiments described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0335] In the transmission structure 1 according to
Embodiment 1, the input side first speed change ratio of the
input side first transmission mechanism 50(1) and the input
side second speed change ratio of the input side second
transmission mechanism 50(2) are set so that the rotational
speed of the second element when the HST output is set to
the second HST speed in the first transmission state and the
rotational speed of the second element by the rotation power
transmitted through the input side second transmission
mechanism 50(2) in the second transmission state are the
same and so that the rotational speed of the first element
when the HST output is set to the second HST speed in the
second transmission state and the rotational speed of the first
element by the rotation power transmitted through the input
side first transmission mechanism 50(1) in the first trans-
mission state are the same, and further the output side first
speed change ratio of the output side first transmission
mechanism 70(1) and the output side second speed change
ratio of the output side second transmission mechanism
70(2) are set so that the rotational speed developed in the
speed change output shaft 45 when the HST output is set to
the second HST speed is same in the first and second
transmission states.

[0336] According to the transmission structure 1 accord-
ing to Embodiment 1 described above, a rotational speed
difference theoretically does not occur in the first element
and/or the second element and the speed change output shaft
45 in the switching between the first and second transmis-
sion states.

[0337] However, the input side first and second speed
change ratios cannot be set to the ideal set values described
above due to the number of gear teeth configuring the input
side first and second transmission mechanisms 50(1) and
50(2) in some cases.

[0338] In such a case, a rotational speed difference occurs
in the first element and/or a rotational speed difference
occurs in the second element in the switching between the
first and second transmission states.

[0339] Similarly, the output side first and second speed
change ratios cannot be set to the ideal set values described
above due to the number of gear teeth configuring the output
side first and second transmission mechanisms 70(1) and
70(2) in some cases.

[0340] In such a case, a rotational speed difference occurs
in the speed change output shaft 45 in the switching between
the first and second transmission states.

[0341] In view of this point, the transmission structure 6
according to this embodiment is configured so that, when a
rotational speed difference occurs in the first element and/or
the second element and the speed change output shaft 45 in

Apr. 23,2020

the switching between the first and second transmission
states, a damage on the transmission system due to the
switching shock or the double transmission state resulting
from the rotational speed difference can be prevented or
reduced as much as possible.

[0342] Specifically, as illustrated in FIG. 16, the transmis-
sion structure 6 according to this embodiment has input side
first and second transmission mechanisms 650(1) and 650(2)
in place of the input side first and second transmission
mechanisms 50(1) and 50(2) and output side first and second
transmission mechanisms 670(1) and 670(2) in place of the
output side first and second transmission mechanisms 70(1)
and 70(2) as compared with the transmission structure 1
according to Embodiment 1 described above.

[0343] As illustrated in FIG. 16, the input side first trans-
mission mechanism 650(1) has an input side first driving
gear 652(1) relatively rotatably coupled with the main
driving shaft 212 and an input side first driven gear 654(1)
meshed with the input side first driving gear 652(1) and
coupled with the first element.

[0344] The input side second transmission mechanism
650(2) has an input side second driving gear 652(2) rela-
tively rotatably supported by the main driving shaft 212 and
an input side second driven gear 654(2) meshed with the
input side second driving gear 652(2) and coupled with the
second element.

[0345] The output side first transmission mechanism 670
(1) has an output side first driving gear 672(1) supported by
the speed change intermediate shaft 43 so as not to be
relatively rotatable and an output side first driven gear
674(1) meshed with the output side first driving gear 672(1)
and relatively rotatably supported by the speed change
output shaft 45.

[0346] The output side second transmission mechanism
670(2) has an output side second driving gear 672(2)
coupled with the first element and an output side second
driven gear 674(2) meshed with the output side second
driving gear 672(2) and relatively rotatably supported by the
speed change output shaft 45.

[0347] FIG. 17 illustrates hydraulic pressure waveform
charts of the supply/discharge lines 360(1), 360(2), 362(1)
and 362(2) in the switching from the first transmission state
to the second transmission state.

[0348] In this embodiment, the control device 100 per-
forms the same position control as that in Embodiment 5
described above to the electromagnetic valves 365(1), 365
(2),367(1) and 367(2) in the switching between the first and
second transmission states.

[0349] More specifically, when recognizing that the rota-
tional speed of the speed change output shaft 45 reaches the
switching speed from the state where the rotational speed is
less than the switching speed based on a signal from the
output sensor 955 at time Ta in FIG. 17, the control device
100 moves the input side second electromagnetic valve
365(2) and the output side second electromagnetic valve
367(2) located at the discharge positions at the time before
the switching from the discharge positions to the supply
positions while maintaining the input side first electromag-
netic valve 365(1) and the output side first electromagnetic
valve 367(1) located at the supply positions at the time
before the switching the transmission state (at the time of the
first transmission state in this example) at the supply posi-
tions.
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[0350] Thus, as illustrated in FIG. 17, the hydraulic pres-
sure of the input side second supply/discharge line 360(2)
and the output side second supply/discharge line 362(2)
gradually increases to reach the engagement hydraulic pres-
sure at time Tb while the input side first supply/discharge
line 360(1) and the output side first supply/discharge line
362(1) are maintained at the engagement hydraulic pressure.
[0351] Herein, when recognizing that the hydraulic pres-
sure of the input side second supply/discharge line 360(2)
and the output side second supply/discharge line 362(2) to
which pressure oil is supplied through the input side second
electromagnetic valve 365(2) and the output side second
electromagnetic valve 367(2), the positions of which are
moved to the supply positions from the discharge positions,
reaches the switching hydraulic pressure P less than the
engagement hydraulic pressure based on signals from the
corresponding pressure sensors 370(2) and 372(2), the con-
trol device 100 moves the input side first electromagnetic
valve 365(1) and the output side first electromagnetic valve
367(1) located at the supply positions at the time before the
switching from the supply positions to the discharge posi-
tions.

[0352] According to the transmission structure 6 having
such a configuration, even if a rotational speed difference
occurs in the first element and/or the second element and the
speed change output shaft 45 in the switching between the
first and second transmission states, immediately before the
clutch mechanisms are brought into a perfect engagement
state from a disengagement state by way of processes in
which the friction plate groups of the clutch mechanisms
(the input side second clutch mechanism 60(2) and the
output side second clutch mechanism 80(2) in the example
of FIG. 17) to which pressure oil is supplied through the
electromagnetic valves (the input side second electromag-
netic valve 365(2) and the output side second electromag-
netic valve 367(2) in the example of FIG. 17), the positions
of which are moved from the disengagement positions to the
supply positions in the switching between the first and
second transmission states, are gradually friction-engaged
while sliding, and then the hydraulic pressure of the clutch
mechanisms reaches the engagement hydraulic pressure, the
clutch mechanisms (the input side first clutch mechanism
60(1) and the output side first clutch mechanism 80(1) in the
example of FIG. 17) brought into the engagement state
before the switching between the first and second transmis-
sion states are released from the engagement hydraulic
pressure.

[0353] Therefore, the generation of the state where the
traveling driving force is not transmitted to the driving
wheels 220 in the switching between the first and second
transmission states can be prevented or reduced as much as
possible and the switching shock or a damage on the
transmission system which may occur in the switching
between the first and second transmission states can be
effectively prevented or reduced.

[0354] In this embodiment, the configuration where, when
recognizing that, while one electromagnetic valve located at
the supply position at the time before the switching is
maintained at the supply position, the other electromagnetic
valve located at the discharge position at the time before the
switching is moved from the discharge position to the supply
position in the switching between the first and second
transmission states, and then the hydraulic pressure of a
supply/discharge line to which pressure oil is supplied
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through the other electromagnetic valve reaches the switch-
ing hydraulic pressure P lower than the engagement hydrau-
lic pressure based on a signal from the corresponding
pressure sensor, the one electromagnetic valve is moved
from the supply position to the discharge position is applied
to both the input side clutch unit formed by the input side
first and second clutch mechanisms 60(1) and 60(2) and the
output side clutch unit formed by the output side first and
second clutch mechanisms 80(1) and 80(2). However, it is a
matter of course that the present invention is not limited to
such an aspect, and the above-described configuration can
be applied to only one of the input side clutch unit and the
output side clutch unit in which a rotational speed difference
occurs due to the setting of the number of gear teeth
configuring the transmission mechanisms and the like and
the dog clutch type illustrated in FIG. 10 described above
can be adopted to the other clutch unit when the other clutch
unit is free from the possibility, whereby a cost reduction can
be achieved.

[0355] Moreover, this embodiment is also applicable to
the transmission structure 2 according to Embodiment 2.
[0356] In Embodiments 5 and 6 described above, the
hydraulic pressure of the clutch mechanism brought into the
engagement state at the time before the switching (herein-
after referred to as “engaged clutch mechanism before the
switching”) is lowered at a substantially fixed rate to be
released from the engagement hydraulic pressure in the
switching between the first and second transmission states.
In place of the configuration, as illustrates in FIG. 18, it is
possible to lower the hydraulic pressure of the engaged
clutch mechanism before the switching at a substantially
fixed rate in response to the fact that the hydraulic pressure
of the clutch mechanism brought into the disengagement
state at the time before the switching (hereafter referred to
as “disengaged clutch mechanism before the switching)
reaches the switching hydraulic pressure P and then lower
the hydraulic pressure of the engaged clutch mechanism
before the switching to the release hydraulic pressure at once
at the time when the hydraulic pressure of the disengaged
clutch mechanism before the switching reaches the engage-
ment hydraulic pressure, whereby unnecessary sliding trans-
mission state time can be reduced to improve durability of
the friction plate.

[0357] Also in Embodiments 5 and 6 described above, in
place of the configuration of detecting the engagement state
of'the corresponding friction plate clutch mechanisms by the
pressure sensors 370(1), 370(2), 372(1) and 372(2), a con-
figuration of detecting the engagement state of the corre-
sponding friction plate clutch mechanisms by other clutch
engagement detection units detecting a supply current value,
supply current time, and the like of the proportional elec-
tromagnetic valves 365(1), 365(2), 367(1) and 367(2) can
also be adopted.

Embodiment 7

[0358] Hereinafter, further yet still another embodiment of
the transmission structure according to the present invention
is described with reference to the accompanying drawings.
[0359] FIG. 19 illustrates a transmission schematic view
of a working vehicle 202 to which a transmission structure
7 according to this embodiment is applied.

[0360] FIG. 20 illustrates a hydraulic circuit diagram of
the transmission structure 7 according to this embodiment.
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[0361] In the figure, the same components as those in
Embodiments described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0362] The transmission structure 1 according to Embodi-
ment 1 is configured so that normal and reverse switching of
driving force is performed by the forward/reverse movement
switching mechanism 230 disposed on the downstream side
in the transmission direction relative to the speed change
output shaft 45.

[0363] More specifically, as illustrated in FIG. 1, the
transmission structure 1 according to Embodiment 1 has the
forward/reverse movement switching mechanism 230
switching the rotation direction of the driving force between
the forward movement direction and the reverse movement
direction between the speed change output shaft 45 and the
traveling transmission shaft 235 operatively rotationally
driven by the rotation power of the speed change output
shaft 45.

[0364] In contrast thereto, the transmission structure 7
according to this embodiment is configured to be able to
switch the rotation direction of the driving force transmitted
to the speed change output shaft 45 between the normal
direction and the reverse direction.

[0365] Specifically, as illustrated in FIG. 19, the transmis-
sion structure 7 has the HST 10, the planetary gear mecha-
nism 30, the input side first and second transmission mecha-
nisms 50(1) and 50(2), the input side first and second clutch
mechanisms 60(1) and 60(2), the output side first transmis-
sion mechanism 70(1) (forward movement first transmission
mechanism) capable of operatively transmitting the rotation
power of the second element to the speed change output
shaft 45 in the normal rotation state, the output side second
transmission mechanism 70(2) (forward movement second
transmission mechanism) capable of operatively transmit-
ting the rotation power of the first element to the speed
change output shaft 45 in the normal rotation state, a reverse
movement transmission mechanism 70(R) capable of opera-
tively transmitting the rotation power of the second element
to the speed change output shaft 45 in the reverse rotation
state, the output side first clutch mechanism 80(1) (forward
movement first clutch mechanism), the output side second
clutch mechanism 80(2), and a reverse movement clutch
mechanism 80(R) engaging/disengaging the power trans-
mission of the output side first transmission mechanism
70(1) (forward movement first transmission mechanism),
the output side second transmission mechanism 70(2) (for-
ward movement second transmission mechanism), and the
reverse movement transmission mechanism 70(R), respec-
tively, the speed change operation member 90, the HST
sensor 95a, the output sensor 956, and the control device
100.

[0366] The reverse movement transmission mechanism
70(R) has a reverse movement driving gear 72(R) supported
by the speed change intermediate shaft 43 so as not to be
relatively rotatable, a reverse movement driven gear 74(R)
relatively rotatably supported by the speed change output
shaft 45, and a reverse movement idle gear 73(R) meshed
with the reverse movement driving gear 72(R) and the
reverse movement driven gear 74(R).

[0367] The reverse movement clutch mechanism 80(R)
has a reverse movement clutch housing 82(R) supported by
the speed change output shaft 45 so as not to be relatively
rotatable, a reverse movement friction plate group 84(R)
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containing a reverse movement driving side friction plate
supported by the reverse movement driven gear 74(R) so as
not to be relatively rotatable and a reverse movement driven
side friction plate supported by the reverse movement clutch
housing 82(R) so as not to be relatively rotatable in a state
of being opposed to the reverse movement driving side
friction plate, and a reverse movement piston (not illus-
trated) frictionally-engaging the reverse movement friction
plate group 84(R).

[0368] The reference numeral 105 in FIG. 19 designates
an electromagnetic valve unit containing the input side first
electromagnetic valve 365(1) and the like.

[0369] The reference numeral 242 in FIG. 19 is a sub
speed change mechanism containing the friction plate clutch
mechanism and is provided in place of the sub speed change
mechanism 240 containing the dog clutch type clutch
mechanism in the transmission structure 1 according to
Embodiment 1.

[0370] The control device 100

[0371] develops a forward movement first transmission
state where the input side first clutch mechanism 60(1) and
the output side first clutch mechanism 80(1) are brought into
the engagement state in a state where the speed change
operation member 90 is located between the zero speed
position and the switching speed position (i.e., in a low
speed state where the rotational speed of the speed change
output shaft 45 is from the zero speed to speed less than the
switching speed in the forward movement direction based on
detection signals of the HST sensor 954 and the output
sensor 95b)

[0372] develops a forward movement second transmission
state where the input side second clutch mechanism 60(2)
and the output side second clutch mechanism 80(2) are
brought into the engagement state in a state where the speed
change operation member 90 is operated beyond the switch-
ing speed position (i.e., in a high speed state where the
rotational speed of the speed change output shaft 45 is equal
to or higher than the switching speed in the forward move-
ment direction), and

[0373] develops the reverse movement transmission state
where the input side first clutch mechanism 60(1) and the
reverse movement clutch mechanism 80(R) are brought into
the engagement state in a state where the speed change
operation member 90 is operated from the zero speed
position to the reverse movement side (i.e., in a reverse
movement transmission state where the rotational speed of
the speed change output shaft 45 changes from the zero
speed to the reverse movement side).

[0374] FIGS. 21A and 21B illustrate graphs illustrating the
relationship between the traveling vehicle speed and the
HST output in the working vehicle 202 to which the trans-
mission structure 7 according to this embodiment is applied.
[0375] FIGS. 21A and 21B illustrate graphs in states
where the sub speed change mechanism 242 is engaged with
a low speed stage and a high speed stage, respectively.
[0376] As illustrated in FIGS. 21A and 21B, the control
device 100 operates the output adjustment member 20 so
that the HST output is speed-changed from the first HST
speed toward the second HST speed in response to a forward
movement side acceleration operation of the speed change
operation member 90 in the forward movement first trans-
mission state.

[0377] More specifically, when the speed change opera-
tion member 90 is operated between the zero speed position
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and the forward movement side switching speed position,
the control device 100 develops the forward movement first
transmission state, and then operates the output adjustment
member 20 so that the HST output is speed-changed from
the side of the first HST speed to the side of the second HST
speed as the acceleration operation of the speed change
operation member 90 is performed from the zero speed
position side to the forward movement side switching speed
position.

[0378] In the forward movement second transmission
state, the control device 100 operates the output adjustment
member 20 so that the HST output is speed-changed from
the second HST speed toward the first HST speed in
response to the forward movement side acceleration opera-
tion of the speed change operation member 90.

[0379] More specifically, when recognizing that the speed
change operation member 90 is operated from the zero speed
position side to the forward movement side switching speed
position, the control device 100 performs switching from the
forward movement first transmission state to the forward
movement second transmission state, and develops the for-
ward movement second transmission state when the speed
change operation member 90 is located on the forward
movement high speed side relative to the forward movement
side switching speed position, and then operates the output
adjustment member 20 so that the HST output is speed-
changed from the second HST speed toward the first HST
speed in response to the forward movement side acceleration
operation of the speed change operation member 90.
[0380] In the reverse movement transmission state, the
control device 100 operates the output adjustment member
20 so that the HST output is speed-changed from the first
HST speed toward the second HST speed in response to the
reverse movement side acceleration operation of the speed
change operation member 90.

[0381] More specifically, when the speed change opera-
tion member 90 is operated from the zero speed position to
the reverse movement side, the control device 100 develops
the reverse movement transmission state, and then operates
the output adjustment member 20 so that the HST output is
speed-changed from the side of the first HST speed to the
side of the second HST speed as a reverse movement
acceleration operation of the speed change operation mem-
ber 90 is performed.

[0382] As illustrated in FIG. 21, this embodiment is also
configured so that a speed difference does not occur in the
traveling speed (i.e., the speed change output shaft 45) in the
switching between the forward movement side first and
second transmission states in the same manner as in
Embodiment 1.

[0383] Specifically, the speed change ratio (input side first
speed change ratio) of the input side first transmission
mechanism 50(1) and the speed change ratio (input side
second speed change ratio) of the input side second trans-
mission mechanism 50(2) are set so that the rotational speed
of the second element when the HST output is set to the
second HST speed in the forward movement first transmis-
sion state and the rotational speed of the second element by
the rotation power transmitted through the input side second
transmission mechanism 50(2) in the forward movement
second transmission state are the same and so that the
rotational speed of the first element when the HST output is
set to the second HST speed in the forward movement
second transmission state and the rotational speed of the first
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element by the rotation power transmitted through the input
side first transmission mechanism 50(1) in the forward
movement first transmission state are the same.

[0384] The speed change ratio (forward movement first
speed change ratio) of the output side first transmission
mechanism 70(1) (forward movement first transmission
mechanism) and the speed change ratio (forward movement
second speed change ratio) of the output side second trans-
mission mechanism 70(2) (forward movement second trans-
mission mechanism) are set so that the rotational speed
developed in the speed change output shaft 45 when the HST
output is set to the second HST speed is same in the first and
second transmission states.

[0385] According to such a configuration, the occurrence
of a rotational speed difference in the speed change output
shaft 45 in the switching between the forward movement
side first and second transmission states, i.e., the occurrence
of a traveling speed difference, can be effectively prevented
or reduced.

[0386] The HST 10 and the planetary gear mechanism 30
are set so that, when the HST output is set to the first HST
speed in the engagement state of the input side first clutch
mechanism 60(1), the rotational speed of the second element
becomes the zero speed.

[0387] According to such a configuration, the forward/
reverse movement switching of a vehicle can be smoothly
performed. In particular, the configuration is effective in the
case of a working vehicle performing work frequently
requiring forward/reverse movement switching.

[0388] Next, the pressure oil supply/discharge configura-
tion of the transmission structure 7 is described.

[0389] As illustrated in FIG. 20, the transmission structure
7 has the pressure oil supply line 155, the input side first
supply/discharge line 360(1), the input side second supply/
discharge line 360(2), the output side first supply/discharge
line 362(1) (forward movement side first supply/discharge
line), the output side second supply/discharge line 362(2)
(forward movement side second supply/discharge line), a
reverse movement supply/discharge line 364 supplying/
discharging pressure oil to the reverse movement clutch
mechanism 80(R), a forward movement supply line 310(F),
a reverse movement supply line 310(R), the input side first
electromagnetic valve 365(1), the input side second electro-
magnetic valve 365(2), the output side first electromagnetic
valve 367(1), and the output side second electromagnetic
valve 367(2), the input side first pressure sensor 370(1) and
the input side second pressure sensor 370(2), the output side
first pressure sensor 372(1) and the output side second
pressure sensor 372(2), a check valve 320 interposed in the
input side first supply/discharge line 360(1), a pilot valve
330 interposed in the reverse movement supply line 310(R),
the drain line 157, and a forward/reverse movement switch-
ing electromagnetic valve 300.

[0390] In this embodiment, the input side first electromag-
netic valve 365(1), the input side second electromagnetic
valve 365(2), the output side first electromagnetic valve
367(1) and the output side second electromagnetic valve
367(2) are interposed between the forward movement sup-
ply line 310(F) and the input side first supply/discharge line
360(1), the input side second supply/discharge line 360(2),
the output side first supply/discharge line 362(1) (forward
movement side first supply/discharge line) and the output
side second supply/discharge line 362(2) (forward move-
ment side second supply/discharge line), respectively, and
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configured to drain the corresponding supply/discharge lines
360(1), 360(2), 362(1) and 362(2) when located at the
discharge positions and meanwhile, fluid-connect the corre-
sponding supply/discharge lines 360(1), 360(2), 362(1) and
362(2) to the forward movement supply line 310(F) when
located at the supply positions.

[0391] The position of the forward/reverse movement
switching electromagnetic valve 300 is controlled by the
control device 100 so as to be able to take a forward
movement position F where the forward movement supply
line 310(F) is fluid-connected to the pressure oil supply line
155 and the reverse movement supply line 310(R) is fluid-
connected to the drain line 157, a reverse movement position
R where the reverse movement supply line 310(R) is fluid-
connected to the pressure oil supply line 155 and the forward
movement supply line 310(F) is fluid-connected to the drain
line 157, and a neutral position N where the pressure oil
supply line 155, the forward movement supply line 310(F),
and the reverse movement supply line 310(R) are fluid-
connected to the drain line 157.

[0392] The check valve 320 is interposed in the input side
first supply/discharge line 360(1) to, while permitting that
pressure oil supplied from the forward movement supply
line 310(F) through the input side first electromagnetic valve
365(1) to flow toward the input side first clutch mechanism
60(1) in a pressure oil supply direction, prevent the flow in
a pressure oil discharge direction opposite thereto.

[0393] In the reverse movement supply line 310(R), the
upstream side close to the hydraulic source 150 is fluid-
connected to a secondary side of the forward/reverse move-
ment switching electromagnetic valve 300 and the down-
stream side on the side opposite to the hydraulic source 150
is fluid-connected to the input side first supply/discharge line
360(1) on the downstream side in the pressure oil supply
direction relative to the check valve 320.

[0394] The pilot valve 330 is configured to be able to
selectively take a communication position where the reverse
movement supply line 310(R) is made to communicate and
a check position where, while the flow of the pressure oil of
the reverse movement supply line 310(R) in the pressure oil
supply direction is permitted, the reverse flow is prevented.
[0395] The pilot valve 330 is configured to use the hydrau-
lic pressure of the forward movement supply line 310(F) as
pilot pressure while being energized toward the communi-
cation position by a biasing member 332 and to be located
at the check position against the pressing force of the biasing
member 332 when pressure oil is supplied to the forward
movement supply line 310(F).

[0396] In the reverse movement supply/discharge line
364, the upstream side is fluid-connected to the reverse
movement supply line 310(R) on the upstream side in the
pressure oil supply direction relative to the pilot valve 330
and the downstream side is fluid-connected to the reverse
movement clutch mechanism 80(R).

[0397] The pressure oil supply/discharge configuration of
the transmission structure 7 operates as follows.

[0398] When the speed change operation member 90 is
located at the zero speed position, the control device 100
locates the forward/reverse movement switching electro-
magnetic valve 300 at the neutral position.

[0399] In this state, the input side first supply/discharge
line 360(1), the input side second supply/discharge line
360(2), the output side first supply/discharge line 362(1), the
output side second supply/discharge line 362(2), and the
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reverse movement supply/discharge line 364 are all opened
and all the clutch mechanisms 60(1), 60(2), 80(1), 80(2), and
80(R) are brought into the disengagement state, so that
power is not transmitted to the speed change output shaft 45.
[0400] When the speed change operation member 90 is
operated to the forward movement side, the control device
100 locates the forward/reverse movement switching elec-
tromagnetic valve 300 at the forward movement position F
before the HST 10 outputs the first HST speed.

[0401] Thus, the reverse movement supply line 310(R) is
fluid-connected to the drain line 157 and the forward move-
ment supply line 310(F) is fluid-connected the pressure oil
supply line 155.

[0402] At this time, the pilot valve 330 is located at the
check position by the hydraulic pressure of the supply line
in forward 310 (F). Therefore, the input side first supply/
discharge line 360(1) is brought into a state where the
hydraulic pressure is held.

[0403] When the speed change operation member 90 is
operated from the zero speed position to the forward move-
ment side switching speed position, the control device 100
locates the input side first electromagnetic valve 365(1) and
the output side first electromagnetic valve 367(1) at the
supply positions.

[0404] Thus, pressure oil flows into the input side first
supply/discharge line 360(1) and the output side first supply/
discharge line 362(1) from the forward movement supply
line 310(F), so that the forward movement first transmission
state where the input side first clutch mechanism 60(1) and
the output side first clutch mechanism 80(1) are brought into
the engagement state is developed.

[0405] At this time, the input side second supply/discharge
line 360(2) and the output side second supply/discharge line
362(2) are drained by the corresponding electromagnetic
valves 365(2) and 367(2) and the reverse movement supply/
discharge line 364 is drained through the reverse movement
supply line 310(R) and the forward/reverse movement
switching electromagnetic valve 300.

[0406] When the speed change operation member 90 is
operated to the forward movement high speed side beyond
the forward movement side switching speed position, the
control device 100 locates the input side second electromag-
netic valve 365(2) and the output side second electromag-
netic valve 367(2) at the supply positions while locating the
input side first electromagnetic valve 365(1) and the output
side first electromagnetic valve 367(1) at the discharge
positions before the HST 10 outputs the second HST speed.
[0407] Thus, pressure oil flows into the input side second
supply/discharge line 360(2) and the output side second
supply/discharge line 362(2) from the forward movement
supply line 310(F), so that the forward movement second
transmission state is developed where the input side second
clutch mechanism 60(2) and the output side second clutch
mechanism 80(2) are brought into the engagement state.
[0408] At this time, the input side first supply/discharge
line 360(1) and the output side first supply/discharge line
362(1) are drained through the corresponding electromag-
netic valves 365(1) and 367(1) and the reverse movement
supply/discharge line 364 is drained through the reverse
movement supply line 310(R) and the forward/reverse
movement switching electromagnetic valve 300.

[0409] When the speed change operation member 90 is
operated to the reverse movement side, the control device
100 locates the forward/reverse movement switching elec-
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tromagnetic valve 300 at the reverse movement position R
before the HST 10 outputs the first HST speed.

[0410] Thus, the forward movement supply line 310(F) is
fluid-connected to the drain line 157 and the reverse move-
ment supply line 310(R) is fluid-connected to the pressure
oil supply line 155.

[0411] At this time, the input side first electromagnetic
valve 365(1), the input side second electromagnetic valve
365(2), the output side first electromagnetic valve 367(1),
and the output side second electromagnetic valve 367(2) are
all located at the discharge positions.

[0412] Therefore, the input side second supply/discharge
line 360(2), the output side first supply/discharge line 362
(1), and the output side second supply/discharge line 362(2)
are opened by the corresponding electromagnetic valves
365(2), 367(1), and 367(2), respectively.

[0413] Meanwhile, the input side first supply/discharge
line 360(1) is fluid-connected to the reverse movement
supply line 310(R) on the downstream side in the pressure
oil supply direction relative to the check valve 320.

[0414] Therefore, although the input side first electromag-
netic valve 365(1) is located at the discharge position,
pressure oil is supplied to the input side first supply/dis-
charge line 360(1) through the reverse movement supply
line 310(R), so that the input side first clutch mechanism
60(1) is brought into the engagement state.

[0415] At this time, the forward movement supply line
310(F) is opened, and therefore the pilot valve 330 using the
hydraulic pressure of the forward movement supply line
310(F) as pilot pressure is located at the communication
position by the pressing force of the biasing member 332.
[0416] Therefore, pressure oil is effectively supplied to the
input side first supply/discharge line 360(1) through the
reverse movement supply line 310(R).

[0417] As described above, the reverse movement supply/
discharge line 364 is fluid-connected to the reverse move-
ment supply line 310(R) on the upstream side in the pressure
oil supply direction relative to the pilot valve 300 and
receives the pressure oil supply from the reverse movement
supply line 310(R).

[0418] Thus, the reverse movement transmission state is
developed where the input side first clutch mechanism 60(1)
is brought into the engagement state and the reverse move-
ment clutch mechanism 80(R) is brought into the engage-
ment state.

[0419] With respect to the switching control timing of the
input side first electromagnetic valve 365(1) and the input
side second electromagnetic valve 365(2) and the switching
control timing of the output side first electromagnetic valve
367(1) and the output side second electromagnetic valve
367(2) in the switching between the forward movement side
first and second transmission states, various embodiments,
such as Embodiment 3 described above, Embodiment 5
described above, and Embodiment 6 described above, are
applicable.

[0420] As illustrated in FIG. 20, in this embodiment, the
input side first clutch mechanism 60(1), the input side
second clutch mechanism 60(2), the output side first clutch
mechanism 80(1), the output side second clutch mechanism
80(2), and the reverse movement clutch mechanism 80(R)
are all configured as a hydraulic friction plate type.

[0421] In place of the configuration, at least one of the
input side clutch unit formed by the input side first and
second clutch mechanisms and the output side clutch unit
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formed by the output side first and second clutch mecha-
nisms can be configured as the dog clutch type in Embodi-
ment 4 described above.

[0422] FIG. 22 illustrates a hydraulic circuit diagram of a
transmission structure 7B according to a modification of this
embodiment.

[0423] In the figure, the same members as those in
Embodiments described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0424] The transmission structure 7B has the input side
clutch unit 410 of the dog clutch type in place of the input
side first and second clutch mechanisms 60(1) and 60(2) of
the friction plate type as compared with the transmission
structure 7 according to this embodiment.

[0425] It is a matter of course that the output side clutch
unit 430 of the dog clutch type can be provided in place of
the output side first and second clutch mechanisms 80(1) and
80(2) and the clutch mechanism of the dog clutch type can
also be provided in place of the reverse movement clutch
mechanism 80(R).

Embodiment 8

[0426] Hereinafter, further yet still another embodiment of
the transmission structure according to the present invention
is described with reference to the accompanying drawings.
[0427] FIG. 23 illustrates a transmission schematic view
of a working vehicle 203 to which a transmission structure
8 according to this embodiment is applied.

[0428] FIG. 24 illustrates a partial vertical cross-sectional
side view of the working vehicle 203.

[0429] In the figures, the same components as those in
Embodiments described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0430] As illustrated in FIG. 23, the transmission structure
8 according to this embodiment is further provided with an
output side third transmission mechanism 70(3) and an
output side third clutch mechanism 80(3) as compared with
the transmission structure 1 according to Embodiment 1
described above.

[0431] More specifically, the transmission structure 8 is
provided with the HST 10, the planetary gear mechanism 30,
the speed change output shaft 45, the input side first and
second transmission mechanisms 50(1) and 50(2), the input
side first and second clutch mechanisms 60(1) and 60(2), the
output side first to third transmission mechanisms 70(1) to
70(3), the output side first to third clutch mechanisms 80(1)
to 80(3), the speed change operation member 90, the HST
sensor 95a, the output sensor 95b, and the control device
100.

[0432] In this embodiment, the clutch mechanisms 60(1),
60(2), and 80(1) to 80(3) are configured as hydraulic friction
plate clutch units.

[0433] The output side third transmission mechanism
70(3) is configured to be able to transmit the rotation power
of'the first element (the internal gear 36 in this embodiment)
to the speed change output shaft 45 at an output side third
speed change ratio where the speed change output shaft 45
is rotated at rotational speed higher than the rotational speed
at the output side second speed change ratio of the output
side second transmission mechanism 70(2).
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[0434] The output side third clutch mechanism 80(3) is
configured to engage/disengage the power of the output side
third transmission mechanism 70(3).

[0435] FIG. 25 illustrates a graph illustrating the relation-
ship between the traveling vehicle speed and the HST output
in the working vehicle 203 to which the transmission
structure 8 according to this embodiment is applied.
[0436] As illustrated in FIG. 25, in this embodiment, the
control device 100

[0437] develops a first transmission state where, while the
input side first clutch mechanism 60(1) is brought into the
engagement state and the input side second clutch mecha-
nism 60(2) is brought into the disengagement state, the
output side first clutch mechanism 80(1) is brought into the
engagement state and the remaining output side second and
third clutch mechanisms 80(2) and 80(3) are brought into the
disengagement state in a state where the speed change
operation member 90 is located between the zero speed
position and the first switching speed position (i.e., in a low
speed state where the rotational speed of the speed change
output shaft 45 is from the zero speed to speed less than the
first switching speed based on detection signals of the HST
sensor 95a and the output sensor 955),

[0438] develops a second transmission state where, while
the input side first clutch mechanism 60(1) is brought into
the disengagement state and the input side second clutch
mechanism 60(2) is brought into the engagement state, the
output side second clutch mechanism 80(2) is brought into
the engagement state and the remaining output side first and
third clutch mechanisms 80(1) and 80(3) are brought into the
disengagement state in a state where the speed change
operation member 90 is located between the first switching
speed position and the second switching speed position. (i.e.,
in the intermediate speed state where the rotational speed of
the speed change output shaft 45 is from the first switching
speed to the second switching speed based on detection
signals of the HST sensor 95a and the output sensor 956),
and

[0439] develops a third transmission state where, while the
input side first clutch mechanism 60(1) is brought into the
disengagement state and the input side second clutch mecha-
nism 60(2) is brought into the engagement state, the output
side third clutch mechanism 80(3) is brought into the
engagement state and the remaining output side first and
second clutch mechanisms 80(1) and 80(2) are brought into
the disengagement state in a state where the speed change
operation member 90 is operated beyond the second switch-
ing speed position (i.e., in a high speed state where the
rotational speed of the speed change output shaft 45 exceeds
the second switching speed based on detection signals of the
HST sensor 954 and the output sensor 955).

[0440] As illustrated in FIG. 23, the transmission structure
8 has the forward/reverse movement switching mechanism
230 interposed between the speed change output shaft 45
and the traveling transmission shaft 235, in which the output
of the forward/reverse movement switching mechanism 230
is operatively transmitted to the traveling transmission shaft
235.

[0441] Then, the control device 100 brings the forward/
reverse movement switching mechanism 230 into a forward
movement transmission state and a reverse movement trans-
mission state in response to an operation to the forward
movement side and the reverse movement side of the speed
change operation member 90, respectively.
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[0442] More specifically, in the working vehicle 203,
when the speed change operation member 90 is operated
between the zero speed position and a forward movement
side first switching speed position, the forward movement
first transmission state is developed, and, when the speed
change operation member 90 is located at the forward
movement side first switching speed position, the traveling
transmission shaft 235 rotates at rotational speed setting the
traveling vehicle speed to +a.

[0443] When the speed change operation member 90 is
operated between the forward movement side first switching
speed position and a forward movement side second switch-
ing speed position, the forward movement second transmis-
sion state is developed and, when the speed change opera-
tion member 90 is located at the forward movement side
second switching speed position, the traveling transmission
shaft 235 rotates at rotational speed setting the traveling
vehicle speed to +b.

[0444] Then, when the speed change operation member 90
is operated beyond the forward movement side second
switching speed position, a forward movement third trans-
mission state is developed and, when the speed change
operation member 90 is located at a forward movement side
maximum speed position, the traveling transmission shaft
235 rotates at rotational speed setting the traveling vehicle
speed to +c.

[0445] Similarly, when the speed change operation mem-
ber 90 is operated between the zero speed position and a
reverse movement side first switching speed position, a
reverse first transmission state is developed and, when the
speed change operation member 90 is located at the reverse
movement side first switching speed position, the traveling
transmission shaft 235 rotates at rotational speed setting the
traveling vehicle speed to —a.

[0446] When the speed change operation member 90 is
operated between the reverse movement side first switching
speed position and a reverse movement side second switch-
ing speed position, a reverse movement second transmission
state is developed and, when the speed change operation
member 90 is located at the reverse movement side second
switching speed position, the traveling transmission shaft
235 rotates at rotational speed setting the traveling vehicle
speed to -b.

[0447] Then, when the speed change operation member 90
is operated beyond the reverse movement side second
switching speed position, a reverse movement third trans-
mission state is developed and, when the speed change
operation member 90 is located at a reverse movement side
maximum speed position, the traveling transmission shaft
235 rotates at rotational speed setting the traveling vehicle
speed to —c.

[0448] In the same manner as in Embodiment 1 described
above, the input side first speed change ratio of the input side
first transmission mechanism 50(1) and the input side sec-
ond speed change ratio of the input side second transmission
mechanism 50(2) are set so that the rotational speed of the
second element (the carrier 38 in this embodiment) when the
HST output is set to the second HST speed in the first
transmission state and the rotational speed of the second
element by the rotation power transmitted through the input
side second transmission mechanism 50(2) in the second
transmission state are the same and so that the rotational
speed of the first element (the internal gear 36 in this
embodiment) when the HST output is set to the second HST
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speed in the second transmission state and the rotational
speed of the first element by the rotation power transmitted
through the input side first transmission mechanism 50(2) in
the first transmission state are the same.

[0449] As illustrated in FIG. 25, the output side first speed
change ratio of the output side first transmission mechanism
70(1) and the output side second speed change ratio of the
output side second transmission mechanism 70(2) are set so
that the rotational speed developed in the speed change
output shaft 45 when the HST output is set to the second
HST speed is same in the first and second transmission
states.

[0450] As illustrated in FIG. 25, the transmission structure
8 according to this embodiment is configured so that the
control device 100 operates the output adjustment member
20 so that the rotational speed developed in the speed change
output shaft 45 in a transmission state after the switching
coincides with or approaches the rotational speed developed
in the speed change output shaft 45 in a transmission state
before the switching in the switching between the second
and third transmission states.

[0451] More specifically, when the speed change opera-
tion member 90 is operated in the acceleration direction
under the second transmission state to reach the second
switching speed position (when the rotational speed of the
speed change output shaft 45 reaches the second switching
speed), while the control device 100 shifts the output side
second clutch mechanism 80(2) from the engagement state
to the disengagement state and shifts the output side third
clutch mechanism 80(3) from the disengagement state to the
engagement state, the control device 100 operates the output
adjustment member 20 so that the output of the HST 10 is
speed-changed from the rotational speed (first HST speed)
rotating the speed change output shaft 45 at the second
switching speed under the second transmission state to the
rotational speed (third HST speed of FIG. 25) rotating the
speed change output shaft 45 at the second switching speed
or speed around the second switching speed under the third
transmission state.

[0452] When the speed change operation member 90 is
operated in a deceleration direction under the third trans-
mission state to reach the second switching speed position
(when the rotational speed of the speed change output shaft
45 reaches the second switching speed), while the control
device 100 shifts the output side third clutch mechanism
80(3) to the disengagement state from the engagement state
and shifts the output side second clutch mechanism 80(2) to
the engagement state from an disengagement state, the
control device 100 operates the output adjustment member
20 so that the output of the HST 10 is speed-changed from
the rotational speed (third HST speed) rotating the speed
change output shaft 45 at second switching speed under the
third transmission state to the rotational speed (first HST
speed) rotating the speed change output shaft 45 at the
second switching speed or speed around the second switch-
ing speed under the second transmission state.

[0453] The transmission structure 8 having such a con-
figuration can extend the speed changeable range (speed
change region) while obtaining the same effects as those of
the transmission structure according to Embodiment 1
described above.

[0454] Inthis embodiment, the output side first and second
speed change ratios are set so that the rotational speed
developed in the speed change output shaft 45 when the HST
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output is set to the second HST speed is same in the first and
second transmission states as described above. However, in
place of the configuration, a configuration may be accept-
able in which the control device 100 operates the output
adjustment member 20 so that, in the switching between the
first and second transmission states, the rotational speed
developed in the speed change output shaft 45 in a trans-
mission state after the switching coincides with or
approaches the rotational speed developed in the speed
change output shaft 45 in the transmission state before the
switching.

[0455] As illustrated in FIG. 23 and FIG. 24, the trans-
mission structure 8 according to this embodiment has a
speed change transmission shaft 44 externally inserted in a
relatively rotatable manner into the speed change interme-
diate shaft 43 coupled with the second element (the carrier
38 in this embodiment) so as not to be relatively rotatable
around the axis.

[0456] The speed change transmission shaft 44 is config-
ured to be coupled with the first element (the internal gear
36 in this embodiment) so as not to be relatively rotatable
around the axis, the input side first transmission mechanism
50(1) is configured to operatively transmit the rotation
power of the main driving shaft 212 to the first element
through the speed change transmission shaft 44, and the
output side first and second transmission mechanisms 70(1)
and 70(2) are configured to operatively transmit the rotation
power of the first element to the speed change output shaft
45 through the speed change transmission shaft 44.

[0457] In detail, as illustrated in FIG. 23 and FIG. 24, the
input side first driven gear 54(1) of the input side first
transmission mechanism 50(1) is supported by the speed
change transmission shaft 44 so as not to be relatively
rotatable in a state of being operatively coupled with the
input side first driving gear 52(1) relatively rotatably sup-
ported by the main driving shaft 212 in this embodiment.
[0458] The output side second driving gear 72(2) of the
output side second transmission mechanism 70(2) is sup-
ported by the speed change transmission shaft 44 so as not
to be relatively rotatable in a state of being operatively
coupled with the output side second driven gear 74(2).
[0459] The output side third transmission mechanism
70(3) has an output side third driving gear 72(3) supported
by the speed change transmission shaft 44 so as not to be
relatively rotatable and an output side third driven gear 74(3)
operatively coupled with the output side third driving gear
72(3) and relatively rotatably supported by the speed change
output shaft 45.

[0460] The input side second transmission mechanism
50(2) has the input side second driving gear 52(2) relatively
rotatably supported by the main driving shaft 212 and the
input side first driven gear 54(2) operatively coupled with
the input side second driving gear 52(2) and made relatively
unrotatable to the second element in the same manner as in
Embodiment 1 described above.

[0461] As illustrated in FIG. 24, the transmission structure
8 has a variable input shaft 31 supporting the third element
(the sun gear 32 in this embodiment) functioning as the
variable power input portion so as not to be relatively
rotatable around the axis and the input side first driven gear
54(2) is relatively rotatably supported by the variable input
shaft 31.

[0462] The variable input shaft 31 supports a driven gear
2165 of the gear train 216 operatively transmitting the
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rotation power of the motor shaft 16 to the third element (the
sun gear 32) so as not to be relatively rotatable.

[0463] In this embodiment, the output side third clutch
mechanism 80(3) has an output side clutch housing 83
supported by the speed change output shaft 45 so as not to
be relatively rotatable, an output side third friction plate
group 84(3) containing a third driving side friction plate
supported by the output side third driven gear 74(3) so as not
be relatively rotatable and a third driven side friction plate
supported by the output side clutch housing 83 so as not to
be relatively rotatable in a state of being opposed to the third
driving side friction plate, and an output side third piston
(not illustrated) frictionally engaging the output side third
friction plate group 84(3).

[0464] As illustrated in FIG. 24, the transmission structure
8 according to this embodiment is housed in a housing
structure 500 in the working vehicle 203.

[0465] The housing structure 500 has a front housing 510
and a rear housing 550 coupled in series.

[0466] The front housing 510 has a hollow front housing
body 512, a front supporting wall 514 and a second sup-
porting wall 518 extended radially inward from the inner
surface at an intermediate position in the longitudinal direc-
tion of the front housing body 512, and a front bearing plate
516 detachably coupled with a boss portion formed to
project radially inward from the inner surface near a rear
opening of the front housing body 512.

[0467] The rear housing 550 has a hollow rear housing
body 552 detachably coupled with the front housing body
512, a rear bearing plate 554 detachably coupled with a boss
portion formed to project radially inward from the inner
surface near a front opening of the rear housing body 552,
and a rear supporting wall 556 extended radially inward
from the inner surface at an intermediate position in the
longitudinal direction of the rear housing body 552.

[0468] In such a configuration, the main driving shaft 212
is supported by the front supporting wall 514, the front
bearing plate 516, and the rear bearing plate 554 so as to be
rotatable around the axis and the input side first and second
clutch mechanisms 60(1) and 60(2) are supported by the
main driving shaft 212 in the front housing body 512. A relay
cylinder portion 5164 for supplying/discharging pressure oil
to/from the input side first and second clutch mechanisms
60(1) and 60(2) is integrally formed in the front bearing
plate 516 fitted onto the main driving shaft 212. To the relay
cylinder portion 5164, the input side first and second supply/
discharge lines 360(1) and 360(2) illustrated in FIG. 16
described above are connected using a means, such as a pipe.
[0469] The variable input shaft 31 is configured as a
hollow shaft integrally formed in a rotation center portion of
the driven gear 2165 and the front end side is supported by
the front supporting wall 514 so as to be rotatable around the
axis.

[0470] In a sun gear shaft 32¢ integrally having the sun
gear 32 on the rear end side, the front end side is inserted into
the rear end side of the variable input shaft 31 to be
spline-coupled therewith and the intermediate portion in the
axial direction relatively rotatably supports the input side
second driven gear 54(2).

[0471] The speed change intermediate shaft 43 is disposed
coaxially with the variable input shaft 31 and the sun gear
shaft 32a. The speed change intermediate shaft 43 integrally
has the carrier 38 on the front end side and the carrier 38 is
coupled with the input side second driven gear 54(2) through
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a bolt. Thus, the front end side of the speed change inter-
mediate shaft 43 is supported by the front bearing plate 516
through the sun gear shaft 32a and the speed change input
shaft 31 so as to be rotatable around the axis and the rear end
side of the speed change intermediate shaft 43 is supported
by the rear bearing plate 554 so as to be rotatable around the
axis.

[0472] The hollow speed change transmission shaft 44
externally inserted into the speed change intermediate shaft
43 in a relatively rotatable manner integrally has the internal
gear 36 in a front end portion, the front end side thereof is
supported by the front supporting wall 514 through the
speed change intermediate shaft 43, and the rear end side
thereof is supported by the front bearing plate 516. Then, the
output side third driving gear 72(3), the input side first
driven gear 54(1), and the output side second driving gear
72(2) are spline-fitted onto the outer periphery of an inter-
mediate portion reaching the front bearing plate 516 from
the internal gear 36 of the speed change transmission shaft
44.

[0473] The speed change output shaft 45 is supported by
the second supporting wall 518, the rear bearing plate 554,
and the rear supporting wall 556 so as to be rotatable around
the axis. The first traveling transmission shaft 235 is sup-
ported by the rear bearing plate 554 and the rear supporting
wall 556 so as to be rotatable around the axis.

[0474] The speed change output shaft 45 supports the
output side third clutch mechanism 80(3) on the front end
side, supports the output side first and second clutch mecha-
nisms 80(1) and 80(2) in an intermediate portion, and
supports the clutch mechanism of the forward/reverse move-
ment switching mechanism 230 on the rear end side, respec-
tively. The hydraulic friction plate clutch unit is used also for
the clutch mechanism of the forward/reverse movement
switching mechanism 230. A relay cylinder portion 5564 for
supplying/discharging pressure oil to/from the five clutch
mechanisms arranged on the speed change output shaft 45 is
mounted on the rear supporting wall 556 and fitted to a rear
end portion of the speed change output shaft 45.

[0475] In a rear half portion not illustrated of the rear
housing 550, the differential mechanism 260, the PTO clutch
mechanism 285, and the PTO multistage speed change
mechanism 290 are housed.

[0476] In this embodiment, although the input side first
and second clutch mechanisms 60(1) and 60(2) and the
output side first to third clutch mechanisms 80(1) to 80(3)
are all configured as the friction plate type, some or all
thereof can be configured as the dog clutch type.

[0477] FIG. 26 illustrates a transmission schematic view
of a working vehicle 203 to which a transmission structure
8B according to a modification of this embodiment provided
with the input side clutch unit 410 of the dog clutch type in
place of the input side first and second clutch mechanisms
60(1) and 60(2) of the friction plate type is applied.

Embodiment 9

[0478] Hereinafter, further yet still another embodiment of
the transmission structure according to the present invention
is described with reference to the accompanying drawings.
[0479] FIG. 27 illustrates a transmission schematic view
of'a working vehicle 205 to which the transmission structure
9 according to this embodiment is applied.

[0480] FIG. 28 illustrates a partial vertical cross-sectional
side view of the working vehicle 205.
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[0481] In the figures, the same components as those in
Embodiments described above are designated by the same
reference numerals and a description thereof is omitted as
appropriate.

[0482] The transmission structure 9 according to this
embodiment is common to the transmission structure 8
according to Embodiment 8 described above in the point of
having the output side first to third clutch mechanisms 80(1)
to 80(3).

[0483] Meanwhile, the transmission structure 9 is different
from the transmission structure 8 according to Embodiment
8 described above in the following point.

[0484] More specifically, the transmission structure 8
according to Embodiment 8 described above is configured
so that the rotation power is transmitted to the traveling
transmission shaft 235 through the forward/reverse move-
ment switching mechanism 230 in all the first to third
transmission states developed according to the engagement
states of the output side first to third clutch mechanisms
80(1) to 80(3).

[0485] In contrast thereto, the transmission structure 9
according to this embodiment is configured so that, while the
rotation power is transmitted to the traveling transmission
shaft 235 through the forward/reverse movement switching
mechanism 230 in the first and second transmission states
developed according to the engagement states of the output
side first and second clutch mechanisms 80(1) and 80(2), the
rotation power in the forward movement direction is trans-
mitted to the traveling transmission shaft 235 without via the
forward/reverse movement switching mechanism 230 in the
third transmission state developed in the engagement state of
the output side third clutch mechanism 80(3).

[0486] In detail, as illustrated in FIG. 27, the transmission
structure 9 is provided with the HST 10 and the planetary
gear mechanism 30, the input side first transmission mecha-
nism 750(1) capable of operatively transmitting the rotation
power of the driving source 210 to the first element (the
internal gear 36 in this embodiment) at the input side first
speed change ratio and the input side second transmission
mechanism 750(2) capable of operatively transmitting the
rotation power of the driving source 210 to the second
element (the carrier 38 in this embodiment) at the input side
second speed change ratio, the input side first and second
clutch mechanisms 60(1) and 60(2), the speed change output
shaft 45 and the traveling transmission shaft 235, the for-
ward/reverse movement switching mechanism 230, an out-
put side first transmission mechanism 770(1) capable of
operatively transmitting the rotation power of the second
element at the output side first speed change ratio to the
speed change output shaft 45, an output side second trans-
mission mechanism 770(2) capable of operatively transmit-
ting the rotation power of the first element at the output side
second speed change ratio to the speed change output shaft
45, an output side third transmission mechanism 770(3)
capable of operatively transmitting the rotation power of the
first element as the driving force in the forward movement
direction to the traveling transmission shaft 235, the output
side first to third clutch mechanisms 80(1) to 80(3), the
speed change operation member 90, the HST sensor 954,
and the control device 100.

[0487] As illustrated in FIG. 27 and FIG. 28, the trans-
mission structure 9 further has the speed change intermedi-
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ate shaft 43 coupled with the second element (the carrier 38
in this embodiment) so as not to be relatively rotatable
around the axis.

[0488] Moreover, the transmission structure 9 has an out-
put sensor 955 directly or indirectly detecting the rotational
speed of the traveling transmission shaft 235.

[0489] The input side first transmission mechanism 750(1)
has an input side first driving gear 752(1) relatively rotatably
supported by the main driving shaft 212 operatively coupled
with the driving source 210 and an input side first driven
gear 754(1) operatively coupled with the input side first
driving gear 752(1) and the first element (the internal gear 36
in this embodiment) in a state of being relatively rotatably
supported by the speed change intermediate shaft 43.

[0490] The input side second transmission mechanism
750(2) has an input side second driving gear 752(2) rela-
tively rotatably supported by the main driving shaft 212 and
an input side second driven gear 754(2) operatively coupled
with the input side second driving gear 752(2) in a state of
being supported by the speed change intermediate shaft 43
so as not to be relatively rotatable, in which the rotation
power of the main driving shaft 212 is operatively trans-
mitted to the second element (the carrier 38 in this embodi-
ment) through the speed change intermediate shaft 43.

[0491] In this case, as illustrated in FIG. 27 and FIG. 28,
the input side first and second clutch mechanisms 60(1) and
60(2) are supported by the main driving shaft 212 so as to
engage/disengage the input side first and second driving
gears 752(1) and 752(2), respectively, with/from the main
driving shaft 212.

[0492] More specifically, in this embodiment, the input
side first clutch mechanism 60(1) is configured to have the
input side clutch housing 62 supported by the main driving
shaft 212 so as not to be relatively rotatable, an input side
first friction plate group 64(1) containing a first driving side
friction plate supported by the input side clutch housing 62
s0 as not to be relatively rotatable and a first driven side
friction plate supported by the input side first driving gear
752(1) so as not to be relatively rotatable in a state of being
opposed to the first driving side friction plate, and an input
side first piston (not illustrated) frictionally engaging the
input side first friction plate group 64(1).

[0493] The input side second clutch mechanism 60(2) is
configured to have the input side clutch housing 62, an input
side second friction plate group 64(2) containing a second
driving side friction plate supported by the input side clutch
housing 62 so as not to be relatively rotatable and a second
driven side friction plate supported by the input side second
driving gear 752(2) so as not to be relatively rotatable in a
state of being opposed to the second driving side friction
plate, and an input side second piston (not illustrated)
frictionally engaging the input side second friction plate
group 64(2).

[0494] In this embodiment, the output side first transmis-
sion mechanism 770(1) is configured to be able to opera-
tively transmit the rotation power of the second element to
the speed change output shaft 45 utilizing the input side
second driven gear 754(2) in the input side second trans-
mission mechanism 750(2).

[0495] In detail, as illustrated in FIG. 27 and FIG. 28, the
output side first transmission mechanism 770(1) has an
output side first driven gear 774(1) operatively coupled with
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the input side second driven gear 754(2) in a state of being
relatively rotatably supported by the speed change output
shaft 45.

[0496] The output side second transmission mechanism
770(2) is configured to be able to operatively transmit the
rotation power of the first element to the speed change
output shaft 45 utilizing the input side first driven gear
754(2) in the input side first transmission mechanism 750
.

[0497] In detail, as illustrated in FIG. 27 and FIG. 28, the
output side second transmission mechanism 770(2) has an
output side second driven gear 774(2) operatively coupled
with the input side first driven gear 754(1) in a state of being
relatively rotatably supported by the speed change output
shaft 45.

[0498] In this case, as illustrated in FIG. 27 and FIG. 28,
the output side first and second clutch mechanisms 80(1) and
80(2) are supported by the speed change output shaft 45 so
as to engage/disengage the output side first and second
driven gears 774(1) and 774(2), respectively, with/from the
speed change output shaft 45.

[0499] More specifically, in this embodiment, the output
side first clutch mechanism 80(1) is configured to have an
output side clutch housing 82 supported by the speed change
output shaft 45 so as not to be relatively rotatable, an output
side first friction plate group 84(1) containing a first driving
side friction plate supported by the output side first driven
gear 774(1) so as not to be relatively rotatable and a first
driven side friction plate supported by the output side clutch
housing 82 so as not to be relatively rotatable in a state of
being opposed to the first driving side friction plate, and an
output side first piston (not illustrated) frictionally engaging
the output side first friction plate group 84(1).

[0500] The output side second clutch mechanism 80(2) is
configured to have the output side clutch housing 82, an
output side second friction plate group 84(2) containing a
second driving side friction plate supported by the output
side second driven gear 774(2) so as not to be relatively
rotatable and a second driven side friction plate supported by
the output side clutch housing 82 so as not to be relatively
rotatable in a state of being opposed to the second driving
side friction plate, and an output side second piston (not
illustrated) frictionally engaging the output side second
friction plate group 84(2).

[0501] In the output side third transmission mechanism
770(3), the speed change ratio is set so that the rotational
speed of the traveling transmission shaft 235 at the timing
when the rotation power of the first element is operatively
transmitted to the traveling transmission shaft 235 through
the output side third transmission mechanism 770(3) is
higher than the rotational speed of the traveling transmission
shaft 235 at the timing when the rotation power of the first
element is operatively transmitted to the traveling transmis-
sion shaft 235 through the output side second transmission
mechanism 770(2) and the forward/reverse movement
switching mechanism 230 in the forward movement trans-
mission state.

[0502] In this embodiment, the output side third transmis-
sion mechanism 770(3) is configured to be able to opera-
tively transmit the rotation power of the first element to the
traveling transmission shaft 235 utilizing the output side
second driven gear 774(2) in the output side second trans-
mission mechanism 770(2).
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[0503] In detail, as illustrated in FIG. 27 and FIG. 28, the
output side third transmission mechanism 770(3) has an
output side third driven gear 774(3) operatively coupled
with the output side second driven gear 774(2) in a state of
relatively rotatably being supported by the traveling trans-
mission shaft 235.

[0504] In this case, as illustrated in FIG. 27 and FIG. 28,
the output side third clutch mechanism 80(3) is supported by
the traveling transmission shaft 235 so as to engage/disen-
gage the output side third driven gear 774(3) with/from the
traveling transmission shaft 235.

[0505] More specifically, in this embodiment, the output
side third clutch mechanism 80(3) is configured to have the
output side clutch housing 83 supported by the traveling
transmission shaft 235 so as not to be relatively rotatable, an
output side third friction plate group 84(3) containing a third
driving side friction plate supported by the output side third
driven gear 774(3) so as not to be relatively rotatable and a
third driven side friction plate supported by the output side
clutch housing 83 so as not to be relatively rotatable in a
state of being opposed to the third driving side friction plate,
and an output side third piston (not illustrated) frictionally
engaging the output side third friction plate group 84(3).
[0506] The output side third driven gear 774(3) can also be
operatively coupled with the output side first driven gear
774(1) in place of the output side second driven gear 774(2).
[0507] More specifically, the output side third transmis-
sion mechanism 770(3) can also be modified so as to
operatively transmit the rotation power of the first element
to the traveling transmission shaft 235 utilizing the output
side first driven gear 774(1) in the output side first trans-
mission mechanism 770(1).

[0508] FIG. 29 illustrates a graph illustrating the relation-
ship between the traveling vehicle speed and the HST output
in the working vehicle 205 to which the transmission
structure 9 according to this embodiment is applied.
[0509] As illustrated in FIG. 29, the control device 100 in
this embodiment

[0510] operates the output adjustment member 20 so that
the HST output is set to the first HST speed setting the
synthetic rotation power of the planetary gear mechanism 30
to zero in response to an operation to the zero speed position
of the speed change operation member 90,

[0511] when the speed change operation member 90 is
operated in a forward movement side low speed range
between the zero speed position and the forward movement
side first switching speed position, while the control device
100 develops a first transmission state where the first ele-
ment is functioned as the reference power input portion
operatively transmitted from the driving source 210 and the
second element is functioned as the output portion of
synthetic rotation power, so that the synthetic rotation power
output from the second element is operatively transmitted to
the speed change output shaft 45 by bringing the output side
first clutch mechanism 80(1) into the engagement state and
bringing the other output side clutch mechanisms 80(2) and
80(3) into the disengagement state while bringing the input
side first clutch mechanism 60(1) into the engagement state
and bringing the input side second clutch mechanism 60(2)
into the disengagement state, the control device 100 brings
the forward/reverse movement switching mechanism 230
into the forward movement transmission state and the con-
trol device 100 operates the output adjustment member 20 so
that the HST output is speed-changed from the side of the
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first HST speed toward the side of the second HST speed in
response to the acceleration operation of the speed change
operation member 90,

[0512] when the speed change operation member 90 is
operated in a forward movement side intermediate speed
range between the forward movement side first switching
speed position and the forward movement side second
switching speed position, while the control device develops
a second transmission state where the second element is
functioned as the reference power input portion and the first
element is functioned as the output portion of synthetic
rotation power, so that the synthetic rotation power output
from the first element is operatively transmitted to the speed
change output shaft 45 by bringing the output side second
clutch mechanism 80(2) into the engagement state and
bringing the other output side clutch mechanisms 80(1) and
80(3) into the disengagement state while bringing the input
side first clutch mechanism 60(1) into the disengagement
state and bringing the input side second clutch mechanism
60(2) into the engagement state, the control device 100
brings the forward/reverse movement switching mechanism
230 into the forward movement transmission state and the
control device 100 operates the output adjustment member
20 so that the HST output is speed-changed from the side of
the second HST speed toward the side of the first HST speed
in response to the acceleration operation of the speed change
operation member 90,

[0513] when the speed change operation member 90 is
operated in a forward movement side high speed range
beyond the forward movement side second switching speed
position, while the control device 100 develops a third
transmission state where the second element is functioned as
the reference power input portion and the first element is
functioned as the output unit of synthetic rotation power, so
that the synthetic rotation power output from the first
element is operatively transmitted to the traveling transmis-
sion shaft 235 as driving force in the forward movement
direction through the output side third transmission mecha-
nism 770(3) by bringing the output side third clutch mecha-
nism 80(3) into the engagement state and bringing the other
output side clutch mechanisms 80(1) and 80(3) into the
disengagement state while bringing the input side first clutch
mechanism 60(1) into the disengagement state and bringing
the input side second clutch mechanism 60(2) into the
engagement state, the control device 100 operates the output
adjustment member 20 so that the HST output is speed-
changed from the side of the second HST speed toward the
side of the first HST speed in response to the acceleration
operation of the speed change operation member 90,
[0514] when the speed change operation member 90
passes a forward movement side second switching speed
position between the forward movement side intermediate
speed range and the forward movement side high speed
range, the control device 100 operates the output adjustment
member 20 so that the rotational speed of the traveling
transmission shaft 235 in a transmission state developed
immediately after the passage coincides with or approaches
the rotational speed of the traveling transmission shaft 235
in a transmission state developed immediately before the
passage,

[0515] when the speed change operation member 90 is
operated in a reverse movement side low speed range
between the zero speed and a reverse movement side first
switching speed position, while the control device 100
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develops the first transmission state, the control device
brings the forward/reverse movement switching mechanism
230 into the reverse movement transmission state and the
control device 100 operates the output adjustment member
20 so that the HST output is speed-changed from the side of
the first HST speed toward the side of the second HST speed
in response to the acceleration operation of the speed change
operation member 90, and

[0516] when the speed change operation member 90 is
operated in a reverse movement side high speed range
beyond the reverse movement side first switching speed
position, while the control device 100 develops the second
transmission state, the control device 100 brings the for-
ward/reverse movement switching mechanism 230 into the
reverse movement transmission state and the control device
100 operates the output adjustment member 20 so that the
HST output is speed-changed from the side of the second
HST speed toward the side of the first HST speed in response
to the acceleration operation of the speed change operation
member 90.

[0517] In the same manner as in Embodiment 1, the input
side first speed change ratio of the input side first transmis-
sion mechanism 750(1) and the second speed change ratio of
the input side second transmission mechanism 750(2) are set
so that the rotational speed of the second element (the carrier
38 in this embodiment) when the HST output is set to the
second HST speed in the first transmission state and the
rotational speed of the second element by the rotation power
transmitted through the input side second transmission
mechanism 750(2) in the second transmission state are the
same and so that the rotational speed of the first element (the
internal gear 36 in this embodiment) when the HST output
is set to the second HST speed in the second transmission
state and the rotational speed of the first element by the
rotation power transmitted through the input side first trans-
mission mechanism 750(1) in the first transmission state are
the same.

[0518] As illustrated in FIG. 29, the output side first speed
change ratio of the output side first transmission mechanism
770(1) and the output side second speed change ratio of the
output side second transmission mechanism 770(2) are set
so that the rotational speed developed in the speed change
output shaft 45 when the HST output is set to the second
HST speed is same in the first and second transmission
states.

[0519] Then, as described above, when the speed change
operation member 90 passes the forward movement side
second switching speed position between the forward move-
ment side intermediate speed range and the forward move-
ment side high speed range, the control device 100 operates
the output adjustment member 20 so that the rotational speed
of the traveling transmission shaft 235 in a transmission
state developed immediately after the passage coincides
with or approaches the rotational speed of the traveling
transmission shaft 235 in a transmission state developed
before the passage.

[0520] More specifically, when the speed change opera-
tion member 90 is operated in the acceleration direction in
the forward movement side intermediate speed range (sec-
ond transmission state), passes the forward movement side
second switching speed position, and then enters the forward
movement side high speed range, while the control device
100 shifts the output side second clutch mechanism 80(2)
from the engagement state to the disengagement state and
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shifts the output side third clutch mechanism 80(3) shifted
from the disengagement state to the engagement state to
perform switching from the second transmission state to the
third transmission state, the control device 100 operates the
output adjustment member 20 so that the output of the HST
10 is speed-changed from the rotational speed (first HST
speed) setting the traveling vehicle speed to +b under the
second transmission state to the rotational speed (third HST
speed) setting the traveling vehicle speed to +b or speed
therearound under the third transmission state.

[0521] When the speed change operation member 90 is
operated in the deceleration direction in the forward move-
ment side high speed range (third transmission state), passes
the forward movement side second switching speed posi-
tion, and then enters the forward movement side interme-
diate speed range, while the control device 100 shifts the
output side third clutch mechanism 80(3) from the engage-
ment state to the disengagement state and shifts the output
side second clutch mechanism 80(2) from the disengage-
ment state to the engagement state to perform switching
from the third transmission state to the second transmission
state, the control device 100 operates the output adjustment
member 20 so that the output of the HST 10 is speed-
changed from the rotational speed (third HST speed) setting
the traveling vehicle speed to +b under the third transmis-
sion state to the rotational speed (first HST speed) setting the
traveling vehicle speed to +b or speed therearound under the
second transmission state.

[0522] The transmission structure 9 having such a con-
figuration can further extend the speed changeable range
(speed change region) on the forward movement side while
obtaining the same effects as those of the transmission
structure 1 according to Embodiment 1.

[0523] Inthis embodiment, the output side first and second
speed change ratios are set so that the traveling vehicle speed
when the HST output is set to the second HST speed is same
in the first and second transmission states as described
above. However, in place of the setting, a configuration may
be acceptable in which the control device 100 operates the
output adjustment member 20 so that, in the switching
between the first and second transmission states, the travel-
ing vehicle speed in a transmission state after the switching
coincides with or approaches the traveling vehicle speed in
the transmission state after the switching.

[0524] The transmission structure 9 according to this
embodiment is housed in a housing structure 500B in the
working vehicle 205.

[0525] As illustrated in FIG. 28, the housing structure
500B is provided with a hollow housing body 505B, a first
bearing plate 516B detachably coupled with the hollow
housing body 505B, and a second bearing plate 554B
detachably coupled with the housing body 505B at a posi-
tion spaced from the first bearing plate 516B in the longi-
tudinal direction of the housing body 505B and forming a
partitioned space S between the first bearing plates 516B and
the second bearing plate 554B.

[0526] In this embodiment, the housing body 505B has a
front housing body 510B and a rear housing body 550B
detachably connected in series.

[0527] The first bearing plate 516B is detachably coupled
with a boss portion 511 provided in the inner surface of the
front housing body 510B near a rear opening of the front
housing body 510B and the second bearing plate 5548 is
detachably coupled with a boss portion 551 provided in the
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inner surface of the rear housing body 550B near a front
opening of the rear housing body 550B.

[0528] As illustrated in FIG. 28, the main driving shaft
212, the speed change intermediate shaft 43, the speed
change output shaft 45, and the traveling transmission shaft
235 are supported by the first and second bearing plates
516B and 554B in a state of being parallel to one another and
disposed along the longitudinal direction of the housing
body 505B.

[0529] The input side first and second driving gears 752(1)
and 752(2) and the input side first and second clutch
mechanisms 60(1) and 60(2) are supported in a portion
located in the partitioned space S of the main driving shafts
212 in a state where the input side first and second clutch
mechanisms 60(1) and 60(2) are located between the input
side first and second driving gears 752(1) and 752(2) with
respect to the axial direction of the main driving shaft 212.
[0530] The input side first and second driven gears 754(1)
and 754(2) are supported in a portion located in the parti-
tioned space S of the speed change intermediate shaft 43 in
a state of being located at the same positions as those of the
input side first and second driving gears 752(1) and 752(2),
respectively, with respect to the axial direction.

[0531] The output side first and second driven gears
774(1) and 774(2) and the output side first and second clutch
mechanisms 80(1) and 80(2) are supported in a portion
located in the partitioned space S of the speed change output
shaft 45 in a state where the output side first and second
driven gears 774(1) and 774(2) are located at the same
positions as those of the input side second and first driven
gears 754(2) and 754(1), respectively, with respect to the
axial direction and the output side first and second clutch
mechanisms 80(1) and 80(2) are located between the input
side first and second driven gears 774(1) and 774(2) with
respect to the axial direction.

[0532] The output side third driven gear 774(3) and the
output side third clutch mechanism 80(3) are supported in a
portion located in the partitioned space S of the traveling
transmission shaft 235 in a state where the output side third
driven gear 774(3) is located at the same position in the axial
direction as that of the output side second driven gear 774(2)
and the output side third clutch mechanism 80(3) is located
on the far side of the output side second driven gear 774(2)
from the output side first and second clutch mechanisms
80(1) and 80(2) with respect to the axial direction.

[0533] The forward/reverse movement switching mecha-
nism 230 is supported in a portion located outside the
partitioned space S of the speed change output shaft 45 and
the traveling transmission shaft 235.

[0534] In detail, as illustrated in FIG. 27 and FIG. 28, the
forward/reverse movement switching mechanism 230 has a
forward movement side gear train 710F containing a for-
ward movement side driving gear 711F supported by the
speed change output shaft 44 and a forward movement side
driven gear 712F supported by the traveling transmission
shaft 235 and meshed with the forward movement side
driving gear 711F, a reverse movement side gear train 710R
containing a reverse movement side driving gear 231R
supported by the speed change output shaft 45 and a reverse
movement side driven gear 712R supported by the traveling
transmission shaft 235 and meshed with the reverse move-
ment side driving gear 711R through an idle gear 713 (see
FIG. 27), a forward movement side clutch mechanism 720F
engaging/disengaging the power transmission in the forward
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direction from the speed change output shaft 45 to the
traveling transmission shaft 235 through the forward move-
ment side gear train 710F, and a reverse movement side
clutch mechanism 720R engaging/disengaging the power
transmission in the reverse movement direction from the
speed change output shaft 45 to the traveling transmission
shaft 235 through the reverse movement side gear train
710R.

[0535] As illustrated in FIG. 28, in this embodiment, the
forward movement side driving gear 711F is supported in a
rear portion extended rearward relative to the second bearing
plate 554B of the speed change output shaft 45 so as not to
be relatively rotatable and the reverse movement side driv-
ing gear 711R is supported in a rear portion of the speed
change output shaft 45 so as not to be relatively rotatable at
a position spaced from the forward movement side driving
gear 711F in the axial direction.

[0536] In this embodiment, the speed change output shaft
45 has a first speed change output shaft 45a located on the
front side and a second speed change output shaft 455
located on the rear side and coupled coaxially with the first
speed change output shaft 454 so as not to be relatively
rotatable around the axis, in which the second speed change
output shaft 456 forms the rear portion of the speed change
output shaft 45.

[0537] The forward movement side driven gear 712F is
relatively rotatably supported in a rear portion extended
rearward relative to the second bearing plate 554B of the
traveling transmission shaft 235 at the same position as that
of the forward movement side driving gear 711F with
respect to the axial direction.

[0538] The reverse movement side driven gear 712R is
relatively rotatably supported in a rear portion of the trav-
eling transmission shaft 235 at the same position as that of
the reverse movement side driving gear 711R with respect to
the axial direction.

[0539] Then, the forward movement side and reverse
movement side clutch mechanisms 720F and 720R are
supported in the rear portion of the traveling transmission
shaft 235 in a state of being located between the forward
movement side driven gear 712F and the reverse movement
side driven gear 712R with respect to the axial direction.
[0540] In this embodiment, the traveling transmission
shaft 235 has a first traveling transmission shaft 235a
located on the front side and a second traveling transmission
shaft 2355 located on the rear side and coupled coaxially
with the first traveling transmission shaft 2354 so as not to
be relatively rotatable around the axis, in which the second
traveling transmission shaft 2356 forms the rear portion of
the traveling transmission shaft 235.

[0541] By having such a housing structure, the transmis-
sion structure 9 according to this embodiment can effec-
tively achieve a reduction in the number of used gears and
the size.

[0542] As described above, in this embodiment, the output
side third driven gear 774(3) is located at the same position
as that of the output side second driven gear 774(2) with
respect to the axial direction and is meshed with the output
side second driven gear 774(2).

[0543] In place of the configuration, the output side third
driven gear 774(3) may be located at the same position as
that of the output side first driven gear 774(1) with respect
to the axial direction and meshed with the output side first
driven gear 774(1). In this case, the output side third clutch
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mechanism 80(3) is supported in a portion located in the
partitioned space S of the traveling transmission shaft 235 in
a state of being located on the far side of the output side first
driven gear 774(1) from the output side first and second
clutch mechanisms 80(1) and 80(2) with respect to the axial
direction.

[0544] As illustrated in FIG. 28, in this embodiment, a
rotary joint 68 for supplying/discharging hydraulic oil to the
input side first and second clutch mechanisms 60(1) and
60(2) is provided in the main driving shaft 212 and a bearing
portion of the main driving shaft 212 in the second bearing
plate 554B.

[0545] Moreover, a rotary joint 88 for supplying/discharg-
ing hydraulic oil to the output side first and second clutch
mechanisms 80(1) and 80(2) is provided in the speed change
output shaft 45 and a bearing portion of the speed change
output shaft 45 in the first bearing plate 516B.

[0546] Furthermore, a rotary joint 238 for supplying/
discharging hydraulic oil to/from the output side third clutch
mechanism 80(3), the forward movement side clutch mecha-
nism 720F, and the reverse movement side clutch mecha-
nism 720R is provided in the traveling transmission shaft
235 and a relay cylinder portion 555 mounted in the second
bearing plate 554B.

1. A transmission structure comprising:

an HST configured to continuously change rotation power
operatively input into a pump shaft of the HST from a
driving source to rotation power at least between a first
HST speed and a second HST speed according to an
operation position of an output adjustment member,
and then outputting the changed rotation power as an
HST power from a motor shaft;

a planetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

a speed change output shaft;

an input side first transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the first element at an input side first speed
change ratio;

an input side second transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the second element at an input side second
speed change ratio;

input side first and second clutch mechanisms engaging/
disengaging power transmission of the input side first
and second transmission mechanisms, respectively;

an output side first transmission mechanism capable of
operatively transmitting the rotation power of the sec-
ond element to the speed change output shaft at an
output side first speed change ratio;

an output side second transmission mechanism capable of
operatively transmitting the rotation power of the first
element to the speed change output shaft at an output
side second speed change ratio;

output side first and second clutch mechanisms engaging/
disengaging power transmission of the output side first
and second transmission mechanisms, respectively;

a speed change operation member;

an HST sensor directly or indirectly detecting a speed
change state of the HST;

an output sensor directly or indirectly detecting rotational
speed of the speed change output shaft; and
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a control device controlling operations of the output
adjustment member, the input side first and second
clutch mechanisms, and the output side first and second
clutch mechanisms,

wherein based on detection signals of the HST sensor and
the output sensor, the control device is configured to
develop a first transmission state where the first ele-
ment functions as an input portion of power operatively
transmitted from the driving source and the second
element functions as an output portion of synthetic
rotation power by bringing the input side and output
side first clutch mechanisms into an engagement state
and bringing the input side and output side second
clutch mechanisms into a disengagement state in a low
speed state where the rotational speed of the speed
change output shaft is less than a predetermined switch-
ing speed, the control device operates the output adjust-
ment member so that the HST output is speed-changed
from the first HST speed toward the second HST speed
in response to an acceleration operation of the speed
change operation member, and,

wherein the control device is configured to develop a
second transmission state where the first element func-
tions as the output portion and the second element
functions as the input portion of the power by bringing
the input side and output side first clutch mechanisms
into the disengagement state and bringing the input side
and output side second clutch mechanisms into the
engagement state in a high speed state where the
rotational speed of the speed change output shaft is
equal to or higher than the switching speed, the control
device operates the output adjustment member so that
the HST output is speed-changed from the second HST
speed toward the first HST speed in response to the
acceleration operation of the speed change operation
member,

wherein the input side first and second speed change
ratios are set so that rotational speed of the second
element when the HST output is set to the second HST
speed in the first transmission state and rotational speed
of the second element by rotation power transmitted
through the input side second transmission mechanism
in the second transmission state are same and so that
rotational speed of the first element when the HST
output is set to the second HST speed in the second
transmission state and rotational speed of the first
element by rotation power transmitted through the
input side first transmission mechanism in the first
transmission state are same, and

wherein the output side first and second speed change
ratios are set so that rotational speed developed in the
speed change output shaft when the HST output is set
to the second HST speed is same in the first and second
transmission states.

2. A transmission structure comprising:

an HST configured to continuously change rotation power
operatively input into a pump shaft of the HST from a
driving source to rotation power at least between a first
HST speed and a second HST speed according to an
operation position of an output adjustment member,
and then outputting the changed rotation power as an
HST output from a motor shaft;

39

Apr. 23,2020

a planetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

a speed change output shaft;

an input side first transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the first element at an input side first speed
change ratio;

an input side second transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the second element at an input side second
speed change ratio;

input side first and second clutch mechanisms engaging/
disengaging power transmission of the input side first
and second transmission mechanisms, respectively;

output side first and second clutch mechanisms engaging/
disengaging power transmission from the second ele-
ment and the first element, respectively, to the speed
change output shaft;

a speed change operation member;

an HST sensor directly or indirectly detecting a speed
change state of the HST;

an output sensor directly or indirectly detecting rotational
speed of the speed change output shaft; and

a control device controlling operations of the output
adjustment member, the input side first and second
clutch mechanisms, and the output side first and second
clutch mechanisms,

wherein based on detection signals of the HST sensor and
the output sensor, the control device is configured to
develop a first transmission state where the first ele-
ment functions as an input portion of power operatively
transmitted from the driving source and the second
element functions as an output portion of synthetic
rotation power by bringing the input side and output
side first clutch mechanisms into an engagement state
and bringing the input side and output side second
clutch mechanisms into a disengagement state in a low
speed state where the rotational speed of the speed
change output shaft is less than a predetermined switch-
ing speed, the control device operates the output adjust-
ment member so that the HST output is speed-changed
from the first HST speed toward the second HST speed
in response to an acceleration operation of the speed
change operation member,

wherein the control device is configured to develop a
second transmission state where the first element func-
tions as the output portion and the second element
functions as the input portion of reference power by
bringing the input side and output side first clutch
mechanisms into the disengagement state and bringing
the input side and output side second clutch mecha-
nisms into the engagement state in a high speed state
where the rotational speed of the speed change output
shaft is equal to or higher than the switching speed, the
control device operates the output adjustment member
so that the HST output is speed-changed from the
second HST speed toward the first HST speed in
response to the acceleration operation of the speed
change operation member, and

wherein the input side first and second speed change
ratios are set so that rotational speed of the second
element when the HST output is set to the second HST
speed in the first transmission state and rotational speed
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of the second element by rotation power transmitted
through the input side second transmission mechanism
in the second transmission state are same and so that
rotational speed of the first element when the HST
output is set to the second HST speed in the second
transmission state and rotational speed of the first
element by rotation power transmitted through the
input side first transmission mechanism in the first
transmission state are same.
3. The transmission structure according to claim 2,
wherein in switching between the first and second transmis-
sion states, the control device operates the output adjustment
member so that rotational speed developed in the speed
change output shaft in a transmission state after the switch-
ing coincides with or approaches rotational speed developed
in the speed change output shaft in a transmission state
before the switching.
4. The transmission structure according to claim 1,
wherein in a switching transition stage between the first and
second transmission states, a double transmission state is
developed in which both the input side first and second
clutch mechanisms are brought into the engagement state
and both the output side first and second clutch mechanisms
are brought into the engagement state.
5. The transmission structure according to claim 4,
wherein at least one of an input side clutch unit formed by
the input side first and second clutch mechanisms and an
output side clutch unit formed by the output side first and
second clutch mechanisms is configured as a dog clutch
Wpes
wherein the clutch unit of the dog clutch type has a slider
supported by a corresponding rotation shaft so as not to
be relatively rotatable and so as to be movable in an
axial direction and first and second recess-projection
engagement portions on one side and another side,
respectively, in the axial direction,
wherein when the slider is located at a first position on the
one side in the axial direction, the first recess-projec-
tion engagement portion is engaged with a correspond-
ing recess-projection engagement portion while the
second recess-projection engagement portion is not
engaged with a corresponding recess-projection
engagement portion, whereby the slider brings only the
first clutch mechanism into the engagement state, and

wherein when the slider is located at a second position on
the another side in the axial direction, the second
recess-projection engagement portion is engaged with a
corresponding recess-projection engagement portion
while the first recess-projection engagement portion is
not engaged with a corresponding recess-projection
engagement portion, whereby the slider brings only the
second clutch mechanism into the engagement state,
and when the slider is located at an intermediate
position between the first and second positions with
respect to the axial direction, both the first and second
recess-projection engagement portions are engaged
with corresponding recess-projection engagement por-
tions, whereby the slider brings both first and second
clutch mechanisms into the engagement state.

6. The transmission structure according to claim 5,
wherein the input side first transmission mechanism has an
input side first driving gear relatively rotatably supported by
a main driving shaft operatively coupled with the driving
source and an input side first driven gear operatively coupled
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with the input side first driven gear and made relatively
unrotatable to the first element,

wherein the input side second transmission mechanism
has an input side second driving gear relatively rotat-
ably supported by the main driving shaft and an input
side second driven gear operatively coupled with the
input side second driving gear and made relatively
unrotatable to the second element,

wherein the input side clutch unit is configured as the dog
clutch type and having an input side slider as the slider,

wherein the input side slider is supported by the main
driving shaft between the input side first and second
driving gears so as not to be relatively rotatable and so
as to be movable in the axial direction,

wherein when located at the first position, the first recess-
projection engagement portion is engaged with a
recess-projection engagement portion of the input side
first driving gear while the second recess-projection
engagement portion is not engaged with a recess-
projection engagement portion of the input side second
driving gear, whereby the input side slider brings only
the input side first clutch mechanism into the engage-
ment state,

wherein when located at the second position, the second
recess-projection engagement portion is engaged with
the recess-projection engagement portion of the input
side second driving gear while the first recess-projec-
tion engagement portion is not engaged with the recess-
projection engagement portion of the input side first
driving gear, whereby the input side slider brings only
the input side second clutch mechanism into the
engagement state, and,

wherein when located at an intermediate position, the first
and second recess-projection engagement portions are
engaged with the recess-projection engagement por-
tions of the input side first and second driving gears,
respectively, whereby the input side slider brings both
the first and second clutch mechanisms into the engage-
ment state.

7. The transmission structure according to claim 1 com-

prising:

a speed change intermediate shaft coupled with the sec-
ond element so as not to be relatively rotatable around
an axis,

wherein the first element is relatively rotatably supported
by the speed change intermediate shaft,

wherein the output side first transmission mechanism has
an output side first driving gear supported by the speed
change intermediate shaft so as not to be relatively
rotatable and an output side first driven gear operatively
coupled with the output side first driving gear and
relatively rotatably supported by the speed change
output shaft,

wherein the output side second transmission mechanism
has an output side second driving gear coupled with the
first element so as not to be relatively rotatable and an
output side second driven gear operatively coupled
with the output side second driving gear and relatively
rotatably supported by the speed change output shaft,

wherein the output side first and second clutch mecha-
nisms have recess-projection engagement portions pro-
vided in the output side first and second driven gears
and an output side slider supported between the output
side first and second driven gears by the speed change
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output shaft so as not to be relatively rotatable and so
as to be movable in an axial direction and provided with
first and second recess-projection engagement portions
on one side and another side, respectively, in the axial
direction,

wherein when the output side slider is located at a first

position on the one side in the axial direction, the first
recess-projection engagement portion is engaged with a
recess-projection engagement portion of the output side
first driven gear while the second recess-projection
engagement portion is not engaged with a recess-
projection engagement portion of the output side sec-
ond driven gear, whereby the output side slider brings
only the output side first clutch mechanism into the
engagement state,

wherein when the output side slider is located at a second

position on the another side in the axial direction, the
second recess-projection engagement portion is
engaged with the recess-projection engagement portion
of the output side second driven gear while the first
recess-projection engagement portion is not engaged
with the recess-projection engagement portion of the
output side first driven gear, whereby the output side
slider brings only the output side second clutch mecha-
nism into the engagement state, and,

wherein when the output side slider is located at an

intermediate position between the first direction and the
second direction in the axial direction, the first and
second recess-projection engagement portions are
engaged with the recess-projection engagement por-
tions of the output side first and second driven gears,
respectively, whereby the output side slider brings both
the output side first and second clutch mechanisms into
the engagement state.

8. The transmission structure according to claim 4,
wherein at least one of an input side clutch unit formed by
the input side first and second clutch mechanisms and an
output side clutch unit formed by the output side first and
second clutch mechanisms is configured as a hydraulic
friction plate type developing a clutch engagement state by
receiving pressure oil supply,

the transmission structure is further provided with a

pressure oil supply line receiving pressure oil supply
from a hydraulic source, first and second supply/dis-
charge lines supplying/discharging pressure oil to the
first and second clutch mechanisms, respectively, in the
clutch units of the hydraulic friction plate type, first and
second electromagnetic valves which are interposed in
the first and second supply/discharge lines, respec-
tively, and which can take a discharge position where a
corresponding supply/discharge line is drained and a
supply position where a corresponding supply/dis-
charge line is fluid-connected to the pressure oil supply
line, and a clutch engagement detection unit detecting
an engagement state of the first and second clutch
mechanisms in the clutch units of the hydraulic friction
plate type, and

the control device configured to position the first electro-

magnetic valve at the supply position and position the
second electromagnetic valve at the discharge position
to develop the first transmission state in the low speed
state where the rotational speed of the speed change
output shaft is less than the switching speed and
configured to position the first electromagnetic valve at
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the discharge position and position the second electro-
magnetic valve at the supply position to develop the
second transmission state in the high speed state where
the rotational speed of the speed change output shaft is
equal to or higher than the switching speed,

wherein the control device moves the electromagnetic

valve located at the discharge position before the
switching from the discharge position to the supply
position while maintaining the electromagnetic valve
located at the supply position at before the switching at
the supply position in the switching between the first
and second transmission states, and then moves the
electromagnetic valve located at the supply position
from the supply position to the discharge position after
passage of a predetermined time after recognizing that
the clutch mechanism to which pressure oil is supplied
through the electromagnetic valve that was moved from
the discharge position to the supply position is brought
into the engagement state based on a signal from the
clutch engagement detection unit.

9. The transmission structure according to claim 8,
wherein the first and second electromagnetic valves are
configured as proportional electromagnetic valves config-
ured to receive hydraulic pressure of corresponding supply/
discharge lines as pilot pressure to thereby maintain the
hydraulic pressure of the corresponding supply/discharge
lines in a state where a position signal from the control
device to the supply position is input at an engagement
hydraulic pressure.

10. The transmission structure according to claim 1,
wherein

the input side first and second clutch mechanisms are

configured as a hydraulic friction plate type developing
a clutch engagement state by receiving pressure oil
supply,

the transmission structure is provided with a pressure oil

supply line receiving pressure oil supply from a
hydraulic source, input side first and second supply/
discharge lines supplying/discharging pressure oil to
the input side first and second clutch mechanisms,
respectively, input side first and second electromag-
netic valves which are interposed in the input side first
and second supply/discharge lines, respectively, and
which can take a discharge position where a corre-
sponding supply/discharge line is drained and a supply
position where a corresponding supply/discharge line is
fluid-connected to the pressure oil supply line, and a
clutch engagement detection unit detecting an engage-
ment state of the input side first and second clutch
mechanisms, and

wherein the control device is configured to position the

input side first electromagnetic valve at the supply
position and position the input side second electromag-
netic valve at the discharge position in the low speed
state where the rotational speed of the speed change
output shaft is less than the switching speed and is
configured to position the input side first electromag-
netic valve at the discharge position and position the
input side second electromagnetic valve at the supply
position in the high speed state where the rotational
speed of the speed change output shaft is equal to or
higher than the switching speed,

wherein the control device moves the electromagnetic

valve located at the discharge position before the
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switching from the discharge position to the supply
position while maintaining the electromagnetic valve
located at the supply position at the supply position in
the switching between the first and second transmission
states, and then moves the electromagnetic valve
located at the supply position from the supply position
to the discharge position after recognizing that the
clutch mechanism to which pressure oil is supplied
through the electromagnetic valve that is moved from
the discharge position to the supply position is brought
into a sliding engagement state based on a signal from
the clutch engagement detection unit.

11. The transmission structure according to claim 1,
wherein

the output side first and second clutch mechanisms are
configured as a hydraulic friction plate type developing
a clutch engagement state by receiving pressure oil
supply,

the transmission structure is provided with a pressure oil
supply line receiving pressure oil supply from a
hydraulic source, output side first and second supply/
discharge lines supplying/discharging pressure oil to
the output side first and second clutch mechanisms,
respectively, output side first and second electromag-
netic valves which are interposed in the output side first
and second supply/discharge lines, respectively, and
which can take a discharge position where a corre-
sponding supply/discharge line is drained and a supply
position where a corresponding supply/discharge line is
flued-connected to the pressure oil supply line, and a
clutch engagement detection unit detecting an engage-
ment state of the output side first and second clutch
mechanisms, and

wherein the control device is configured to position the
output side first electromagnetic valve at the supply
position and position the output side second electro-
magnetic valve at the discharge position in the low
speed state where the rotational speed of the speed
change output shaft is less than the switching speed and
is configured to position the output side first electro-
magnetic valve at the discharge position and locates the
output side second electromagnetic valve at the supply
position in the high speed state where the rotational
speed of the speed change output shaft is equal to or
higher than the switching speed,

wherein the control device moves, in switching between
the low speed state and the high speed state, the
electromagnetic valve located at the discharge position
from the discharge position to the supply position while
maintaining the electromagnetic valve located at the
supply position at the supply position, and then moves
the electromagnetic valve located at the supply position
from the supply position to the discharge position after
recognizing that the clutch mechanism to which pres-
sure oil is supplied through the electromagnetic valve
that is moved from the discharge position to the supply
position is brought into a sliding engagement state
based on a signal from the clutch engagement detection
unit.

12. The transmission structure according to claim 1,
wherein the input side second clutch mechanism and the
output side second clutch mechanism are configured as
friction plate clutch mechanisms.
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13. The transmission structure according to claim 12,
wherein the input side first clutch mechanism and the output
side first clutch mechanism are configured as friction plate
clutch mechanisms.

14. The transmission structure according to claim 12,
comprising:

a pressure oil supply line, an upstream side of which is

fluid-connected to a hydraulic source;

a drain line;

a first supply/discharge line supplying/discharging pres-
sure oil to the input side and output side first clutch
mechanisms;
second supply/discharge line supplying/discharging
pressure oil to the input side and output side second
clutch mechanisms; and

a switching valve, a position of which is controlled by the
control device,

wherein the switching valve is configured to take a first
position where the pressure oil supply/discharge line is
fluid-connected to the first supply/discharge line and
the second supply/discharge line is fluid-connected to
the drain line and is configured to take a second
position where the first supply/discharge line is fluid-
connected to the drain line and the pressure oil supply/
discharge line is fluid-connected to the second supply/
discharge line, and

wherein the input side first and second clutch mechanisms
and the output side first and second clutch mechanisms
are configured as a hydraulic type engaging power
transmission of a corresponding transmission mecha-
nism by receiving pressure oil supply.

15. A transmission structure interposed in a traveling

system transmission path of a working vehicle comprising:
an HST configured to continuously change rotation power
operatively input into a pump shaft of the HST from a
driving source to rotation power at least between a first
HST speed and a second HST speed according to an
operation position of an output adjustment member,
and then output the changed rotation power as an HST
output from a motor shaft;

a planetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

a speed change output shaft;

input side first and second transmission mechanisms
capable of operatively transmitting the rotation power
of the driving source to the first and second elements,
respectively;

input side and second clutch mechanisms engaging/dis-
engaging power transmission of the input side first and
second transmission mechanisms, respectively;

output side first and second clutch mechanisms engaging/
disengaging power transmission from the second ele-
ment and the first element, respectively, to the speed
change output shaft;

a speed change operation member;

an HST sensor directly or indirectly detecting a speed
change state of the HST;

an output sensor directly or indirectly detecting rotational
speed of the speed change output shaft;
control device controlling operations of the output
adjustment member, the input side first and second
clutch mechanisms, and the output side first and second
clutch mechanisms,

a
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wherein at least one of an input side clutch unit formed by
the input side first and second clutch mechanisms and
an output side clutch unit formed by the output side first
and second clutch mechanisms is configured as a
hydraulic friction plate type developing a clutch
engagement state by receiving pressure oil supply,

a pressure oil supply line receiving pressure oil supply
from a hydraulic source;

first and second supply/discharge lines supplying/dis-
charging pressure oil to the first and second clutch
mechanisms, respectively, in the clutch units of the
hydraulic friction plate type;

first and second electromagnetic valves which are dis-
posed in the first and second supply/discharge lines,
respectively, and which can take a discharge position
where a corresponding supply/discharge line is drained
and a supply position where a corresponding supply/
discharge line is fluid-connected to the pressure oil
supply line; and

a clutch engagement detection unit detecting an engage-
ment state of the first and second clutch mechanisms in
the clutch units of the hydraulic friction plate type,

wherein based on detection signals of the HST sensor and
the output sensor, when in a low speed state where the
rotational speed of the speed change output shaft is less
than a predetermined switching speed, the control
device is configured to develop a first transmission state
where the first element functions as an input portion of
reference power operatively transmitted from the driv-
ing source and the second element functions as an
output portion of synthetic rotation power by bringing
the input side and output side first clutch mechanisms
into an engagement state and bringing the input side
and output side second clutch mechanisms into a dis-
engagement state, the control device operates the out-
put adjustment member so that the HST output is
speed-changed from the first HST speed toward the
second HST speed in response to an acceleration opera-
tion of the speed change operation member,

wherein when in a high speed state where the rotational
speed of the speed change output shaft is equal to or
higher than the switching speed, the control device is
configured to develop a second transmission state
where the first element is functions as the output
portion and the second element functions as the input
portion of reference power by bringing the input side
and output side first clutch mechanisms into the disen-
gagement state and bringing the input side and output
side second clutch mechanisms into the engagement
state, the control device operates the output adjustment
member so that the HST output is speed-changed from
the second HST speed toward the first HST speed in
response to the acceleration operation of the speed
change operation member, and

wherein when switching between the first and second
transmission states, while maintaining one of the first
and second electromagnetic valves located at the sup-
ply positions at the supply positions, the control device
moves the other one of the first and second electro-
magnetic valves located at the discharge positions from
the discharge position to the supply position, and then,
when recognizing that the clutch mechanism to which
pressure oil is supplied through the other electromag-
netic valve is brought into a sliding engagement state
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based on a signal from the clutch engagement detection
unit, the control device moves the one electromagnetic
valve from the supply position to the discharge position
to thereby switch engagement/disengagement of the
first and second clutch mechanisms in the hydraulic
friction plate clutch units.

16. A transmission structure comprising:

an HST configured to continuously change rotation power
operatively input into a pump shaft of the HST from a
driving source to rotation power at least between first
HST speed and second HST speed according to an
operation position of an output adjustment member,
and then output the changed rotation power as an HST
output from a motor shaft;

a planetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

a speed change output shaft;

input side first and second transmission mechanisms
capable of operatively transmitting the rotation power
of the driving source to the first element and the second
element, respectively;

input side first and second clutch mechanisms engaging/
disengaging power transmission of the input side first
and second transmission mechanisms, respectively;

forward movement first and second transmission mecha-
nisms capable of operatively transmitting rotation
power of the second element and the first element,
respectively, to the speed change output shaft in a
normal rotation state;

a reverse movement transmission mechanism capable of
operatively transmitting the rotation power of the sec-
ond element to the speed change output shaft in a
reverse rotation state;

a forward movement first clutch mechanism, a forward
movement second clutch mechanism, and a reverse
movement clutch mechanism engaging/disengaging
power transmission of the forward movement first
transmission mechanism, the forward movement sec-
ond transmission mechanism, and the reverse move-
ment transmission mechanism, respectively;

a speed change operation member;

an HST sensor directly or indirectly detecting a speed
change state of the HST;

an output sensor directly or indirectly detecting rotational
speed of the speed change output shaft;

a control device controlling operations of the output
adjust member, the input side first clutch mechanism,
the input side second clutch mechanism, the forward
movement first clutch mechanism, the forward move-
ment second clutch mechanism, and the reverse move-
ment clutch mechanism,

wherein based on detection signals of the HST sensor and
the output sensor, when in a low speed state where the
rotational speed of the speed change output shaft is
from zero speed to speed less than switching speed in
a forward movement direction, the control device is
configured to develop a forward movement first trans-
mission state where the input side first clutch mecha-
nism and the forward movement first clutch mechanism
are brought into an engagement state, the control
device operates the output adjustment member so that
the HST output is speed-changed from the first HST
speed toward the second HST speed in response to a
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forward movement side acceleration operation of the
speed change operation member,

wherein when in a high speed state where the rotational
speed of the speed change output shaft is equal to or
higher than the switching speed in the forward move-
ment direction, the control device is configured to
develop a forward movement second transmission state
where the input side second clutch mechanism and the
forward movement second clutch mechanism are
brought into the engagement state, the control device
operates the output adjustment member so that the HST
output is speed-changed from the first HST speed
toward the second HST speed in response to the for-
ward movement side acceleration operation of the
speed change operation member, and

wherein when in a reverse movement transmission state
where the rotational speed of the speed change output
shaft is changed from the zero speed to the reverse
movement side, the control device is configured to
develop a reverse movement transmission state where
the input side first clutch mechanism and the reverse
movement clutch mechanism are brought into the
engagement state, the control device operates the out-
put adjustment member so that the HST output is
speed-changed from the first HST speed toward the
second HST speed in response to a reverse movement
side acceleration operation of the speed change opera-
tion member.

17. The transmission structure according to claim 16,
wherein the input side first transmission mechanism opera-
tively transmits the rotation power of the driving source to
the first element at an input side first speed change ratio,

wherein the input side second transmission mechanism
operatively transmits the rotation power of the driving
source to the second element at an input side second
speed change ratio, and

wherein the input side first and second speed change
ratios are set so that rotational speed of the second
element when the HST output is set to the second HST
speed in the forward movement first transmission state
and rotational speed of the second element by rotation
power transmitted through the input side second trans-
mission mechanism in the forward movement second
transmission state are the same and the input side first
and second speed change ratios are set so that rotational
speed of the first element when the HST output is set to
the second HST speed in the forward movement second
transmission state and rotational speed of the first
element by rotation power transmitted through the
input side first transmission mechanism in the forward
movement first transmission state are same.

18. The transmission structure according to claim 16,
wherein the forward movement first transmission mecha-
nism operatively transmits the rotation power of the second
element to the speed change output shaft at a forward
movement first speed change ratio and the forward move-
ment second transmission mechanism operatively transmits
the rotation power of the first element to the speed change
output shaft at a forward movement second speed change
ratio, and

wherein the forward movement first and second speed
change ratios are set so that rotational speed developed
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in the speed change output shaft when the HST output
is set to the second HST speed is same in the first and
second transmission states.

19. The transmission structure according to claim 16,
wherein the HST and the planetary gear mechanism are set
so that the rotational speed of the second element becomes
the zero speed when the HST output is set to the first HST
speed in the engagement state of the input side first clutch
mechanism.

20. A transmission mechanism comprising:

an HST configured to continuously change rotation power
operatively input into a pump shaft from a driving
source to rotation power at least between a first HST
speed and a second HST speed according to an opera-
tion position of an output adjustment member, and then
output the changed rotation power as an HST output
from a motor shaft;

a planetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

a speed change output shaft;

an input side first transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the first element at an input side first speed
change ratio;

an input side second transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the second element at an input side second
speed change ratio;

input side first and second clutch mechanisms engaging/
disengaging power transmission of the input side first
and second transmission mechanisms, respectively;

an output side first transmission mechanism capable of
operatively transmitting the rotation power of the sec-
ond element to the speed change output shaft at an
output side first speed change ratio;

an output side second transmission mechanism capable of
operatively transmitting the rotation power of the first
element to the speed change output shaft at an output
side second speed change ratio;

an output side third transmission mechanism capable of
operatively transmitting the rotation power of the first
element to the speed change output shaft at an output
side third speed change ratio rotating the speed change
output shaft at speed higher than the output side second
speed change ratio;

output side first to third clutch mechanisms engaging/
disengaging power transmission of the output side first
to third transmission mechanisms, respectively;

a speed change operation member;

an HST sensor directly or indirectly detecting a speed
change state of the HST;

an output sensor directly or indirectly detecting rotational
speed of the speed change output shaft; and

a control device controlling operations of the output
adjustment member, the input side first and second
clutch mechanisms, and the output side first to third
clutch mechanism,

wherein based on detection signals of the HST sensor and
the output sensor, when in a low speed state where the
rotational speed of the speed change output shaft is less
than a first switching speed, the control device is
configured to develop a first transmission state where
the first element functions as an input portion of
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reference power operatively transmitted from the driv-
ing source and the second element functions as an
output portion of synthetic rotation power by bringing
the output side first clutch mechanism into an engage-
ment state and bringing other output side clutch mecha-
nisms into a disengagement state while bringing the
input side first clutch mechanism into the engagement
state and bringing the input side second clutch mecha-
nism into the disengagement state, the control device
operates the output adjustment member so that the HST
output is speed-changed from the first HST speed
toward the second HST speed in response to an accel-
eration operation of the speed change operation mem-
ber,

wherein when in an intermediate speed state where the

rotational speed of the speed change output shaft is
equal to or higher than the first switching speed and less
than a second switching speed, the control device is
configured to develop a second transmission state
where the second element functions as the input portion
of reference power and the rotation power of the first
element is operatively transmitted to the speed change
output shaft at the output side second speed change
ratio by bringing the output side second clutch mecha-
nism into the engagement state and bringing other
output side clutch mechanisms into the disengagement
state while bringing the input side first clutch mecha-
nisms into the disengagement state and bringing the
input side second clutch mechanism into the engage-
ment state, the control device operates the output
adjustment member so that the HST output is speed-
changed from the second HST speed toward the first
HST speed in response to the acceleration operation of
the speed change operation member, and,

wherein when in a high speed state where the rotational

speed of the speed change output shaft is equal to or
higher than the second switching speed, the control
device is configured to develop a third transmission
state where the second element functions as the input
portion of reference power and the rotation power of
the first element is operatively transmitted to the speed
change output shaft at the output side third speed
change ratio by bringing the output side third clutch
mechanism into the engagement state and bringing
other output side clutch mechanisms into the disen-
gagement state while bringing the input side first clutch
mechanism into the disengagement state and bringing
the input side second clutch mechanism into the
engagement state, the control device operates the out-
put adjustment member so that the HST output is
speed-changed from a side of the second HST speed
toward a side of the first HST speed in response to the
acceleration operation of the speed change operation
member, and

wherein the control device operates the output adjustment

member when switching between the second and third
transmission states so that rotational speed developed
in the speed change output shaft in a transmission state
after the switching coincides with or approaches rota-
tional speed developed in the speed change output shaft
in a transmission state before the switching, and

wherein the input side first and second speed change

ratios are set so that rotational speed of the second
element when the HST output is set to the second HST
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speed in the first transmission state and rotational speed
of the second element by rotation power transmitted
through the input side second transmission mechanism
in the second transmission state are the same and the
input side first and second speed change ratios are set
so that rotational speed of the first element when the
HST output is set to the second HST speed in the
second transmission state and rotational speed of the
first element by rotation power transmitted through the
input side first transmission mechanism in the first
transmission state are the same.

21. The transmission structure according to claim 20

comprising:

a speed change intermediate shaft coupled with the sec-
ond element so as not to be relatively rotatable around
an axis:

a speed change transmission shaft externally inserted into
the speed change intermediate shaft in a relatively
rotatable manner and coupled with the first element so
as not to be relatively rotatable,

wherein the input side first transmission mechanism has
an input side first driving gear relatively rotatably
supported by a main driving shaft operatively coupled
with the driving source and an input side first driven
gear operatively coupled with the input side first driv-
ing gear and made relatively unrotatable to the speed
change transmission shaft,

wherein the input side second transmission mechanism
has an input side second driving gear relatively rotat-
ably supported by the main driving shaft and an input
side second driven gear operatively coupled with the
input side second driving gear and made relatively
unrotatable to the second element,

wherein the output side first transmission mechanism has
an output side first driving gear supported by the speed
change intermediate shaft so as not to be relatively
rotatable and an output side first driven gear operatively
coupled with the output side first driving gear and
relatively rotatably supported by the speed change
output shaft,

wherein the output side second transmission mechanism
has an output side second driving gear supported by the
speed change transmission shaft so as not to be rela-
tively rotatable and an output side second driven gear
operatively coupled with the output side second driving
gear and relatively rotatably supported by the speed
change output shaft, and

wherein the output side third transmission mechanism has
an output side third driving gear supported by the speed
change transmission shaft so as not to be relatively
rotatable and an output side third driven gear opera-
tively coupled with the output third driving gear and
relatively rotatably supported by the speed change
output shaft.

22. The transmission structure according to claim 1 com-

prising:

a traveling transmission shaft disposed on a downstream
side in a transmission direction relative to the speed
change output shaft; and

a forward/reverse movement switching mechanism
capable of switching a rotation direction of driving
force in a forward movement direction and a reverse
movement direction between the speed change output
shaft and the traveling transmission shaft.
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23. A transmission mechanism comprising:

an HST configured to continuously change rotation power
operatively input into a pump shaft from a driving
source to rotation power at least between first HST
speed and second HST speed according to an operation
position of an output adjustment member, and then
output the changed rotation power as an HST output
from a motor shaft;

aplanetary gear mechanism having first, second, and third
elements, in which the third element functions as an
input portion of the HST output;

an input side first transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the first element at an input side first speed
change ratio;

an input side second transmission mechanism capable of
operatively transmitting the rotation power of the driv-
ing source to the second element at an input side second
speed change ratio;

an input side first and second clutch mechanisms engag-
ing/disengaging power transmission of the input side
first and second transmission mechanisms, respec-
tively;

a speed change output shaft;

a traveling transmission shaft disposed on a downstream
side in a transmission direction relative to the speed
change output shaft;

a forward/reverse movement switching mechanism inter-
posed in a transmission path from the speed change
output shaft to the traveling transmission shaft and
capable of switching the traveling transmission state
between a forward movement transmission state of
rotating the traveling transmission shaft in a forward
movement direction and a reverse movement transmis-
sion state of rotating the traveling transmission shaft in
a reverse movement direction;

an output side first transmission mechanism capable of
operatively transmitting the rotation power of the sec-
ond element to the speed change output shaft at an
output side first speed change ratio;

an output side second transmission mechanism capable of
operatively transmitting the rotation power of the first
element to the speed change output shaft at an output
side second speed change ratio;

an output side third transmission mechanism which can
operatively transmit the rotation power of the first
element to the traveling transmission shaft as driving
force in the forward movement direction and in which
a speed change ratio is set so that rotational speed of the
traveling transmission shaft when the rotation power of
the first element is operatively transmitted to the trav-
eling transmission shaft through the output side third
transmission mechanism is higher than rotational speed
of the traveling transmission shaft when the rotation
power of the first element is operatively transmitted to
the traveling transmission shaft through the output side
second transmission mechanism and the forward and
reverse movement change mechanism in the forward
movement transmission state;

an output side first, second, and third clutch mechanisms
engaging/disengaging power transmission of the output
side first to third transmission mechanisms, respec-
tively;

a speed change operation member;
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an HST sensor directly or indirectly detecting a speed
change state of the HST; and

a control device controlling operations of the output
adjustment member, the input side first and second
clutch mechanisms, and the output side first to third
clutch mechanisms,

wherein the control device operates the output adjustment
member so that the HST output is set to the first HST
speed which makes a synthetic rotation power of the
planetary gear mechanism zero when the speed change
operation member is positioned at a zero speed posi-
tion,

wherein when the speed change operation member is
operated in a forward movement side low speed range
that extends from the zero speed position to a forward
movement side first switching speed position, the con-
trol device is configured to develop a first transmission
state where the first element functions as an input
portion of reference power operatively transmitted
from the driving source and the second element func-
tions as an output portion of the synthetic rotation
power by bringing the output side first clutch mecha-
nism into an engagement state and bringing other
output side clutch mechanisms into a disengagement
state while bringing the input side first clutch mecha-
nism into the engagement state and bringing the input
side second clutch mechanism into the disengagement
state, the control device brings the forward/reverse
movement switching mechanism into the forward
movement transmission state and the control device
operates the output adjustment member so that the HST
output is speed-changed from a side of the first HST
speed toward a side of the second HST speed in
response to an acceleration operation of the speed
change operation member,

wherein when the speed change operation member is
operated in a forward movement side intermediate
speed range that extends from the forward movement
side first switching speed position to a forward move-
ment side second switching speed position, the control
device is configured to develop a second transmission
state where the second element is functions the input
portion of reference power and the rotation power of
the first element is operatively transmitted to the speed
change output shaft at the output side second speed
change ratio by bringing the output side second clutch
mechanism into the engagement state and bringing
other output side clutch mechanisms into the disen-
gagement state while bringing the input side first clutch
mechanism into the disengagement state and bringing
the input side second clutch mechanism into the
engagement state, the control device brings the for-
ward/reverse movement switching mechanism into the
forward movement transmission state and the control
device operates the output adjustment member so that
the HST output is speed-changed from the side of the
second HST speed toward the side of the first HST
speed in response to an acceleration operation of the
speed change operation member,

wherein when the speed change operation member is
operated in a forward movement side high speed range
that extends beyond the forward movement side second
switching speed position, the control device is config-
ured to develop a third transmission state where the
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second element functions as the input portion of refer-
ence power and the rotation power of the first element
is operatively transmitted to the traveling transmission
shaft as driving force in the forward movement direc-
tion through the output side third transmission mecha-
nism by bringing the output side third clutch mecha-
nism into the engagement state and bringing other
output side clutch mechanisms into the disengagement
state while bringing the input side first clutch mecha-
nism into the disengagement state and bringing the
input side second clutch mechanism into the engage-
ment state, the control device operates the output
adjustment member so that the HST output is speed-
changed from the side of the second HST speed toward
the side of the first HST speed in response to the
acceleration operation of the speed change operation
member,

wherein when the speed change operation member passes
the forward movement side second switching speed
position between the forward movement side interme-
diate speed range and the forward movement side high
speed range, the control device operates the output
adjustment member so that rotational speed of the
traveling transmission shaft in a transmission state
developed immediately after the passage coincides
with or approaches rotational speed of the traveling
transmission shaft in a transmission state developed
immediately before the passage,

wherein when the speed change operation member is
operated in a reverse movement side low speed range
that extends from the zero speed position to a reverse
movement side first switching speed position, the con-
trol device is configured to develop the first transmis-
sion state and the control device brings the forward/
reverse movement switching mechanism into the
reverse movement transmission state and operates the
output adjustment member so that the HST output is
speed-changed from the side of the first HST speed
toward the side of the second HST speed in response to
the acceleration operation of the speed change opera-
tion member, and

wherein when the speed change operation member is
operated in a reverse movement side high speed range
that extends beyond the reverse movement side first
switching speed position, the control device is config-
ured to develop the second transmission state and the
control device brings the forward/reverse movement
switching mechanism into the reverse movement trans-
mission state and operates the output adjustment mem-
ber so that the HST output is speed-changed from the
side of the second HST speed toward the side of the
first HST speed in response to the acceleration opera-
tion of the speed change operation member; and

wherein the input side first and second speed change
ratios are set so that rotational speed of the second
element when the HST output is set to the second HST
speed in the first transmission state and the rotational
speed of the second element by rotation power trans-
mitted through the input side second transmission
mechanism in the second transmission state are same
and so that rotational speed of the first element when
the HST output is set to the second HST speed in the
second transmission state and the rotational speed of
the first element by rotation power transmitted through
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the input side first transmission mechanism in the first
transmission state are the same.

24. The transmission structure according to claim 23

comprising:

a speed change intermediate shaft coupled with the sec-
ond element so as not to be relatively rotatable around
an axis,

wherein the input side first transmission mechanism has
an input side first driving gear relatively rotatably
supported by a main driving shaft operatively coupled
with the driving source and an input side first driven
gear operatively coupled with the input side first driv-
ing gear and the first element in a state of being
relatively rotatably supported by the speed change
intermediate shaft,

wherein the input side second transmission mechanism
has an input side second driving gear relatively rotat-
ably supported by the main driving shaft and an input
side second driven gear operatively coupled with the
input side second driving gear in a state of being
supported by the speed change intermediate shaft so as
not to be relatively rotatable,

wherein the output side first transmission mechanism has
an output side first driven gear operatively coupled with
the input side second driven gear in a state of relatively
rotatably supported by the speed change output shaft,

wherein the output side second transmission mechanism
has an output side second driven gear operatively
coupled with the input side first driven gear in a state
of being relatively rotatably supported by the speed
change output shaft,

wherein the output side third transmission mechanism has
an output side third driven gear operatively coupled
with one of the output side first and second driven gears
in a state of being relatively rotatably supported by the
traveling transmission shaft,

the input side first and second clutch mechanisms are
supported by the main driving shaft so as to engage/
disengage the input side first and second driving gears,
respectively, with/from the main driving shaft,

wherein the output side first and second clutch mecha-
nisms are supported by the speed change output shaft
so as to engage/disengage the output side first and
second driven gears, respectively, with/from the speed
change output shaft, and

wherein the output side third clutch mechanism is sup-
ported by the traveling transmission shaft so as to
engage/disengage the output side third driven gear
with/from the traveling transmission shaft.

25. The transmission structure according to claim 24

comprising:

a hollow housing body;

a first bearing plate detachably coupled with the hollow
housing body; and

a second bearing plate detachably coupled with the hol-
low housing body at a position spaced from the first
bearing plate in a longitudinal direction of the hollow
housing body,

wherein the main driving shaft, the speed change inter-
mediate shaft, the speed change output shaft, and the
traveling transmission shaft are supported by the first
and second bearing plates in a state of being parallel to
one another,
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wherein the input side first and second driving gears and
the input side first and second clutch mechanisms are
supported in a portion located in a partitioned space
disposed between the first and second bearing plates of
the main driving shaft in a state where the input side
first and second clutch mechanisms are located between
the input side first and second driving gears with
respect to an axial direction of the main driving shaft,

wherein the input side first and second driven gears are
supported in a portion located in the partitioned space
of the speed change intermediate shaft in a state of
being located at same positions as positions of the input
side first and second driving gears, respectively, with
respect to the axial direction,

wherein the output side first and second driven gears and
the output side first and second clutch mechanisms are
supported in a portion located in the partitioned space
of the speed change output shaft in a state where the
output side first and second driven gears are located at
same positions as positions of the input side second and
first driven gears, respectively, with respect to the axial
direction and the output side first and second clutch
mechanisms are located between the input side first and
second driven gears with respect to the axial direction,

wherein the output side third driven gear and the output
side third clutch mechanism are supported in a portion
located in the partitioned space of the traveling trans-
mission shaft in a state where the output side third
driven gear is located at a same position in the axial
direction as a position of one of the output side first and
second driven gears and the output side third clutch
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wherein the first bearing plate is detachably coupled with
a boss portion provided on an inner surface of the front
housing body near a rear opening of the front housing
body, and

wherein the second bearing plate is detachably coupled
with a boss portion provided in an inner surface of the
rear housing body near a front opening of the rear
housing body.

27. The transmission structure according to claim 20,

wherein the output side first and second speed change
ratios are set so that rotational speed developed in the
speed change output shaft when the HST output is set
to the second HST speed is the same in the first and
second transmission states.

28. The transmission structure according to claim 20,

wherein the control device operates the output adjustment
member so that, in switching between the first and
second transmission states, rotational speed developed
in the speed change output shaft in a transmission state
after the switching coincides with or approaches rota-
tional speed developed in the speed change output shaft
in a transmission state before the switching.

29. The transmission structure according to claim 1,

wherein assuming that a rotation direction of the rotation
power input into the pump shaft is a normal rotation
direction, the HST outputs rotation power in one of
normal and reverse directions as the HST output of the
first HST speed and outputs rotation power in another
one of the normal and reverse directions as the HST
output of the second HST speed.

30. The transmission structure according to claim 1,

wherein an internal gear, a carrier, and a sun gear of the
planetary gear mechanism form the first, second, and third
elements, respectively.

mechanism is located on a far side of one of the output
side first and second driven gears from the output side
first and second clutch mechanisms with respect to the

axial direction, and

wherein the forward/reverse movement switching mecha-
nism is supported in a portion located outside the
partitioned space of the speed change output shaft and
the traveling transmission shaft.

26. The transmission structure according to claim 25,

wherein the hollow housing body has a front housing
body and a rear housing body detachably connected in
series,

31. A working vehicle comprising:

a driving source;

a driving wheel; and

the transmission structure according to claim 1 disposed
in the traveling system transmission path reaching the
driving wheel from the driving source, wherein the
switching speed of the speed change output shaft is set
to a speed higher than speed in a work speed range.
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