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Description

[0001] The present invention relates to a hydraulic
stepless speed changing device and more particularly to
a technique of controlling swash plate angles of movable
swash plates of a hydraulic pump and/or a hydraulic mo-
tor forming the hydraulic stepless speed changing de-
vice.

BACKGROUND ART

[0002] Conventionally, there is a known structure of a
hydraulic stepless speed changing device (hereafter ab-
breviated as "HST") formed of a hydraulic pump and a
hydraulic motor, in which a hydraulic servo mechanism
controls tilting of movable swash plates of the hydraulic
pump and the hydraulic motor to adjust capacities of var-
iable displacement-type hydraulic pump and hydraulic
motor. As a structure of the hydraulic servo mechanism,
a mechanism (automotive control) in which a solenoid
valve mounted to the hydraulic pump or the HST auto-
matically tilts the movable swash plates in proportion to
an increase of a rotational speed of the hydraulic pump,
a mechanism (manual servo control) in which a speed
change operation lever mounted to an outer portion of
the HST operates the movable swash plate of the hy-
draulic pump, and the like are known.
[0003] On the other hand, the HST having a mecha-
nism (load control mechanism) for carrying out speed
control in such manners as to reduce a traveling speed
of a work vehicle when a load of an engine is a set value
or greater and to increase the traveling speed when the
load of the engine is the set value or smaller is known.
To put it concretely, the movable swash plate of the HST
(hydraulic pump) is shifted to a speed reduction side so
that a work load does not exceed a predetermined value
to thereby prevent stalling.
[0004] As the HST having such hydraulic servo mech-
anism and load control mechanism, there is an HST as
disclosed in Japanese Unexamined Patent Publication
No. 2004-11769, for example. This HST includes a var-
iable displacement-type hydraulic pump and two hydrau-
lic motors operated by pressurized oil by the hydraulic
pump. At least one of the two hydraulic motors is a var-
iable displacement-type hydraulic motor and an output
combining mechanism for combining respective output
rotations of the two hydraulic motors to take out a single
output rotation is provided. With this structure, the output
rotation of the variable displacement-type hydraulic mo-
tor is adjusted to substantially double output torque to
increase the maximum torque in the HST.
[0005] The HST disclosed in the Japanese Unexam-
ined Patent Publication No. 2004-11769 includes a hy-
draulic servo mechanism in which a speed changing
valve switches a speed changing cylinder interlocked
with a movable swash plate to tilt the movable swash
plate in the hydraulic pump and movable swash plates
of the hydraulic motors can be tilted. With this structure,

if load torque on the engine increases during work of the
work vehicle at a slushy place or the like, the movable
swash plate of the one hydraulic motor formed as the
variable displacement-type motor is tilted to thereby in-
crease low-speed torque to perform speed control of the
work vehicle.
[0006] It is true that, with the structure of the HST de-
scribed in the Japanese Unexamined Patent Publication
No. 2004-11769, when output rotation of one of the hy-
draulic motors cannot provide sufficient torque to the
work vehicle during traveling of the work vehicle, hydrau-
lic pressure in a main oil path is supplied to or discharged
from a switching cylinder to automatically tilt the movable
swash plate of the other hydraulic motor. With such a
load control mechanism, it is possible to solve the insuf-
ficiency of torque to thereby prevent stalling and the like.
[0007] However, in the HST disclosed in Japanese Un-
examined Patent Publication No. 2004-11769, though
the above-described load control mechanism can make
up for the insufficiency of torque of the other hydraulic
motor by disposing one of the motors as the variable
displacement-type hydraulic motor, the movable swash
plate of the variable displacement-type hydraulic motor
can only be switched by the switching cylinder between
a tilted state and a state of zero degree of a swash plate
angle. Therefore, accuracy of control of the swash plate
angle of the movable swash plate is poor and alignment
at a middle angle or the like is impossible. Moreover, it
is necessary to dispose at least two hydraulic motors in
the main oil path, which complicates the structure and
narrows a scope of application. Furthermore, because
cradle metal of the hydraulic pump or the like deteriorates
and traveling performance changes with the passage of
time, it is necessary to make allowances in advance in
setting structures of respective members forming the
load control mechanism. Moreover, the load control
mechanism is for controlling the movable swash plate of
the hydraulic motor and cannot be applied to control of
the movable swash plate of the hydraulic pump.
[0008] Furthermore, Japanese Patent Publication No.
50-20656 B1 discloses a hydraulic stepless speed
changing device comprising a closed circuit including a
main oil path connecting a hydraulic pump to a hydraulic
motor. The hydraulic pump is a variable displacement
hydraulic pump provided with a movable swash plate. A
hydraulic servomechanism is provided for controlling tilt
of the movable swash plate. The hydraulic servomech-
anism is provided with a speed change drive member,
which is moved according to operation of a speed change
operation lever so as to tilt the movable swash plate. The
hydraulic servomechanism includes a cylinder in which
a spool is slidably fitted to control the speed change drive
member. The hydraulic servomechanism is provided with
a load control mechanism for forcibly reducing the dis-
placement of the variable displacement hydraulic pump
when the closed circuit is being hydraulically overloaded.
The load control mechanism integrally includes a cylinder
in which a spool is slidably fitted and is engaged with the
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speed change drive member so as to control the speed
change drive member. The cylinder of the load control
mechanism is joined to the cylinder of the hydraulic ser-
vomechanism so that the load control mechanism is
formed integrally on the hydraulic servomechanism. The
detection of whether or not the closed circuit is being
overloaded depends on detection of pressurized oil in
the main oil path. A spring serving as an elastic member
for biasing the spool to one side is provided in the cylinder
of the load control mechanism, and the main oil path com-
municates with the other side of the spool in the cylinder
so as to supply or discharge the pressurized oil to and
from the cylinder. Therefore, the hydraulic servomecha-
nism and load control mechanism are provided for con-
trolling the movable swash plate of the variable displace-
ment hydraulic pump, whereby the hydraulic motor is a
fixed displacement hydraulic motor, which is provided
with a fixed swash plate.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0009] It is an object to provide a hydraulic stepless
speed changing device for accurately controlling swash
plate angles of movable swash plates of a hydraulic pump
and/or a hydraulic motor in the HST having a load con-
trolling function.

MEANS FOR SOLVING THE PROBLEM

[0010] According to the invention, there is provided a
hydraulic stepless speed changing device comprising a
hydraulic pump having a variable displacement and pro-
vided with a movable swash plate, a hydraulic motor, a
closed circuit including a main oil path connecting the
hydraulic pump to the hydraulic motor and a hydraulic
servo mechanism for controlling a swash plate angle of
the movable swash plate of the hydraulic pump, wherein
the hydraulic servomechanism is provided with a speed
change drive member for tilting the movable swash plate
according to operation of a speed change operation le-
ver. The hydraulic speed changing device further com-
prises a load control mechanism for the hydraulic pump,
wherein the load control mechanism for the hydraulic
pump includes a cylinder to and from which the pressu-
rized oil in the main oil path is supplied and discharged,
wherein the load control mechanism for the hydraulic
pump is formed integrally with the hydraulic servomech-
anism by forming the cylinder integrally on the hydraulic
servomechanism. The load control mechanism for the
hydraulic pump further includes a spool slidably inserted
in the cylinder and engaged with the speed change drive
member, the spool serving as an actuator actuated by
pressurized oil led from the main oil path so as to slide
the speed change drive member to the speed reduction
side. The load control mechanism for the hydraulic pump
further includes an elastic member for biasing the spool

to one side, wherein the main oil path communicates with
the other side of the spool in the load control mechanism
for the hydraulic pump, and wherein the spool moves
against the biasing force of the elastic member while be-
ing engaged with the speed change drive member at the
time of load control to control the swash plate angle of
the movable swash plate of the hydraulic pump inde-
pendently of the tilting operation through the speed
change operation lever.
[0011] In the hydraulic stepless speed changing de-
vice of the invention, the hydraulic motor also has a var-
iable displacement and is provided with a movable swash
plate. The hydraulic servo mechanism is integrated with
the hydraulic pump and the hydraulic motor, and is further
provided with a second speed change drive member for
tilting the movable swash plate of the hydraulic motor
according to operation of a second speed change oper-
ation lever so as to control a swash plate angle of the
movable swash plate of the hydraulic motor.
[0012] In the hydraulic stepless speed changing de-
vice of the invention, the hydraulic stepless changing de-
vice further comprises another load control mechanism
for the hydraulic motor, wherein the load control mech-
anism for the hydraulic motor includes a cylinder to and
from which the pressurized oil in the main oil path is sup-
plied and discharged, wherein the load control mecha-
nism for the hydraulic pump is formed integrally with the
hydraulic servomechanism by forming the cylinder inte-
grally on the hydraulic servomechanism so that the load
control mechanism for the hydraulic motor is formed on
the hydraulic servomechanism on the hydraulic motor
side while the load control mechanism for the hydraulic
pump is formed on the hydraulic servomechanism on the
hydraulic pump side. The load control mechanism for the
hydraulic motor further includes a spool slidably inserted
in the cylinder and engaged with the second speed
change drive member, the spool serving as an actuator
actuated by pressurized oil led from the main oil path so
as to slide the second speed change drive member to
the speed reduction side.
[0013] In the hydraulic stepless speed changing de-
vice of the invention, the main oil path communicates
with the other end side of the spool in the load control
mechanism for the hydraulic motor, wherein an elastic
member or hydraulic force for substantially constantly
pressing the spool against a force of the pressurized oil
in the main oil path is provided on one end side of the
spool, and the spool controls the swash plate angle of
the movable swash plate of the hydraulic motor inde-
pendently of the tilting operation through the speed
change operation lever so that hydraulic pressure in the
main oil path becomes substantially constant.
[0014] In the hydraulic stepless speed changing de-
vice of the invention, a stopper portion may be formed to
protrude from an inner wall of the cylinder in the load
control mechanism to restrict a sliding position of the
spool.
[0015] Preferably, in the hydraulic stepless speed
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changing device of the invention, the load control mech-
anism for the hydraulic pump controls the swash plate
angle of the movable swash plate of the hydraulic pump
so that traction of the hydraulic speed changing device
during low-speed traveling becomes substantially half of
traction of an engine horsepower.
[0016] Preferably, in the hydraulic stepless speed
changing device of the invention, at least one of the load
control mechanisms for the hydraulic pump and the hy-
draulic motor includes a pin for pressing the spool when
it receives the pressurized oil in the main oil path, wherein
the pin is provided to one end side of a cylinder hole of
the cylinder in which the spool is inserted and charge
pressure is introduced to the other end side of the cylinder
hole to resist the pressing of the spool by the pin.
[0017] Preferably, in the hydraulic stepless speed
changing device, a reverse-side capacity of the hydraulic
pump is restricted to make a corner horsepower slightly
lower than an engine output and thus a relief pressure
curve in a hydraulic motor control region during reverse
traveling substantially agrees with an engine horsepower
curve without exceeding it.

EFFECTS OF THE INVENTION

[0018] In other words, in the hydraulic stepless speed
changing device of the invention, the load control mech-
anisms are formed by integrally providing actuators for
sliding the speed change drive members to the speed
reduction side, the speed change drive members tilting
the movable swash plates of the hydraulic servo mech-
anism, the load control mechanisms being actuated by
pressurized oil led from the main oil path of the closed
circuit formed by connecting the hydraulic pump and the
hydraulic motor to the actuators. Therefore, it is possible
to accurately control the movable swash plates. As a re-
sult, if the load is applied and the hydraulic pressure in-
creases in the main oil path in the hydraulic stepless
speed changing device for driving a traveling device, the
actuators are actuated according to the hydraulic pres-
sure to turn the movable swash plates to the speed re-
duction side to reduce a traveling speed to increase trac-
tion to thereby prevent stalling. Because the movable
swash plates are automatically tilted to prevent stalling
when the load is applied, operation at the time of traveling
operation becomes easy. Moreover, because the hy-
draulic servo mechanism, the neutral position retaining
mechanism, and the load control mechanisms can be
formed integrally, the control mechanism can be made
compact and assembly and the like can be carried out
easily.
[0019] In the hydraulic stepless speed changing de-
vice of the invention, the load control mechanism formed
on the hydraulic pump side is formed of the cylinder to
and from which the pressurized oil in the main oil path is
supplied and discharged, the spool slidably inserted in
the cylinder and engaged with the speed change drive
member, and the elastic member for biasing the spool to

one side, the main oil path communicates with the other
side of the spool, and the spool moves against the biasing
force of the elastic member while be ing engaged with
the speed change drive member at the time of load con-
trol to control the swash plate angle of the movable swash
plate independently of the tilting operation through the
speed change operation lever. Because the load control
mechanism slides the spool and engages the spool with
the pin to move the pin against the biasing force of the
elastic member, it is possible to accurately control the
movable swash plate. By inserting the elastic member,
it is possible to miniaturize the load control mechanism
formed of the cylinder and the like and to reduce the
number of parts.
[0020] In the hydraulic stepless speed changing de-
vice of the invention, the load control mechanism formed
on the hydraulic motor side is formed of the cylinder to
and from which the pressurized oil in the main oil path is
supplied and discharged and the spool slidably inserted
in the cylinder and engaged with the speed change drive
member, the main oil path communicates with the other
end side of the spool, the elastic member or hydraulic
force for substantially constantly pressing the spool
against the force of the pressurized oil in the main oil
path is provided on one end side of the spool, and the
spool controls the swash plate angle of the movable
swash plate independently of the tilting operation through
the speed change operation lever so that hydraulic pres-
sure in the main oil path becomes substantially constant.
Therefore, it is possible to accurately and finely tilt the
movable swash plate of the hydraulic motor and to effi-
ciently generate the maximum output. Moreover, in the
hydraulic motor control region, it is possible to easily ap-
proximate the engine horsepower curve.
[0021] In the hydraulic stepless speed changing de-
vice of the invention, the load control mechanism carries
out control for making fluctuation of the swash plate angle
of the movable swash plate inversely proportional to fluc-
tuation of the hydraulic pressure in the main oil path.
Therefore, it is possible to effectively prevent stalling es-
pecially during the low-speed traveling.
[0022] In the hydraulic stepless speed changing de-
vice of the invention, a stopper portion is formed to pro-
trude from an inner wall of the cylinder in the load control
mechanism to restrict a sliding position of the spool.
Therefore, it is possible to efficiently carry out the work
by the work machine while securing the lowest speed for
carrying out the work. Moreover, because the stopper
portion can be formed integrally with the inner wall, it is
possible to form the stopper portion easily at low cost.
[0023] In the hydraulic stepless speed changing de-
vice of the invention, the load control mechanism controls
the swash plate angle of the movable swash plate so that
traction of the hydraulic speed changing device during
low-speed traveling becomes substantially half of trac-
tion of an engine horsepower. Therefore, it is possible to
provide a margin with respect to the engine horsepower
in advance. Thus, even if the work that increases the load
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torque is carried out, it is possible to reliably prevent stall-
ing.
[0024] In the hydraulic stepless speed changing de-
vice of the invention, the spool for the hydraulic pump
and the spool for the hydraulic motor are integrally pro-
vided to the cylinder in the load control mechanisms. It
is possible to attach or detach the plurality of load control
mechanisms at a time by attaching or detaching the cyl-
inder, which improves workability in attachment and de-
tachment and makes maintenance of the load control
mechanisms easy.
[0025] In the hydraulic stepless speed changing de-
vice of the invention, a pin for pressing the spool when
it receives the pressurized oil in the main oil path is pro-
vided to one end side of a cylinder hole in which the spool
is inserted and charge pressure is introduced to the other
end side of the cylinder hole to resist the pressing of the
spool by the pin in the load control mechanism. There-
fore, the charge pressure necessary for the hydraulic
stepless speed changing device can be utilized, auto-
matic control is possible with the simple structure, and
the elastic member can be downsized to obtain an inex-
pensive biasing means. Moreover, the spool can be slid
accurately so that accuracy of control of the movable
swash plate by the load control mechanism is enhanced.
Furthermore, the respective load control mechanisms
can be formed of substantially the same members to sim-
plify the manufacturing process.
[0026] In the hydraulic stepless speed changing de-
vice of the invention, the reverse-side capacity of the hy-
draulic pump is restricted to make the corner horsepower
slightly lower than the engine output and thus the relief
pressure curve in the hydraulic motor control region dur-
ing reverse traveling substantially agrees with the engine
horsepower curve without exceeding it. By employing it
on the reverse side on which the load is small, it is pos-
sible to prevent stalling at low cost and without impairing
the traveling performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

Fig. 1 is a front andpartially-sectional view of an over-
all structure of a hydraulic stepless speed changing
device according to the present invention.
Fig. 2 is a front sectional view of a neutral position
retaining mechanism.
Fig. 3 is a plan sectional view of the same.
Fig. 4 is a view of one side of the same.
Fig. 5 is a view of the other side of the same.
Fig. 6 is a front sectional view of a load control mech-
anism for a hydraulic pump.
Fig. 7 is a hydraulic circuit diagram of a hydraulic
stepless speed changing device.
Fig. 8 is a front sectional view of a load control mech-
anism for a hydraulic motor.
Figs. 9(a) to 9(c) are state diagrams showing an ex-

ample of a control mechanism by the load control
mechanism.
Fig. 10 is an engine horsepower diagram.
Fig. 11 is a drawing showing a relationship of traction
to vehicle speed.
Fig. 12 is a drawing showing a relationship between
relief pressure and an engine horsepower curve.

EXPLANATION OF SYMBOLS

[0028]

1 hydraulic stepless speed changing device (HST)
2 hydraulic servo mechanism
3 neutral position retaining mechanism
4, 104 load control mechanism
10 hydraulic pump
10a movable swash plate
11 hydraulic motor
11a movable swash plate
12 housing
13 main oil path
27 pin (speed change drive member)
28 torsion spring (elastic member)
29 speed change operation lever
40 spool
41 cylinder

BEST MODE FOR CARRYING OUT THE INVENTION

[0029] Next, an embodiment of the present invention
will be described. A hydraulic stepless speed changing
device (hereafter abbreviated as "HST") 1 according to
the present embodiment can be used for a work vehicle
for farm work such as a tractor. In the following embod-
iment, a case in which the HST 1 is mounted on a work
vehicle having a loader work machine as a work machine
will be described.
[0030] First, anoverall structure of the hydraulic step-
less speed changing device according to the invention
will be described below. As shown in Fig. 1, in the HST
1, a hydraulic pump 10 and a hydraulic motor 11 both of
which are of a variable displacement type are enclosed
in a housing 12. Besides them, provided in the housing
12 are hydraulic servo mechanisms 2, 2 as mechanisms
for adjusting swash plate angles of movable swash plates
10a, 11a of the hydraulic pump 10 and hydraulic motor
11 to control output rotations of the respective hydraulic
pump 10 and hydraulic motor 11, neutral position retain-
ing mechanisms 3 (maximum swash plate position re-
taining mechanisms 103), load control mechanisms 4,
104, and the like. The hydraulic servo mechanisms 2, 2,
the neutral position retaining mechanisms 3 (or maximum
swash plate position retaining mechanisms 103), and the
load control mechanisms 4 and 104 are provided in pairs
to the hydraulic pump 10 and hydraulic motor 11.
[0031] The hydraulic servo mechanism 2, the neutral
position retaining mechanism 3, and the like of the hy-
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draulic pump 10 will be described below unless otherwise
specified. In other words, in the embodiment, these struc-
tures (the hydraulic servo mechanisms 2, 2, the neutral
position retaining mechanisms 3 (maximum swash plate
position retaining mechanisms 103)) disposed at the hy-
draulic pump 10 and hydraulic motor 11 are not different
from each other and have substantially the same struc-
tures.
[0032] Although it is preferable that both of the hydrau-
lic pump 10 and hydraulic motor 11 are of the variable
displacement type in the embodiment for a reason which
will be described later, at least one of them may be of
the variable displacement type and the other may be of
a fixed displacement type. For example, it is possible that
the hydraulic pump 10 is of the variable displacement
type while the hydraulic motor 11 is of the fixed displace-
ment type, or it is also possible that the hydraulic motor
11 is of the variable displacement type while the hydraulic
pump 10 is of the fixed displacement type. Although a
case in which the hydraulic pump 10 and hydraulic motor
11 are of the variable displacement type will be described
in the embodiment unless otherwise specified, it is need-
less to say that the embodiment is not limited to this case
from the above description.
[0033] Here, as shown in Fig. 7, the variable displace-
ment-type hydraulic pump 10 is formed of a drive shaft
57, a cylinder block (not shown), a plunger (not shown),
the movable swash plate 10a in contact with the plunger,
and the like. A head portion of the plunger is in contact
or engaged with the movable swash plate 10a to change
a sliding amount of the movable swash plate 10a to there-
by adjust a discharge amount of hydraulic oil from the
hydraulic pump 10. The variable displacement-type hy-
draulic motor 11 is formed of a cylinder block (not shown),
a plunger (not shown), and the movable swash plate 11a
in contact with the plunger similarly to the variable dis-
placement-type hydraulic pump 10. A head portion of the
plunger is in contact or engaged with the movable swash
plate 11a to change a sliding amount of the movable
swash plate 11a to thereby make a suction amount of
pressurized oil by the hydraulic motor 11 adjustable. The
hydraulic pump 10 and hydraulic motor 11 are arranged
side by side substantially in parallel on the same face of
an oil path plate (not shown) and pressurized oil is sup-
plied from the hydraulic pump 10 to the hydraulic motor
11 via a main oil path 13. With this structure, driving force
from an engine 15 is input to the drive shaft 57 to drive
the hydraulic pump 10. The pressurized oil discharged
by the driving force of the hydraulic pump 10 is supplied
to the hydraulic motor 11. The hydraulic motor 11 is driven
by supply and discharge of the pressurized oil and driving
force of the hydraulic motor 11 is transmitted to an output
shaft 59.
[0034] Next, the hydraulic servo mechanism 2 will be
described. As shown in Fig. 1, in the HST 1, the hydraulic
pump 10 and the hydraulic motor 11 are arranged side
by side in upper and lower positions (or in left and right
positions). The hydraulic servo mechanism 2 for the hy-

draulic pump 10 is disposed on one side of the hydraulic
pump 10 and the hydraulic servo mechanism 2 for the
hydraulic motor 11 is similarly disposed on one side of
the hydraulic motor 11 and below the hydraulic servo
mechanism 2. Each hydraulic servo mechanism 2 is
formed of a manual swash plate angle control valve 23
including a piston 21 and a spool 22 disposed in the piston
21 and the like. The hydraulic servo mechanisms 2 are
housed in the housing 12 of the HST 1 and respectively
formed integrally.
[0035] The hydraulic servo mechanism 2 includes the
manual swash plate angle control valve 23. To put it con-
cretely, a cylinder chamber 24 is formed in the housing
12 and at a side portion of the movable swash plate 10a
of the hydraulic pump 10, the piston 21 is housed in the
cylinder chamber 24, and a pin shaft 25 protruding from
the side portion of the movable swash plate 10a is fitted
in a side face of the piston 21. A through hole is formed
at a position of an axial center of the piston 21 and the
spool 22 is slidably fitted in the through hole.
[0036] The piston 21 is formed with an oil path through
which an upper portion and a lower portion of the cylinder
chamber 24 communicate with each other. By sliding of
the spool 22, the oil path is opened or closed to send the
pressurized oil into oil chambers above and below the
piston 21 to thereby cause the piston 21 to slide up and
down. A fitting groove 26 is formed at an outer periphery
of a lower portion of the spool 22 and one end portion
27a of a pin 27 as a speed change drive member of the
spool 22 is fitted in the fitting groove 26. The other end
portion 27b of the pin 27 is pinched by a torsion spring
28 forming the neutral position retaining mechanism 3
and the like which will be described later. The one end
portion 27a of the pin 27 is inserted into the housing 12
through an opening 12a and an opening 21a open in side
faces of the housing 12 and the piston 21 and is fitted in
the fitting groove 26 as described above.
[0037] By turning a speed change operation lever 29
of the hydraulic servo mechanism 2 interlocked and cou-
pled with the pin 27, the pin27 moves in a vertical direction
(vertical direction in Fig. 1) against a biasing force of the
torsion spring 28 and the spool 22 moves in the vertical
direction as the pin 27 moves. In this manner, by sliding
the spool 22 of the manual swash plate angle control
valve 23 to change the oil path to slide the piston 21, the
movable swash plate 10a is tilted to change speed of the
HST 1.
[0038] Next, the neutral position retaining mechanism
3 and the like will be specifically described below. As
shown in Figs. 2 to 5, the neutral position retaining mech-
anism 3 is provided to the speed change operation lever
29 of the hydraulic servo mechanism 2 and structured to
retain a neutral position of the movable swash plate 10a
of the hydraulic pump 10. The neutral position retaining
mechanism 3 is provided in a casing 30 and a detent rod
31 is provided to be slidable in a longitudinal direction
(vertical direction in Fig. 2) in a space 30a in the casing
30. One end of the detent rod 31 is supported in a support
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recessed portion 30b of the casing 30 and the other end
is supported by a cap 32 screwed into the casing 30.
[0039] The end portion of the detent rod 31 on the cap
32 side is integrally formed with an adjust bolt 33 screwed
into thecap32. The detent rod 31 can be slid in the lon-
gitudinal direction by rotating the adjust bolt 33 and is
normally fixed in its position by a lock nut 34. A fixing
portion 31a is formed at a substantially central portion of
the detent rod 31 and the other end portion 27b of the
pin 27 is inserted into the space 30a of the casing 30 to
be aligned with a position of the fixing portion 31a. A
diameter of the other end portion 27b of the pin 27 and
a width (length toward an axial center of the detent rod
31) of the fixing portion 31a are formed to be substantially
equal to each other.
[0040] In the space 30a of the casing 30, spring re-
ceivers 35, 35 are provided slidably toward the axial cent-
er of the detent rod 31 on opposite sides of the fixing
portion 31a of the detent rod 31. The spring receivers 35,
35 are biased toward the fixing portion 31a by a spring
36 interposed between the casing 30 and the spring re-
ceiver 35 and a spring 36 interposed between the cap
32 and the spring receiver 35. Between the spring re-
ceivers 35, 35, both the fixing portion 31a of the detent
rod 31 and the other end portion 27b of the pin 27 are
sandwiched from opposite sides.
[0041] The speed change operation lever 29 is sup-
ported by the casing 30 for turning about a turning shaft
37. The torsion spring 28 is fitted for turning over an outer
peripheral portion of the turning shaft 37 and the other
end portion 27b of the pin 27 is pinched by the torsion
spring 28. An interlocked arm 39 for turning with the turn-
ing shaft 37 is secured to the turning shaft 37 and is
pinched by the torsion spring 28.
[0042] When the speed change operation lever 29 is
turned, the interlocked arm 39 secured to the turning shaft
37 and the torsion spring 28 for pinching the interlocked
arm 39 are turned together and the pin 27 pinched by
the torsion spring 28 is also turned together with the tor-
sion spring 28. In other words, if the speed change op-
eration lever 29 is turned, the pin 27 is turned together
through the interlocked arm 39 and the torsion spring 28
to slide the spool 22. In thismanner, the speed change
operat ion lever 2 9 , the turning shaft 37, the interlocked
arm 39, the torsion spring 28, and the like form a speed
change operation lever portion.
[0043] When the speed change operation lever 29 is
not turned, because the other endportion 27b of the pin
27 is sandwiched together with the fixing portion 31a of
the detent rod 31 between the spring receivers 35, 35, a
turning position of the pin 27 is retained in the position
of the fixing portion 31a. In the HST 1 of the embodiment,
in a state in which the operating force is not applied to
the speed change operation lever 29 and the pin 27 is
retained in a position of the one end portion 27a by the
spring receivers 35, 35, the movable swash plate 10a of
the hydraulic pump 10 is adjusted to be positioned in the
neutral position. In this manner, the neutral position re-

taining mechanism 3 is structured to retain the movable
swash plate 10a of the hydraulic pump 10 of the HST 1
in the neutral position by the detent rod 31, the springs
36, 36, and the spring receivers 35, 35 through the pin
27 and the hydraulic servo mechanism 2.
[0044] Moreover, because the neutral position retain-
ing mechanism 3 is structured so that the fixing portion
31a having the same width as that of the pin 27 as a
spool driving portion for driving the spool 22 of the hy-
draulic servo mechanism 2 is formed on the detent rod
31 and that both the fixing portion 31a and pin 27 are
sandwiched from opposite sides between the spring re-
ceivers 35, 35 biased by the springs 36 to retain the neu-
tral position, it is possible to simplify and miniaturize the
structure of the neutral position retaining mechanism 3
and it is easy to adjust the neutral position of the movable
swash plate l0a. Furthermore, it becomes unnecessary
to receive the biasing forces of the springs 36, 36 with
additional members such as snap rings and it is also pos-
sible to prevent trouble such as coming off of the snap
rings to thereby enhance durability and accuracy of re-
taining of the neutral position.
[0045] The neutral position retaining mechanism 3 is
structured so that the torsion spring 28 and the like bias
and support the pin 27 interlocked and coupled with the
movable swash plate 10a through the hydraulic servo
mechanism 2 to retain the neutral position of the movable
swash plate 10a. The turning shaft 37 of the speed
change operation lever 29 is engaged through the inter-
locked arm 39 and the torsion spring 28 with a midway
portion of the pin 27 for sliding the spool 22 so that the
pin 27 is operated integrally by turning of the speed
change operation lever 29. The one end portion 27a of
the pin 27 extending from one side of the engaged portion
drives the spool 22 and the other end portion 27b of the
pin 27 extending from the other side of the engaged por-
tion is engaged with the detent rod 31 to carry out align-
ment of the neutral position.
[0046] The pin 27 is supported between a midway por-
tion 27c and the one end portion 27a by a support arm
61 for turning. Because the midway portion of the pin 27
connecting the spool 22 and the neutral position retaining
mechanism 3 by a straight line in the shortest distance
is supported, it is possible to enhance the position accu-
racy for neutral retaining and accuracy of control of the
spool 22 and to miniaturize the neutral position retaining
mechanism 3 and the control mechanism of the spool 22.
[0047] Next, a neutral position adjusting mechanism
of the neutral position retaining mechanism 3 will be de-
scribed below. As shown in Fig. 2, the detent rod 31 can
move toward the axial center by rotating the adjust bolt
33 screwed into the cap 32. Then, if the movable swash
plate 10a is displaced from the neutral position in a state
in which the pin 27 is retained at the position of the fixing
portion 31a, the adjust bolt 33 is rotated to adjust the
position of the fixing portion 31a of the detent rod 31 so
that the movable swash plate 10a is positioned in the
neutral position in the state in which the pin 27 is retained
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at the position of the fixing portion 31a.
[0048] As described above, the neutral position retain-
ing mechanism 3 has an adjusting mechanism (neutral
position adjusting mechanism) for finely adjusting the
neutral position. Because the adjusting mechanism is
structured so that the adjust bolt 33 protruding outside is
rotated to thereby adjust neutral position of the movable
swash plate 10a, operation is possible from outside with-
out disassembling the neutral position retaining mecha-
nism 3 and the adjusting operation of the neutral position
becomes easy.
[0049] Because the detent rod 31 has an opposite-
end-supported structure in which the opposite ends of
the detent rod 31 are supported by the support recessed
portion 30b and the cap 32, it is possible to enhance
support strength of the detent rod 31 and to enhance
accuracy of the neutral position retaining mechanism 3
and the like. If the detent rod 31 has a cantilever structure
in which the detent rod 31 is supported by the cap 32
only, for example, machining of the support recessed por-
tion 30b of the casing 30 becomes unnecessary and a
wall thickness of the casing 30 can be reduced. As a
result, it is possible to reduce manufacturing cost.
[0050] Next, a rotation restricting mechanism of the
neutral position retaining mechanism 3 will be described
below. As shown in Figs. 2 to 5, the rotation restricting
mechanism for restricting a maximum turning angle of
the movable swash plate l0a is formed in the casing 30.
In other words, the detent rod 31 is formed with step
portions 31b, 31b on sides of opposite ends of the fixing
portion 31a and the spring receivers 35, 35 for sliding
toward the axial center of the detent rod 31 are locked
to the step portions 31b, 31b. If the pin 27 is turned by
turning operation of the speed change operation lever
29, the spring receiver 35 in a direction in which the pin
27 is turned slides toward the end portion side of the
detent rod 31 together with the pin 27 against the biasing
force of the spring 36. When the spring receiver 35 slides
a certain distance, the spring receiver 35 is locked to the
step portion 31b and the spring receiver 35 and the pin
27 cannot move any more toward the end portion side.
[0051] As described above, the neutral position retain-
ing mechanism 3 is structured to restrict the turning
amount of the pin 27 with the step portions 31b formed
on the detent rod 31 to thereby restrict the maximum
turning angle of the movable swash plate 10a. Therefore,
it is possible to accurately set the maximum turning angle
from the neutral position of the movable swash plate 10a
and to enhance durability to maintain high accuracy for
a long term. Moreover, adjustment of strokes of the detent
rod 31 between the fixing portion 31a and the step por-
tions 31b, 31b are determined by mechanical machining
accuracy in machining the detent rod 31. In this way, it
is unnecessary to carry out adjustment of the rotation
restricting mechanism after the detent rod 31 has been
mounted into the casing 30 and it is possible to omit an
adjustment step at the time of shipment, for example.
[0052] Next, an overstroke mechanism in the neutral

position retaining mechanism 3 will be described below.
As shown in Figs. 2 to 5, the overstroke mechanism for
accommodating the turning operation of the speed
change operation lever 29 when the speed change op-
eration lever 29 is turned more than the turning amount
of the pin 27 restricted by the rotation restricting mech-
anism is formed in the casing 30. As described above,
the pin 27 is turned together through the interlocked arm
39 and the torsion spring 28 by turning operation of the
speed change operation lever 29. If the pin 27 is turned
by a certain amount and cannot be turned any more with
its turning restricted by the rotation restricting mecha-
nism, the interlocked arm 39 which is pinched by the tor-
sion spring 28 and is turned together with the speed
change operation lever 29 turns against the biasing force
of the torsion spring 28 while expanding the spring 28.
[0053] As described above, the overstroke mechanism
is structured so that, after the turning of the pin 27 is
restricted by the rotation restricting mechanism, only the
interlocked arm 39 turns while expanding the torsion
spring 28 to prevent force of turning operation of the
speed change operation lever 29 from directly acting on
the pin 27. With this structure, even when the speed
change operation lever 29 is turned excessively, it is pos-
sible to avoid straining of the pin 27, the spring receivers
35, 35, the detent rod 31, and the like to prevent damage
to these members and the hydraulic servo mechanism 2
and to prevent the neutral position retaining mechanism
3 from moving out of adjustment.
[0054] The casing 30 in which the neutral position re-
taining mechanism 3 and the like structured as described
above are mounted is mounted to the housing 12 of the
HST 1 through the cylinder 41 of the load control mech-
anism 4 which will be described later. Therefore, the neu-
tral position retaining mechanism 3 mounted in the casing
30, the rotation restricting mechanism, and the over-
stroke mechanism disposed on the side of the casing 30
to be mounted to the housing 12 can be enclosed in the
housing 12 and the casing 30 by mounting the casing 30
to the housing 12 through the cylinder 41 of the load
control mechanism 4. Therefore, foreign matter such as
dirt and trash does not adhere to component members
of the respective mechanisms to thereby prevent the
mechanisms from malfunctioning and from moving out
of respective adjustments due to impacts from outside.
Moreover, it is possible to miniaturize the respective
mechanisms and to reduce the cost.
[0055] Furthermore, in the HST 1 according to the em-
bodiment, the fixing portion 31a can be formed integrally
not only with the detent rod 31 but also with the casing
30 to thereby reduce the cost. It is alsopossible that the
fixing portion 31a is formed separately and mounted to
the detent rod 31 or the casing 30. Because the spring
receivers 35, 35 for sandwiching the pin 27 and the fixing
portion 31a from opposite sides are guided at their outer
peripheral portions by the casing 30 formed of firm block
materials, the spring receivers 35, 35 can accurately car-
ry out alignment of the pin 27.
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[0056] The maximum swash plate position retaining
mechanism 103 is formed on the hydraulic motor 11 side
(see Fig. 1) . The maximum swash plate position retain-
ing mechanism 103 always retains the movable swash
plate 11a of the hydraulic motor 11 in the maximum
swash plate position. The maximum swash plate position
retaining mechanism 103 is formed substantially similarly
to the neutral position retaining mechanism 3. In the max-
imum swash plate position retaining mechanism 103, a
zero-degree position adjusting mechanism is formed. If
the movable swash plate 11a is displaced from a zero-
degree position, the adjust bolt 33 can be rotated to carry
out adjustment so that the movable swash plate 11a is
positioned in the zero-degree position.
[0057] Next, structures of the load control mechanisms
4, 104 will be described below. As shown in Figs. 1 and
6, in the load control mechanism 4 in the embodiment,
the spool 40 is slidably inserted into the cylinder 41 and
is pushed by the pressurized oil supplied from the main
oil path 13 of the HST 1 into the cylinder 41 to carry out
control of the swash plate angle of the movable swash
plate 10a of the hydraulic pump 10 independently of the
control of the movable swash plate 10a by the hydraulic
servo mechanism 2 and the like. The load control mech-
anism 4 is formed of the cylinder 41, the spool 40, and
the like, the cylinder 41 is disposed on one side of the
housing 12 of the HST 1 and positioned between the
hydraulic servo mechanism 2 and the neutral position
retaining mechanism 3.
[0058] The cylinder 41 is formed to be long along a
substantially flat side wall face of the housing 12 of the
HST 1, a cylinder hole 42 is formed in the cylinder 41 to
open at an upper portion of the cylinder 41, and the sub-
stantially circular cylindrical spool 40 is slidably inserted
in the cylinder hole 42. A pipe joint portion 43 connected
to the main oil path 13 of the HST 1 through a supply/
discharge oil path 14 is screwed into an open end of the
cylinder hole 42 and the pressurized oil in the main oil
path 13 is supplied into and discharged from the cylinder
41 through the supply/discharge oil path 14 (pipe joint
portion 43) . An opening portion 41b open in a lateral
direction is formed to penetrate a vertical midway portion
of the cylinder 41.
[0059] With reference to the hydraulic circuit diagram
shown in Fig. 7, a hydraulic pump (charge pump) 50 for
supplying the hydraulic oil to the main oil path 13 is driven
by the engine 15 through a pump shaft 51 and draws in
the oil from an oil tank 52. An oil path 53 is connected to
a discharge port of the hydraulic pump 50 and the oil path
53 is connected to the main oil path 13 provided in the
HST 1 through relief valves 54, 54 having check valves
54a, 54a. At a midway portion of the oil path 53, a regu-
latingvalve 55 is disposed. The main oil path 13 forms a
closed circuit between the hydraulic pump 10 and the
hydraulic motor 11 and the supply/discharge oil path 14
is connected to the oil path on the high-pressure side
when the hydraulic motor 11 is rotated forward. In this
way, the oil from the hydraulic pump 50 is supplied to the

main oil path 13 when hydraulic pressure in the low-pres-
sure-side oil path becomes lower than the hydraulic pres-
sure specified by the regulating valve 55 through the oil
path 53. When the hydraulic pressure is higher, the oil is
drained by the regulating valve 55 into an oil reservoir 56
in the housing 12 of the HST 1 to thereby regulate a flow
rate of the oil to be supplied to the main oil path 13.
[0060] Driving from the engine 15 is transmitted from
the hydraulic pump 50 to the variable displacement-type
hydraulic pump 10 through the drive shaft 57 and the
cylinder block and the like are driven for rotation by this
driving force. The hydraulic pump 10 is fluidically con-
nected to the likewise variable displacement-type hy-
draulic motor 11 through the main oil path 13 and pres-
surized oil discharged from the hydraulic pump 10 is sup-
plied to and discharged from the hydraulic motor 11. The
swash plate angle of the movable swash plate 10a of the
hydraulic pump 10 is controlled by the hydraulic servo
mechanism 2, the neutral position retaining mechanism
3, the load control mechanism 4, and the like as described
above. Pressurized oil is supplied and discharged to and
from the hydraulic servo mechanism 2 and the like from
and to the main oil path 13 via an oil path 58, and even-
tually discharged to the oil reservoir 56 in the HST 1.
Pressurized oil is supplied and discharged to and from
the load control mechanism 4 from and to the main oil
path 13 via the supply/discharge oil path 14 and the spool
40 inserted into the cylinder 41 is slid by the pressurized
oil.
[0061] As a means for controlling tilting of the movable
swash plate 11a of the hydraulic motor 11, the hydraulic
servo mechanism 2, the load control mechanism 104,
and the like are connected similarly to the hydraulic pump
10. The hydraulic motor 11 is fluidically connected to the
hydraulic pump 10 through the main oil path 13 and pres-
surized oil discharged from the hydraulic pump 10 drives
the cylinder block and the like for rotation to drive the
output shaft 59 for rotation. The rotary driving of the out-
put shaft 59 is transmitted to a travel shaft (not shown)
for driving an axle, a drive shaft for driving the work ma-
chine, and the like. A structure and the like of the hydraulic
motor 11 will be described later.
[0062] First, a structure of the load control mechanism
4 for the hydraulic pump 10 will be specifically described
below. As shown in Fig. 6, the pipe joint portion 43 is
screwed into the cylinder hole 42 in oil-tight close contact
with an inner face of the cylinder hole 42. An oil supply/
discharge port 43a is formed in the pipe joint portion 43
and the pressurized oil is led from the main oil path 13
of the HST 1 to the oil supply/discharge port 43a via the
supply/discharge oil path 14 so that the hydraulic pres-
sure can be detected. The pipe joint portion 43 is formed
with a pin hole 43b that is open on an inner face side of
the cylinder hole 42, a pin 44 is slidably inserted into the
pin hole 43b while being in close contact with an inner
wall of the pin hole 43b, and one end portion of the pin
44 is in contact with a side face of the spool 40. The pin
hole 43b is connected to the oil supply/discharge port
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43a provided in the pipe joint portion 43 through an orifice
43c. The pressurized oil in the oil supply/discharge port
43a is filled in the pin hole 43b through the orifice 43c
and the pin 44 is slid according to the hydraulic pressure
in the main oil path 13. For example, if hydraulic pressure
in the main oil path 13 becomes high, the pin 44 is pushed
out of the pin hole 43b. If the pin 44 is pushed out of the
pin hole 43b, the spool 40 is pressed by the pin 44 and
slid downward.
[0063] A through hole 40b in a shape of an elongated
hole is formed to penetrate a substantially central portion
in a longitudinal direction of the spool 40 and the one end
portion 27a of the pin 27 is inserted into the through hole
40b. The through hole 40b communicates with the open-
ing portion 41b of the cylinder 41 in a state in which the
spool 40 is inserted into the cylinder hole 42 of the cylinder
41. Because the cylinder 41 is interposed between the
housing 12 and the casing 30, one side of the cylinder
41 communicates with the openings 12a, 21a which are
open in side faces of the housing 12 and the piston 21
and the other side of the cylinder 41 communicates with
an opening portion 30c that is open in the side face of
the casing 30. The pin 27 penetrates the load control
mechanism 4 (the cylinder 41, the spool 40, and the like)
in a width direction through the through hole 40b and the
like.
[0064] The spool 40 is formed at an opening edge por-
tion of the through hole 40b with a notch portion 40a and
the notch portion 40a is in contact with the midway portion
27c of the pin 27. The midway portion 27c is formed to
be larger than the pin 27 in a radial direction. Because
the opening of the through hole 40b of the spool 40 is
larger than a shaft radius of the pin 27, the pin 27 does
not come in contact with a side wall of the through hole
40b even if the pin 27 moves substantially parallel along
the longitudinal direction of the cylinder 41, but the notch
portion 40a comes in contact with the midway portion
27c of the pin 27 and the spool 40 and the pin 27 slide
together.
[0065] Next, a structure of the load control mechanism
104 for the hydraulic motor 11 will be described below.
As shown in Figs. 1 and 8, the hydraulic servo mechanism
2, the maximum swash plate position retaining mecha-
nism 103, and the like for the hydraulic motor 11 are
formed substantially in the same way as the hydraulic
servo mechanism 2 and the maximum swash plate po-
sition retaining mechanism 103 for the hydraulic pump
10. The hydraulic motor 11 in the embodiment is of a
variable displacement type, a swash plate angle of the
movable swash plate 11a is controlled by the hydraulic
servo mechanism 2, and the pin 27 interlocked and cou-
pled with the movable swash plate 11a through the hy-
draulic servo mechanism 2 is supported by the torsion
spring 28 and the like to retain the maximum swash plate
position of the movable swash plate 11a (maximum
swash plate position retaining mechanism 103).
[0066] The load control mechanism 104 for the hydrau-
lic motor 11 is disposed in the cylinder 41. Especially in

the cylinder 41 in the embodiment, the load control mech-
anism 4 for the hydraulic pump 10 and the load control
mechanism 104 for the hydraulic motor 11 respectively
corresponding to the hydraulic pump 10 and the hydraulic
motor 11 disposed side by side in the housing 12 are
integrally provided. In other words, the cylinder 41 is pro-
vided with the spool 40 and the like forming the load con-
trol mechanism 4 for the hydraulic pump 10 and is inte-
grally provided with the spool 140 and the like forming
the load control mechanism 104 for the hydraulic motor
11.
[0067] By integrally providing the load control mecha-
nisms 4, 104 with the side wall of the HST 1, it is possible
to attach or detach the respective load control mecha-
nisms 4, 104 at a time by attaching or detaching the cyl-
inder 41, which makes maintenance of the load control
mechanisms 4, 104 easy and improves workability.
Moreover, because the respective load control mecha-
nisms 4, 104 are formed substantially in the same way,
it is possible to reduce the number of kinds of parts and
to simplify a manufacturing process. However, only the
load control mechanism 4 for the hydraulic pump 10 or
only the load control mechanism 104 for the hydraulic
motor 11 may be disposed alone as the load control
mechanism. This case is also preferable because control
of the respective movable swash plates becomes easy
as will be described later.
[0068] A cylinder hole 142 that is open at a lower por-
tion of the cylinder 41 is formed in a vertical direction in
the load control mechanism 104. A pipe joint portion 143
is fitted in the open end portion and is connected to a
discharge side of the hydraulic pump 50 through a joint
148 and piping (oil path 18). In the cylinder hole 142, a
substantially circular cylindrical spool 140 is inserted sl-
idably. In a state in which the spool 40 is inserted in the
cylinder hole 142, an inner cylinder 145 is fixed to a back
portion of the cylinder hole 142 so that the inner cylinder
145 cannot move with respect to the cylinder hole 142.
A pin hole 144a is formed in the inner cylinder 145, a pin
144 is inserted into the pin hole 144a while being in close
contact with an inner wall of the pin hole 144a, and one
end portion of the pin 144 is in contact with a lower face
of the spool 140.
[0069] The pinhole 144a is formed with an oil reservoir
146 between the pin hole 144a and the other end portion
of the pin 144 and the main oil path 13 communicates
with the oil reservoir 146. However, the cylinder 41 is
shared in the embodiment and therefore the main oil path
13 communicates with the oil reservoir 146 via the load
control mechanism 4 for the hydraulic pump 10 (see Fig.
7). In other words, in the load control mechanism 4, an
oil reservoir 46 is formed between an outer peripheral
face of the pipe joint portion 43 and an inner peripheral
face of the cylinder hole 42 and is connected to the oil
supply/discharge port 43a via a supply/discharge pipe
17 connected to the oil reservoir 146 and an oil hole 43d.
[0070] A through hole 140b in a shape of an elongated
hole is formed to penetrate a substantially central portion
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in a longitudinal direction of the spool 140. The through
hole 40b communicates with the opening portion 41b
formed to laterally penetrate the cylinder 41 in a state in
which the spool 140 is inserted into the cylinder hole 142.
As described above, because the cylinder 41 is inter-
posed between the housing 12 and the casing 30, the
pin 27 interlocked and coupled with the movable swash
plate 11a of the hydraulic motor 11 through the hydraulic
servo mechanism 2 penetrates the load control mecha-
nism 104 (the cylinder 41,the spool 140, and the like) ina
width direction through the through hole 140b and the
like.
[0071] The spool 140 is formed at an opening edge
portion of the through hole 140b with a notch portion 140a
and the notch portion 140a is in contact with the midway
portion 27c of the pin 27. A normal position of the load
control mechanism 104 for the hydraulic motor 11 is a
position in which the midway portion 27c is in contact
with the notch portion 140a in a state in which the movable
swash plate 11a is tilted through the maximum swash
plate angle. With this structure, the load control mecha-
nism 104 can control tilting of the movable swash plate
11a of the hydraulic motor 11 in such a direction as to
reduce the swash plate angle of the movable swash plate
11a and can control torque by controlling the swash plate
angle. This will be described later in detail.
[0072] In the HST 1 structured as described above,
when the load torque arises in the engine 15, the load
control mechanisms 4, 104 carry out control of the swash
plate angles of the movable swash plates 10a, 11a of the
hydraulic pump 10 and the hydraulic motor 11 of the HST
independently of the control by the speed change oper-
ation lever 29 to thereby prevent stalling of the engine 15.
[0073] Next, control by the load control mechanisms
4, 104 will be described below. The load control mecha-
nism 4 for the hydraulic pump 10 is formed of the cylinder
41 to and from which the pressurized oil in the main oil
path 13 is supplied and discharged and the spool 40 sl-
idably inserted into the cylinder 41 and engaged with the
pin 27 as described above. The spool 40 pressed through
the pin 44 by the rise of the pressurized oil in the cylinder
41 (oil supply/discharge port 43a) due to the load is en-
gaged with and moves the pin 27 against the biasing
force of the torsion spring 28 to thereby control the swash
plate angle of the movable swash plate l0a independently
of the tilting operation by the above-described hydraulic
servo mechanism 2 and the like.
[0074] With reference to Figs. 9 (a) to 9 (c), the pin 44
is aligned in a state in which the pin 44 is pushed into the
pin hole 43b by a biasing force of a spring 45 through the
spool 40 (see Fig. 9(a)). In causing the work vehicle
mounted with the HST 1 to travel, if the speed change
operation lever 29 is turned through a linkage (not
shown), the pin 27 is moved integrally with the speed
change operation lever 29, the pin 27 moves substantially
parallel in the opening portion 41b of the cylinder 41 and
the through hole 40b of the spool 40, the spool 22 of the
hydraulic servo mechanism 2 is slid in synchronization

with the pin 27, the oil path is switched by sliding of the
spool 22 to slide the piston 21, and the movable swash
plate 10a of the hydraulic pump 10 engaged with the
piston 21 is tilted (see Fig. 9(b)). In the embodiment, if
the speed change operation lever 29 is turned so as to
cause the stopped work vehicle to travel forward, the pin
27 is moved upward and the movable swash plate 10a
is gradually tilted in synchronization with this movement
to carry out control for increasing the swash plate angle.
The tilting operation of the movable swash plate 10a is
controlled by the hydraulic servo mechanism 2, the neu-
tral position retaining mechanism 3, and the like.
[0075] If the load is applied on the traveling portion in
this state, the hydraulic pressure on the high-pressure
(forward) side of the main oil path 13 in the HST 1 in-
creases, i.e., the hydraulic pressure in the oil supply/dis-
charge port 43a increases. When the pin 44 receives this
pressurized oil, the pin 44 presses the spool 40 down-
ward and the notch portion 40a of the spool 40 comes in
contact with the midway portion 27c and slides the spool
40 downward against the biasing force of the torsion
spring 28 for pinching the pin 27, the spring 45, and
charge pressure (see Fig. 9(c)). On the other hand, if the
load reduces to reduce the hydraulic pressure in the main
oil path 13 and to reduce the hydraulic pressure in the
oil supply/discharge port 43a, the biasing force of the
torsion spring 28 tries to return the pin 27 to the position
set by the speed change operation lever 29 and the pin
44 slides the spool 40 upward so as to push the spool
40 into the pin hole 43b due to the spring 45 and the
charge pressure to thereby carry out control for increas-
ing the swash plate angle of the movable swash plate
10a. Then, the movable swash plate 10a of the hydraulic
pump 10 is aligned again with a predetermined position
by the speed change operation lever 29 and the like.
[0076] In other words, during normal traveling of the
work vehicle, the output rotational speed of the HST 1 is
increased or reduced by the turning operation of the
speed change operation lever 29. In carrying out the load-
er work with the work machine at a low speed, large trac-
tion is required and therefore the load torque is applied
on the output shaft 59 (axle). The load is also applied on
the engine 15 and causes the stalling if the load exceeds
the engine horsepower. In order to prevent the stalling,
the spool in the cylinder 41 is slid when it receives the
pressurized oil in the main oil path 13 when the hydraulic
pressure increases in the main oil path 13 to thereby
carry out control for reducing the swash plate angle of
the movable swash plate 10a of the hydraulic pump 10.
In other words, by carrying out the control for reducing
the swash plate angle of the movable swash plate 10a
of the hydraulic pump 10 to reduce the discharge amount
of the pressurized oil from the hydraulic pump 10 to re-
duce the vehicle speed, the stalling of the engine 15 is
prevented.
[0077] As shown in Fig. 10, a relationship of the traction
(kg·f) to the vehicle speed (km/h) of the engine 15 is ex-
pressed by an engine horsepower curve A. In the work
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vehicle, the driving force for driving the work machine is
required in addition to the driving force for the axle. There-
fore, during traveling H when the traction is unnecessary,
high-speed traveling is possible. During loader plunging
M, medium-speed torque is generated to generate trac-
tion for plunging the loader work machine provided to the
work vehicle into the ground. During loader work L, the
traction for driving the loader work machine to carry out
the work is required, and therefore it is possible togen-
erate greater low-speed torque.
[0078] The work vehicle mounted with such an engine
15 stalls when the load exceeding the predetermined
traction corresponding to the engine horsepower curve
A is applied. Therefore, conventionally, vehicle speed is
reduced by a speed changing device or the like to thereby
increase the traction (increase torque) by manual oper-
ation or a high-horsepower engine is mounted to the work
vehicle in advance to prevent stalling. For example, the
engine 15 stalls if the load exceeding the traction corre-
sponding to the predetermined vehicle speed is applied
on the engine 15 during use of the work machine or
traveling on an upward slope. Therefore, an operator or
the like need to operate a speed change lever, an accel-
erator pedal, or the like to adjust the vehicle speed of the
work vehicle to a medium speed or a low speed.
[0079] In the embodiment, the load control mechanism
4 structured as described above can automatically con-
trol the swash plate angle of the movable swash plate
l0a of the hydraulic pump 10 to effectively prevent stalling.
Especially in the HST 1 according to the embodiment,
the load control mechanism 4 is formed of the cylinder
41 and the spool 40 and the spool 40 is slid according to
the hydraulic pressure in the main oil path 13 and the
spool 40 is engaged with the pin 27 to move the pin
against the biasing force of the torsion spring 28. There-
fore, it is possible to accurately control the movable
swash plate 10a. Moreover, without carrying out the tilting
operation by the speed change operation lever 29, the
movable swash plate l0a is automatically tilted to prevent
stalling when the load is applied. Therefore, operation
during traveling operation becomes easy.
[0080] The load control mechanism 104 of the hydrau-
lic motor 11 is also structured to automatically tilt the mov-
able swash plate 11a of the hydraulic motor 11 to control
the swash plate angle of the movable swash plate 11a
similarly to the load control mechanism 4. However, in
the hydraulic motor 11, the swash plate angle of the mov-
able swash plate 11a is adjusted to the maximum at a
standstill (maximum swash plate position retaining
mechanism 103) and the swash plate angle is controlled
to reduce as the work vehicle travels. In the load control
mechanism 104, if the speed change operation lever 29
is operated, the pin 27 moved integrally with the lever 29
is aligned in a predetermined state by the torsion spring
28. In this state, if the load is applied on the engine 15
to increase the hydraulic pressure in the main oil path 13
in the HST 1 to increase the hydraulic pressure in the oil
reservoir 146 through the supply/discharge pipe 17, the

pin 144 presses the spool 140 downward when it receives
the pressurized oil and the notch portion 140a of the spool
140 comes in contact with the midway portion 27c and
slides the portion 27c downward against the biasing force
of the torsion spring 28 and the charge pressure. In other
words, the load control mechanism 104 for the hydraulic
motor 11 is structured to carry out control for increasing
the swash plate angle of the movable swash plate 11a
of the hydraulic motor 11 so as to reduce the vehicle
speed when the hydraulic pressure in the main oil path
13 increases similarly to the load control mechanism 4
for the hydraulic pump 10.
[0081] As shown in Fig. 11, the HST 1 according to the
embodiment is provided with such load control mecha-
nisms 4, 104 and is structured to control the swash plate
angles of the movable swash plates 10a, 11a of the hy-
draulic pump 10 and the hydraulic motor 11, that is, carry
out load control so that a curve B expressing a relation-
ship of the traction to the vehicle speed of the HST 1
does not exceed the engine horsepower curve A of the
engine 15 shown by a dashed line.
[0082] The load control mechanisms 4, 104 mainly
control the swash plate angle of the movable swash plate
10a of the hydraulic pump 10 in a vehicle speed range
a, that is, a low-speed region in Fig. 11 and control the
swash plate angle of the movable swash plate 11a of the
hydraulic motor 11 in a vehicle speed range b, that is, a
medium/high-speed region. In the vehicle speed range
a, the movable swash plate 10a of the hydraulic pump
10 can tilt freely while the movable swash plate 11a of
the hydraulic motor 11 is fixed in a position of the maxi-
mum swash plate angle. Then, if the vehicle speed enters
the vehicle speed range b from the maximum value in
the vehicle speed range a, the swash plate angle of the
movable swash plate 10a of the hydraulic pump 10 be-
comes the maximum and the movable swash plate 10a
of the hydraulic pump 10 is fixed in the position substan-
tially simultaneously and the movable swash plate 11a
of the hydraulic motor 11 is tilted in such a direction that
the swash plate angle of the movable swash plate 11a
reduces. In the embodiment, a switch between the con-
trol by the hydraulic pump 10 and the control by the hy-
draulic motor is made according to the vehicle speed
ranges a, b to thereby efficiently carry out control in a
wide speed range.
[0083] In the vehicle speed range a, the load control
mechanism 4 mainly controls the swash plate angle of
the movable swash plate 10a of the hydraulic pump 10.
In the vehicle speed range a, the loader work machine
is used in the work vehicle in the embodiment. Therefore,
in order to efficiently control the swash plate angle of the
movable swash plate 10a of the hydraulic pump 10, the
load control mechanism 4 is structured so that one end
side of the spool 40 is biased by an elastic member in-
serted into the cylinder 41 to make fluctuation of the
swash plate angle of the movable swash plate 10a of the
hydraulic pump 10 inversely proportional to fluctuation
of the hydraulic pressure in the main oil path 13.
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[0084] To put it concretely, as shown in Fig. 6, in a
state in which the spool 40 is inserted in the cylinder hole
42, a space 42a is formed between the end portion of
the spool 40 and the cylinder hole 42 at the other end of
the cylinder hole 42 and the spring 45 as the elastic mem-
ber is disposed in the space 42a. The spring 45 comes
in contact with the lower face of the spool 40 to bias the
spool 40 in an opposite direction to the pressing direction
by the pin 44. Therefore, in a state in which the movable
swash plate 10a of the hydraulic pump 10 is retained in
the neutral position, the spool 40 is biased by the biasing
force of the spring 45 in such a direction as to push the
pin 44 into the pin hole 43b (upward in Fig. 6). Moreover,
the space 42a communicates with the discharge-side oil
path 53 of the hydraulic pump 50 via the oil path 18 so
that the charge pressure of the HST acts as back pres-
sure.
[0085] Thus, during operation while traveling at low
speed, if the traveling load increases to increase the pres-
sure in the main oil path 13 and the force of the pin 44
for pressing the spool 40 exceeds the biasing force of
the spring 45 and the charge pressure of the HST when
the pin 44 receives the pressurized oil in the oil supply/
discharge port 43a, the spool 40 is slid downward at last
and the pin 27 is moved simultaneously to tilt the movable
swash plate 10a toward the low-speed side and traction
increases due to the deceleration. At this time, even if
the speed change pedal or the speed change lever is
turned toward the speed increase side, the interlocked
arm 39 merely turns the torsion spring 28 and the mov-
able swash plate 10a is not tilted and excessive load that
causes the stalling is prevented. When the load reduces
and the force obtained by adding the biasing force of the
spring 45 and the charge pressure of the HST exceeds
the force of the pin 44 for pressing the spool 40, the spool
40 is slid upward to push the pin 44 into the pin hole 43b
and returns to the position (set speed) set by the speed
change pedal.
[0086] The spool 40 for sliding when it receives the
pressurized oil in the main oil path 13 is biased by the
elastic member (spring 45) and the charge pressure to
thereby carry out the control for making the swash plate
angle of the movable swash plate l0a of the hydraulic
pump 10 reversely proportional to the fluctuation of the
hydraulic pressure in the main oil path 13. For example,
the control is carried out so that the vehicle speed reduc-
es in proportion to the pressurized oil in the main oil path
13 when the pressurized oil increases. With this control,
when the traction is required, for example, when the load-
er work machine is used during low-speed traveling, the
swash plate angle is controlled accurately and effectively
by the load control mechanism 4 to thereby increase the
low-speed torque to effectively prevent the above-de-
scribed stalling. By using the charge pressure as the back
pressure, the spring 45 as the elastic member for biasing
the spool 40 can be downsized to thereby miniaturize the
load control mechanism 4 formed of the cylinder 41 and
the like and reduce the number of parts.

[0087] The load control mechanism 4 carries out con-
trol so that the lowest speed in the vehicle speed range
a does not become equal to or lower than a certain speed
(lowest speed c) . As shown in Fig. 6, in the space 42a,
an inner wall of the cylinder hole 42 is formed with a
stopper portion 47 protruding toward an axial center of
the cylinder hole 42 formed in a substantially circular cy-
lindrical shape. The stopper portion 47 is formed to re-
duce a radius of a portion which is an end portion of the
space 42a and in which the spring 45 is disposed from
a radius of the cylinder hole 42 to form a step portion.
The lower face of the spool 40 comes in contact with an
upper face of the stopper portion 47 to restrict a position
to which the spool 40 slides downward. The spool 40 slid
downward by the pin 44 when it receives the pressurized
oil in the main oil path 13 comes in contact with the stop-
per portion 47 and then the downward sliding of the spool
40 is stopped. However, a configuration of the stopper
portion 47 is not limited to the step portion. It is also pos-
sible to insert a pin in a direction perpendicular to an axis
or to screw a cylindrical screw into an opposite side to
the spool 40 to form the stopper portion 47 a position of
which is adjustable.
[0088] As described above, in the load control mech-
anism 4, when the spool 40 slides downward, the spool
40 is engaged with the pin 27 and moves the pin 27 to
thereby control the movable swash plate 10a of the hy-
draulic pump 10 so as to reduce the swash plate angle.
By restricting the position to which the spool 40 slides
downward with the stopper portion 47, the movable
swash plate 10a is not tilted any more, in other words,
the swash plate angle does not reduce any more and
therefore the output torque from the hydraulic pump 10
becomes constant to maintain the lowest speed c. The
lowest speed c is in a region lower than the engine horse-
power curve A in Fig. 11 and is in such a range that the
stalling does not occur. By carrying out the control for
maintaining the lowest speed c in the load control mech-
anism 4, the vehicle speed is not reduced more than nec-
essary and it is possible to efficiently carry out the work
by the work machine while securing the traction for car-
rying out the work.
[0089] Moreover, the load control mechanism 4 carries
out control so that the traction of the HST 1 during low-
speed traveling in the vehicle speed range a becomes
about half of the traction of the engine horsepower (see
the engine horsepower curve A in Fig. 11). In the vehicle
speed range a, the loader work is mainly carried out and
therefore the traveling load is large and the load applied
on the engine 15 is also large. Therefore, by carrying out
the control so that the traction during low-speed traveling
becomes about half of the traction of the engine 15 (en-
gine horsepower), it is possible to provide a margin with
respect to the engine horsepower in advance. Thus, even
if the operation that increases the load torque is carried
out in addition to the traveling, it is possible to reliably
prevent stalling.
[0090] In the vehicle speed range b in Fig. 11, the load
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control mechanism 104 mainly controls the swash plate
angle of the movable swash plate 11a of the hydraulic
motor 11. To put it concretely, in the vehicle speed range
b, the load control mechanism 104 carries out the control
for applying the charge pressure on one end side of the
spool 140 in the cylinder 41 and sliding the spool 140
with the hydraulic pressure in the main oil path 13 to turn
the movable swash plate 11a of the hydraulic motor 11
toward the speed reduction side when the load becomes
excessive. With this structure, the work machine or the
like is not used during traveling of the work vehicle on a
road or the like at high speed and therefore the large load
is not applied on the engine 15 and it is possible to carry
out control so that the curve B approximates the engine
horsepower curve A to thereby efficiently output driving
of the engine 15.
[0091] To put it concretely, as shown in Fig. 8, in the
load control mechanism 104, a space 142a is formed
between the spool 140 and the pipe joint portion 143 and
the charge pressure (pressurized oil) is supplied into the
space 142a from the oil path 18 that branches off from
the oil path 53 on the discharge side of the hydraulic
pump 50. This charge pressure presses spool 140 in a
direction (direction X) opposite to a direction in which the
pin 144 presses the spool 140. The spool 140 is pressed
by the charge pressure in such a direction as to push the
pin 144 into the pin hole 144a. If the pin 144 presses the
spool 140 and the pressing force exceeds the charge
pressure, the pin 144 slides the spool 40 downward. If
the load reduces and the charge pressure exceeds the
force of the pin 144 for pressing the spool 140, the spool
140 is pressed and slid upward and the pin 144 is pushed
into the pin hole 144a.
[0092] In this manner, in the vehicle speed range a,
only the hydraulic pump 10 is operated, and the hydraulic
motor 11 is not operated and retained on the low-speed
side. In the high-speed range in the vehicle speed range
b, the hydraulic pump 10 is retained on the high-speed
side and only the hydraulic motor 11 is operated. In order
to increase the speed, the midway portion 27c is turned
from the low-speed side to the high-speed side, that is,
in the direction X. In the vehicle speed range b, the swash
plate angle of the movable swash plate 11a of the hy-
draulic motor 11 is controlled so that the hydraulic pres-
sure in the main oil path 13 becomes constant. The load
control mechanism 104 in the vehicle speed range b
slides the spool 140 in a direction Y through the pin 144
against the charge pressure when the load becomes
large and the hydraulic pressure in the main oil path 13
becomes high in the vehicle speed range b. In other
words, the midway portion 27c is turned to the low-speed
side, a capacity of the hydraulic motor is increased to
reduce the hydraulic pressure in the main oil path 13,
and the traction is enhanced. At this time, because the
spring pressure is added to the charge pressure in the
space 42a on the hydraulic pump side, the spool 40 does
not slide and is retained on the high-speed side. When
the load reduces, the hydraulic pressure in the main oil

path 13 reduces and the charge pressure pushes the
spool 140 to return the midway portion 27c to the position
set by the speed change pedal.
[0093] The above-described load control mechanisms
4, 104 may be provided to the hydraulic pump 10 only or
the hydraulic motor 11 only or both of the hydraulic pump
10 and the hydraulic motor 11, and may be provided se-
lectively in consideration of types of the work and the
traveling vehicle, the load, and the like.
[0094] As described above, By pressing the spools 40,
140 of the load control mechanisms 4, 104 with the pins
44, 144 that slide when they receive the pressurized oil
from the main oil path 13 and pressing the other ends of
the spools 40, 140 with the charge pressure counteract-
ingly, the charge pressure necessary for the HST 1 can
be utilized, the hydraulic pump 10 and the like can be
controlled automatically with the simple structure, and
the elastic member can be downsized to obtain an inex-
pensive biasing means. The spools 40, 140 can be slid
accurately, accuracy of control of the movable swash
plates 10a, 11a by the load control mechanisms 4, 104
is enhanced, and the load control mechanisms 4, 104
can be made compact.
[0095] Next, a control mechanism during reverse
traveling of the HST 1 will be described below. Fig. 12
shows a relationship between a relief pressure curve C
of a transmission and an engine horsepower curve A.
The HST 1 restricts a reverse-side capacity of the hy-
draulic pump 10 so that a corner horsepower d becomes
slightly lower than an engine output and the relief pres-
sure curve C in the hydraulic motor control region during
the reverse traveling does not exceed but substantially
agree with the engine horsepower curve A. In other
words, a point where a switch from the speed control by
the hydraulic pump 10 to the speed control by the hy-
draulic motor 11 is defined as a corner horsepower d,
the above-described load controls for actuating the load
control mechanisms 4, 104 with the pressurized oil from
the main oil path 13 are not carried out during the reverse
traveling and the hydraulic pressure is relieved when the
hydraulic pressure in the main oil path 13 exceeds a set
pressure. When the gears are shifted to the reverse
traveling side, the movable swash plate l0a of the hy-
draulic pump 10 is turned to a minus side (from the neutral
position to a side opposite to the forward traveling direc-
tion). Then, another main oil path 13R as a closed circuit
of the HST 1 during the rearward traveling becomes high-
pressure and therefore the load control mechanism 4 is
not actuated. To prevent the corner horsepower d of the
engine 15 from exceeding the engine horsepower curve
A, the relief valves 54 are actuated and the pressurized
oil from the hydraulic pump 10 does not drive the hydrau-
lic motor 11 but stops traveling to thereby avoid stalling.
[0096] As described above, the HST 1 carries out the
control so that the movable swash plates 10a, 11a are
tilted by the load control mechanisms 4, 104 when the
load is applied during the forward traveling to automati-
cally reduce the vehicle speed and to increase the trac-
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tion. During the reverse traveling, however, without using
the load control mechanisms 4, 104, the pressurized oil
is relieved to prevent the stalling at low cost and without
impairing traveling performance. An operator need not
properly carry out speed change operation in order to
prevent stalling during the reverse traveling and the struc-
ture is simplified. Even when traveling stops, the operator
can depress a traveling pedal (not shown) or the like
again to start traveling, which saves the operator from
having to restart the engine 15 after the stalling.
[0097] In the embodiment, in the transmission struc-
ture of the work vehicle, in addition to a main speed
changing mechanism using the HST 1, it is also possible
to use a hydraulic/mechanical stepless speed changing
device (HMT) that combines the HST land a differential
mechanism, because the HMT is excellent in operability
at the time of speed change and in energy efficiency.
Specific structures related to the HMT are already known
and will not be described specifically in the present spec-
ification.

INDUSTRIAL APPLICABILITY

[0098] In the hydraulic stepless speed changing de-
vice of the invention, the swash plates can be controlled
accurately and therefore it is possible to automatically tilt
the movable swash plates to prevent stalling when the
load is applied on a wide variety of work vehicles and it
is possible to make operation during traveling operation
easy.

Claims

1. A hydraulic stepless speed changing device (1),
comprising:

a hydraulic pump (10) having a variable dis-
placement and provided with a movable swash
plate (10a);
a hydraulic motor (11);
a closed circuit including a main oil path (13,
13R) connecting the hydraulic pump (10) to the
hydraulic motor (11);
a hydraulic servo mechanism (2) for controlling
a swash plate angle of the movable swash plate
(10a) of the hydraulic pump (10), wherein the
hydraulic servomechanism (2) is provided with
a speed change drive member (27) for tilting the
movable swash plate (10a) according to opera-
tion of a speed change operation lever (29); and
a load control mechanism (4) for the hydraulic
pump (10), wherein the load control mechanism
(4) for the hydraulic pump (10) includes a cylin-
der (41) to and from which the pressurized oil in
the main oil path (13, 13R) is supplied and dis-
charged, wherein the load control mechanism
(4) for the hydraulic pump (10) is formed inte-

grally with the hydraulic servomechanism (2) by
forming the cylinder (41) integrally on the hy-
draulic servomechanism (2), wherein the load
control mechanism (4) for the hydraulic pump
(10) further includes a spool (40) slidably insert-
ed in the cylinder (41) and engaged with the
speed change drive member (27), the spool (40)
serving as an actuator actuated by pressurized
oil led from the main oil path (13,13R) so as to
slide the speed change drive member (27) to
the speed reduction side, and wherein the load
control mechanism (4) for the hydraulic pump
(10) further includes an elastic member (45) for
biasing the spool (40) to one side, wherein the
main oil path (13, 13R) communicates with the
other side of the spool (40) in the load control
mechanism (4) for the hydraulic pump (10), and
wherein the spool (40) moves against the bias-
ing force of the elastic member (45) while being
engaged with the speed change drive member
(27) at the time of load control to control the
swash plate angle of the movable swash plate
(10a) of the hydraulic pump (10) independently
of the tilting operation through the speed change
operation lever (29),
characterized in that the hydraulic motor (11)
also has a variable displacement and is provided
with a movable swash plate (11a);
the hydraulic servo mechanism (2) is integrated
with the hydraulic pump (10) and the hydraulic
motor (11), and is further provided with a second
speed change drive member (27) for tilting the
movable swash plate (11a) of the hydraulic mo-
tor (11) according to operation of a second
speed change operation lever (29) so as to con-
trol a swash plate angle of the movable swash
plate (11a) of the hydraulic motor (11); and
the hydraulic stepless speed changing device
(1) further comprises another load control mech-
anism (104) for the hydraulic motor (11), wherein
the load control mechanism (104) for the hydrau-
lic motor (11) includes a cylinder (41) to and from
which the pressurized oil in the main oil path (13,
13R) is supplied and discharged, wherein the
load control mechanism (104) for the hydraulic
pump (11) is formed integrally with the hydraulic
servomechanism (2) by forming the cylinder (41)
integrally on the hydraulic servomechanism (2)
so that the load control mechanism (104) for the
hydraulic motor (11) is formed on the hydraulic
servomechanism (2) on the hydraulic motor (11)
side while the load control mechanism (4) for
the hydraulic pump (10) is formed on the hydrau-
lic servomechanism (2) on the hydraulic pump
(10) side, and the load control mechanism (104)
for the hydraulic motor (11) further includes a
spool (140) slidably inserted in the cylinder (41)
and engaged with the second speed change
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drive member (27), the spool (140) serving as
an actuator actuated by pressurized oil led from
the main oil path (13,13R) so as to slide the sec-
ond speed change drive member (27) to the
speed reduction side, wherein the main oil path
(13, 13R) communicates with the other end side
of the spool (140) in the load control mechanism
(104) for the hydraulic motor (11), wherein an
elastic member (28) or hydraulic force for sub-
stantially constantly pressing the spool (140)
against a force of the pressurized oil in the main
oil path (13, 13R) is provided on one end side
of the spool (140), and the spool (140) controls
the swash plate angle of the movable swash
plate (11a) of the hydraulic motor (11) independ-
ently of the tilting operation through the speed
change operation lever (29) so that hydraulic
pressure in the main oil path (13, 13R) becomes
substantially constant.

2. The hydraulic stepless speed changing device (1)
according to claim 1, wherein at least one of the load
control mechanisms (4, 104) for the hydraulic pump
(10) and the hydraulic motor (11) includes a pin (44,
144) for pressing the spool (40, 140) when it receives
the pressurized oil in the main oil path (13, 13R),
wherein the pin (44, 144) is provided to one end side
of a cylinder hole of the cylinder (41), in which the
spool (40, 140) is inserted, and charge pressure is
introduced to the other end side of the cylinder hole
to resist the pressing of the spool (40, 140) by the
pin (44, 144).

3. The hydraulic stepless speed changing device (1)
according to claim 1, wherein the load control mech-
anism (4) for the hydraulic pump (10) controls the
swash plate angle of the movable swash plate (10a)
of the hydraulic pump (10) so that traction of the hy-
draulic speed changing device (1) during low-speed
traveling becomes substantially half of traction of an
engine horsepower.

4. The hydraulic stepless speed changing device (1)
according to claim 1, wherein a reverse-side capacity
of the hydraulic pump (10) is restricted to make a
corner horsepower (d) slightly lower than an engine
output and thus a relief pressure curve (C) in a hy-
draulic motor control region during reverse traveling
substantially agrees with an engine horsepower
curve (A) without exceeding it.

Patentansprüche

1. Hydraulische stufenlose Schaltgetriebevorrichtung
(1), die umfasst:

eine Hydraulikpumpe (10), die einen verstellba-

ren Hubraum aufweist und mit einer bewegli-
chen Taumelscheibe (10a) versehen ist;
einen Hydraulikmotor (11);
einen geschlossenen Kreislauf, der einen
Hauptölweg (13, 13R) enthält, der die Hydrau-
likpumpe (10) mit dem Hydraulikmotor (11) ver-
bindet;
einen Hydraulikservomechanismus (2) zum
Steuern eines Taumelscheibenwinkels der be-
weglichen Taumelscheibe (10a) der Hydraulik-
pumpe (10), wobei der Hydraulikservomecha-
nismus (2) mit einem Schaltgetriebe-Antriebs-
element (27) zum Kippen der beweglichen Tau-
melscheibe (10a) in Übereinstimmung mit der
Bedienung eines Schaltgetriebe-Bedienhebels
(29) versehen ist; und
einen Laststeuermechanismus (4) für die Hy-
draulikpumpe (10), wobei der Laststeuerme-
chanismus (4) für die Hydraulikpumpe (10) ei-
nen Zylinder (41) enthält, zu und von dem das
Drucköl in dem Hauptölweg (13, 13R) zugeführt
und abgelassen wird, wobei der Laststeuerme-
chanismus (4) für die Hydraulikpumpe (10) ein-
teilig mit dem Hydraulikservomechanismus (2)
ausgebildet ist, indem der Zylinder (41) einteilig
mit dem Hydraulikservomechanismus (2) aus-
gebildet ist, wobei der Laststeuermechanismus
(4) für die Hydraulikpumpe (10) ferner einen Kol-
ben (40) enthält, der gleitfähig in den Zylinder
(41) eingeführt ist und mit dem Schaltgetriebe-
Antriebselement (27) in Eingriff ist, wobei der
Kolben (40) als ein Aktuator dient, der durch
Drucköl betätigt wird, das von dem Hauptölweg
(13, 13R) so geleitet wird, dass das Schaltge-
triebe-Antriebselement (27) auf die Seite der
Geschwindigkeitsverringerung geschoben
wird, und
wobei der Laststeuermechanismus (4) für die
Hydraulikpumpe (10) ferner ein elastisches Ele-
ment (45) zum Vorbelasten des Kolbens (40)
auf eine Seite enthält, wobei der Hauptölweg
(13, 13R) mit der anderen Seite des Kolbens
(40) in dem Laststeuermechanismus (4) für die
Hydraulikpumpe (10) in Verbindung steht, und
wobei sich der Kolben (40) zur Zeit der Last-
steuerung gegen die Vorbelastungskraft des
elastischen Elements (45) bewegt, während er
mit dem Schaltgetriebe-Antriebselement (27) in
Eingriff gelangt, um den Taumelscheibenwinkel
der beweglichen Taumelscheibe (10a) der Hy-
draulikpumpe (10) unabhängig von der Kip-
poperation durch den Schaltgetriebe-Bedienhe-
bel (29) zu steuern,
dadurch gekennzeichnet, dass der Hydrau-
likmotor (11) ebenfalls einen variablen Hubraum
aufweist und mit einer beweglichen Taumel-
scheibe (11a) versehen ist;
dass der Hydraulikservomechanismus (2) mit
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der Hydraulikpumpe (10) und mit dem Hydrau-
likmotor (11) integriert ist und ferner mit einem
zweiten Schaltgetriebe-Antriebselement (27)
zum Kippen der beweglichen Taumelscheibe
(11a) des Hydraulikmotors (11) in Übereinstim-
mung mit der Bedienung eines zweiten Schalt-
getriebe-Bedienhebels (29) versehen ist, um ei-
nen Taumelscheibenwinkel der beweglichen
Taumelscheibe (11a) des Hydraulikmotors (11)
zu steuern; und
dass die hydraulische stufenlose Schaltgetrie-
bevorrichtung (1) ferner einen weiteren Last-
steuermechanismus (104) für den Hydraulikmo-
tor (11) umfasst, wobei der Laststeuermecha-
nismus (104) für den Hydraulikmotor (11) einen
Zylinder (41) enthält, zu und von dem das Druck-
öl in dem Hauptölweg (13, 13R) zugeführt und
abgelassen wird, wobei der Laststeuermecha-
nismus (104) für die Hydraulikpumpe (11) ein-
teilig mit dem Hydraulikservomechanismus (2)
ausgebildet ist, indem der Zylinder (41) einteilig
an dem Hydraulikservomechanismus (2) aus-
gebildet ist, sodass der Laststeuermechanis-
mus (104) für den Hydraulikmotor (11) an dem
Hydraulikservomechanismus (2) auf der Seite
des Hydraulikmotors (11) angeordnet ist, wäh-
rend der Laststeuermechanismus (4) für die Hy-
draulikpumpe (10) an dem Hydraulikservome-
chanismus (2) auf der Seite der Hydraulikpumpe
(10) angeordnet ist, und wobei der Laststeuer-
mechanismus (104) für den Hydraulikmotor (11)
ferner einen Kolben (140) enthält, der gleitfähig
in den Zylinder (41) eingeführt ist und mit dem
zweiten Schaltgetriebe-Antriebselement (27) in
Eingriff ist, wobei der Kolben (140) als ein Ak-
tuator dient, der durch Drucköl, das von dem
Hauptölweg (13, 13R) zugeführt wird, betätigt
wird, um das zweite Schaltgetriebe-Antriebsele-
ment (27) auf die Seite der Geschwindigkeits-
verringerung zu schieben, wobei der Hauptöl-
weg (13, 13R) mit der anderen Stirnseite des
Kolbens (140) in dem Laststeuermechanismus
(104) für den Hydraulikmotor (11) in Verbindung
steht, wobei an einer Stirnseite des Kolbens
(140) ein elastisches Element (28) oder eine Hy-
draulikkraft zum im Wesentlichen konstanten
Drücken des Kolbens (140) gegen eine Kraft des
Drucköls in dem Hauptölweg (13, 13R) vorge-
sehen ist, und der Kolben (140) den Taumel-
scheibenwinkel der beweglichen Taumelschei-
be (11a) des Hydraulikmotors (11) unabhängig
von der Kippoperation durch den Schaltgetrie-
be-Bedienhebel (29) in der Weise steuert, dass
der Hydraulikdruck in dem Hauptölweg (13,
13R) im Wesentlichen konstant wird.

2. Hydraulische stufenlose Schaltgetriebevorrichtung
(1) nach Anspruch 1, in der wenigstens einer der

Laststeuermechanismen (4, 104) für die Hydraulik-
pumpe (10) und für den Hydraulikmotor (11) einen
Bolzen (44, 144) zum Drücken des Kolbens (40,
140), wenn er mit dem Drucköl in dem Hauptölweg
(13, 13R) beaufschlagt wird, enthält, wobei der Bol-
zen (44, 144) an einer Stirnseite eines Zylinderlochs
des Zylinders (41) vorgesehen ist, in den der Kolben
(40, 140) eingeführt ist, und wobei der Ladungsdruck
zu der anderen Stirnseite des Zylinderlochs einge-
führt wird, um dem Druck des Kolbens (40, 140)
durch den Bolzen (44, 144) zu widerstehen.

3. Hydraulische stufenlose Schaltgetriebevorrichtung
(1) nach Anspruch 1, bei der der Laststeuermecha-
nismus (4) für die Hydraulikpumpe (10) den Taumel-
scheibenwinkel der beweglichen Taumelscheibe
(10a) der Hydraulikpumpe (10) in der Weise steuert,
dass die Durchzugkraft der hydraulischen Schaltge-
triebevorrichtung (1) während der Fahrt mit niedriger
Geschwindigkeit im Wesentlichen halb so groß wie
die Durchzugkraft einer Motorleistung wird.

4. Hydraulische stufenlose Schaltgetriebevorrichtung
(1) nach Anspruch 1, bei der eine Rückseitenkapa-
zität der Hydraulikpumpe (10) darauf beschränkt ist,
eine Eckleistung (d) etwas niedriger als eine Maschi-
nenausgangsleistung zu machen, sodass eine Ent-
lastungsdruckkurve (C) in einem Hydraulikmotor-
steuergebiet während der Rückwärtsfahrt mit einer
Motorleistungskurve (A) im Wesentlichen überein-
stimmt, ohne sie zu übersteigen.

Revendications

1. Dispositif de changement de vitesse continu hydrau-
lique (1), comprenant :

une pompe hydraulique (10) ayant un déplace-
ment variable et pourvue d’un plateau oscillant
mobile (10a) ;
un moteur hydraulique (11) ;
un circuit fermé incluant un conduit d’huile prin-
cipal (13, 13R) connectant la pompe hydrauli-
que (10) au moteur hydraulique (11) ;
un mécanisme servo hydraulique (2) pour com-
mander un angle du plateau oscillant mobile
(10a) de la pompe hydraulique (10), dans lequel
le mécanisme servo hydraulique (2) est pourvu
d’un élément d’entraînement de changement de
vitesse (27) pour basculer le plateau oscillant
mobile (10a) en fonction de l’opération d’un le-
vier d’opération de changement de vitesse (29) ;
et
un mécanisme de commande de charge (4) pour
la pompe hydraulique (10), dans lequel le mé-
canisme de commande de charge (4) pour la
pompe hydraulique (10) inclut un cylindre (41)
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vers lequel et duquel l’huile pressurisée dans le
conduit d’huile principal (13, 13R) est amenée
et évacuée, dans lequel le mécanisme de com-
mande de charge (4) pour la pompe hydraulique
(10) est formé intégralement avec le mécanisme
servo hydraulique (2) en formant le cylindre (41)
de manière intégrale sur le mécanisme servo
hydraulique (2), dans lequel le mécanisme de
commande de charge (4) pour la pompe hydrau-
lique (10) inclut en outre une bobine (40) insérée
à coulissement dans le cylindre (41) et
engagée avec l’élément d’entraînement de
changement de vitesse (27), la bobine (40) ser-
vant d’actionneur actionné par de l’huile pres-
surisée acheminée par le conduit d’huile princi-
pal (13, 13R) de manière à faire coulisser l’élé-
ment d’entraînement de changement de vitesse
(27) vers le côté de réduction de vitesse, et dans
lequel le mécanisme de commande de charge
(4) pour la pompe hydraulique (10) inclut en
outre un élément élastique (45) pour incliner la
bobine (40) vers un côté, dans lequel le conduit
d’huile principal (13, 13R) communique avec
l’autre côté de la bobine (40) dans le mécanisme
de commande de charge (4) pour la pompe hy-
draulique (10), et dans lequel la bobine (40) se
déplace à l’encontre de la force d’inclinaison de
l’élément élastique (45) tout en étant engagée
avec l’élément d’entraînement de changement
de vitesse (27) au moment de la commande de
charge pour commander l’angle du plateau os-
cillant mobile (10a) de la pompe hydraulique
(10) indépendamment de l’opération de bascu-
lement par le levier d’opération de changement
de vitesse (29),
caractérisé en ce que le moteur hydraulique
(11) possède également un déplacement varia-
ble et est pourvu d’un plateau oscillant mobile
(11a) ;
le mécanisme servo hydraulique (2) est intégré
avec la pompe hydraulique (10) et le moteur hy-
draulique (11), et est en outre pourvu d’un se-
cond élément d’entraînement de changement
de vitesse (27) pour basculer le plateau oscillant
mobile (11a) du moteur hydraulique (11) en
fonction de l’opération d’un second levier d’opé-
ration de changement de vitesse (29) de maniè-
re à commander un angle du plateau oscillant
mobile (11a) du moteur hydraulique (11) ; et
le dispositif de changement de vitesse hydrau-
lique continu (1) comprend en outre un autre
mécanisme de commande de charge (104) pour
le moteur hydraulique (11), dans lequel le mé-
canisme de commande de charge (104) pour le
moteur hydraulique (11) inclut un cylindre (41)
vers lequel et duquel l’huile pressurisée dans le
conduit d’huile principal (13, 13R) est amenée et
évacuée, dans lequel le mécanisme de com-

mande de charge (104) pour le moteur hydrau-
lique (11) est formé intégralement avec le mé-
canisme servo hydraulique (2) en formant le cy-
lindre (41) de manière intégrale sur le mécanis-
me servo hydraulique (2) de sorte que le méca-
nisme de commande de charge (104) pour le
moteur hydraulique (11) est formé sur le méca-
nisme servo hydraulique (2) du côté du moteur
hydraulique (11) tandis que le mécanisme de
commande de charge (4) pour la pompe hydrau-
lique (10) est formé sur le mécanisme servo hy-
draulique (2) du côté de la pompe hydraulique
(10), et le mécanisme de commande de charge
(104) pour le moteur hydraulique (11) inclut en
outre une bobine (140) insérée à coulissement
dans le cylindre (41) et engagée avec le second
élément d’entraînement de changement de vi-
tesse (27), la bobine (140) servant d’actionneur
actionné par de l’huile pressurisée acheminée
par le conduit d’huile principal (13, 13R) de ma-
nière à faire coulisser le second élément d’en-
traînement de changement de vitesse (27) vers
le côté de réduction de vitesse, dans lequel le
conduit d’huile principal (13, 13R) communique
avec l’autre extrémité de la bobine (140) dans
le mécanisme de commande de charge (104)
pour le moteur hydraulique (11), dans lequel un
élément élastique (28) ou une force hydraulique
pour appuyer essentiellement constamment la
bobine (140) contre une force de l’huile pressu-
risée dans le conduit d’huile principal (13, 13R)
est prévu sur un coté d’extrémité de la bobine
(140), et la bobine (140) commande l’angle du
plateau oscillant mobile (11a) du moteur hydrau-
lique (11) indépendamment de l’opération de
basculement par le levier d’opération de chan-
gement de vitesse (29) de sorte que la pression
hydraulique dans le conduit d’huile principal (13,
13R) devient essentiellement constante.

2. Dispositif de changement de vitesse continu hydrau-
lique (1) selon la revendication 1, dans lequel au
moins un des mécanismes de commande de charge
(4, 104) pour la pompe hydraulique (10) et le moteur
hydraulique (11) inclut une broche (44, 144) pour
appuyer sur la bobine (40, 140) lorsqu’elle reçoit
l’huile pressurisée dans le conduit d’huile principal
(13, 13R), dans lequel la broche (44, 144) est prévue
à une extrémité d’un orifice du cylindre (41), dans
lequel la bobine (40, 140) est insérée, et la pression
de charge est introduite à l’autre extrémité de l’orifice
de cylindre pour résister à la pression de la bobine
(40, 140) par la broche (44, 144).

3. Dispositif de changement de vitesse continu hydrau-
lique (1) selon la revendication 1, dans lequel le mé-
canisme de commande de charge (4) pour la pompe
hydraulique (10) commande l’angle du plateau os-
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cillant mobile (10a) de la pompe hydraulique (10) de
sorte que la traction du dispositif de changement de
vitesse hydraulique (1) au cours d’un déplacement
à faible vitesse devient essentiellement la moitié de
la traction de la puissance du moteur.

4. Dispositif de changement de vitesse continu hydrau-
lique (1) selon la revendication 1, dans lequel une
capacité de côté arrière de la pompe hydraulique
(10) est limitée à une ouissance de coin (d) légère-
ment inférieure à une sortie du moteur et ainsi une
courbe de pression de détente (C) dans une région
de commande du moteur hydraulique au cours du
déplacement en arrière coïncide essentiellement
avec une courbe de puissance de moteur (A) sans
la dépasser.
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