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Description

TECHNICAL FIELD

[0001] This invention relates to a toroidal type (or trac-
tion type) continuously variable transmission according
to the preamble of claim 1 and as it is disclosed in JP 10
281 269 A.

BACKGROUND ART

[0002] A continuously variable transmission of this
kind is constructed with, e.g., clamping a disc-shaped
roller between a pair of discs arranged opposed to each
other. The portion of the pair of discs where the outer
side from a predetermined radius has an arcuate plane
congruent with the arc centered on the center point of
opposed planes of those discs, and such arcuate plane
is leading to circumferential direction. The plane thus in-
curved three-dimensionally is a toroidal plane. The toroi-
dal plane functions as a rolling face and the roller is
clamped therebetween. The roller is a disc-shaped mem-
ber and its sectional figure along in-depth direction of the
outer circumferential portion is congruent with the arcu-
ate figure of the rolling face of the discs. Accordingly, the
roller is rotated by means of rotating one of the discs,
and the other disc rotates sequentially. Then, the roller
is inclined to move the radial position of the contact por-
tion against one of the discs, i.e., the radial position from
the center axis of the disc outward, and also to move the
radial position of the contact portion against the other
disc to inner circumferential side, so that the speed
change ratio corresponding to the proportion of the radii
of each contact portions is thereby set.
[0003] The amount of the torque to be transmitted by
the continuously variable transmission of this kind is var-
ied in accordance with the load to clamp the roller by the
discs. The bigger so-called clamping force of the discs
for clamping the roller becomes, the more the transmit-
table torque increases consequently. On the other hand,
in case of the full toroidal type continuously variable trans-
mission for example, it is constructed to execute speed
change with acting the inclining force on the rollers by
moving the rollers backward and forward on the plane in
parallel with the center axis of rotation of the discs. Ac-
cordingly, in the toroidal type continuously variable trans-
mission of this kind, the load is acted in the direction that
the roller is released from between the discs by the
clamping pressure of discs; therefore, the load to coun-
teract against such load is acted as the holding force in
order to hold the roller at the predetermined position be-
tween the discs. Namely, it is constructed to ensure pre-
determined torque transmitting capacity with balancing
the clamping force of the discs and holding force for the
roller.
[0004] In the toroidal type continuously variable trans-
mission, a heavy load is acted on the contacting boundary
face between the disc and the roller as mentioned above,

therefore, in the prior art, an oil film is formed between
the disc and the roller in order to prevent abrasion or
deformation due to direct contact between the disc and
the roller, and the torque is transmitted with utilizing a
shearing force of the oil film. However, the oil film is re-
stricted in its function according to the temperature,
therefore, there is a possibility for the oil film to be broken
and causes the direct contact between the disc and the
roller.
[0005] In this connection, according to the invention
disclosed in Japanese Patent Laid-Open 9-229152,
therefore, the construction is made to restrict the range
of movement of the roller based on the temperature of
the traction oil for forming the oil film. Namely, the shear-
ing force acts on the oil film becomes bigger if the radius
of the contact position of the roller against the discs is
small in comparison with the case that such radius is big,
and breakage of the oil film is easy to be occurred. There-
fore, the inclining range of the roller (range of movement)
is restricted based on the temperature of the traction oil,
in order not to let the radius of contact position of the
roller against both input and output discs become small.
Accordingly, relative excess of the shearing force acts
on the oil film, and breakage of the oil film arising from
such are thereby prevented.
[0006] According to the invention disclosed in the
aforementioned Laid-Open, the temperature rise of the
oil is suppressed if the energy inputted to the continuously
variable transmission is not changed, because the shear-
ing force acts on the oil film is restricted. However, the
oil temperature is not exactly lowered in case of the en-
ergy to be transmitted by the continuously variable trans-
mission is not changed, even if the temperature rise of
the oil is suppressed. The oil temperature rises gradually
in case of that the energy acts on the continuously vari-
able transmission is relatively big, and there is a possi-
bility of occurring the breakage of the oil film in the end.
Aforementioned continuously variable transmission ac-
cording to the prior art cannot cope with such problem,
therefore, there is a possibility of occurring breakage of
oil film, and damaging of discs and rollers arising from
such breakage of the oil film.
[0007] This invention has been made in the view of the
aforementioned technical problem, and its object is to
provide a toroidal type continuously variable transmis-
sion, which can avoid to cause mechanical damage with
preventing the temperature rise to exceed a predeter-
mined temperature at the contacting boundary face be-
tween the rotary members such as discs or the like and
the rolling members such as rollers or the like held by
the rotary members, or at the lubricating oil for forming
the oil film on the contacting boundary face.

DISCLOSURE OF THE INVENTION

[0008] In order to achieve the aforementioned object,
the present invention is characterized by the features of
claim 1. Further details of the invention are outlined in
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the dependent claims.
[0009] According to the present invention, therefore,
the holding force for holding the rolling members between
the rotary members is reduced when the temperature
rise of the rolling faces of the rotary members, or the
temperature rise of the rolling members is detected. The
rotary members clamp the rolling member, and the hold-
ing force acting on the rolling member is the force for
holding the rolling member between the rotary members
with counteracting a load of the rotary members for
clamping the rolling members. Therefore, a contact pres-
sure (or a contact pressure through the oil film) of the
rotary members and the rolling member is decreased
when the holding force is reduced. Consequently, the
amount of energy to be transmitted by the continuously
variable transmission is reduced, and a temperature rise
is thereby prevented.
[0010] According to the present invention, therefore,
the feeding amount of the lubricating oil between the ro-
tary members and the rolling member is increased when
a temperature rise of the rolling face of the rotary mem-
ber, or a temperature rise of the rolling members is de-
tected. Cooling action of the lubricating oil is enhanced
in connection with such procedure, however, the holding
force for holding the rolling member between the rotary
members is reduced when further temperature rise is
nevertheless detected. The rotary members clamp the
rolling member, and the holding force acting on the rolling
member is the force for holding the rolling member be-
tween the rotary members with counteracting a load of
the rotary members for clamping the rolling member.
Therefore, the contact pressure between the rotary mem-
bers and the rolling member through the oil film is de-
creased when the holding force is reduced. Consequent-
ly, the amount of energy to be transmitted by the contin-
uously variable transmission is reduced, and the temper-
ature rise is thereby prevented.
[0011] Besides, the detector according to the present
invention may be constructed to detect a temperature
rise in accordance with any of: a temperature of the rolling
face, a temperature of lubricating oil for lubricating the
rolling face, or a difference between input energy and
output energy of the continuously variable transmission.
[0012] Also, the rolling member controller according to
the present invention may be a mechanism for controlling
a differential pressure between a forward pressure and
a reverse pressure of a hydraulic type actuator for moving
the rolling member backward and forward.

BRIEF DESCRIPTION OF THE DRAWING

[0013]

Fig. 1 is a flowchart describing an example of control
executed in a continuously variable transmission ac-
cording to this invention;
Fig. 2 is a flowchart describing another example of
control executed in the continuously variable trans-

mission according to this invention;
Fig. 3 is a typical side sectional view showing one
example of entire construction of the continuously
variable transmission according to this invention;
Fig. 4 is a partial sectional view showing one example
of a mechanism for holding a power roller; and
Fig. 5 is a pattern diagram showing one example of
an oil circuit for setting a holding force for power roll-
ers, and for feeding lubricating oil.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] Next, this invention will be described in connec-
tion with a specific embodiment shown in the drawings.
First of all, to describe one example of a continuously
variable transmission subjected to this invention, a dou-
ble cavity type full toroidal type continuously variable
transmission 1 is depicted typically in Fig. 3. In the toroidal
type continuously variable transmission 1, a pair of input
discs 2 are arranged in so-called back-to-back relation
each other, and a pair of output discs 3 are arranged to
be opposed to those input discs 2, namely, with sand-
wiching those input discs 2.
[0015] Those discs 2 and 3 are made such that portions
of their opposed faces on an outer circumference side
from a predetermined radius are shaped, as cut in a plane
on the center axis, to have a section of an arcuate plane
of a predetermined radius, likewise the discs of the toroi-
dal type continuously variable transmission according to
the prior art. And a power roller (a rolling member) 4,
which corresponds to an idling member or a transmission
member, is sandwiched therebetween. That is, the output
disc 3 in the right hand side of Fig. 3 is fixed in the axial
direction, and a hydraulic chamber 5 is arranged in the
backside (opposite side of the rolling face) of the output
disc 3 in the left hand side. And the power roller 4 is
clamped by each of the input disc 2 and the output disc
3 by means of feeding the oil pressure according to the
torque to be transmitted to the hydraulic chamber 5.
Namely, it is constructed to generate the clamping force
for clamping the power roller 4 by each discs 2 and 3
from the oil pressure to be fed to the hydraulic chamber 5.
[0016] Here, each output discs 3 is connected to rotate
integrally by an output shaft 6 arranged along the center
axis of those discs, and the output shaft 6 penetrates
center portions of each input discs 2. Also, a bearing 7
is arranged between each input discs 2 and output shaft
6, and those input discs 2 and output shaft 6 are con-
structed to rotate relatively.
[0017] Also, an input shaft 8 is arranged rotatably in
parallel with the output shaft 6. The input shaft 8 is slightly
longer than the entire length of the continuously variable
transmission 1, and gears 9, 10 and 11 are installed on
three places in total such as its both front and rear end
portions, and its intermediate portion. The gear 10 at the
intermediate portion is engaged with a gear 12 integrated
with said each input discs 2. Accordingly, the torque is
inputted to the continuously variable transmission 1 from
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the input shaft 8 through those gears 10 and 12.
[0018] Moreover, said power roller 4 is a disc-shaped
member, and the outer circumference of which has a
sectional shape formed into a curved face with the cur-
vature equal to the arc of the rolling face of each discs 2
and 3. As the power roller 4 is inclined with respect to
the individual discs 2 and 3, therefore, radial portions of
the contact portions between the power roller 4 and the
discs 2 and 3 are arbitrarily changed. Three power rollers
4 are arranged between each input disc 2 and output disc
3 at even intervals, and six power rollers are provided all
together for the continuously variable transmission 1 as
a whole.
[0019] Furthermore, each power roller 4 is held rotat-
ably and inclinably by a carriage 13 which functions as
a holding member. This carriage 13 has a lubricating oil
passage formed for feeding the lubricating oil to the outer
circumferential face of the power roller 4, as mentioned
below.
[0020] Besides, an input gear 14 engaged with the
gear 9 installed on the input shaft 8 is provided, and the
input gear 14 is rotated by motive energy of a power
source such as an engine (not shown).
[0021] Said power roller 4 is constructed to move back-
ward and forward together with the carriage 13 on the
plane which is in parallel with the center axis of the rota-
tion of the output shaft 6 (center axis of the rotation of
each discs 2 and 3), and to incline against the center axis
of the rotation of the output shaft 6 in connection with
such moving of backward and forward. One example of
the mechanism for that purpose is depicted in Fig. 4. The
carriage 13, which is constructed of two plate shaped
portions upper and lower for holding the power roller 4
with clamping, holds a shaft arranged on the center por-
tions of the power roller 4 protruding to both directions
upward and downward rotatably. A shaft portion 15 pro-
vided on one of the end portions of the carriage 13 in a
longitudinal direction is connected to a piston rod 17 of
a linear acting type hydraulic cylinder 16 through a ball
joint 18.
[0022] Namely, the piston rod 17 of the hydraulic cyl-
inder 16 is a hollow cylindrical shaft member integrated
with the piston, as depicted in Fig. 4, and the shaft portion
15 is inserted therein. Also, the shaft portion 15 and the
piston rod 17 are connected oscillatably through the ball
joint 18 fitted on outer circumferential portion of the shaft
portion 15.
[0023] A lubricating oil passage 19 is formed along the
center axis of the shaft portion 15 which is integrated with
the carriage 13. The function of the lubricating oil passage
19 is feeding the lubricating oil to the outer circumferential
face of the power roller 4, and it opens to the position
opposed to outer circumferential face of the power roller
4 in the carriage 13. Also, the rear end portion of the
lubricating oil passage 19 is communicated with the hol-
low portion of the rear end side of the hydraulic cylinder
16, likewise the piston rod 17. On the predetermined por-
tion of exterior wall face of the hydraulic cylinder 16, there

are formed a reverse port 20 for feeding oil pressure to
draw the piston backward, a forward port 21 for feeding
oil pressure to forward the piston, and a lubrication port
22 for feeding lubricating oil to the lubricating oil passage
19.
[0024] A hydraulic circuit for controlling the oil pressure
to be fed to the hydraulic cylinder 16 will be described
hereafter. In Fig. 5, there is provided a control valve 24
for feeding an oil pressure which is pressurized and reg-
ulated by a hydraulic pump 23, to the reverse port 20 and
forward port 21 of the hydraulic cylinder 16 alternatively.
This control valve 24 is controlled electrically, and con-
structed to move the power roller 4 together with the car-
riage 13 backward and forward by regulating the differ-
ential pressure between the oil pressure to be fed to the
reverse port 20 and the oil pressure to be fed to the for-
ward port 21, thereby to hold the power rollers 4 at the
predetermined position on the plane in parallel with the
center axis of rotation of each discs 2 and 3. The thrust
thus generated from the hydraulic cylinder 16 is the hold-
ing force for the power rollers 4, and is kept as the amount
to counteract the load generated from the clamping force
of the input disc 2 and the output disc 3.
[0025] An electronic control unit (ECU) 25 for control-
ling the control valve 24 is provided. The electronic con-
trol unit 25 is constructed mainly of a microcomputer, and
controls the control valve 24 based on the calculation
result of the differential pressure of the oil pressure to be
fed to the reverse port 20 and the forward port 21, ob-
tained by the calculation in accordance with inputted da-
ta, and previously stored data and programs. More spe-
cifically, speed change ratio is set as a predetermined
value by inclining the power roller 4 in accordance with
the movement of the power roller 4 backward and for-
ward.
[0026] Also, the holding force for the power roller 4 is
the force to counteract the load based on the clamping
force of each discs 2 and 3 for the power rollers 4, there-
fore, facial pressure between each discs 2, 3 and the
power roller 4 is decreased and the transmittable torque
is reduced when the holding force is reduced. In this con-
nection, the electronic control unit 25 is constructed to
control the control valve 24 in order to restrict the transfer
torque to be allowed. That is, the signal from a temper-
ature detecting means 26 is inputted to the electronic
control unit 25.
[0027] The temperature detecting means 26 is a
means for detecting temperatures of rolling faces 2B and
3B of the discs 2 and 3, and a means for obtaining the
temperature by calculation may also be employed in-
stead of the means for detecting the temperature of the
rolling faces 2B and 3B directly. For example: a means
for calculating the temperatures of the rolling faces 2B
and 3B with detecting a temperature of the lubricating oil
which returns to an oil pan (not shown) such as an oil
reservoir or the like, so as to calculate based on the de-
tected temperature; or a means for calculating tempera-
tures of the rolling faces 2B and 3B based on the heat
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energy and the amount of heat release, or heat capacity
of the continuously variable transmission 1 or the like, by
means of obtaining the energy converted to the heat by
the continuously variable transmission 1 in accordance
with the difference between the input energy and the out-
put energy, with calculating the energy inputted to the
continuously variable transmission 1 based on the revo-
lutions or the air suction amount of the engine as a power
source, and with calculating the output energy of the con-
tinuously variable transmission 1 based on the revolu-
tions or the output torque of the output shaft 6; are also
available to be employed.
[0028] And the electronic control device 24 is con-
structed to reduce the transfer torque (transfer energy)
at the continuously variable transmission 1 by reducing
the holding force for the power roller 4, when the tem-
perature detected by the temperature detecting means
26 is high.
[0029] As shown in Fig. 5, it is constructed also to feed
the oil pressure, which is discharged from a hydraulic
pump 23 and regulated as the predetermined pressure,
to a lubricating port 22 of the hydraulic cylinder 16. A
solenoid valve 28 for regulating the flow rate of the lubri-
cating oil is interposed in the midstream of an oil passage
27. And this solenoid valve 28 is controlled by the elec-
tronic control unit 25.
[0030] In the aforementioned continuously variable
transmission 1, the torque is transmitted to the input disc
2 by means of rotating an input gear 14 by the not shown
power source such as the engine or the like, through the
gear 9 engaged with the input gear 14 and the input shaft
8. The power roller 4 contacting with the rolling face 2B
through the oil film is rotated when the input disc 2 rotates,
and the output disc 3 is rotated subsequently, because
the power roller 4 contacts with the rolling face 3B of the
output disc 3 through the oil film. As a result, the output
shaft 6 integrated with the output disc 3 is therefore ro-
tated.
[0031] In this case, the number of revolutions of the
power roller 4 is determined depend on the number of
revolutions of the input disc 2 and the radius from the
center of rotation at the contact portion with its rolling
face 2B. Also, the number of revolutions of the output
disc 3 is determined depend on the number of revolutions
of the power roller 4 and the radius from the center of
rotation at the contact portion of the power roller 4 with
the rolling face 3B. Accordingly, the number of relative
rotations of the output disc 3 to the input disc 2 is deter-
mined in connection with the radial positions of the con-
tact portions of the power roller 4 against each rolling
faces 2B and 3B, and speed change ratio is changed
continuously by means of varying the contact portions of
the power roller 4 against each rolling faces 2B and 3B
by inclining the power roller 4 to the center axis of the
output shaft 6.
[0032] Transmission of the torque among each of the
discs 2 and 3 and the power roller 4 is executed through
the shearing force of the oil film formed therebetween,

and the lubricating oil for forming the oil film is fed to an
outer circumferential face of each discs 2 and 3 from said
carriage 13. Also, the power roller 4 is clamped by the
thrust force applied to the discs 2 and 3 in response to
the torque to be transmitted. Accordingly, a strong com-
pressive force and the shearing force act on the oil film,
therefore, the heat is generated in connection with trans-
mitting the torque. The heat is released to the atmos-
phere, and also carried away by the lubricating oil, and
the continuously variable transmission 1 is thus cooled
down. However, if the heat is generated enough to ex-
ceed the cooling action, it is controlled as described here-
inafter.
[0033] Fig. 1 shows the control example, and the tem-
perature is calculated first of all (Step S1) It is executed
by said temperature detecting means 26 or the electronic
control unit 25 based on the detection signal of the tem-
perature detecting means 26. For one example of such
calculation, as mentioned above, the amount of heat gen-
erated at the continuously variable transmission 1 is ob-
tained in accordance with the difference between the in-
put energy to the continuously variable transmission 1
and the energy outputted from the continuously variable
transmission 1, then the temperature is calculated based
on the amount of heat.
[0034] It is decided whether or not the calculated tem-
perature is higher than the criterion value T set in advance
or not (Step S2). The criterion value T is the temperature
within the range which is not mechanically damage the
continuously variable transmission 1, i.e., the tempera-
ture which is slightly lower than the upper limit to break
the oil film, and may be obtained in advance from an
experimentation or the like.
[0035] If the answer of the Step S2 is NO, the routine
is returned without executing any special control. On the
contrary, if the answer of the Step S2 is YES, the holding
force for the power roller 4 is reduced (Step S3). Specif-
ically, the differential pressure of the oil pressure to be
fed to each ports 20 and 21 is set to reduce the pressing
force when the hydraulic cylinder 16 is generating the
pressing force for holding the power rollers 4 between
each discs 2 and 3, and to reduce the pulling force when
the hydraulic cylinder is generating the pulling force.
[0036] When the holding force for the power roller 4 is
thus reduced, the facial pressure at the contact portion
between each discs 2, 3 and the power roller 4 through
the oil film is reduced, and the transfer torque is reduced
consequently. Therefore, the amount of energy to be con-
verted to the heat is decreased as a result of diminish in
the shearing action to the oil film and so on, and the heat
evolution is suppressed. Then, it is decided once again
whether or not the temperature detected under such con-
dition is higher than the criterion value T (Step S4).
[0037] If the answer of the Step S4 is YES, it means
that the heating amount is still large even if the transfer
torque is reduced and the temperature is still rising, there-
fore, the routine is returned to the Step S3 and the holding
force for the power roller 4 is further reduced. On the
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contrary, if the answer of Step S4 is NO, it means that
the amount of energy to be converted to the heat is re-
duced and the temperature starts falling, therefore, the
routine is returned.
[0038] According to the control as shown in Fig. 1, the
heating amount is reduced instead of enhancing the cool-
ing capacity when the temperature rises, so that the tem-
perature rise is certainly prevented. As a result, breakage
of the oil film, and direct contact between discs 2, 3 and
the power roller 4 resulting from such breakage is avoid-
ed, so that the mechanical damage such as abrasion and
deformation of the discs 2 and 3 or the power roller 4 is
prevented from occurring in advance.
[0039] Besides, in the present invention, an operation
for enhancing cooling capacity may be employed con-
comitantly, in addition to reduce the heating amount as
mentioned above. One example is shown in a flowchart
of Fig. 2. The example shown therein is constructed to
augment the feeding amount of the lubricating oil prior
to reduce the holding force for the power roller 4. Namely,
the feeding amount of the lubricating oil is augmented
when it is decided that the temperature calculated at Step
S1 is higher than the criterion value T (Step S21). That
is, in particular, said solenoid valve 28 is controlled by
the electric control unit 25 to augment the amount of the
lubricating oil which flows through the oil passage 27.
Consequently, the heat is drawn as a result of augmen-
tation of the lubricating oil to be fed between the power
roller 4 and the discs 2, 3 from the carriage 13, so that
aggressive cooling action is generated accordingly.
[0040] After the lubricating oil is thus augmented, it is
decided whether or not the calculated temperature is
higher than the criterion value T (Step S22), and if the
answer is NO, the routine is returned without executing
any specific operation. Accordingly, in this case, the out-
put torque can be kept sufficiently according to the ne-
cessity without reducing the transmission capacity of
torque, because the holding force for the power roller 4
is maintained as before.
[0041] On the contrary, if the answer of Step S22 is
YES for the reason of excessive temperature in spite of
augmenting the lubricating oil, the routine advances to
Step S3 and the holding force for the power roller 4 is
reduced. Subsequent control is same as above men-
tioned control shown in Fig. 1.
[0042] According to the control as shown in Fig. 2,
therefore, the output torque is not reduced immediately,
because the cooling action is enhanced first of all when
the temperature rises; and the heating amount is reduced
when the status becomes impossible to lower the tem-
perature by cooling; therefore, mechanical damage on
the continuously variable transmission 1 is prevented in
advance.
[0043] The relation between said embodiment and the
present invention will be described briefly hereinafter.
Aforementioned temperature detecting means 26 or the
device for executing Step S 1 as shown in Fig. 1 and 2
correspond to the detector of the present invention. Also,

the hydraulic cylinder 16, the control valve 24, the electric
control unit 25, and the device for executing Step S3 as
shown in Fig. 1 and 2 correspond to the rolling member
controller of the present invention. And the solenoid valve
27 and the device for executing Step S21 as shown in
Fig. 2 correspond to the lubricating device of the present
invention.
[0044] Here, this invention should not be limited to the
specific embodiments thus far described, but it may be
applied not only to a full toroidal type continuously vari-
able transmission, but also to a half toroidal type contin-
uously variable transmission. Accordingly, concerning
the reduction of the holding force for the rolling member,
that is to say, it is sufficient to reduce the holding force
in the direction that the rolling member gets out of be-
tween the rotary members such as discs. Also, concern-
ing the feeding of the lubricating oil for cooling, it may be
constructed to feed the lubricating oil directly to the rolling
face, other than feeding from the carriage. Moreover, the
control valve for controlling the holding force may be con-
structed of a plurality of valves as a pressure regulating
mechanism, instead of single valve.
[0045] Here will be synthetically described the advan-
tages to be attained by this invention. According to the
present invention, as has been described hereinbefore,
the contacting pressure between the rotary members and
the rolling member (or the contact pressure through the
oil film) is reduced because the holding force for holding
the rolling member between the rotary members is re-
duced when the temperature rise of the rolling face of
the rotary members or the rolling member is detected.
As a result, heating amount of the continuously variable
transmission is reduced and the temperature rise is pre-
vented, so that the problems such as breakage of oil film
and occurring of abrasion or deformation in consequence
of direct contact between the rotary members and the
rolling member due to the breakage of the oil film are
prevented from occurring, and mechanical damage of
the continuously variable transmission is thereby pre-
vented.
[0046] Moreover, according to the present invention,
feeding amount of the lubricating oil between the rotary
members and the rolling member is augmented when
the temperature rise of the rolling face of the rotary mem-
bers or the rolling members is detected, and the cooling
action of the lubricating oil is thereby augmented, there-
fore, reduction of transmittable torque is inhibited. Fur-
thermore, the holding force for holding the rolling member
between the rotary members is reduced when tempera-
ture rise is detected even if under such condition, there-
fore, the contacting pressure between the rotary mem-
bers and the rolling members is reduced. As a result,
heating amount of the continuously variable transmission
is reduced and temperature rise is prevented; therefore,
disadvantages such as breakage of oil film, and occurring
of abrasion or deformation resulted from direct contact
between the rotary members and the rolling members
due to such breakage are avoided, and accordingly, me-
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chanical damage of the continuously variable transmis-
sion is prevented.

INDUSTRIAL APPLICABILITY

[0047] This invention can be utilized in the field for
manufacturing the continuously variable transmission
and in the field for using the continuously variable trans-
mission. Especially, this invention can be utilized in the
field relating to an automobile having the continuously
variable transmission mounted thereon.

Claims

1. A toroidal type continuously variable transmission
(1); in which a rolling member (4) for mediating the
transmission of a torque is clamped between at least
a pair of rotary members (2, 3); and in which a holding
force for holding said rolling member (4) in the direc-
tion not to let said rolling member (4) be released
from between said rotary members (2, 3) is applied
to said rolling member (4) by a hydraulic cylinder
(16), with counteracting a load of said rotary mem-
bers (2, 3) for clamping said rolling member (4);
characterized by comprising:

a detector (26) detecting a temperature rise of
either a temperature of a rolling face (2B, 3B) of
said rotary member (2, 3) for clamping said roll-
ing member (4) or a temperature of said rolling
member (4); and
a rolling member controller (16, 24, 25, 53) re-
ducing said holding force by changing a pres-
sure of the hydraulic cylinder (16) in case the
temperature rise is detected by said detector
(26).

2. A toroidal type continuously variable transmission
(1) according to Claim 1, characterized:

in that said detector (26) includes a device for
detecting said temperature rise in accordance
with any of a temperature of said rolling face
(2B, 3B), a temperature of lubricating oil for lu-
bricating said rolling face (2B, 3B), or a differ-
ence between input energy and output energy
of said continuously variable transmission (1).

3. A toroidal type continuously variable transmission
(1) according to Claim 1, characterized in that:

said hydraulic cylinder (16) is a hydraulic type
actuator for moving said rolling member (4)
backward and forward between said pair of ro-
tary members (2, 3);
said rolling member controller (16, 24, 25, 53)
includes a mechanism (24) for controlling a dif-

ferential pressure between a backward pressure
and a forward pressure of the actuator.

4. A toroidal type continuously variable transmission
according to one of Claims 1-3 comprising:

a lubricating device (27, S21) for increasing the
feeding amount of said lubricating oil in case the
temperature rise is detected by said detector
(26), and
said rolling member controller (16, 24, 25, 53)
for reducing said holding force in case said de-
tector (26) detects said temperature rise after
the feeding amount of said lubricating oil is in-
creased.

5. A toroidal type continuously variable transmission
according to Claim 1 comprising:

a controller for increasing the amount of lubri-
cating oil to be fed to said rolling face, in case
of a temperature rise of either a temperature of
the rolling face (2B, 3B) of said rotary member
(2, 3) for clamping said rolling member (4), or a
temperature of said rolling member (4), and for
reducing said holding force in case that said tem-
peratures rise subsequently.

Patentansprüche

1. Stufenloses Getriebe (1) nach toroidaler Art; in dem
ein Walzenbauteil (4) zum Vermitteln der Übertra-
gung eines Drehmoments zwischen wenigstens ei-
nem Paar von Rotationsbauteilen (2, 3) geklemmt
ist; und in dem eine Haltekraft zum Halten des Wal-
zenbauteils (4) in der Richtung, um das Walzenbau-
teil (4) nicht aus zwischen den Rotationsbauteilen
(2, 3) freizugeben, auf das Walzenbauteil (4) durch
einen Hydraulikzylinder (16) aufgebracht wird, wobei
einer Last der Rotationsbauteile (2, 3) zum Klemmen
des Walzenbauteils (4) entgegengewirkt wird; ge-
kennzeichnet dadurch, dass das Getriebe Folgen-
des aufweist:

eine Erfassungseinrichtung (26), die einen Tem-
peraturanstieg von entweder einer Temperatur
einer Wälzfläche (2B, 3B) des Rotationsbauteils
(2, 3) zum Klemmen des Walzenbauteils (4)
oder eine Temperatur des Walzenbauteils (4)
erfasst; und
eine Walzenbauteilsteuereinrichtung (16, 24,
25, 53) die die Haltekraft durch Ändern eines
Drucks des Hydraulikzylinders (16) in dem Fall
verringert, dass der Temperaturanstieg durch
die Erfassungseinrichtung (26) erfasst wird.

2. Stufenloses Getriebe (1) nach toroidaler Art nach
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Anspruch 1, gekennzeichnet:

dadurch, dass die Erfassungseinrichtung (26)
eine Vorrichtung zum Erfassen des Tempera-
turanstiegs in Übereinstimmung mit jedem von
einer Temperatur der Wälzfläche (2B, 3B), einer
Temperatur eines Schmiermittels zum Schmie-
ren der Wälzfläche (2B, 3B) oder eines Unter-
schieds zwischen einer Eingabeenergie und ei-
ner Ausgabeenergie des stufenlosen Getriebes
(1) aufweist.

3. Stufenloses Getriebe (1) nach toroidaler Art nach
Anspruch 1, gekennzeichnet dadurch, dass:

der Hydraulikzylinder (16) ein Aktuator nach Hy-
draulikart zum Bewegen des Walzenbauteils (4)
rückwärts und vorwärts zwischen dem Paar von
Rotationsbauteilen (2, 3) ist;
die Walzenbauteilsteuereinrichtung (16, 24, 25,
53) einen Mechanismus (24) zum Steuern eines
Differenzdrucks zwischen einem Rückwärts-
druck und einem Vorwärtsdruck des Aktuators
umfasst.

4. Stufenloses Getriebe nach toroidal Art nach einem
der Ansprüche 1 bis 3, mit:

einer Schmiervorrichtung (27, S21) zum Erhö-
hen der Zufuhrmenge des Schmieröls in dem
Fall, dass der Temperaturanstieg durch die Er-
fassungseinrichtung (26) erfasst wird, und
der Walzenbauteilsteuereinrichtung (16, 24, 25,
53) zum Verringern der Haltekraft in dem Fall,
dass die Erfassungseinrichtung (26) den Tem-
peraturanstieg nach dem Erhöhen der Zufuhr-
menge des Schmieröls erfasst.

5. Stufenloses Getriebe nach toroidaler Art nach An-
spruch 1, mit:

einer Steuereinrichtung zum Erhöhen der Men-
ge an zu der Wälzfläche zu beförderndem
Schmieröl in dem Fall eines Temperaturan-
stiegs von entweder einer Temperatur der Wälz-
fläche (2B, 3B) des Rotationsbauteils (2, 3) zum
Klemmen des Walzenbauteils (4) oder einer
Temperatur des Walzenbauteils (4), und zum
Verringern der Haltekraft in dem Fall, dass die
Temperaturen nachträglich ansteigen.

Revendications

1. Transmission (1) à variation continue de type toroï-
dal; dans laquelle un organe (4) de roulement pour
la médiation de la transmission d’un couple est serré
entre au moins une paire d’organes rotatifs (2, 3); et

dans laquelle une force de maintien pour maintenir
ledit organe (4) de roulement dans la direction em-
pêchant ledit organe (4) de roulement d’être libéré
d’entre lesdits organes rotatifs (2, 3) est appliquée
audit organe (4) de roulement par un cylindre hy-
draulique (16), en contrecarrant une charge desdits
organes rotatifs (2, 3) pour serrer ledit organe (4) de
roulement ; caractérisé par le fait de comprendre:

un détecteur (26) pour détecter une augmenta-
tion de température soit d’une température
d’une face (2B, 3B) de roulement dudit organe
rotatif (2, 3) pour serrer ledit organe rotatif (4)
soit d’une température dudit organe (4) de rou-
lement; et
une unité de commande (16, 24, 25, 53) d’orga-
ne de roulement pour réduire ladite force de
maintien en changeant une pression du cylindre
hydraulique (16) dans le cas où l’augmentation
de la température est détectée par ledit détec-
teur (26).

2. Transmission (1) à variation continue de type toroï-
dal selon la revendication 1, caractérisée:

en ce que ledit détecteur (26) comporte un dis-
positif pour détecter ladite augmentation de tem-
pérature en accord avec l’une quelconque d’une
température de ladite face (2B, 3B) de roule-
ment, d’une température de l’huile de lubrifica-
tion pour lubrifier ladite face (2B, 3B) de roule-
ment, ou d’une différence entre l’énergie d’en-
trée et l’énergie de sortie de ladite transmission
(1) à variation continue.

3. Transmission (1) à variation continue de type toroï-
dal selon la revendication 1, caractérisée en ce
que:

ledit cylindre hydraulique (16) est un actionneur
de type hydraulique pour déplacer ledit organe
(4) de roulement vers l’arrière et vers l’avant en-
tre ladite paire d’organes rotatifs (2, 3);
ladite unité de commande (16, 24, 25, 53) d’or-
gane de roulement comporte un mécanisme
(24) pour commander une pression différentielle
entre une pression arrière et une pression avant
de l’actionneur.

4. Transmission à variation continue de type toroïdal
selon l’une quelconque des revendications 1-3, com-
prenant:

un dispositif de lubrification (27, S21) pour aug-
menter la quantité d’alimentation de ladite huile
de lubrification dans le cas où l’augmentation de
température est détectée par ledit détecteur
(26), et
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ladite unité de commande (16, 24, 25, 53) d’or-
gane de roulement pour réduire ladite force de
maintien dans le cas où ledit détecteur (26) dé-
tecte ladite augmentation de température après
l’augmentation de la quantité d’alimentation de
ladite huile de lubrification.

5. Transmission à variation continue de type toroïdal
selon la revendication 1 comprenant:

une unité de commande pour augmenter la
quantité de l’huile de lubrification à alimenter à
ladite face de roulement, dans le cas d’une aug-
mentation de température soit d’une tempéra-
ture de la face (2B, 3B) de roulement dudit or-
gane rotatif (2, 3) pour serrer ledit organe (4) de
roulement, soit d’une température dudit organe
(4) de roulement, et pour réduire ladite force de
maintien dans le cas où lesdites températures
augmentent de manière subséquente.
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