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such a transmission

(57) A toroidal type continuously variable transmis-
sion includes trunnions (4) formed with shoulder por-
tions (40) which oppose an upper link (5) and a lower
link (6), and projections (50) on the links (5, 6) which
can slide on the shoulder portions (40) when the links
(5, 6) perform swinging movement. Along with forming
the trunnions (4) in single units by forging, step portions
(4B) are arranged between the shoulder portions (40)
and sloping portions (45) of the offset portions (4A).
Planar portions (40A) are formed in the shoulder por-
tions (40) which can slide on the projections (50) by cut-
ting or grinding so that their radiuses R from the rotation
axes (4C) up to the end portions of the step portions
(4B) are set in advance.

Toroidal type continuously variable transmission and method for manufacturing trunnion for
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a toroidal type con-
tinuously variable transmission (referred to hereafter as
CVT) used in a vehicle or the like, and to a method for
manufacturing a trunnion thereof.

BACKGROUND OF THE INVENTION

[0002] Japanese Patent Laying Open Publication
Heisei 7-174201 published in 1995 discloses the CVT.
In this CVT, mutually opposed power rollers are inter-
posed and held between coaxially disposed input and
output disks. Further, trunnions which support the
shafts of these power rollers are supported so as to be
capable of displacement in the axial direction as well as
rotatable around their axes.

SUMMARY OF THE INVENTION

[0003] With this type of the CVT, the upper ends
and the lower ends of the trunnions, which are provided
as mutually opposed, are respectively connected
together by an upper link and a lower link. Due to this,
when a trunnion is displaced along its axial direction,
the upper link and the lower link execute swinging
movement. At this time, shoulder portions formed upon
the trunnions and projecting portions on the upper link
or on the lower link may come into contact with one
another.

[0004] The trunnions are formed by forging. The
shoulder portions of the trunnions are formed in prede-
termined planes by performing a cutting process along
the axes of the trunnions.

[0005] However, due to dimensional tolerances for
the trunnions, it may be the case that the radiuses of the
shoulder portions are not equal. Variation may be
engendered in each of the trunnions due to sliding
resistance caused when the projecting portions and the
shoulder portions come into mutual contact. Accord-
ingly, the problem has occurred of hysteresis being
engendered in the speed changing characteristic due to
variation of the sliding resistance acting in the directions
of gyration of the power rollers, which causes deteriora-
tion in the accuracy of speed change control.

[0006] The objective of the present invention is to
prevent the occurrence of hysteresis in the speed
change characteristic by rendering uniform the contact
condition of the links and the shoulder portions of the
trunnions.

[0007] In order to achieve above object, this inven-
tion provides a toroidal type continuously variable trans-
mission, comprising: a rotation shaft; input disks which
are arranged coaxially with said rotation shaft and is
driven thereby; output disks which are arranged coaxi-
ally with said rotation shaft and opposes said input disks
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; @ pair of trunnions arranged in opposite positions on
both sides of said rotation shaft and movable in its axial
direction of said rotation shaft and also around its axial
direction of said rotation shaft, each said trunnions com-
prising rotation shafts formed at both end portions of
said trunnion, and offset portions which are offset by a
predetermined amount from said rotation shafts
between said trunnions and said rotation shafts; an
actuator which drives each of said pair of said trunnions
in the mutually opposite axial direction of the trunnions;
power rollers which are supported by said trunnions and
are gripped between said input disk and said output
disk; links each of which is respectively formed with
aperture portions into which said respective rotation
shafts of said trunnions are inserted; and spherical
joints provided between the outer peripheries of said
rotation shafts and said aperture portions; and wherein
said trunnions are formed by forging, and shoulder por-
tions of said trunnions which oppose said links and step
portions which define outer ends of said shoulder por-
tions are formed by cutting, and said links form upon
projections which contact slidably into said shoulder
portions according to swinging movement of said links.

[0008] Further this invention provides a method for
manufacturing a trunnion of a toroidal type continuously
variable transmission, trunnion comprising rotation
shafts formed at both ends of said trunnion, and offset
portions which connect said rotation shafts with links
and locate between said rotation shafts and offset from
said rotation shafts; wherein said trunnion is formed by
forging, and steps which define the outer ends of said
shoulder portions opposing said links are formed in said
trunnion by cutting.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is an outline view of a CVT according to this
invention.

Fig. 2 is a vertical sectional view of the CVT accord-
ing to this invention.

Fig. 3 is a vertical sectional view of a trunnion
according to this invention.

Fig. 4 is a plan view of an upper portion of the trun-
nion according to this invention.

Fig. 5 is a bottom view seen of an upper link accord-
ing to this invention.

Fig. 6 is an enlarged sectional view of a shoulder
portion of a trunnion according to this invention.
Fig. 7 is an enlarged sectional view of an orifice pro-
vided to a trunnion according to this invention.

Fig. 8 is similar to Fig. 3, but shows a second
embodiment of this invention, and is a vertical sec-
tional view of a trunnion.

Fig. 9 is similar to Fig. 5, and is a bottom view of an
upper link according to the second embodiment.
Fig. 10 is similar to Fig. 7, and is an enlarged sec-
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tional view of an orifice provided to a trunnion
according to the second embodiment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0010] Referring to Fig. 1, the CVT comprises two
pairs of input disks 21 and output disks 22. Two pairs of
power rollers 20 are gripped between each of the input
disks 21 and the output disks 22 . Next, referring to Fig.
2, each of the power rollers 20 is supported upon a trun-
nion 4 via a pivot shaft 24. An upper link 5 and a lower
link 6 are respectively connected to the opposite upper
and lower ends of each of the trunnions 4.

[0011] Next, referring to Fig. 1, the pair of input disk
21 and the output disks 22 is coaxially mounted upon an
input shaft 1. The input disks 21 are rotationally driven
by the input shaft 1. The power rollers 20 transmit the
rotation of the input disks 21 to the output disks 22. The
rotation of the output disks 22 is transmitted to the driv-
ing wheels via an output gear 2.

[0012] Although this toroidal type continuously vari-
able transmission of the present invention is a CVT of
the half toroidal type which has a double cavity, the
present invention can also be applied to other types of
toroidal type continuously variable transmission, for
example to a single cavity type toroidal type continu-
ously variable transmission.

[0013] Referring to Fig. 2, the pair of trunnions 4 is
arranged on either side of the input shaft 1 of the input
disks 21 and the output disks 22. The trunnions 4 freely
rotatably support the power rollers 20 via pivot shafts 24
which are capable of individual swinging movement.
The trunnions 4 are supported by the upper links 5 and
lower links 6 so that their respective positions can be
changed both in the axial directions of, and around, their
respective rotation axes 4C.

[0014] And rods 42 are connected to the lower ends
of the trunnions 4. Each of the rods 42 is driven in the
upwards and downwards direction by a hydraulic cylin-
der 30. When the trunnion is displaced in the upwards
and downwards direction, the power rollers 20 are rota-
tionally displaced around the rotation axes 4C. This dis-
placement will be termed "gyration". The result of
gyration is that the contact radiuses between the power
rollers 20 and the input disks 21 and the output disks 22
change, so that the speed change ratio changes contin-
uously.

[0015] Accompanying the transmission of torque by
the power rollers 20, the input disks 21 and the output
disks 22 exert thrust forces upon the power rollers 20 in
directions away from the input shaft 1. In opposition to
these thrust forces, the upper links 5 and the lower links
6 keep the distance between the rotation axes 4C of the
trunnions 4 almost constant.

[0016] Referring to Fig. 2, Fig. 3, and Fig. 5, a
through hole 5B is formed in the central portion of the
upper link 5. The upper link 5 is connected via a pin 12
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to an upper link post (support member) 17 which
passes through the through hole 5B. Further, the upper
link post 17 is connected to a post base 16 which is
fixed to an upper inner circumferential portion of the
casing 11.

[0017] The pin 12 is provided so as to project from
the upper link post 17 in parallel with the input shaft 1.
Referring to Fig. 5, the pin 12 engages with a pin hole
51 which is formed in the upper link 5 in parallel with the
input shaft 1. In this manner, the upper link 5 is sup-
ported upon the upper link post 17 so as to be capable
of swinging movement.

[0018] On the other hand, through holes (aperture
portion) 5A are formed in the both side of through hole
5B of the upper link 5. Shafts 41, which project upwards
in Fig. 2 from shoulder portions 40 provided at the upper
ends of the trunnions 4, are passed through the through
holes 5A. Furthermore, spherical joints 60 with spheri-
cal surfaces shown in Fig. 3 are fitted around the outer
surfaces of these shafts 41. The trunnions 4 and the
upper link 5 are connected together via the spherical
joints 60. It should be understood that the spherical
joints 60 comprise needle roller bearings around their
inner surfaces.

[0019] On the other hand, a through hole 6B is
formed in the central portion of the lower link 6. The
lower link 6 is connected via a pin 12 to a lower link post
27 which passes through the through hole 6B. Further,
the lower link post 27 is connected to the housing 11 via
a post base 26 and a housing of the hydraulic cylinder
30.

[0020] The pin 12 is provided so as to project from
the lower link post 27 in parallel with the input shaft 1.
The pin 12 engages with a pin hole which is formed in
the through hole 6B of the lower link 6. In this manner,
the lower link 6 is supported upon the lower link post 27
so as to be capable of swinging movement.

[0021] Through holes 6A are formed at both sides
of the through hole 6B of the lower link 6. Shafts 44,
which project in the downward direction in Fig. 2 from
shoulder portions 43 which are formed on the lower end
portions of the trunnions 4, are passed through the
through holes 6A. Spherical joints 60 with spherical sur-
faces are fitted around the outer surfaces of these
shafts 44. The inner surfaces of the spherical joints 60
are contacted to the shafts 44 via needle roller bearings,
and their outer peripheries which are formed as curved
surfaces are contacted to the inner surfaces of the
through holes 6A.

[0022] Moreover, the rods 42 which connect the
trunnions 4 and the hydraulic cylinders 30 are engaged
with the inner peripheral end portions of the shafts 44.
[0023] By doing this, the two trunnions 4 which are
connected to the upper link 5 and the lower link 6 are
displaced in opposite directions along the axial direc-
tion. Further, the trunnions 4 are allowed by the spheri-
cal joints 60 to rotate around the rotation axes 4C.
[0024] Next, the structure of the upper link 5 and the
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lower link 6 will be explained with reference to Fig. 5. It
should be understood that the following explanation will
only consider the upper link 5, because the upper link 5
and the lower link 6 are of identical structure.

[0025] Referring to Fig. 5, projections 50 are pro-
vided on the outer sides of each of the through holes 5A
on the under surface of the upper link 5 which oppose
the shoulder portions 40 of the trunnions 4. The projec-
tions 50 are provided as collinear and approximately
parallel to and separated by a predetermined distance
from the pins 12. Each of the projections 50 is divided
into two portions by its corresponding through hole 5A.
The projections 50 are able to contact slidably upon the
shoulder portions 40 of the trunnions 4.

[0026] Furthermore, projections 50 are formed in
the same manner as above in the through holes 6A of
the lower link 6 as well, so as to be capable of sliding
upon the shoulder portions 43 of the trunnions 4.
[0027] Referring to Fig. 3, the trunnions 4 are of
generally U-shaped form in vertical section, being made
up from offset portions 4A and the shafts 41 and 44.
The base ends of the pivot shafts 24, which are bent
into cranked shapes, are supported by the offset por-
tions 4A so as to be capable of swinging movement.
The horizontal shoulder portions 40 and 43 and sloping
portions 45 are formed at the upper and lower end por-
tions of the offset portions 4A

[0028] Referring to Fig. 6, the horizontal shoulder
portions 40 and steps 4B and sloping portions 45 are
formed at the upper ends of the offset portions 4A. After
forging of the trunnions 4, the steps 4B are formed at
positions of radius R from the rotation axes 4C of the
shafts 41 by cutting or grinding. By providing the steps
4B between the shoulder portions 40 and the sloping
portions 45, it is possible to make the radius of the
shoulder portions 40 constant, irrespective of dimen-
sional errors as shown in the figure by the broken lines
when forging the sloping portions 45.

[0029] On the other hand, the forged faces 40B of
the shoulder portions 40 shown by broken lines are
formed into horizontal planes by cutting or grinding.
[0030] In this manner, the horizontal shoulder por-
tions 43 and the steps 4D are formed on the lower ends
of the offset portions 4A. Although it is not so shown in
the figure, for the lower ends of the offset portions as
well, it is possible to equalize the radiuses of the shoul-
der portions 43 at constant value R, in the same manner
as the shoulder portions 40, irrespective of dimensional
errors during forging of the sloping portions 45, by a
process identical to the upper ends of the offset por-
tions.

[0031] Next, referring to Fig. 3, oil conduits 13 are
formed inside the offset portions 4A, so as to be parallel
with the rotation axes 4C. The upper ends of the oil con-
duits 13 open to the planar portions 40A of the shoulder
portions 40. On the other hand, the lower ends of the oil
conduits 13 open to the planar portions 40A of the
shoulder portions 43. Referring to Fig. 7, orifices 15 as
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plug shaped members are pressed into these opening
portions. Lubrication of the spherical joints 60 and the
projections 50 is performed by injecting oil from these
orifices 15.

[0032] Referring to Figs 2 and 3, the oil conduits 13
connect to oil conduits 14 which open to the side faces
of the shafts 44. The oil conduits 14 receive supply of oil
from distribution conduits not shown in the figures.
[0033] In this manner, with the present invention, on
the one hand the step portions 4B are provided
between the sloping portions 45 for which variation in
the slant angle due to forging occurs and the shoulder
portions 40, and furthermore the forged faces 40B are
formed by cutting or grinding. Accordingly, the shoulder
portions 40 are formed so as to have constant radius R
without any relation to dimensional errors during forging
of the sloping portions 45. As a result, each of the pro-
jections 50 formed on the lower surface of the side of
the upper link 5 contact slidably into the planar portion
40A of the shoulder portion 40 of the corresponding
trunnion 4. Accordingly, the sliding resistance between
the projections 50 and the shoulder portion 40 is con-
stant for both of the trunnions, and it becomes possible
to reduce the hysteresis in the speed changing charac-
teristic.

[0034] A second embodiment of the present inven-
tion will now be described with reference to Fig. 8
through Fig. 10. In this case, instead of the orifices 15
which were used in the first embodiment described
above, plugs 25 provided with throttles 25C are posi-
tioned at both opening end portions of the oil conduits
13. The remainder of the construction is identical to the
first embodiment.

[0035] The throttles 25C are formed as the inner cir-
cumferences of the plugs 25. Further, the outer circum-
ferential surfaces of the plugs 25 have end portions 25L
which are provided with tapers, and end portions 25U
which have planar end surfaces. These plugs 25 are
pressed into both the ends of the oil conduits 13 which
open to the shoulder portions 40 and 43 of the trunnions
4, with their tapered end portions 25L inwards.

[0036] Here, the end portions 25U of the plugs 25
are provided with planar end surfaces. Before perform-
ing the processing of the planar portions 40A of the
shoulder portions 40 and 43, the end portions 25U are
previously pressed inwards towards the upper surface
of the shoulder portion 40 and the lower surface of the
shoulder portion 43.

[0037] And when processing the planar portions
40A by cutting or grinding the forged surfaces 40B, as
shown in Fig. 9, the end portions 25U are ground along
with the forged surfaces 40B. The end faces on the side
of the end portions 25U of the plugs 25 which have been
pressed into both the end opening portions of the oil
conduits 13 are processed so as to become coplanar
with the planar portions 40A of the shoulder portions 40
and 43.

[0038] Here, as shown in Fig. 10, both the opening



7 EP 1089 017 A1 8

portions 13A of the oil conduits 13 open within the pla-
nar portions 40A of the shoulder portions 40 which con-
tact slidably into the projections 50 of the upper link 5.
When the trunnions 4 gyrate, they are relatively dis-
placed along the line shown by 13C in the figure.
[0039] And, when the projections 50 contact slida-
bly into the planar portions 40A along with the gyration
of the trunnions, the end portions of the projections 50
approach to the opening portions 13A of the oil conduits
13, in the position shown in Fig. 10 by 13".

[0040] At this time, the end portions 25U of the
plugs 25 which have been pressed into the opening por-
tions 13A lie in the same planes as the planar portions
40A. Accordingly, it is possible reliably to prevent the
end portions of the projections 50 becoming caught up
upon the opening end portions 13A, and furthermore to
prevent the projections 50 riding up upon the plugs 25
which have been pressed in. Furthermore, the variation
the sliding resistance which is generated between the
shoulder portions 40 of the trunnions 4 and the projec-
tions 50 of the upper link 5 is prevented. Accordingly,
the occurrence of hysteresis in the speed change char-
acteristic is guarded against, and it becomes possible
further to enhance the accuracy of speed change con-
trol. Yet further, since throttles 25C which are formed in
the plugs 25 have the small radius, it is possible to per-
form lubrication of the spherical joints 60 and the projec-
tions 50 and the planar portions 40A, in the same
manner as with the orifices 15 of the first embodiment
described above.

[0041] Now, if orifices 15 of U-shaped cross section
as shown in Fig. 7 for the first embodiment described
above were pressed into the opening portions of the oil
conduits 13 after processing of the planar portions 40A,
then, if the orifices 15 were pressed in while being
gyrated, their end portions 15A would project outwards
from the planar portions 40A. Accordingly, when the
projections 50 of the link passed the opening portions of
the oil conduits 13, they could catch up upon the pro-
jecting end portions 15A or could ride up upon them. As
a result, variation might be generated due to sliding
resistance with the trunnions 4.

[0042] By contrast to this, the plugs 25 to which the
small radius throttles 25C are provided are pressed in
before the planar portions 40A are processed. When
processing the planar portions 40A, the end portions
25U of the plugs 25 are simultaneously ground down,
so as to be formed in the same planes therewith.
Accordingly, even when the plugs 25 and the projec-
tions 50 rub together, they do not catch together or ride
up upon one another. Consequently it is possible relia-
bly to prevent the occurrence of variation in the sliding
resistance of the plurality of trunnions 4.

[0043] It should be understood that although for Fig.
10 the explanation has been made in terms of the upper
link 5, the same holds good for the rubbing of the projec-
tions 50 upon the lower link 6 upon the planar portions
40A of the shoulder portions 43. In other words, the end
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portions 25U of the plugs 25 which have been pressed
into the lower end opening portions 13A of the oil con-
duits 13 are formed so as to be coplanar with the planar
portions 40A. Accordingly the end portions of the pro-
jections 50 are reliably prevented from catching up upon
the opening portions 13A, and the projections 50 are
reliably prevented from riding up upon the projections
50.

[0044] By doing this, the oil conduits 13 which open
in the shoulder portions 40 and 43 reliably prevent the
generation of variation of resistance in the gyration
direction of the trunnions 4 when the projections 50 rub
against them, and accordingly it is possible reliably to
prevent generation of hysteresis in the speed change
characteristics of the toroidal type continuously variable
transmission.

[0045] It should be noted that in the above
described embodiment the projections 50 were
described as being provided both upon the upper link 5
and upon the lower link 6, but this is only by way of
example; in fact, projecting portions could be provided
upon either one of the links, and in such a case it would
be possible to anticipate reduction and evening out of
the sliding resistance.

[0046] The contents of Japanese Application
No.11-271845, with a filing date September 27, 1999,
are hereby incorporated by reference.

[0047] The embodiments of this invention in which
an exclusive property or privilege is claimed are defined
as follows:

Claims

1. A toroidal type continuously variable transmission,
comprising:

a rotation shaft (1);

input disks (21) which are arranged coaxially
with said rotation shaft (1) and is driven
thereby;

output disks (22) which are arranged coaxially
with said rotation shaft (1) and opposes said
input disks (21);

a pair of trunnions (4) arranged in opposite
positions on both sides of said rotation shaft (1)
and movable in its axial direction of said rota-
tion shaft (1) and also around its axial direction
of said rotation shaft (1), each said trunnions
(4) comprising rotation shafts (41, 44) formed
at both end portions of said trunnions (4), and
offset portions (4A) which are offset by a pre-
determined amount from said rotation shafts
(41, 44) between said trunnions (4) and said
rotation shafts (41, 44);

an actuator (30) which drives each of said
pair of said trunnions (4) in the mutually
opposite axial direction of the trunnions
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(4);

power rollers (20) which are supported by
said trunnions (4) and are gripped
between said input disk (21) and said out-
put disk (22);

links (5, 6) each of which is respectively
formed with aperture portions (5A, 6A) into
which said respective rotation shafts (41,
44) of said trunnions (4) are inserted; and
spherical joints (60) provided between the
outer peripheries of said rotation shafts
(41, 44) and said aperture portions (5A,
B6A);

and wherein said trunnions (4) are formed
by forging, and shoulder portions (40, 43)
of said trunnions (4) which oppose said
links (5, 6) and step portions (4B, 4D)
which define outer ends of said shoulder
portions (40, 43) are formed by cutting,
and said links (5, 6) form upon projections
(50) which contact slidably into said shoul-
der portions (40, 43) according to swinging
movement of said links (5, 6).

A toroidal type continuously variable transmission
according to Claim 1, wherein said offset portions
(4A) provide oil conduits (13) which supply lubricat-
ing oil to said spherical joints (60) and open to said
shoulder portions (40).

A toroidal type continuously variable transmission
according to Claim 2, wherein said offset portions
(4A) further comprise plug shaped members (15)
which are formed with holes which function as ori-
fices and are pressed into opening portions of said
oil conduits (13) to said shoulder portions (40).

A method for manufacturing a trunnion of a toroidal
type continuously variable transmission, trunnion
(4) comprising

rotation shafts (41, 44) formed at both ends of
said trunnion (4), and

offset portions (4A) which connect said rotation
shafts (41, 44) with links (5, 6) and locate
between said rotation shafts (41, 44) and offset
from said rotation shafts (41, 44);

wherein said trunnion is formed by forging, and
steps (4B, 4D) which define the outer ends of
said shoulder portions (40, 43) opposing said
links (5, 6) are formed in said trunnion by cut-
ting.
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