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157] ABSTRACT

A control system for an infinitely variable belt-drive
transmission which has a drive pulley having a hydrau-
lically shiftable disc and a servo chamber for shifting
the disc, a driven pulley having a hydraulically shiftable
disc and a servo chamber for shifting the disc, and a beit
engaged with both the pulleys. A hydraulic control
circuit is provided for supplying oil to the servo cham-
bers and for draining the servo chambers. A lubricating
oil circuit is provided in the hydraulic control circuit
for supplying lubricating oil to the drive pulley, and a
passage is provided for supplying a part of the lubricat-
ing oil to the servo chamber of the drive pulley, thereby
filling the servo chamber with the oil before the starting
of transmission operation.

3 Claims, 4 Drawing Sheets
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CONTROL SYSTEM FOR AN INFINITELY
VARIABLE TRANSMISSION

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to a control system of
an infinitely vanable belt-drive automatic transmission
for a motor vehicle, and particularly to a hydraulic
control system for an infinitely variable transmission.

U.S. Pat. No. 4,369,673 discloses a control system for
an infinitely vartable belt-drive transmission. The trans-
mission comprises an endless belt running over a drive
pulley and a driven pulley, each pulley is so designed
that the runmng diameter of the driving belt on the
pulleys varies by a hydraulic control system.

In the hydraulic control system, a line pressure of oil
1s continuously applied to a servo chamber for the
driven pulley and further the line pressure is applied to
another servo chamber for the drive pulley by a trans-
mission ratio control valve after starting the operation
sO as to control to upshift the transmission. In the con-
ventional system, before starting the transmission oper-
ation, the servo chamber of the drive pulley 1s commu-
nicated with a drain port of the transmission ratio con-
trol valve to drain the servo chamber, so as to provide
a low speed stage at a maximum transmission ratio.

However, if the servo chamber of the drive pulley is
kept draining before the starting of the transmission
operation, all or a part of the oil in the servo chamber is
discharged, admitting air in the servo chamber. Accord-
ingly, when the line pressure is applied to the servo
chamber of the drive pulley through the transmission
ratio control valve, the air admitted in the servo cham-
ber 1s compressed first, and then the pressure of oil
elevates to start the upshifting of the transmission, re-
sulting in delays in elevation of the oil pressure and in
response of transmission operation. Further, when an
accelerator pedal of the vehicle is fully depressed, the
upshifting of the transmission starts after the speed of an
engine reaches a high value. Accordingly, the drive
pulley rotates at high speed under the condition of a
small amount of oil in the servo chamber until the up-
shifting starts, which will cause troubles in sliding por-
tions and sealing parts in the servo device, because of a
small amount of o1l in the servo chamber.

SUMMARY OF THE INVENTION

Therefore, the object of the present invention is to
provide an o1l pressure control system of an infinitely
variable transmission system which is capable of contin-
uously supplying oil to a servo chamber of a drive pul-
ley to keep the servo chamber filled with oil, thereby
quickly starting the transmission operation and prevent-
ing the lack of oil for lubricating.

According to the present invention, there is provided
a control system for an infinitely variable belt-drive
transmission having a selector device including a drive
range position and a neutral position, a drive pulley
having a hydraulically shiftable disc and a servo cham-
ber for shifting the disc, a driven pulley having a hy-
draulically shiftable disc and a servo chamber for shift-
ing the disc, and a belt engaged with both the pulleys, a
hydraulic control circuit for supplying oil to the servo
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chambers and for draining the servo chambers, the
hydraulic control circuit being provided with a pressure
regulator valve for providing a line pressure and a trans-
mission ratio control valve for applying the line pres-
sure to the servo chamber of the drive pulley. The
system comprises a lubricating o1l circuit provided in
the hydraulic control circuit for supplying lubricating
oil to the drive pulley, a passage for supplying a part of
the lubricating oil to the servo chamber of the drive
pulley, a check valve provided in the passage for pre-
venting the reverse flow of the lubricating oil[, and a
select position detecting valve for enabling the supply
of the lubricating oil to the servo chamber at the selec-
tion of the neutral position].

In an aspect of the present invention, the lubricating
oil circuit is connected to a drain passage[[, and the
select position detecting valve is provided for restrict-
ing the drain oil to raise the pressure of the lubricating
oil].

The other objects and features of this invention will
be apparently understood from the following descrip-
tion with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIGS. 1a and 1b are sectional views of an infinitely
variable belt-drive transmission to which the present
invention is applied; and

FIGS. 2a and 2b are hydraulic control circuits ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIGS. 1a and 1b an infinitely variable
belt-drnve automatic transmission for a wvehicle, to
which the present invention is applied, comprises an
electromagnetic powder clutch 1, an infinitely variable
belt-drive transmission 2, a selector device 3, pulleys
and belt device 4, final reduction device 5, and a hy-
draulic control circuit which will be described hereinaf-
ter. The electromagnetic powder clutch 1 1s provided in
a housing 6, and the selector device 3, pulleys and belt
device 4 and final rreduction device S are provided in a
main housing 7 and a side housing 8. A crankshaft 10 of
an engine {not shown) is connected to an annular drive
member 12 through a drive plate 11 of the electromag-
netic powder clutch 1. The electromagnetic powder
clutch 1 comprises a driven member 14, a magnetizing
coil 15 provided in the driven member 14. The driven
member 14 has its outer periphery spaced from the
inner periphery of the drive member 12 by a gap 16, and
a powder chamber 17 is defined between the drive
member 12 and driven member 14. Powder of magnetic
material is provided in the powder chamber 17. The
driven member 14 is secured to an input shaft 13 of the
belt-drive transmassion. A holder secured to the driven
member 14 carries slip rings 18 which are electrically
connected to the coil 15. The coil 195 is supplied through
brushes 19 and slip rings 18 with current from a control
circuit for the electromagnetic powder clutch.

When the magnetiziing coil 15 15 excited by the
clutch current, driven member 14 is magnetized to pro-
duce a magnetic flux passing through the drive member
12. The magnetic powder is aggregated in the gap 16 by
the magnetic flux and the driven member 14 is engaged
with the drive member 12 by the powder. On the other
hand, when the clutch current 18 cut off, the drive and
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driven members 12 and 14 are disengaged from one

another.
In the belt-drive transmission 2, the selector device 3

is provided between the input shaft 13 and a main shaft
20. The main shaft 20 i1s cylindrical and i1s disposed
coaxially with the input shaft 13. The selector device 3
comprises a drive gear 21 integral with input shaft 13,
reverse driven gear 22 rotatably mounted on the main
shaft 20, and a synchronizer 27 mounted on the main
shaft 20. The drive gear 21 meshes with one of counter
gears 24 rotatably mounted on a shaft 23. Another gear
of the counter gears 24 engages with an idler gear 26
rotatably mounted on a shaft 2§, which in turn engages
with the driven gear 22.

The synchronizer 27 comprises a hub 28 secured to
the main shaft 20, a synchronizer sleeve 29 slidably
engaged with the hub 28 with splines, and synchronizer
rings 30 and 31. The synchronizer sleeve 29 1s adapted
to engage with splines of the drive gear 21 or with
splines of driven gear 22 through rings 30 or 31.

At a neutral position (N range) of a selector lever (not
shown), the sleeve 29 does not engage either gear, so
that the main shaft 20 1s disconnected from the input
shaft 13. When the sleeve 29 is engaged with the gear
21, the input shaft 13 is connected to the main shaft 20
through the gear 21 and synchronizer 27 to provide a
drive range position (D range).

When the sleeve 29 is engaged with the gear 22, the
input shaft 13 is connected to the main shaft 20 through
gears 21, 24, 26 and 22 to provide a reverse drive range
position (R range).

The main shaft 20 has an axial passage in which an oil
pump driving shaft 42 connected to crankshaft 10 1s
mounted. An output shaft 35 is provided in parallel with
the main shaft 20. A drive pulley 36 and a driven pulley
37 are mounted on shafts 20 and 35. A fixed conical disc
36a of the drive pulley 36 is integral with main shaft 20
and an axially movable conical disc 36b is axially slid-
ably mounted on the main shaft 20. The movable coni-
cal disc 36b also slides in a cylinder secured to the main
shaft 20 to form a servo device 38. A chamber of the
servo device 38 communicates with an o1l pump 41
through the pressure oil control circuit. The oil pump
41 1s driven by the shaft 42.

A fixed conical disc 37a of the driven pulley 37 1s
formed on the output shaft 35 opposite the movable disc
36b and a movable conical disc 37b is slidably mounted
on the shaft 35 opposite disc 36a. Movable conical disc
37b has a cylindrical portion in which a piston portion
of the output shaft 35 is slidably engaged to form a servo
device 39. A chamber of the servo device 39 is commu-
nicated with the oil pump 41 through the pressure oil
control circuit. A spring 40 is provided to urge the
movable circuit disc 37b to the fixed conical disc 37a. A
drive belt 34 engages with the drive pulley 36 and the
driven pulley 37.

Secured to the output shaft 35 is a dnve gear 43
which engages with an intermediate reduction gear 44a
on an intermediate shaft 44. An intermediate gear 45 on
the shaft 44 engages with a final gear 46. Rotation of the
final gear 45 is transmitted to axles 48 and 49 of the
vehicle driving wheels through a differential 47.

The hydraulic control circuit is responsive to vehicle
speed, engine speed and throttle valve position for con-
trolling the oil from the oil pump 41 to servo devices 38
and 39 thereby to move discs 36b and 37b. Thus, trans-
mission ratio is infinitely changed.
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FIGS. 2a and 2b show the hydraulic control circuit
according to the present invention. In the servo device
38 of the drive pulley 36, a cylinder 38a integrately
formed on the main shaft 20 1s engaged with a piston 36c
formed on the movable disc 36b, forming a drive pulley
servo chamber 38b, into which line pressure is applied.
Also, in the other servo device 39 in the driven pulley
¥7, a cylinder 37c formed integrally with the movable
conical disc 37b is engaged with a piston 39a formed on
the output shaft 38, forming a driven pulley servo cham-
ber 39b. The movable disc 36b has an area exposed to
the line pressure which is larger than the corresponding
area of the movable disc 37b. Oil in an oil reservoir 50
is supplied to a pressure regulator valve 60 through a
passage 51 by a pump 41. An oil passage 52 from the
pressure regulator valve 60 is communicated with the
driven pulley servo chamber 39b and also with the
drive pulley servo chamber 38b through a transmission
ratio control valve 70 and a passage 53. Oil flows back
to the oil reservoir 30 through drain passages 54 and 55
which are in communication with the valves 60 and 70,
respectively. The drive pulley cylinder 38a has an annu-
lar inside groove 38c in which a rotation speed sensor
56 in the form of a pitot tube is provided for measuring
the speed of the oil in the groove that is the speed of the
main shaft 20 which varies dependent on the engine
speed. The pitot pressure produced by the rotation
speed sensor 56 as a pitot tube is applied to the valves 60
and 70 through a passage $7.

A ball check valve 58 is provided in the drain passage
54 for the pressure regulator valve 60, and the passage
1s communicated with a select position detecting valve
90 at the upstream of the check valve 58 through a
passage 39 and further with an actuator 100 for the
transmission ratio control valve 70 through a passage
68.

The pressure regulator valve 60 comprises a valve
body 61, a spool 62, a spring 64 provided between a
spring retainer 63 and one end of the spool 62 for urging
the spool 62 to the right. A sensor shoe 65 for detecting
the actual transmission ratio is slidably mounted on a
lubricating oil pipe 66 which is parallel with the axis of
the spool 62. A bolt 65a secured to an end of the sensor
shoe 65 engages with an end of a bolt 63a secured to the
spring retainer 63, and the other end of the sensor shoe
65 engages with an outside periphery 36d of the mov-
able disc 36b. Thus, the position of the movable disc 36b
which means the transmission ratio during the operation
is transmitted to the spool 62 through the spring 64. At
the end of the valve body 61, opposite to the spring 64,
pitot pressure is applied to an end chamber 61f through
the oil pressure 57 and a port 61a, and pump oil pressure
1s applied to a chamber 61b through the passage 51. The
passage 51 1s communicated with the passage 52
through a ports 61c and 61g. A chamber 61d and a
chamber 61e, which is provided between the chambers
61f and 61b for preventing the leakage of the o¢il from
affecting on the pitot pressure, are communicated with
the oil reservoir 50 through drain passages 54 and 54a.
The port 61d i1s communicated with the port 6lg
through a chamber formed on a land 62a of the spool 62

so that the line pressure can be regulated.
Thus, the spool 62 1s applied with the pitot pressure

and pump o1l pressure so as to be moved in the direction
to open the port 61d, whereas the elastic force of the
spring corresponding to the transmission ratio detected
by the sensor shoe 65 urges the spool 62 in the direction
to close the port 61d. Accordingly, high line pressure
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generates at the port 61c at a low engine speed with a
large transmission ratio. The sensor shoe 65 is moved to
the left in FIG. 2a as the transmission ratio decreases,
reducing the force of the spring 64 to lower the line
pressure. The line pressure exerts on the belt 34 at a
proper force dependent on the transmission ratio so as
not to cause the belt to slip on the pulleys.

The transmission ratio control valve 70 comprises a
valve body 71, a spool 72, an operating plunger 73, and
a spring 74 provided between the spool 72 and the
plunger 73. A chamber 71a is communicated with the
passage 57 to be applied with the pitot pressure. The
control valve 70 further comprises a port 71b communi-
cated with passage 53, a port 71c communicated with
the passage 32, a port 71d communicated with the pas-
sage 55, an annular groove 72a formed on the spool 72
sO as to communicate the ports 71b and 71c or 71b and
71d for supplying or discharging line pressure to or
from the drive pulley servo chamber 38b in dependence
on the position of the spool 72. A regulator spring 77 is
provided between the operating plunger 73 and a re-
tainer 76 securely mounted on a projecting end of a
regulator plunger 75 which is slidably provided in an
axial cavity 72c in the spool 72. A spring 78 is provided
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between a flange of the plunger 75 and a retainer 72b of 25

the spool 72. The force of the regulator spring 77 is
decided by the projecting extent of the plunger 75 from
the spool 72 and the position of the plunger 75 is depen-
dent on the line pressure at the port 7ic which is sup-
plied to the inside of the spool 72 through a small aper-
ture 79.

The plunger 73 is slidably mounted in the valve body
71 and has an axial cavity 73a. A rod 81 is axially slid-
ably mounted in the valve body 71, and a flange 83 of
the rod 81 1s slidably engaged with the wall of the cav-
ity 73a. A small spring 82 is provided between the
flange 83 and the plunger 73, and the flange 83 engages
with a stopper 73b secured to the plunger. The cavity
73a 1s applied with the pitot pressure through a port 84
and a passage 86 having an orifice 85 and communicated
with the chamber 71a. A spring 87 is provided between
an end of the spool 72 and the valve body 71 to adjust
the load on the spring 82. An end of the rod 81 engages
with a cam 80 which is operatively connected to an
accelerator pedal of the vehicle so as to be rotated in
dependence on the depression of the pedal.

When the spool 72 is moved by the pitot pressure to
communicate the port 71b with port 71c, the line pres-
sure 1s applied to the servo chamber 38b of the drive
pulley 36 to upshift the transmission. On the other hand,
when the port 71b communicates with the port 71d, the
chamber 38b is drained to downshift.

The select position detecting valve 90 comprises a
valve body 91, a valve 93 having a drain aperture 92
which is slidably mounted in the valve body 91, a spring
94 for urging the valve 93 to a cam 95 which rotates
according to the position of a selector lever 120. The
cam 95 has a lobe 95a which is corresponding to D, N,
R range positions, and indentations 95b formed in the
both sides of the lobe 95a, corresponding to P, Ds range
positions. At the D, N, R range positions, the lobe 95
pushes the valve 93 in the direction to close the drain
aperture 92, so that actuating oil pressure is built up. At
the P, Ds range positions, the valve 93 moves outwards
to open the drain aperture 92, so that the lubricating oil
pressure in the passages 54, 59 is lowered. At that time
the oil pressure decreases gradually, because of an ori-
fice 95 provided in the oil passage 59.
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The actuator 100 comprises a cylinder 101, a piston
102 which 1s slidably mounted in the cylinder 101, and
a spring 103 for urging the piston 102 to a piston cham-
ber 104 to which actuating oil pressure is applied
through the passage 68. Further, a hook portion 105
formed at the outer end of the piston is engageable with
a pin 106 on the rod 81 of the transmission ratio control
valve 70. At the P range or Ds range, since no actuating,
o1l pressure exists, piston 102 presses the rod 81 to the
right in FIG. 2a, controlling the transmission zone to
the side of high engine revolution. Thus, the releasing of
the acceleration pedal at Ds range causes the downshift
of the transmission, so that the engine braking effects. A
lubricating oil supply nozzle 111 is provided adjacent
the belt 34 and another lubricating oil supply nozzle 112
1s provided in the groove 38c. Both nozzles are commu-
nicated with the drain passage 54 by a lubricating oil
passage 110, so that the lubricating oil is supplied to the
belt 34 and the groove 38c¢.

In accordance with the present invention, the passage
110 1s communicated with the passage 53 by a passage
115 having an orifice 113 and a check valve 114. When
the pressure of the lubricating oil in the passage 110 is
higher than the line pressure in the servo chamber 38b
because of the drain of the chamber, the lubricating oil
1s supplied to the servo chamber 38b passing through
orifice 113, check valve 114, passages 115 and 53. To
the contrary, when the pressure of the line pressure in
the servo chamber 38b is higher than the lubricating oil,
the check valve 114 closes, thereby preventing the dis-
charge of the oil in the servo chamber.

On the other hand, a check valve 116 having a small
spring force is provided in the drain passage 33 so as to
prevent the discharge of the oil from the control valve
10.

In operation of the system, while the vehicle is at a
stop, the driven pulley servo chamber 39b is supplied
with the line pressure adjusted by the pressure regulator
valve 60 through the passages 51, 52, and the drive
pulley servo chamber 38b 1s drained, since the spool 72
is at the right end position by the spring 74. Thus, in the
pulley and belt device 4 of the definitely variable belt-
drive transmission 2, the driving belt 34 engages with
the driven pulley 37 at a maximum running diameter to
provide the largest transmission ratio (low speed range).

On the other hand, the selector lever 120 1s at the N
range position to select the N range, so that the drain
aperture 92 of the select position detecting valve 90 1s
closed. Accordingly, the pressure of the lubricating o1l
in the passage 110 1s kept at a predetermined pressure to
supply the lubricating oil to the belt 34 and groove 38c.
As described above, when the pressure of the oil in the
servo chamber 38b 1s lower than the lubricating oil, the
lubricating o1l 1s supplied to the chamber through pas-
sages 1135 and 53 to fill the chamber with the oil. On the
other hand, the oil in the passage 53 is regulated by the
check valve 116 in the drain passage S35, so that the
pressure of the oil in the servo chamber is kept at a low
value slightly higher than zero. Thus, the entering of air
into the servo chamber 38b can be prevented. When the
D range 1s selected, the input shaft 35 and the main shaft
20 are connected to each other in the selector device 3
by the selector lever 120. When the acceleration pedal is
depressed, the electromagnetic powder clutch 1 is ex-
cited by a clutch current, transmitting the engine power
to the drive pulley 36. The power of the engine is trans-
mitted to the output shaft 35 at the largest transmission
ratio by the driving belt 34 and driven pulley 37, and
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further transmitted to axles of the driving wheels
through the final reduction device 5. Thus, the vehicle
is started.

When the pitot pressure rises, the spool 72 1s shifted
to the left, so that the line pressure is applied to the
servo chamber 38b to move the disc 36b to the left.
Thus, the upshift of the transmission starts. Since the
line pressure is higher than the lubricating oil, the check
valve 114 is closed, so that the oil is supplied to the
chamber 38b without draining. At that time, since the
servo chamber 38b is filled with the oil, the disc 36b 1s
immediately shifted to upshift the transmission.

It will be understood that even if the check valve 116
is omitted, the same operation can be performed by
positioning the drain passage 55 at a position higher
than the servo chamber 38b.

While the presently referred embodiment of the pres-
ent invention has been shown and described, it 1s to be
understood that this disclosure is for the purpose of

3
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illustration and that various changes and modifications 20

may be made without departing from the spirit and
scope of the invention as set forth in the appended
claims.

What is claimed is:

1. In a control system for an infimitely variable belt-
drive transmission having a selector device including a
drive range position and a neutral position, a drive pul-
ley having a hydraulically shiftable disc and a servo
chamber for shifting the disc, a driven pulley having a
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hydraulically shiftable disc and a servo chamber for
shifting the disc, and a belt engaged with both the pul-
leys, a hydraulic control circuit for supplying o1l to the
servo chambers and for draining the servo chambers,
the hydraulic control circuit being provided with a
pressure regulator valve for providing a line pressure
and a transmission ratio control valve for applying the
line pressure to the servo chamber of the drive pulley,
the improvement comprising:

a lubricating oil circuit provided in the hydraulic
control circuit for supplying lubricating oil to the
drive and driven pulleys;

a passage for supplying a part of the lubricating oil to
the servo chamber of the drive pulley;

a check valve provided in the passage for preventing
the reverse flow of the lubricating oil[; and

a select position detecting valve for enabling the
supply of the lubricating oil to the servo chamber
at the selection of the neutral position].

2. The control system according to claim 1 wherein
the lubricating oil circuit is connected to a drain pas-
sagel, and the select position detecting valve is pro-
vided for restricting the drain oil to raise the pressure of
the lubricating oil].

3. The control system according to claim 1 further
comprising means for restricting the drain from the

transmission ratio control valve.
| x »x i A
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