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(54) Automatic transmission having clutch actuator with cancel chamber comprising centrifugal compensation

(57) The automatic transmission is provided with at least one friction element 32 and a piston 33. Engagement of the
friction element 32 occurs when operating pressure is applied to an apply chamber 35 to cause the appropriate piston
stroke. Disengagement of the friction element 32 occurs when operating pressure is applied to a cancel chamber 35a to

cause the appropriate piston stroke. The outer diameter (r) of the pressure-receiving surface in the cancel chamber 35a is
substantially the same as that (R) in the apply chamber 35. Therefore, piston pushing force due to centrifugal force in the

apply chamber 35 is balanced with piston reverse pushing force due to centrifugal force in the cancel chamber 35a. This
prevents the friction element 32 from being dragged while in the disengaged condition.
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2264152

AUTOMATIC TRANSMISSION

The present invention relates to improvements in an
automatic transmission for an automotive vehicle, and more
particularly to an automatic transmission which is improved in
structure and performance.

U.S. Patent No. 3581858 discloses a conventional automatic
transmission in which a clutch unit is arranged such that a cancel
chamber is disposed to be opposite to an apply chamber relative
to a piston for changing an operating condition of a clutch. The
cancel chamber is formed such that a pressure receiving surface
is different from that of the apply chamber. This arrangement is
not sufficient to actuate a piston pushing force due to centrifugal
force pressure in the apply chamber by that in the cancel
chamber.

It would be desirable to be able to provide an
improved automatic transmission which can prevent a friction
element from being dragged due to centrifugal force generated in
an apply chamber of the friction element.

It would also bedesirable tobeable to provide an
improved automatic transmission by which a shifting operation is
improved in speed and feeling.

According to an aspect of the present invention, there is
provided an automatic transmission for an automotive vehicle; the
automatic transmission processes a shifting operation by
engagement and disengagement of a friction element which is
disposed around a transmission shaft drivingly connected to an
engine crankshaft. The automatic transmission comprises a
piston which pushes the friction element for the engagement. An
apply chamber is arranged such that operating pressure is
applied thereto and strokes the piston for the engagement of the
friction element. A cancel chamber, to which operating pressure
is applied to stroke the piston for the dixngagement of the
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friciton element, is disposed opposite to said apply chamber with
respect to said piston. The cancel chamber is formed such that an
outer diameter of a pressure receiving surface of said cancel
chamber is the same as that of the apply chamber.

According to another aspect of the present invention, there
is provided an automatic transmission for an automotive vehicle,
the automatic transmission having a plurality of friction elements
proceses a shifting operation in a manner to engage one of the
friction elements and to disengage another one of the friction
elements. The friction element is disposed around a transmission
shaft drivingly connected to an engine crankshaft. The automatic
transmission comprises a piston which pushes the one friction
element for the engagement. A first apply chamber is arranged
such that operating pressure is applied thereto to stroke the
piston for the engagement of the first friction element. A cancel
chamber is arranged such that disengagement pressure for
disengaging the another friction element to be disengaged is
applied thereto. The cancel chamber is disposed opposite to the
first apply chamber with respect to said piston. The cancel
chamber is formed such that an outer diameter of a pressure
receiving surface of the cancel chamber is the same as that of the
apply chamber. A second apply chamber is arr_anged such that
engagement pressure for engaging the another friction element to
be engaged is applied thereto. A passage communicates with the
cancel chamber and the second apply chamber.

In the drawings, like reference numerals designate like
parts and elements throughout all figures, in which:

Fig. 1A is a skeleton drawing showing an embodiment of an
automatic transmission according to the present invention;
Fig. 1B is a table showing the engagement logic of friction
elements; :

Fig. 2 is a cross-sectional view of a main part of the
automatic transmission according to the present invention;
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Fig. 3 is a cross-sectional view of the other part of the
automatic transmission according to the present invention;

Fig. 4 is a circuit diagram showing 2 transmission control
hydraulic circuit of the automatic transmission according to the
present invention; and

Fig. 5 is a cross-sectional view of another embodiment of
the automatic transmission according to the present invention.

Referring to the drawings, preferred embodiments of the
present invention will be described.

Referring now to Figs. 1A,1B, 2, 3,and 4, there is shown an
embodiment of an automatic transmission according to the
present invention. As shown in Fig. 1A, the automatic
transmission is provided with an input shaft 1, an output shaft 2,
and an intermediate shaft 3 which are coaxially aligned such that
the intermediate shaft 3 is disposed between and butted against
the input and output shafts 1 and 2. The input shaft 1 is
drivingly connected to an engine crankshaft (though not shown)
through a torque converter 4. A first planetary gear set 5 and a
second planetary gear set 6 are aligned in tandem with each
other and coaxially disposed around the input shaft 1. A third
planetary gear set 7 is coaxially disposed around the output shaft
2.

The first and second planetary gear sets 5 and 6 are simple
gear sets and provided with first and second sun gears 5S, 6S, and
first and second ring gears SR and 6R which are engaged with
first and second pinions SP and 6P, respectively. The first and
second pinions 5P and 6P are rotatably supported by first and
second carriers SC and 6C, respectively. Similarly, the third
planetary gear set 7 is a simple gear set and provided with a
third sun gear 7S and a third ring gear 7R which are engaged
with third pinion 7P. The third pinion 7P is rotatably supported
by a third carrier 7C.

The first sun gear 5S is fixable by a band brake B/B and
connectable with the input shaft 1 by a reverse clutch R/C. The
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first carrier 5C is connectable with an input shaft 1 by a

high clutch H/C, and prevented by a low one-way clutch L/OWC
from rotating in the reverse direction to the rotating direction of
the input shaft 1. Furthermore, the first carrier 5C is fixable by a
low reverse brake LR/B and connectable with the second ring
gear 6R by a low clutch L/C. The second sun gear 6S is integrally
connected to the input shaft 1, and the second carrier 6C is
integrally connected to the first ring gear 5R and the

intermediate shaft 3.

The intermediate shaft 3 is integrally connected to the third
ring gear 7R, and the third carrier 7C is connected to the input
shaft 2. The third carrier 7C is connectable with the third sun
gear 7S by a direct clutch D/C. The third sun gear 7S is fixable
by a reduction brake RD/B.

The above-mentioned transmission can select forward first
speed to fifth speed, reverse, and parking by operating the
above-mentioned clutch(es) and brake(s) into a combination (cell
with a circle) shown in a table of Fig. 1B, at a range which is
manually selected according to a desired running mode (includes
parking) by a driver.

That is to say, when P range is selected according to a
driver's request for parking or N range selected according to a
driver's request for stopping, only the reduction brake RD/B is
engaged. Accordingly, the third sun gear 7S is fixed, and the
rotating power of the intermediate shaft 3 is reducingly
transmitted to the output shaft 2 through the third ring gear 7R,
the third pinion 7P, and the third carrier 7C. With this selection,
the third planetary gear set 7 is set in a reducing transmission
condition, and all of the friction elements in relation with the first
and second planetary gear sets 5 and 6 are not engaged.
Accordingly, no rotating power of the input shaft 1 is transmitted
to the intermediate shaft 3, and therefore the automatic
transmission accomplishes a parking or stopping state in which
the output shaft 2 is not rotated.
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When D range is selected according to a driver's request
for forward cruising, 3 range is selected according to a driver's
recvest for third-speed engine-brake operating cruising, 2 range
is selected according to a driver's request for second speed
engine brake operating cruising, or 1 range is selected according
to a driver's request for first-speed engine-brake operating
cruising, the reduction brake RD/B is engaged,and the low clutch
L/C is engaged. With the engagement of the reduction brake
RD/B, the third planetary gear set 7 is set in the reducing
transmission condition as mentioned above. With the
engagement of the low clutch L/C, the second ring gear 6R is
prevented by the low one-way clutch LOW/C from rotating in the
reverse direction to the rotating direction of the input shaft 1.
Accordingly, the rotating power transmitted from the input shaft
1 to the second sun gear 6S rotatingly moves the second pinion
6P within the second ring gear 6R and reducingly rotates the
second carrier 6C in the same direction as the rotating direction
of the input shaft 1. The rotation of the second carrier 6C is
transmitted to the intermediate shaft 3 and further reduced in
rotating speed by the third planetary gear set 7. This reduced
rotating power is transmitted to the output shaft so as to obtain
forward 1st speed.

When, in first speed, the second carrier 6¢c is reversely
driven at a high speed in the same direction as the rotating
direction of the input shaft 1, such a reverse driving force is not
transmitted to the input shaft 1, due to the disengagement of the
low one-way clutch LOW/C, and the engine-brake is not
generated. When an engine-brake operating cruising 1is
requested in 1 range, it is necessary 1O forbid the disengagement
of the low one-way clutch LOW/C by operating the low reverse
brake LR/B as indicated by a triangle within a cell in the table of
Fig. 1B.

When the cruising condition forces a selection of second
speed, the reduction brake RD/B, the low clutch L/C, and the band
brake B/B are engaged. With the engagement of the reduction
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brake RD/B, the third planetary gear set 7 is set in a reducing
transmission condition. On the other hand, with the engagement
of the low clutch L/C and the band brake B/B, the first sun gear
58 is fixed by the band brake B/B so as to receive a reaction
force. The rotation of the second ring gear 6R is transmitted to
the first carrier 5C via the low clutch L/C and further transmitted
to the first ring gear SR by rotatingly moving the first pinion 5P
around the first sun gear 5S. Accordingly, the second carrier 6C
and the intermediate shaft 3 increase their right rotating speed,
and therefore second speed is obtained.

When the cruising condition forces a section of third speed,
the reduction brake RD/B, the low clutch L/C,and the high clutch
H/C are engaged. With the engagement of the reduction brake
RD/B, the third planetary gear set 7 is set in a reducing
transmission condition. On the other hand, with the engagement
of the low clutch L/C and the high clutch H/C, the second ring
gear 6R is rotated with the input shaft 1. Accordingly, the second
sun gear 6S integrally connected with the input shaft 1 is
integrally rotated with the second ring gear 6R. This enables the
intermediate shaft 3 to be rotated at the same speed as
the input shaft 1, and therefore third speed is selected.

When the cruising condition forces a selection of fourth
speed, the friction elements in relation with the first and second
planetary gear sets 5 and 6 are engaged so as to be the same
combination as that of third speed, and the direct clutch D/C in
relation with the third planetary gear set 7 is engaged. With the
engagement of the direct clutch D/C, the third sun gear 7S is
connected to the third carrier 7C, and the third planetary gear set
7 is set in a direct transmission state in which all the friction
elements are integrally rotated. Accordingly, the rotating speed
of the intermediate shaft 3 is directly transmitted to the output
shaft 2 without the reduction of rotating speed, and upshift from
third to fourth speed is carried out.

When the cruising condition forces a selection of fifth
speed, the direct clutch D/C, the band brake B/B, and the high
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clutch H/C are engaged. With the engagement of the direct clutch
D/C, the third planetary gear set 7 is set in a direct transmitting
condition. On the other hand, with the engagement of the band
brake B/B and the high clutch H/C, the first carrier 5C is rotated
with the input shaft 1, and the first sun gear 5S is fixed.
Accordingly, the first pinion 5P is rotatingly moved around the
first sun gear 5S, and therefore the first ring gear SR, the second
carrier 6C, and the intermediate shaft 3 which are integrally
connected with each other are rotated. This enables fifth speed
to be selected.

When R range is selected according to a driver's request for
reverse cruising, the reduction brake RD/B, the low reverse brake
LR/B, and the reverse brake R/B are engaged. With the
engagement of the reduction brake RD/B, the third planetary
gear set 7 is set in a reducing transmission condition. With the
engagement of the-reverse clutch R/C and the low reverse clutch
LR/C, the first sun gear 5S is integrally rotated with the input
shaft 1, and the first carrier 5C is fixed. Accordingly, the first
ring gear 5K, the second carrier 6C, and the intermediate shaft 3
are rotated in the reverse direction to the rotating direction of
the input shaft 1. This rotating power is transmitted to the
output shaft 2 upon being decreased in speed, and therefore a
reverse speed is obtained.

In Fig. 1A, various pressure values, which indicate
operation pressure values applied to friction elements, are
designated by reference character P with various suffixes.
Hereinafter, such pressure values will be discussed in brief.

The low clutch L/C, whose engagement in fifth speed causes
interlock of the gear train (in fifth speed, the band brake B/B and
the high clutch H/C are engaged), is normally disengaged, and is
engaged at predetermined engagement pressure PL.CA. However,
when disengagement pressure PLCR is applied to the low clutch
L/C in the reverse direction to that of the engagement pressure
P1.CA, even if the engagement pressure PiCA is applied, the
low clutch L/C is disengaged. Also, the reduction brake RD/B,
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whose engagement in fourth or fifth speed generates interlock of
the gear train, is normally disengaged, and is engaged at a
predetermined engagement pressure PRDBA. When a
predetermined disengagement pressure PRDBR is applied to the
reduction brake RD/B in the direction opposite to that of the
engagement pressure PRDBA, even if the engagement pressure
PRDBA is applied, the reduction brake RD/B is disengaged.

As shown in Figs. 2 and 3, the input, intermediate, and
output shafts 1, 3, and 2 are coaxially aligned while being in turn
contacted with butt joint, and disposed in a transmission case 11I.
The input, intermediate, and output shafts 1, 3, and 2 are
relatively rotatable with each other. The input shaft 1 is
rotatably inserted in a tubular fixing shaft 12. The first and
second planetary gear sets 5, 6 are coaxially located around an
output side of the input shaft 1. The second sun gear 6S is fixed
to the input shaft 1 with serration engagement. The second
carrier 6C is connected to the first ring gear 5R and fixedly
connected to the intermediate shaft 3 with serration engagement.
The first sun gear 5S is connected with an end of a drum 13
which is rotatably supported on the tubular fixing shaft 12. A
clutch hub 14 is rotatably supported on the input shaft 1 and
connected to the first carrier SC with serrafion engagement.

The band brake B/B is positioned around an outer side of
the drum 13. A piston 15 is slidably mounted in the drum 13 so
as to define a chamber 16 therewith. An inner drum 17 is
coaxially positioned inside of the drum 13. Outer friction plates
18 and inner friction plates 19 are alternately splined to the
drum 13 and the inner drum 17 so as to form a clutch pack 20
therebetween. When the engagement pressure PRC is applied to
the chamber 16, the friction plates 18 and 19 are pushed by the
piston 15, and the reverse clutch R/C is set in an engaged state.

The inner drum 17 is rotatably supported on the tubular
fixing shaft 12 and connected to the input shaft 1 with serration
engagement. The clutch hub 14 has a hub disc 14a which
extends in the radial direction, and a cylinder 14b which is
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connected to an outer periphery of the hub disc 14a and coaxially
positioned inside the inner drum 17. The cylinder 14b has a
plurality of lubricating through-holes 14c. Outer and inner
friction plates 21 and 22 are alternately splined to the cylinder
14b and the inner drum 17 so as to form a clutch pack 23
therebetween. A piston 24 is slidably mounted in the drum 17
and defines a chamber 25 with the drum 17. When the
engagement pressure PHC is applied to the chamber 25, the
friction plates 21 and 22 are pressed by the piston 24, and the
high clutch H/C is set in an engaged condition. A partition wall
26 is disposed opposite to the piston 24 apart from the chamber
25 so as to form a centrifugal pressure cancel chamber 27. A
return spring 28 is disposed in the centrifugal pressure cancel
chamber 27 at a compressed condition.

The high clutch H/C is engaged in a manner that the piston
24 pushes the friction elements 21 and 22 while biasing to the
return spring 28 by supplying operating pressure PHC to the
chamber 25. The clutch pack 23 is positioned so as to surround
the cancel chamber 2, and the cylinder portion 14b has a
plurality of lubricating through-holes 14c. The clutch disc 14a is
extended along a partition wall 24 and defines a lubricating oil
passage 29 therebetween. In order that an operating fluid
supply passage to a radial direction hole la of the input shaft 1
and the cancel chamber 27 including a hole 17a formed at an
inner peripheral portion of the drum 17 communicates with the
lubricating oil passage 29 at a just-before portion of the hole 17a,
a hole 17b is formed at the inner peripheral portion of the drum
18.  With this engagement, the first carrier 5C fixed to the clutch
hub 14 with serration engagement is drivingly connected to the
input shaft 1 fixed to the drum 17 with serration engagement.

Under a condition that the pressure PHC is not supplied to
the chamber 25, the piston 24 is pushed rightward in Fig. 2 due
to the centrifugal force pressure generated in the chamber 25
according to the rotation of the clutch. Similarly, operating fluid
in the cancel chamber 27 receives a centrifugal force pressure
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which is generated according the rotation of the clutch and acts to
push the piston 24 leftward in Fig. 2. Thus, the centrifugal force
pressure generated in the cancel chamber 27 operates to cancel
the centrifugal force pressure generated in the chamber 25. This
solves a phenomenon such that the clutch 25 is dragged due to
the pushing of the clutch plates 21, 22 by the piston 24 although
the clutch is disengaged.

The operating fluid is supplied from a hole la of the input
shaft 1 through a hole 17a formed at the inner portion of the
drum 17 to the cancel chamber 27 as shown by arrows in Fig. 1A.
To the friction plates 21 and 22, the operating fluid is supplied
from the hole 17a through a hole 17b, a clutch pack oil passage
29, and a through-hole 14c. The hole 17b is formed to
communicate the clutch pack oil passage 29 and the hole la
supplying operating fluid.

Since a major part of the lubrication oil passage for the
friction plates 21 and 22 is shared with that of the passage for
the cancel chamber 27, passages for hydraulic system are largely
facilitated. Furthermore, since the clutch pack oil passage 29 is
defined between the partition wall 26 and the hub disc 14a, the
supplement of the operating fluid to the clutch pack 23 is
smoothly carried out without causing trouble in lubrication.

A drum 30 is drivingly connected to the first carrier 5C and
extends rearward so as to cover the first and second planetary
gear sets 5 and 6. Outer and inner friction plates forming a
clutch pack 32 are alternately splined to an inner surface of the
drum 30 and an outer surface of a clutch hub 31 extending from
the second ring gear 6R. The low clutch L/C is constituted by the
clutch pack 32 and a piston 33. The second ring gear 6R is
supported by the low clutch L/C in the radial direction. The
drum 30 forms a part of the low clutch L/C and the low reverse
clutch LR/C. The clutch hub 31 is integrally connected to a disc
6a of the second ring gear 6R and extends from the second ring
gear 6R in the axial direction. The clutch hub 31 is coaxially
disposed inside of the drum 30. The clutch pack 32 is splined to
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the clutch drum 30 and clutch hub 31. The drum 30 is rotatably
supported on a tubular fixing shaft 37 through the cylinder 34

integrally connected to the drum 30.  Accordingly, the clutch hub
31 is offset from an engaging position of the second ring gear 6R.

The piston 33 is slidably mounted in a cylinder 34
connected to the drum 30 and defines an apply chamber 35
therebetween. A partition wall 33a is disposed opposite to the
apply chamber 35 relative to the piston 33. An outer periphery
of the partition wall 33a is slidably contacted with the piston 33,
and an inner periphery of the partition wall 33a is fixedly
connected to the cylinder 34. A cancel and release chamber 35a
is defined between the piston 33 and the partition wall 33a.

A return spring 35b is disposed in the chamber 35 in a
compressed state so as to resiliently support the piston 33 at the
clutch disengaged position as shown in Fig. 2. A port 35c is
communicated with the apply chamber 35 to supply operating
pressure. A port 35d is communicated with the cancel and
release chamber 35a to supply operating pressure. An inner
surface of the cylinder 34 is rotatably supported on the tubular
fixing shaft 37, which is connected to the transmission case 11 by
means of bolts 36. Accordingly, the cylinder 34 is prevented
from rotating in the reverse rotating direction of the engine by
the low one-way clutch LOW/C disposed between the cylinder 34
and the tubular fixing shaft 37.

The tubular fixing shaft 37 rotatably supports the
intermediate shaft 3. A partition wall 33a and the piston 33
define a cancel and release chamber 35a to which the
disengagement pressure receiving surface of the piston 33 is
opposed. Accordingly, the low clutch L/C is engaged when the
piston 33 pushes the friction elements in the clutch pack 32 in
response to the engagement pressure to the apply chamber 35
against the return spring 35. In this condition, when
disengagement pressure PLCR is applied to the chamber 35a, the

piston 33 is returned and the low clutch L/C is disengaged.
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The low reverse brake LR/B and the clutch piston 33 are
located to be in contact with a surface which is perpendicular to
the axis of the transmission. A brake pack 38,in which outer
plates and inner plates are alternately arranged, is splined to a
transmission case 11 and the drum 30 so as to be located
therebetween. The drum 30 is formed so as to become small in
diameter at a portion where the brake pack 38 is connected, as
compared with the other portion. A piston 39 is slidably fitted
with an end wall 1la of the transmission case 11 and defines an
apply chamber 40. A spring seat 39a is sandwiched between the
transmission case 11 and the tubular fixing shaft 37. A return
spring 39 is compressedly disposed between the spring seat 39a
and the piston 39 so as to resiliently support the piston 39 at a
brake released position as shown in Fig. 2.

The low one-way clutch L/OWC is positioned between the
cylinder 34 and the tubular fixing shaft 37. An outer race 101 of
the low one-way clutch L/OWC is not integral with the cylinder
and engaged with an inner surface of the cylinder 34.

When the operating pressure is not supplied to the apply
chamber 35, the piston 33 is biasingly supported by the return
spring 35b as shown in Fig. 2. Accordingly, the clutch pack 32 is
not pushed by the piston 33 and therefore the low clutch L/C is
put into a disengaged condition. In this condition, when the
operating pressure is supplied to the apply chamber 35 through
the port 35c, the piston 33 is moved against the return spring
35c to push the clutch pack 32 and therefore the low clutch L/C
is put into the engaged condition. In this condition, a rotating
member (not shown) connected to the drum 30 is connected to
the second ring gear 6R, and the low one-way clutch L/OWC
operates to prevent the reverse rotation of the second ring gear
6R.  Accordingly, the automatic transmission selects a first speed.

When in first speed, in the event that the engine is forced
to be reversely rotated during cruising, the low one-way clutch
L/OWC is racing and does not transmit the reverse driving
force to the engine. Accordingly, it is not possible to obtain
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engine brake. When engine brake is desired, it is necessary to
put the low reverse brake LR/B into the engaged condition in a
manner to push the brake pack 38 by the piston 39 due by
means of the supplement of the operating pressure to the apply
chamber 40. With this operation, the racing of the low one-way
clutch L/OWC is prevented and the drum 30 connected to the
first carrier SC is fixed. This enables engine brake to be
operated.

When the release pressure PLCR is supplied to the cancel
and release chamber 35a through the port 35d under the
engaged condition of the low clutch L/C, the piston 33 is returned
to a position shown in Fig. 2 due to the pushing force by the
cancel chamber 35a and a biasing force of the return spring 35D.
Accordingly, the low clutch L/C is put into disengaged condition
and therefore it becomes possible to proceed shifting to a
corresponding shift speed by engaging other friction element.

When operating pressure is not supplied to the apply
chamber, that is, when the clutch is in disengaged condition,
centrifugal pressure generated in the apply chamber 35
according to the rotation of the low clutch L/C pushes the piston
33 against the return spring 35b and therefore the clutch pack
32 is slightly pushed. This causes the drag of the low clutch L/C.

However, then the centrifugal pressure is generated in the
cancel and release chamber 35a and operates to forbid the stroke
of the piston by functioning to cancel the centrifugal pressure in
the apply chamber 35. Accordingly, the clutch in a disengaged
condition is prevented from generating drag due to the
centrifugal pressure in the apply chamber 35.

Since the low clutch L/C and the low reverse clutch LR/C
are connected to the drum 30 to which the first carrier 5C to be
connected or fixed to the second ring gear 6R is connected, it
becomes possible to facilitate a brake hub which is necessary in a
conventional structure. Accordingly, it becomes possible to
reduce the number of the parts and therefore improves the
assemblity and the lowering of the production cost. Furthermore,
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the axial length of the transmission is shortened by the
locationing of the brake pack 38 and the piston 33 of the low
clutch L/C which are positioned to be in contact with a surface
perpendicular to the transmission axis.

Furthermore, since the low one-way clutch L/OWC is located
between the tubular fixing shaft 37 and the cylinder 34
engagingly connected to the drum 30, similarly it becomes
possible to shorten the axial length of the transmission.

Additionally, since the outer race 101 of the low one-way
clutch L/OWC is not integral with the cylinder and engaged with
an inner surface of the cylinder 34, the clutch cylinder is
prevented from receiving an initial large input shock to the low
one-way clutch L/OWC. This enables the cylinder to be formed
by ‘a press worked part. Furthermore, since it becomes possible
to previously assemble the clutch piston 33 and the outer race of
the low one-way clutch relative to the clutch cylinder, the
assembly operation is largely improved.

Outer radius r of the pressure-receiving surface facing the
cancel and release chamber 35a of the piston 33 is determined to
be the same as outer radius R of the pressure-receiving surface
facing the apply chamber 35. A port 35c communicates with
the apply chamber 35 and supplies operating pressure to the
apply chamber 35 therethrough. A port 35d communicates with
the cancel and release chamber 35a and supplies operating
pressure to the cancel and release chamber 35a therethrough.

When the disengagement pressure PLCR is supplied to the
cancel and release chamber 35a through the port 35d under a
Jow clutch L/C engaged condition, the piston 33 is returned to an
original position as shown in Fig. 2 due to the disengagement
pressure PL,CR and the biasing force of the return spring 35b
even if operating pressure is applied to the apply chamber 35.
Accordingly, the low clutch L/C is disengaged so as to enable
shifting to a corresponding shift speed.

In a clutch disengaged condition,in that the operation
pressure is not applied to the apply chamber 25, centrifugal force
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is generated in the apply chamber 35 according to the rotation of
the low clutch L/C and pushes the piston 33 biasing to the return
spring 35b. Further, the friction plates 8 and 9 of the clutch pack
32 are pushed, and thereby drag of the low clutch L/C tends
to be produced. However, then, another centrifugal force is
generated in the cancel and release chamber 35a and functions to
cancel the centrifugal force in the apply chamber 35 so as to
forbid the stroke of the piston 33. Accordingly, drag of the
low clutch L/C under a clutch disengaged condition is prevented.

Since the outer diameter of the pressure-receiving surface
facing the cancel and release chamber 35a is the same as that
of the pressure-receiving surface facing the apply chamber 35,
the piston pushing force due to the centrifugal force in the apply
chamber 35 and the pushing force due to the centrifugal force in
the cancel and release chamber 35a are just balanced with each
other. Accordingly, drag of the low clutch L/C is perfectly
avoided, and the other trouble such as the prevention of the
operation of the piston 33 due to the centrifugal force in the
release chamber 35a is also avoided.

Furthermore, it becomes possible to disengage the low
clutch L/C in a manner to apply the disengagement pressure
PL.CR to the release chamber 35a while applying operation
pressure to the apply chamber 35. This operation is applied to a
shifting mode of the automatic transmission.

Outer and inner friction elements are alternately splined between
the drum 30 and the transmission case 11 and form a brake
pack 38. The low reverse brake LR/B is constituted by the brake
pack and a piston 39. The piston 39 is engaged with the
transmission case 11 and defines a chamber 40. The low reverse
brake LR/B is engaged when engagement pressure PLRBA is
applied to the chamber 40 and the piston 39 pushes the brake
pack 39.

Referring to Fig. 3, the third ring gear 7R is connected to the
rear end of the intermediate shaft 3, and the third carrier 7C 1is
fixed to the output shaft 2 with serration engagement. A drum
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41 is connected to the third sun gear 7S which is rotatably
engaged with the output shaft 2. The drum 41 is rotatably
supported on a tubular fixing shaft 42 which is integrally
connected to the transmission case 11. The tubular fixing shaft
42 also rotatably supports the output shaft 2. The third carrier
7C is integrally connected to a clutch hub 43 positioned inside
the drum 41. A clutch pack 44, which is formed by alternately
arranged outer and inner friction elements, is splined to the outer
surface of the clutch hub 43 and the inner surface of the drum
41. A piston 45 is slidably mounted in the drum 41 and defines
a chamber 46 with the drum 41. The direct clutch D/C is
constituted by the piston 45 and the clutch pack 44. A
centrifugal pressure cancel chamber 46a is defined by a partition
wall 45a and the piston 45. The direct clutch D/C is engaged
when engagement pressure PDC is applied to the chamber 46,
and the piston 45 pushes the clutch pack 44.

A brake pack 47, which is formed by alternately arranged
outer and inner friction elements, is splined to the outer surface
of the drum 4 and the inner surface of the transmission case 11.
The reduction brake RD/B is constituted by the brake pack 47
and a piston 48. The piston 48 is slidably mounted in the tubular
fixing shaft 42 and defines an apply chamber 49. A release
chamber 49a is defined by the piston 48 and the partition wall
48a so as to be opposite to the apply chamber 49 relative to the
piston 48. The reduction brake RD/B is engaged when
engagement pressure PRDBA is applied to the apply chamber 49,
and the brake pack 47 is pushed according to the engagement
pressure PRDBA . In this condition, when release pressure PRDBR
is applied to the release chamber 49a, the piston 48 is returned
and the reduction brake RD/B is disengaged. In Figs. 2 and 3,
reference numerals 100a-100m designate thrust bearings.

Since the second ring gear 6R is supported in the radial
direction at an offset point relative to the engaging point of the
second ring gear due to the brake pack 32, the supporting
rigidity relative to the engagement force is sufficiently improved
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and it is expected to obtain a vibration reduction effect due to the
friction between the clutch plates 8a, &b.

Fig. 4 shows a hydraulic circuit for shift control of the gear
train shown in Figs. 1 to 3. A pressure source 51 usually
generates a predetermined pressure and supplies it to a manual
valve 52. The manual valve 52 is manually operated by a driver
in accordance with a desired cruising pattern and selected into
one of P, R, N, D, 3, 2, 1 ranges. The manual valve 52 outputs line
pressure P, to circuits 53, 54,and 55 in accordance with a
selected range.

The circuit 53 is communicated with the apply chamber 35
of the low clutch L/C through a one-way orifice 56. The circuit
54 and a branch of the circuit 53 are communicated with the first
speed engine-brake selector valve 57. The selector valve 57 is a
solenoid selector valve which takes a first port position 57a
shown in Fig. 4 in a turned-off state and takes a second port
position 57b in Fig. 4 in a turned-on state.

An output circuit of the selector valve 57 is communicated with a
second speed apply chamber SA of the band brake B/B, a third
speed, fourth speed release chamber 34R, a release chamber 35a
of the low clutch L/C through duty solenoid valves Al, A2,and
A3. Each of output circuits 60, 61 of the duty solenoid valves A2,
A3 is communicated with two inputs of a shuttle valve 62.
Output of the shuttle valve 62 is communicated with the chamber
25 of the high clutch H/C. The output circuit 61 is further
communicated with a fifth speed apply chamber 5A of the band
brake B/B. The band brake B/B is usually disengaged, and
engaged when pressure PBB2A is applied to a chamber 2A.
Further, in this pressure applied condition, when pressure
PBB34R is applied to a chamber 34R, the band brake B/B is
disengaged. In addition, when the pressure PBBSA is applied to
the chamber SA, the band brake B/B is engaged.

The low clutch L/C is usually disengaged and is engaged
when pressure PL,CA is applied to the chamber 35. In this
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pressure applied condition, when pressure PLCR is applied to the
chamber 35a, the low clutch L/C is disengaged.

Another output circuit 59 of the selector valve 57 is
communicated with one of two inputs of a shuttle valve 64
through 1 range pressure reduction valve 63. The other input of
the shuttle valve 64 is communicated with the circuit 55. The
chamber 16 of the reverse clutch R/C is communicated with the
circuit 55.

The line pressure PI, from the pressure source 51 is
communicated with the chamber 46 of the direct clutch D/C
through the duty solenoid valve A4. One port of the valve Ad is
communicated with the apply chamber 49 of the reduction brake
RD/B, and the other port of the valve A4 is communicated with
the release chamber 49a of the reduction brake RD/B. The
reduction brake RD/B is usually disengaged, and engaged when
pressure PRDBA is applied to the chamber 49. In this condition,
when pressure PRDBR is applied to the chamber 49a, the
reduction brake RD/B is disengaged.

The manner of operation of the transmission control
hydraulic circuit will be discussed hereinafter with reference to
Fig. 4.

P. N range

When the manual valve 52 is put in P or N range in
accordance with a driver's request for parking or stopping, the
circuits 53 to 55 are drained off, and the reverse clutch R/C, the
band brake B/B, the low clutch L/C, the high clutch H/C,and the
low reverse clutch LR/C are disengaged by applying no pressure
thereto. Then, the rotating power of the engine does not reach
the intermediate shaft 3, and therefore the output shaft is not
rotated. This enables parking or stopping.

Line pressure P[, is usually supplied to the circuit 65 and
reaches the apply chamber 49 of the reduction brake RD/B as
pressure PRDBA. At that time, the pressure PRDBR to the release
chamber of the reduction brake RD/B and the pressure PDC to the
chamber 46 of the direct clutch D/C are set to zero by controlling
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the duty of the duty solenoid valve A4 to 0%. Accordingly, the
reduction brake RD/B is engaged while the direct clutch D/C is
disengaged. With this operation, the third planetary gear set 7
connects the intermediate shaft 3 with the output shaft 2 in a
reduction transmitting condition.

D. 3 range

(First Speed)

When the manual valve 52 is put in D or 3 range in
accordance with a driver's request for automatic transmitting oI
third-speed engine-braking cruising, line pressure P1, is supplied
to the circuits 53. At this range, the first-speed engine-brake
selector valve 57 is turned off and takes the first port position
57a to supply line pressure to the circuit 58. The line pressure of
the circuit 53 is supplied to the apply chamber 35 of the low
clutch L/C through the one-way orifice 56 as a pressure PLCA.
Although the line pressure of the circuit 58 is supplied to the
duty solenoid valves Al, A2,and A3, the output pressures PBB2A,
PBB34R, PLCR, PBB5A, PHC of the valves become 0 by setting the
duty of the valves to 0%. Accordingly, the low clutch L/C is
engaged, and the band brake B/B and the high clutch H/C are
disengaged. On the other hand, since the duty of the duty
solenoid valve A4 is set at 0% as is similar to that in P or N range,
the reduction brake RD/B is engaged and the high clutch H/C is
disengaged. Accordingly, the third planetary gear set 7 is kept at
a reduction speed transmitting condition. This enables the
selection of the first speed and the starting of the vehicle.
(Second Speed)

When the cruising condition forces  selection of the second
speed, the pressure PBB2A is supplied to the second speed serve
apply chamber 2a of the band brake B/B by gradually increasing
the duty of the solenoid valve Al. Accordingly, the band brake
B/B is additionally operated (engaged) while the low clutch L/C
keeps its engagement. This enables the automatic transmission
to be set at the second speed.

(Third Speed)
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When the cruising condition forces  selection of the third
speed, the pressure PBB34R is supplied to the third speed/ fourth
speed release chamber 34R of the band brake by increasing the
duty of the duty solenoid valve A2. Accordingly, the band brake
B/B is disengaged. In that time, the pressure PBB34R is supplied
as a pressure PHC to the chamber 25 of the high clutch H/C
through the shuttle valve 62, and therefore the high clutch H/C is
engaged. This causes deployment of the friction elements so that
the band brake B/B is engaged and the high clutch H/C is
engaged, enabling  selection of the third speed.

(Fourth Speed)

When the cruising condition forces  selection of the fourth
speed, the duty solenoid valves Al to A3 are set to be the same
states at the third speed, and the pressure PRDBR to the release
chamber 49a of the reduction brake RD/B and the pressure PD C
to the chamber 46 of the direct clutch D/C are increased by
gradually increasing the duty of the solenoid valve A4. This
causes redeployment of the friction elementssothat the reduction
brake RD/B is disengaged and the direct clutch D/C is engaged.
Accordingly, the state of the third planetary gear set 7 is changed
from a reduction speed transmission condition to the direct
transmission condition so as to enable  selection of the fourth
speed. In 3 range, a shifting to the fourth speed or fifth speed is
forbidden and enables the third speed engine brake cruising.
(Fifth Speed)

When the cruising condition forces  selection of the fifth
speed, the pressure PLCR is supplied to the release chamber 35a
of the low clutch L/C and the pressure PBB5A is supplied to the
fifth speed apply chamber SA of the band brake B/B by
increasing the duty of the duty solenoid valve A3. With this
operation, the low clutch L/C is disengaged and the band brake
B/B is engaged. This enables change to the fifth speed.

2, 1 range

When the manual valve 52 is put in 2 or 1 range according

to a driver's request for the second-speed or first-speed
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engine-brake cruising, line pressure P1, is supplied to the circuits
53 and 54. With this operation, the low clutch L/C is engaged to
be the same as that in D or 3 range. On the other hand, the duty of
the duty solenoid valve A4 is set at 0%, and therefore the direct
clutch D/C is disengaged and the reduction brake RD/B is engaged
so as to set the third planetary gear set 7 in a reducing
transmission condition. At this state, if it is desired to select 2
range, a driver turns off a manual switch (not shown) to put the
valve 57 into the first port position 57a. With this operation, line
pressure communicates with the duty solenoid valve Al through
the circuit 58. Accordingly, the band brake is engaged Dby the
turning-on of the valve Al and disengaged by the turning-off of
the valve Al. This enables selection of second or first shift as is
similar to that in D or 3 range. In this 2 range, the duty solenoid
valves A2 and A3 are kept in OFF state so as to forbid shifting to
the third speed or more. Accordingly, the second engine brake
cruising is realized.

If 1 range is desired, a driver turns on the manual switch
(not shown) to put the valve 57 into the second port position 57b.
With this operation, line pressure is supplied as a pressure PLRB
to the chamber 40 of the low reverse brake LR/B through the
circuit 59, the 1 range reduction valve 63, and the shuttle valve
64 so as to engage the low reverse brake LR/B. On the other
hand, since the valve 57 operates the circuit 58 to be drained off,
the band brake B/B and the high clutch H/C are kept in
disengagement and the low clutch L/C is engaged, enabling the
first-speed engine-brake cruising.
R range

When the manual valve 52 is put into R range according to
a driver's request for reverse, line pressure is supplied only to
the circuit 55. Since the circuits 53 and 54 are in a drained-off
condition, the low clutch L/C, the band brake B/B, and the high
clutch H/C, which are of friction elements for forward cruising,
are disengaged. Line pressure in the circuit 55 is supplied as
operating pressure PRC to the chamber 16 of the reverse clutch
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R/C and is applied, supplied as an operating pressure PLRB,to the
chamber 40 of the low reverse clutch LR/C through shuttle valve
64. Accordingly, the reverse clutch R/C and the low reverse
clutch LR/C are engaged.

At R range, the direct clutch D/C is disengaged and the
reduction brake RD/B is engaged by setting the duty of the duty
solenoid valve A4 at 0%. Accordingly, the third planetary gear set
7 is put into a reduction speed transmission state. Therefore, the
reverse shift speed is obtained to enable reverse cruising.

Referring to Fig. 5, there is shown a second embodiment of
the automatic transmission according to the present invention,
which is similar to the first embodiment except for the
supporting structure of the second ring gear 6R. An inner
peripheral portion of the second ring gear 6R is sandwiched
between axially opposite surfaces of the second carrier 6C and
the tubular fixing shaft 37. A pair of thrust bearings 120a and
120b, which are arranged to have the same diameter and axis,
are positioned so as to axially support the inner peripheral
portion of the second ring gear OR.

With this arrangement, the supporting
rigidity of the second ring gear 6R is not changed even if pushing
force is applied to the second ring gear 6R in any direction. This
prevents the inclined bending of the ring gear and the
degradation of the engagement between gears. Consequently, it
becomes possible to suppress the gear noise and its derivation.
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Claims:-

1. An automatic transmission which processes a shifting
operation by engagement and disengagement of a friction element,
the friction element being disposed around a transmission shaft
which is to be driven by an engine crankshaft, the automatic
transmission comprising:

a piston which pushes the friction element for the
engagement of the friction element;

an apply chamber to which operating pressure is applied to
cause a piston stroke for engaging the friction element; and

a cancel chamber to which operating pressure is applied to
cause a piston stroke for disengaging the friction element, the
cancel chamber being disposed opposite to the apply chamber with
respect to the piston;j

the outer diameter of the pressure-receiving surface in the
cancel chamber being substantially the same as that in the apply

chamber.

2. An automatic transmission which has a plurality of friction
elements and which processes a shifting operation so as to engage
one of the friction elements and to disengage another of the
friction elements, each friction element being disposed around a
transmission shaft which is to be driven by an engine crankshaft,
the automatic transmission comprising:

a piston which pushes the one friction element for the
engagement;

a first apply chamber to which operating pressure is applied
to cause a piston stroke for engaging the first friction element;

a cancel chamber to which disengagement pressure for
disengaging the one friction element is applied, the cancel
chamber being disposed opposite to the first apply chamber with

respect to the piston;
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the outer diameter of the pressure-receiving surface in the
cancel chamber being substantially the same as that in the first
apply chamber;

a second apply chamber to which engagement pressure for
engaging the other friction element to be engaged is applied; and

a passage which communicates with the cancel chamber and the

second apply chamber.

3. An automatic transmission as claimed in claim 2, wherein the
disengagement of the one friction element is carried out by

applying a cancel pressure to the cancel chamber.

L, An automatic transmission as claimed in any preceding claim,
wherein the cancel chamber is so arranged that, in the event that
no operating pressure is applied to the (first) apply chamber, a
piston pushing force caused by centrifugal force in the said
apply chamber is cancelled by a pushing force caused by

centrifugal force in the cancel chamber.

5. An automatic transmission as claimed in any preceding claim,
including a ring gear of a planetary gear set, a clutch hub
integrally connected with the ring gear and extending from the
ring gear in the axial direction to be apart from the ring gear,
and a friction element disposed on the clutch hub so as to

support the ring gear in the radial direction.

6. An automatic transmission as claimed in claim 5, including a
pair of thrust bearings which are respectively disposed on both
sides of the ring gear in the axial direction, the thrust

bearings have the same axis and the same diameter.

T. An automatic transmission as claimed in any preceding claim,
wherein a friction element is splined between a drum and a hub,
the friction element being engaged by the pushing of a piston in

a manner to apply engagement pressure to an apply chamber, a
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cancel chamber defined by the piston and a partition wall being
disposed opposite to the apply chamber relative to the piston and
formed to cancel a piston pushing force caused by centrifugal
force in the apply chamber by a pushing force caused by
centrifugal force in the cancel chamber, and the automatic
transmission further comprising a clutch lubrication passage
between the partition wall and the hub for supplying lubricant to
the friction element, and a passage which communicates with the

apply chamber and the clutch lubrication passage.

8. An automatic transmission as claimed in claim 7, wherein the
friction element is disposed to surround the cancel chamber, and

the hub extends along the partition wall.

9. An automatic transmission as claimed in any preceding claim,
including a gear train which is provided with a plurality of
rotating members; a cylinder drum connected with one of the
rotating members; a clutch connecting the one rotating member to
another of the rotating members, the clutch being disposed inside
the drum; and a brake by which the one rotating member is

fixable, the brake being disposed outside the drum.

10. An automatic transmission as claimed in claim 9, including a
clutch piston for engaging the said clutch by a pushing
operation, the clutch piston being generally coaxial with the
said brake such that the clutch piston and the brake are in
ontact with a surface perpendicular to the axis of the automatic

transmission.

11. An automatic transmission as claimed in claim 10, including
a cylinder which is disposed between the clutch piston and a
fixing shaft rotatably supported around the axis, and a low
one-way clutch for limiting rotation of the one rotating member

to one rotating direction, the one-way clutch being disposed
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between the cylinder and the fixing shaft, and the cylinder being

engaged with the said cylindrical drum.

12. An automatic transmission as claimed in claim 11, wherein
the one-way clutch is operatingly connected to an outer race to

which the said cylinder is connected.

13. An automatic transmission substantially as described with
reference to either of the two embodiments illustrated in the

accompanying drawings.
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