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ABSTRACT OF THE DISCLOSURE

An automatic transmission having a construction in which a third
planetary gear mechanism 1s arranged in parallel with CR-CR coupled
first and second planetary gear mechanisms so that the drive force is
transmitted from the carrier of the first planetary gear mechanism to
the ring gear of the third planetary gear mechanism. The input is
transmitted to a first sun gear through a first clutch and to a second
sun gear through a second clutch. The construction further includes a
one-way clutch for fixing the sun gear of the third planetary gear

mechanism.
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SPECIFICATION
TITLE OF THE INVENTION

Automatic Transmission

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an automatic transmission for a vehicle and,
more particularly, to a gear type speed change mechanism constructed mainly of a

plurality of planetary gear mechanisms.

Related Art

A speed change unit using a plurality of planetary gear mechanisms 1s
advantageous in that it can execute speed changes without any change 1n the
meshing engagement of gears and in that an input shaft and an output shaft can be
arrayed on a common axis. For these advantages, the speed change unit of this kind
1s adopted in many automatic transmissions for vehicles.

As the engine mounting type, on the other hand, there 1s known a transverse
type vehicle, on which the automatic transmission 1s also transversely mounted. In
other words, the automatic transmission 1s mounted to have its center axis directed
transversely of the vehicle. As a result, the transverse type automatic transmission
has its axial length extremely restricted because of the small width of the vehicle.

In the prior art, therefore, the transverse type automatic transmission having a
large number of gear stages to be set 1s equipped with a planetary gear mechanism
on the same axis as that of the input shaft and another planetary gear mechanism on
a counter shaft parallel to the former, as exemplified in Japanese Patent Laid-Open
Application No. 302748/1992.

This automatic transmission 1s constructed to include: two sets
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of single pinion type planetary gear mechanisms arranged on the same axis as that
of an input shaft and having their individual carriers and ring gears connected to
each other; a first clutch for transmitting the input to the sun gear of the first
planetary gear mechanism having a carrier as an output element; a second clutch for
transmitting the input to the carrier of the second planetary gear mechanism; and a
third clutch for transmitting the input to the sun gear of the second planetary gear
mechanism. The automatic transmission further includes, as its brake means: a first
brake for fixing the sun gear of the second planetary gear mechanism; and a second
brake for fixing the carrier of the second planetary gear mechanism and the ring
gear, as connected to the former, of the first planetary gear mechanism.

On the counter shaft parallel to the input shaft, moreover, there 1s provided
one set of single-pinion type third planetary gear mechanism which has a ring gear
connected to the carrier of the first planetary gear mechanism through a counter
gear pair. The carrier of the third planetary gear mechanism 1s connected to the
counter shaft. Further provided are a fourth clutch for connecting and uniting that
carrier and the sun gear, and a one-way clutch and a third brake for fixing the sun
gear.

In the automatic transmission as disclosed in the above-specified Laid-Open
Application, therefore, 1st and 2nd speeds in the underdrive state and a 3rd speed in
the direct-coupled state are established by the first and second planetary gear
mechanisms which are arranged on the same axis as that of the input shaft. At these
1st to 3rd speeds, the third planetary gear mechanism i1s set in the underdrive state.
Moreover, a 4th speed in the direct-coupled stage 1s established by bringing the first
and second planetary gear mechanisms into the direct-coupled state and the third
planetary gear mechanism into the direct-coupled state, and a 5th speed in the
overdrive stage 1s established by bringing the first and second planetary gear
mechanisms into the overdrive state and the third planetary gear mechanism into

the direct-coupled
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state.

In the aforementioned transverse type automatic transmission,
the third planetary gear mechanism is brought at the 1st to 3rd speeds
into the underdrive state and at the 4th and 5th speeds 1nto the direct-
coupled state, so that a speed change is caused in the third planetary
gear mechanism at the shifting time between the 3rd and 4th speeds.
Since the sun gear of the third planetary gear mechanism is made to
receive a reaction torque through the one-way clutch, this one-way
clutch 1s applied at the shifting between the 3rd and 4th speeds.
However, the gear stage to be set at an ordinary cruising time is the
highest one so that a downshift from or an upshift to the highest gear
stage 1s caused by a temporary change in the vehicle speed or the

throttle opening during the travel.

In the automatic transmission thus far described, therefore, the
most frequent speed change occurs between the 4th and 5th speeds.
This speed change is caused in the so-called "clutch-to-clutch manner"
by releasing the first clutch and applying the second brake, as
provided in association with the first and second planetary gear
mechanisms. This clutch-to- clutch speed change 1s required to
control the oil pressure of one frictional engagement unit delicately 1n
connection with that of the other frictional engagement unit. The
aforementioned automatic transmission is disadvantageous in that it
has to effect that delicate clutch-to-clutch shift control frequently.

In the prior art, on the other hand, the number of gear stags to
be set is changed without any change 1n the fundamental construction
of the automatic transmission. This is invited from the request for the
reduction of cost' by sharing the parts. In the prior art, the number of
gear stages to be set 1s ordinarily changed by adding or removing the
overdrive unit. If the aforementioned automatic transmission of the
prior art is to be changed according to that method into a four
forward speed automatic transmission, the aforementioned third

planetary gear mechanism is eliminated, and the output element or
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carrier of the first planetary gear mechanism is connected to the
counter shaft through the counter gear pair. Thus, many parts
including the transmission case can be shared between the five-speed
automatic transmission and the four-speed automatic transmission. In
addition, the highest gear stage of the four-speed automatic
transmission can be set to the overdrive stage at which the gear ratio
s less than "1".

Despite of this fact, however, the four-speed automatic
transmission having the two, i.e., first and second planetary gear
mechanisms invites a disadvantage that it is axially elongated for the
four-speed automatic transmission, because all of the two planetary
gear mechanisms and the frictional engagement units are arranged on

the axis common to the input shaft.

SUMMARY OF THE INVENTION

Theretore, the present invention provides an automatic transmission which
can change the speed change control and the number of gear stages easily and has a
reduced axial length.

In accordance with another aspect the present invention also provides for
the sharing of parts among automatic transmissions having different numbers of gear

stages to be set.

Yet another aspect of the present invention is to provide an automatic

transmission which can control the speed change easily in the ordinary cruising range.

The automatic transmission to be premised by the present
invention comprises: first and second planetary gear mechanisms
arrayed on a common axis and each including three components of a
sun gear, a ring gear and a carrier such that any two of the
components of the first planetary gear mechanism are connected one-
by-one to any two of the components of the second planetary gear

mechanism to construct four rotary elements; and a third planetary
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gear mechanism arranged on an axis parallel to the common axis of the
first and second planetary gear mechanisms and including three
components of a sun gear, a ring gear and a carrier such that the first
ones of the four rotary elements and any of the three components of
the third planetary gear mechanism are connected to transmit a power.
The automatic transmission of the present invention comprises: an
input member for inputting a drive power; first clutch means for
connecting the second one of the four rotary elements and the input
member selectively; second clutch means for connecting the input
member and the third one of the four rotary elements selectively: an
output member connected to one other than such one of the three
components of the third planetary gear mechanism as is connected to
the first rotary elements; and a one-way clutch arranged between any
of the three components of the third planetary gear mechanism and a
stationary member and adapted to be switched in its applied state
when the third planetary gear mechanism is to be switched between a
high-speed drive state, at which the output member rotates at a high
speed, and a low-speed drive state at which the same rotates at a low
speed. |

In the automatic transmission of the present invention,
therefore, the speed change between the highest gear stage or 4th
speed and the next lower gear stage is executed by the third planetary
gear mechanism, and the plurality of planetary gear mechanisms for
establishing the four forward speeds are separately arranged on the
two axes so that the automatic transmission can be axially shortened
in 1ts entirety.

The automatic transmission of the present invention can further
comprise third clutch means for connecting the input member and the
fourth ones of the four rotary elements selectively.

The automatic transmission thus constructed can establish five
forward gear stages and can be axially shortened in its entirety.

In the present invention, moreover, the first clutch means and

| n
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the second clutch means may be arrayed at the two sides across the
first planetary gear mechanism and the second planetary gear
mechanism and on the same axis as that of the first and second

planetary gear mechanisms.

[f the third clutch means is comprised, the first clutch means and
the third clutch means may be arrayed at the two sides across the first
planetary gear mechanism and the second planetary gear mechanism

and on the same axis as that of the first and second planetary gear

mechanisms.

comprise another one-way clutch connected to any of the four
components and adapted to be applied when the gear ratio to be set by

the first planetary gear mechanism and the second planetary gear

mechanism takes the maximum.

As a result, the speed change of htgh torque fluctuation and the
speed change of high frequency can be executed by the one-way
clutch, if comprised, so that the speed change can be easily controlled
while preventing the deterioration of the shift shock.

I'he above and further objects and novel features of the present
invention will more fully appear from the following detailed
description when the same is read with reference to the accompanying
drawings. It is to be expressly understood, however, that the
drawings are for purpose of illustration only and are not intended as a

definition of the limits of the invention,.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a skeleton diagram showing a first embodiment of the

present invention;:
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Fig. 2 1s a section showing a portion of an automatic
transmission embodying the construction, as shown in Fig. 1;
Fi1g. 3 1s a section showing another portion of the automatic

transmission shown in Fig. 2:

Fig. 4 1s a clutch/brake application chart of the automatic

transmission shown in Fig. 1:

Fig. 5 1s a skeleton diagram showing another embodiment of the
present invention;

Fig. 6 1s a section showing a portion of an automatic
transmission embodying the construction, as shown in Fig. 5: and

Fig. 7 1s a clutch/brake application chart of the automatic

transmission shown in Fig. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will be specifically described with
reference to the accompanying drawings. First of all, here will be
described the case in which the present invention is coﬁstructed Into a
four-speed automatic transmission, as shown in Fig. 1. To a turbine
runner 3 of a torque converter 2 having a lockup clutch 1, there is
connected an input shaft 4. On the same axis as that of this Input
shaft 4, there are arranged a first planetary gear mechanism 5 and a
second planetary gear mechanism 6. These planetary géar mechanisms
> and 6 are the single-pinion type planetary gear mechanisms which
individually have three components of: sun gears 7 and 8; ring gears 9
and 10 or internal gears arranged on concentric circles of the S un
gears / and 8; and carriers 11 and 12 holding the pinions meshing with
those sun gears 7 and 8 and ring gears 9 and 10,

Of these planetary gear mechanisms S and 6, the carrier 11 of
the first planetary gear mechanism 5, as located at the riglhthand side
of Fig. 1, and the ring gear 10 of the second planetary gear mechanism
6 at the lefthand side are connected to rotate together with each

other, and the ring gear 9 of the first planetary gear mechanism 5 and
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the carrier 12 of the second planetary gear mechanism 6 are connected to rotate
together with each other. Thus, the carriers 11 and 12 and the ring gears 9 and 10 of
those first and second planetary gear mechanisms 5 and 6 are connected, as
described above, to provide a total of four rotary elements: the combination of the
carrier 11 and ring gear 10; the combination of the carrier 12 and ring gear 9; and
the two sun gears 7 and 8.

There 1s provided a multi-disc clutch (hereinafter called the "first clutch") C1
for connecting the input shaft 4 selectively to one of those rotary elements, i.e., the
sun gear 7 of the first planetary gear mechanism 5. There is further provided a
multi-disc clutch (hereinafter called the "second clutch") C3 for connecting the sun
gear 8 of the second planetary gear mechanism 6 selectively to the input shaft 4.

As the brake means, there is interposed between the sun gear 8 and a casing
13 a multi-disc brake (hereinafter called the "first brake") B1 for braking the
rotation of the sun gear 8 of the second planetary gear mechanism 6 selectively.
Between the combination ring gear 9 of the first planetary gear mechanism 5 and
the carrier 12 of the second planetary gear mechanism and the casing 13, there is
mterposed a multi-disc brake (hereinafter called the "second brake") B2 for braking
the rotation of the combination comprising the ring gear 9 and the carrier 12. A
one-way clutch F1 is further provided in parallel with that second brake B2.

A counter-drive gear 14 is attached to another rotary element, i.e., the
combination of the carrier 11 of the first planetary gear mechanism 5 and the ring
gear 10 of the second planetary gear mechanism 6.

Here will be described the arrangements of the above-specified components.
The first planetary gear mechanism 5 and the second planetary gear mechanism 6
are arranged adjacent to each other. The first clutch C1 is arranged between the first
planetary gear mechanism 5 and the torque converter 2, and the counter-drive gear

14 1s arranged between the first clutch C1 and the first planetary gear
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mechanism 5. On the other hand, the second clutch C3 is arranged at the opposite
side of the first clutch C1 across the individual planetary gear mechanisms 5 and 6,
and the one-way clutch F1 is arranged second between the second clutch C3 and the
second planetary gear mechanism 6.

In parallel with the input shaft 4, namely, in parallel with the center axis of the
individual planetary gear mechanisms 5 and 6, there is arranged a counter shaft 15.
On the same axis of this counter shaft 15, there is arranged a third planetary gear
mechanism 16. This third planetary gear mechanism 16 is the single-pinion type
planetary gear mechanism which has the three components of: a sun gear 17; aring
gear 18 or an internal gear arranged on a concentric circle of the sun gear 17: and a
carrier 19 holding a pinion meshing with those sun gear 17 and ring gear 18.

Adjacent to this third planetary gear mechanism 16, there is arranged a
counter-driven gear 20 which is made rotatable on the same axis as that of the
counter shaft 15 and in meshing engagement with the counter-drive gear 14.
Moreover, the ring gear 18 of the third planetary gear mechanism 16 is connected to
rotate together with the counter-driven gear 20, and the carrier 19 is also connected
to rotate together with the counter shaft 15.

A multi-disc clutch CO is interposed to connect the sun gear 17 and the carrier
19 of the three components of the third planetary gear mechanism 16 selectively.
Between the sun gear 17 and the casing 13, there is arranged a multi-disc brake B0
for braking the rotation of the sun gear 17 selectively. Moreover, a one-way clutch
FO 1s arranged between the sun gear 17 and the casing 13 and in parallel with the
brake BO.

To the end portion of the counter shaft 15, as located at the right-hand side of
Fig. 1 or at the side of the torque converter 2, there is attached an output gear 21

which is in meshing engagement with a ring gear 23 in a differential 22.

NO
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The automatic transmission thus far described is more specifically embodied
in sections in Figs. 2 and 3. In the opening of the casing 13 at the side of the torque
converter 2, there 1s mounted a hydraulic pump 24, the central portion of which is
axially passed through by the input shaft 4. To the leading end portion of this input
shaft 4, there 1s so coaxially connected a second input shaft 25 as to rotate together.
Specifically, one end portion of the second input shaft 25 is splined to the leading
end portion of the input shaft 4, and the other end portion of the second input shaft
25 1s rotatably held through a bearing 27 by an end cover 26 which is attached to
the end portion of the casing 13, as located at the opposite side of the torque
converter 2.

The hydraulic pump 24 has a boss portion protruding away from the torque
converter 2. Around this boss portion, there is rotatably fitted a clutch drum 28 of
the first clutch C1 . This clutch drum 28 has a cylindrical portion at its inner
circumference and is so connected at its cylindrical portion to the leading end
portion of the input shaft 4 as to rotate together. The clutch drum 28 has another
cylindrical portion at its outer circumference, and a plurality of clutch plates 29 are
splined to the inner circumference of this cylindrical portion. The clutch drum 28
further has side wall portions respectively connected to the inner and outer
circumference cylindrical portions. A piston 30 is arranged to confront the inner
faces of the side wall portions such that it can move back and forth in the axial
directions while retaining a liquid-tight state. Incidentally, reference numeral 31
appearing in Fig. 2 designates a return spring.

On the inner circumference of the clutch drum 28, there is arranged a clutch
hub 33, to which are splined clutch plates 32 arranged alternately with the clutch
plates 29. This clutch hub 33 is equipped integrally with a hollow stem 34 which is
rotatably fitted on the second input shaft 25. The hollow stem 34 is extended to the

axially intermediate portion of the second input shaft 25.

[0
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Around the hollow stem 34, there is provided an annular center support
portion 35 which protrudes radially inwardly from the inner face of the casing 13.
The counter-drive gear 14 is rotatably held by a pair of bearings 36 which are fitted
on the inner circumference of the center support portion 35. Specifically, the
counter-drive gear 14 1s arranged between the center support portion 35 and the first
clutch C1 and has an integral cylindrical stem 37 at its center portion. This
cylindrical stem 37 is so fitted on the inner circumferences of the bearings 36 that |
the counter-drive gear 14 is rotatably held by the bearings 36. To the inner
circumferential portion of the cylindrical stem 37, moreover, there is splined a
carrier shaft 38 which 1s united with the carrier 11 of the first planetary gear
mechanism 5. In other words, the carrier 11 and the counter-drive gear 14 are
united through the carrier shaft 38.

The first and second planetary gear mechanisms 5 and 6 having their carriers
11 and 12 and ring gears 9 and 10 connected, as described hereinbefore, are
arranged at the opposite side of the counter-drive gear 14 across the center support
portion 35. This arrangement 1s 1n the order of the first planetary gear mechanism 5
and the second planetary gear mechanism 6 from the side of the center support
portion 35. In the first planetary gear mechanism 5, the carrier 11 is united with the
carrier shaft 38, and the sun gear 7 is splined to the hollow stem 34 which is united
with the clutch hub 33. Around the first planetary gear mechanism 5, on the other
hand, there 1s arranged a connecting drum 39 connecting the ring gear 9 and the
carrier 12 ot the second planetary gear mechanism 6. To the outer circumference of
the connecting drum 39, there are splined a plurality of brake plates 40 forming the
second brake B2. To the inner face of the casing 13, there are splined brake plates
41 which are arranged axially alternately of the brake plates 40.

Incidentally, the hydraulic servo mechanism for applying the second brake B2

1s mounted 1n the center support portion 35. In the
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side face of this center support portion 35, as located at the lefthand side of Fig. 2,
there 1s fitted a piston 42 which is made movable back and forth in the axial
direction while retaining a liquid-tight state. A return spring 43 is arranged at the
front face side of the piston 42.

Around the second planetary gear mechanism 6, there is arranged a cylinder
member 44 which is adjacent to the second brake B2. This cylinder member 44 is
fixed on the inner face of the casing 13 so as to hold a piston 45 for applying the
first brake Bl. Moreover, the cylinder member 44 is recessed at its portion, as
located at the lefthand side of Fig. 2, to fit the piston 45 such that the piston 45 can
move back and forth in the axial directions while retaining a liquidtight state. As the
return spring for the piston 45, there is adopted a diaphragm spring.

Adjacent to the second planetary gear mechanism 6, there is arranged the one-
way clutch Fl. This one-way clutch F1 has a number of sprags sandwiched between
its inner and outer races, of which the inner race is connected to the carrier 12 of the
second planetary gear mechanism 6. On the other hand, the outer race is engaged
and united 1n the rotational direction with a cylindrical member which is extended
from the cylinder member 44 to the side portion of the second planetary gear
mechanism 6. Thus, the one-way clutch F1 is applied when the carrier 12 rotates
backward (1.e., in the opposite direction to that of the input shaft 4).

There 1s provided a brake hub 46 which is shaped to cover the
outer circumterences of the one-way clutch F1 and the second planetary gear
mechanism 6. This brake hub 46 is part of the first brake B1, and a plurality of
brake plates 47 are splined to the outer circumference of the cylindrical portion of
the brake hub 46. Moreover, brake plates 48, arranged alternately of the brake
plates 47, are splined to the inner face of the casing 13. The piston 45 confronts the
brake plates 47 and the brake plates 48 in the axial direction.

12
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The 1nner circumference of the brake hub 46 is extended as far as the outer
circumference of the second input shaft 25 and is united with a cylindrical stem 49
which 1s rotatably fitted around the second input shaft 25. Moreover, the sun gear 8
of the second planetary gear mechanism 6 is formed around the end portion of the
cylindrical stem 49.

Here will be described the construction of the second clutch C3. In the inner
face of the end cover 26, there is formed a boss which retains the bearing 27 in its
inner circumference. Around this boss, there is so fitted a clutch drum 50 that it can
rotate while retaining a liquid-tight state. This clutch drum 50 is composed of: an
inner cylindrical portion fitted on the boss of the end cover 26; an outer cylindrical
portion, to which are splined a plurality of clutch plates 51; and a side wall portion
uniting these cylindrical portions. These three components define a hollow portion,
in which is so fitted a piston 52 as to move forward or rightward of Fig. 2 while
keeping a liquid-tight state. Moreover, the inner cylindrical portion is connected to
the second input shaft 25.

Within and concentrically of the outer cylindrical portion of the clutch drum
50, there 1s arranged a clutch hub 53 which is fixed on the outer face of the brake
hub 46 of the first brake B1 around the clutch hub 53, moreover, there are splined
clutch plates 54 which, arranged alternately with the clutch plates 51, thus forming
the second clutch C3.

The counter shaft 15 is arranged in parallel with the second input shaft 25 and
has one end portion rotatably held by a torque converter housing 55 through a
bearing 56 and the other end portion rotatably held by the casing 13 through a
bearing 57. The counter-driven gear 20 is rotatably mounted through a bearing 58
on the axially intermediate portion of the counter shaft 15, namely, in engagement
with the counter-drive gear 14.

At the lefthand side of the counter-driven gear 20, as seen from

/3
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Fig. 3, there 1s arranged the third planetary gear mechanism 16. The
carrier 19 of this third planetary gear mechanism 16 is formed as a flange portion
which radially extends from the counter shaft 15 and the pinion of which is
connected to the counter shaft 15 by fitting a pinion pin in the flange portion.
Moreover, the ring gear 18 of the third planetary gear mechanism 16 1s connected to
the counter-driven gear 20.

Around the counter shaft 15, on the other hand, there is rotatably fitted a
cylindrical sun gear shaft 59 which has the sun gear 17 at its leading end portion (or
at the nghthand end portion, as seen from Fig. 3). To the end portion of the pinion
pin, as located at the opposite side of the counter-driven gear 20, there is attached a
cylindrical clutch hub 60. A clutch drum 61, as arranged around and concentrically
of the clutch hub 60, 1s connected to and united with the sun gear shaft 59. These
clutch hub 60 and clutch drum 61 from the clutch CO of the third planetary gear
mechanism 16. Clutch plates 62 are splined to the outercircumference of the clutch
hub 60, and clutch plates 63 are splined to the innercircumference of
the clutch drum 61.

Moreover, the clutch drum 61 and the sun gear shaft 59 form together a
cylindrical region 1in which 1s so fitted a piston 64 as to move back and forth while
keeping a liquid-tight state with respect to the clutch plates 62 and the clutch plates
63.

The outer circumference of the sun gear shaft 59 adjacent to the portion
carrying the clutch drum 61 provides the inner race of the one-way clutch FO and
has a number of sprags arrayed thereon. Around these sprags, on the other hand,
there 1s fitted an outer race, which is splined to the inner circumference of the
casing 13.

Around the lefthand end portion of the sun gear shaft 59, as seen from Fig. 3,
there are splined a plurality of brake plates 65 which form the brake BO. To the
innercircumference of the casing, 13, there are splined brake plates 66 which are
arranged alternately with the brake plates 65. A piston 67 for applying the brake B0

1s so fitted 1n

14
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the cylindrical region defined by the inner face of the casing 13 as to move back
and forthwhile keeping a liquid-tight state.

To the outer circumference of the counter shaft 15, as located at the opposite
side of the third planetary gear mechanism 16 across the counter-driven gear 20,
there is splined the output gear 21 which is united with a parking gear 68.

The automatic transmission thus constructed is enabled to establish four
forward and one reverse gear stages by applying the clutches/brakes, as tabulated 1n

Fig. 4. In the chart of Fig. 4: symbols © indicate the applied state; symbols X
indicate the released state; and symbols a indicate the applied state at a shifting

time. Moreover: letter P indicates a parking range; letter N indicates a neutral
range; letter R indicates a reverse range; letter D indicates a drive range; numeral 2
a "2" range or an engine braking range for an upshift to the 2nd speed; and letter L
indicates a low range for setting the 1st speed at which the engine braking 1s
effective. The individual gear stages will be briefly described in the following.

The first forward speed is established by applying the first clutch C1 and
accordingly the first one-way clutch F1 and by applying the brake B0 or the one-
way clutch FO on the counter shaft 15. Specifically, as the first clutch Cl 1s applied
so that the sun gear 7 of the first planetary gear mechanism 5 rotates together with
the input shaft 4, the ring gear 9 is caused to rotate backward by the load on the
carrier 11, so that the one-way clutch F1 1s applied. As a result, the sun gear 7
rotates together with the input shaft 4 with the ring gear 9 being stationary, so that
the carrier 11 and the counter-drive gear 14 united with the former are decelerated
to rotate forward while being decelerated with respect to the input shaft 4.

In the third planetary gear mechanism 16, on the other hand, the brake BO 1s
applied to brake the sun gear 17, but the ring gear 18 1s connected to the counter-
driven gear 20 so that it acts as the input element. Thus, the third planetary gear

mechanism 16 is in the



:.rﬂﬁ-’”t.,
.

2184925

underdrive state. As a result, the driving force, as transmitted from the counter-
drive gear 14 to the counter-driven gear 20, is decelerated by the third planetary
gear mechanism 16 and 1s transmitted to the differential 22 through the counter
shaft 15 and the output gear 21.

Thus, the 1st speed in the drive state is established by applying the one-way
clutch Fl. Therefore, the second brake B2, as arranged in parallel with the one-way
clutch F1, 1s applied when the engine braking is to be effected.

The 2nd speed is established by applying the first brake B1 from the state of
the 1st speed. Specifically, the sun gear 8 of the second planetary gear mechanism
0, as has been rotated backward at the 1st speed, is stopped by the first brake Bl. As
a result, the ring gear 9 of the first planetary gear mechanism 5 and the carrier 12 of
the second planetary gear mechanism 6, as united with the former, slowly rotate
forward so that the output elements, namely, the carrier 11 of the first planetary
gear mechanism 5 and the ring gear 10 of the second planetary gear mechanism 6
rotate forward at a higher RPM than that at the 1st speed. Incidentally, the third
planetary gear mechanism 16 is kept in the aforementioned underdrive state.

Thus, the upshift from the 1st to 2nd speeds is achieved when the one-way clutch
F1 1s released as the first brake B1 1s applied. As a result, the speed change can be
smoothly made even with a high torque fluctuation and can be controlled with ease.

The 3rd speed is established in the 2nd-speed state by releasing the first brake
B1 and by applying the second clutch C3. As a result, at this 3rd speed, both the sun
gears 7 and 8 of the first and second planetary gear mechanisms 5 and 6 are
connected to the input shaft 4 so that the entirety of the planetary gear mechanisms
5> and 6 and the counter-drive gear 14 rotate together with the input shaft 4. In short,
the first planetary gear mechanism 5 and the second planetary gear mechanism 6

take the so-called "direct-coupled state". On the other
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hand, the third planetary gear mechanism 16 is held in the underdrive state as in the
aforementioned 1st- and 2nd-speed states.

As a result, the upshift from the 2nd to 3rd speeds is the socalled " clutch-to-
clutch shift", in which the applied/released states of the first brake B1 and the
second clutch C3 are switched. However, this speed changes between the 2nd and
3rd speeds will occur less frequently after the start and in the course of a cruising or
a stop, and the fluctuation width of the torque between the 2nd and 3rd speeds is
less than that of the torque between the 1st and 2nd speeds. Hence, the speed
changes will hardly deteriorate the riding comfort for the entire vehicle even if they
are effected in the clutch-to-clutch manner.

The 4th speed 1s established in the 3rd-speed state by releasing the brake B0
and applying the clutch CO at the side of the third planetary gear mechanism 16.
Specifically, the third planetary gear mechanism 16 is switched from the underdrive
state to the direct coupled state by applying the clutch CO to connect the carrier 19
and the sun gear 17 of the third planetary gear mechanism 16. In short, the upshift
1s effected by the third planetary gear mechanism 16. In this case, the underdrive
state of the third planetary gear mechanism 16 is established, if in the drive state (or
power ON state), by applying the one-way clutch FO to prevent the reverse rotation
of the sun gear 17. By releasing the brake BO prior to the upshift, therefore, the one-
way clutch FO 1s released as the clutch CO is applied, so that the upshift is achieved.
In short, the speed change is not made by the clutch-to-clutch manner.

Since the automatic transmission is constructed to set the 4th speed as its
highest gear stage, this 4th speed is set in the ordinary cruising and may be
temporarily shifted down to the 3rd speed when the running vehicle speed
temporarily drops or when the throttle opening increases. Thus, the speed changes
between the 4th and 3rd speeds are highly frequent but employ the one-way clutch
FO. As a result, the speed change can be made without any shift shock and

17
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controlled with ease.

Incidentally, the reverse stage is established by applying the three
components, 1.e., the second clutch C3, the second brake B2 and the brake B0 at the
side of the third planetary gear mechanism 16. In the second planetary gear
mechanism 6, therefore, the sun gear 8 rotates together with the input shaft 4 with
the carrier 12 being held stationary, so that the ring gear 10 and the counter-drive
gear 14, as unmited with the former, are decelerated to rotate backward with respect
to the input shaft 4. Since the sun gear 17 is held by the brake BO, the third
planetary gear mechanism 16 is in the underdrive state so that the drive force, as
transmitted to the counter-driven gear 20, is further decelerated and outputted from
the output gear 21 to the differential 22.

Thus, 1n the automatic transmission, the speed changes between the lowest
stage or st speed and the next higher stage or 2nd speed and between the highest
stage or 4th speed and the next lower state or 3rd speed are executed by applying
the one-way clutches F1 and FO. As a result, the speed change between the 1st and
2nd speeds, as might otherwise have high torque fluctuation, can be smoothly and
easily executed, and the speed change between the 3rd and 4th speeds, as will
frequently occur, can be facilitated. Moreover, since the individual one-way
clutches F1 and FO are arranged to hold such rotary members (e.g., the carrier 12 of
the second planetary gear mechanism 6 and the sun gear 17 of the third planetary
gear mechanism 16) as will not rotate backward in the drive state, no brake means
need be interposed between those one-way clutches F I and FO and the casing 13.
This makes 1t unnecessary to provide any multi-disc type frictional engagement unit
in which the one-way clutches F1 and FO are arranged in series, so that the
automatic transmission thus constructed can shorten the axial length. This is partly
because the friction plates of the multi-disc type frictional engagement unit have to

be arrayed 1n the axial direction and partly because the hydraulic
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servo mechanism has to be arrayed in the axial direction with respect to the friction
plates.

The automatic transmission thus constructed can be modified into a five-speed
automatic transmission by making small improvements, as embodied in Fig. 5. At
the opposite side of the second planetary gear mechanism 6 across the clutch C3, as
shown Fig. 5, there is arranged a multi-disc type clutch (as will hereinafter be
called the “third clutch”) C2, as located adjacent to the second clutch C3. The third
clutch C2 1s constructed to connect the carrier 12 of the second planetary gear
mechanism 6 and the input shaft 4 selectively. Incidentally, the remaining
construction of Fig. 5 1s similar to that shown in Fig. 1, and its description will be
omitted by designating the common members by the same reference numerals
as those of Fig. 4.

A more specified embodiment of Fig. 5 is shown in Fig. 6. The construction,
as shown 1n Fig. 6, 1s an improvement over the construction, as shown in Figs. 2
and 3, such that the second input shaft 25 is slightly reduced in the radial direction
and 1s elongated. Moreover, the end cover 26 is made a bit deeper than that of the
embodiment shown 1n Fig. 2 as to have a larger content volume.

The clutch drum 50 of the second clutch C3, as rotatably fitted in the boss of
the end cover 26, is given a larger diameter than that of the embodiment of Fig. 2,
and the brake hub 46 of the first brake B1 is given an accordingly enlarged
diameter. Moreover, the clutch plates 54 of the second clutch C3 is directly splined
around the radially enlarged brake hub 46. In other words, the clutch hub 53 of the
second clutch C3, as shown in Fig. 2, is eliminated.

In the radially enlarged clutch drum 50, there is fitted a piston 70 which can
move back and forth 1n the axial directions while keeping a liquid-tight state. This
piston 70 has an outer cylindrical portion confronting the clutch plates 54 in the
axial direction and the clutch plates 51 of the second clutch C3 so that the outer

cylindrical
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portion pushes the clutch plate 54 and the clutch plates 51 at its leading end to
apply the second clutch C3.

To the mner circumference of the outer cylindrical portion of the piston 70, on
the other hand, there are splined a plurality of clutch plates 71 which construct the
third clutch C2. In other words, the piston 70 also acts the clutch drum of the third
clutch C2. Clutch plates 72, as arranged alternately of the clutch plates 71, are
splined around a clutch hub 73 which is arranged concentrically of the outer
cylindrical portion. This clutch hub 73 is connected to the carrier 12 of the second
planetary gear mechanism 6. Specifically, a hollow shaft or carrier shaft 74 is
rotatably arranged in the inner circumference of the sun gear shaft 49, and the
clutch hub 73 is connected and united with the end portion of the carrier shaft 74, as
located at the lefthand side of Fig. 6.

The piston 70 further acts as the cylinder member of the hydraulic servo
mechanism for the third clutch C2. In this piston 70, there is so arranged a piston 75
confronting the clutch plates 71 and the clutch plates 72 of the third clutch C2 at its
leading end as can move back and forth in the axial directions while keeping a
liquid-tight state.

Incidentally, reference numeral 76 appearing in Fig. 6 designates a return
spring, and numeral 77 designates a check ball valve. The remaining construction is
similar to that shown in Figs. 2 and 3, and its description will be omitted by
designating the common members of Fig. 6 by the same reference numerals as
those of Figs. 2 and 3.

The automatic transmission, as shown in Figs. 5 and 6, can establish five
forward gear stages, and its application chart for the frictional engagement unit is
tabulated in Fig. 7. The individual gear stages will be briefly described in the
following. The reverse stage and the 1st and 2nd speeds are established as in the
toregoing four-speed automatic transmission shown in Figs. 1 to 3.

The 3rd speed, at which the first planetary gear mechanism 5 and

20
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the second planetary gear mechanism 6 are brought into the so-called third "direct
coupled state", 1s established by applying the first and third clutches Cl and C2 and
the brake BO or the one-way clutch FO at the side of the third planetary gear
mechanism 16. In short, third clutch C2 is applied in place of the aforementioned
second clutch C3.

This application 1s done to improve the transmission efficiency of the torque
by coupling the two elements or the sun gear 7 and the ring gear 9 of the first
planetary gear mechanism 5 directly to the input shaft 4. In this case, the second
clutch C3 may also be applied.

The 4th speed is the gear stage that cannot be set before the third clutch C2 is
provided. For this gear stage, the third clutch C2 and the first brake B1 are applied
to bring the first planetary gear mechanism 5 and the second planetary gear
mechanism 6 into the overdrive state, and the brake B0 or the one-way clutch FO is
applied to bring the third planetary gear mechanism 16 into the underdrive state.
Specifically, in the second planetary gear mechanism 6, with the sun gear 8 being
braked by the first brake Bl, the carrier 12 is connected to the input shaft 4 so that
the ring gear 10 and the counter-drive gear 14, as connected to the former, are
accelerated to rotate forward with respect to the input shaft 4. Thus, the drive
force, as transmitted from the counter-drive gear 14 to the counter driven gear 20, is
decelerated by the third planetary gear mechanism 16 and is outputted from the
output gear 21 to the differential 22.

The 5th speed 1s established by applying the clutch CO of the third planetary
gear mechanism 16 in the aforementioned 4th speed to shift up the third planetary
gear mechanism 16 to the direct coupled state. As a result, the drive force, as
transmitted through the counter-drive gear 14 and the counter-driven gear 20, is
outputted, as it 1s not decelerated, from the output gear 21 to the differential 22.

As aresult, even 1f the, five-speed automatic transmission is constructed by
adding the third clutch C2, both the shift of high torque fluctuation between the 1st

speed and the 2nd speed and the
21
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highly frequent shift between the 4th speed and the 5th speed are established by
applying the one-way clutches F1 and FO so that the smooth shifts of little shock
can be easily executed as in the foregoing four-speed automatic transmission. In the
construction shown in Figs. 5 and 6, too, the frictional engagement unit of multi-
disc structure need not be arranged in series with the one-way clutches F1 and FO
although the -third clutch C2 is added, so that the automatic transmission can be

axially shortened.

According to the constructions thus far described, moreover, the automatic
transmission can be easily interchanged between that capable of setting the four
forward stages and that capable of setting the five forward stages merely by adding
or omitting the third clutch C2 and by changing the associated parts slightly. Thus,
the change in the number of gear stages to be set can be made more easily than the
prior art in which the automatic transmission is changed into one having a different
gear stage number by adding or eliminating the planetary gear mechanism.

Here will be summarized the advantages to be attained by the present
invention. According to the present invention, the automatic transmission is enabled
to establish the four speeds at its forward stages by arranged the two sets of
planetary gear mechanisms on the common axis and by arranged another set of
planetary gear mechanism in parallel with the two series planetary gear
mechanisms. In addition, the automatic transmission can be axially shortened to
improve the mountability.

Moreover, the four-speed automatic transmission and the five-speed automatic
transmission can be interchanged by adding or eliminating only one clutch means.

This allows the parts to be shared between the automatic transmissions of different

types.

In the automatic transmission of the present invention, still moreover, the shift
between the lowest gear stage and the next higher gear stage is executed by

applying the one-way clutch so that the
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shift, which might otherwise have serious torque fluctuation, can be
effected smoothly and easily.

In addition, in the automatic transmission of the present
invention, the two components of the two sets of planetary gear
mechanisms, as arranged on the common axis, can be simply
connected, and the planetary gear mechanisms themselves can be
arranged adjacent to each other. Thus, it is possible to provide an

automatic transmission which is compact in its entirety.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.  An automatic transmission which has: first and second planetary gear mechanisms
arrayed on a common axis and each including three components of a sun gear, a ring gear
and a carrier such that any two of the components of said first planetary gear mechanism
are connected one-by-one to any two of the components of said second planetary gear
mechanism to construct four rotary elements; and

a third planetary gear mechanism arranged on an axis parallel to the common axis of
said first and second planetary gear mechanisms and including three components of a sun
gear, a ring gear and a carrier such that a first one of said four rotary elements and any of
the three components of said third planetary gear mechanism are connected to transmit
power, comprising;:

an input member for inputting drive power;

first clutch means for connecting the second one of said four rotary elements and
said input member selectively;

second clutch means for connecting said input member and the third element of said
four rotary elements selectively;

an output member connected to a component other than such one of the three
components of said third planetary gear mechanism that is connected to said first one of
said four rotary elements;

a one-way clutch arranged between any of the three components of said third
planetary gear mechanism and a stationary member and adapted to be switched to an
applied state when said third planetary gear mechanism is to be switched between a high-
speed drive state, at which said output member rotates at a high speed, and a low-speed
drive state at which the same rotates at a low speed; and

first brake means for selectively braking the sun gear of said second planetary gear

mechanism.

7 An automatic transmission according to claim 1, further comprising another one-
way clutch arranged between any of said tour components and said stationary member and

adapted to be applied
24
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when the gear ratio to be set by said first planetary gear mechanism

and said second planetary gear mechanism takes the maximum.

3. An automatic transmission according to claim 1,

wherein said first clutch means and said second clutch means are
arrayed at the two sides across said first planetary gear mechanism
and said second planetary gear mechanism and on the same axis as that

of said first and second planetary gear mechanisms.

4. An automatic transmission according to claim 1,

wherein said first planetary gear mechanism, said second
planetary gear mechanism, said first clutch means and said second
clutch means are arrayed on the common axis in the order of said first
clutch means, said first planetary gear mechanism, said second

planetary gear mechanism and said second clutch means.

5. An automatic transmission according to claim 4, further
comprising:
a drive gear united with said first rotary elements and arranged

between said first clutch means and said first planetary gear

mechanism; and

a driven gear meshing with said drive gear and united with any

of the three components of said third planetary gear mechanism.

6. An automatic transmission according to claim 4, further
comprising:
another one-way clutch arranged between said second planetary
gear mechanism and said second clutch means and having an inner race
connected to the carrier of said second planetary gear mechanism;
first brake means arranged around said second planetary gear
mechanism for braking the sun gear of said second planetary gear

mechanism selectively; and
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a cylinder member having a piston for applying said first brake

means and connected to the outer race of said another one-way clutch.

7. An automatic transmission according to claim 6, further
comprising second brake means arranged in parallel with said another
one-way clutch for braking the ring gear of said first planetary gear

mechanism and the carrier of said second planetary gear mechanism

selectively.

8. An automatic transmission according to claim 1, further
comprising a multi-disc brake arranged 1n parallel with said one-way

clutch for fixing any of said components selectively.

9. An automatic transmission according to claim 1,
wherein the carrier of said first planetary gear mechanism and
the ring gear of said second planetary gear mechanism are connected

to each other and to any of the three components of said third
planetary gear mechanism in a power transmittable manner, and
wherein the sun gear of said first planetary gear mechanism is
selectively connected through said first clutch to said input member
whereas the sun gear of said second planetary gear mechanism is

selectively connected through said second clutch to said input

member.

10.  An automatic transmission according to claim 1, further

comprising another clutch means for connecting the two components

of said third planetary gear mechanism selectively,

wherein the sun gear of said third planetary gear mechanism 1is
connected to said one-way clutch whereas the ring gear of said third

planetary gear mechanism is connected to said first rotary elements.

1. An automatic transmission according to claim 1, further
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12, An automatic transmission according to claim 11, further
comprising means for applying said first clutch means and said third
clutch means to bring said first planetary gear mechanism and said

second planetary gear mechanism into a direct-coupled state.

3. An automatic transmission according to claim 11,

wherein said first planetary gear mechanism, said second
planetary gear mechanism and said first to third clutch means are
arrayed on the common axis in the order of said first clutch means,
said first planetary gear mechanism, said second planetary gear

mechanism, said second clutch means and said third clutch means -

4. An automatic transmission according to claim 13,

wherein said second clutch means includes a clutch drum having
an inner circumference to which are splined a plurality of friction

plates, and .

wherein said third clutch means includes: another clutch drum so
arranged within said clutch drum as to move back and forth in the
axial directions toward said friction plates thereby to apply said
second clutch means selectively; and another friction plates splined to

the inner circumference of said another clutch drum (70).

5. An automatic transmission according to claim 11, further
comprising another one-way clutch arranged between any of said four
components and said stationary member and adapted to be applied
when the gear ratio to be set by said first planetary gear mechanism

and said second planetary gear mechanism takes the maximum.

6. An automatic transmission according to claim 13, further
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comprising:
a drive gear united with said first rotary elements and arranged

between said first clutch means and said first planetary gear

mechanism; and

a driven gear meshing with said drive gear and united with any

of the three components of said third planetary gear mechanism.

17. An automatic transmission according to claim 13, further
comprising:
another one-way clutch arranged between said second planetary
gear mechanism and said second clutch means and having an inner race
connected to the carrter of said second planetary gear mechanism;
first brake means arranged around said second planetary gear

mechanism for braking the sun gear of said second planetary gear

mechanism selectively; and
a cylinder member having a piston for applying said first brake

means and connected to the outer race of said another one-way clutch.

18. An automatic transmission according to claim 17, further
comprising second brake means arranged in parallel with said another
one-way clutch for braking the ring gear of said first planetary gear

mechanism and the carrier of said second planetary gear mechanism

selectively.

19. An automatic transmission according to claim 11, further

comprising a multi-disc brake arranged in parallel with said one-way

clutch for fixing any of said components selectively.

20.  An automatic transmission according to claim 11,
wherein the carrier of said first planetary gear mechanism and
the ring gear of said second planetary gear mechanism are connected

to each other and to any of the three components of said third
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planetary gear mechanism in a power transmittable manner, and

whereas the sun gear of said second planetary gear mechanism is

selectively connected through said second clutch to said input

member.

21. An automatic transmission according to claim 11, further
comprising another clutch means for connecting the two components
of said third planetary gear mechanism selectively,

wherein the sun gear of said third planetary gear mechanism is
connected to said one-way clutch whereas the ring gear of said third

planetary gear mechanism is connected to said first rotary elements.
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