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ABSTRACT OF THE DISCLOSUR

A dual clutch automatic transmission includes a
one-way clutch provided 1in a driving force transmission

path that establishes a first certain gear ratio 1in a

first set of gear ratios. A driving transmission

direction of the one-way clutch 1s set such that a

rotation inputted from a wheel side to an output member

in a predetermined rotational direction is transmitted

to the input shaft. The predetermined rotational

F

direction corresponds to a backward movement of a

q&

vehicle. If an O!

fr—

N

f-gear operation cannot D€ performed

for a transmission gear with interlock, the driving

force of the driving source 1is 1nput tO the input shatt

to enable the off-gear operation.

(Figure ©)
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TITLE OF THE INVENTION

AUTOMATIC TRANSMISSION AND CONTROL METHOD OF AUTOMATIC

TRANSMISS1ION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to the automatic

F
—

transmission of a vehicle.

Description of the Related Art

[0002] As an automatic transmission, a so-called dual

clutch transmission 1s known. The dual clutch

transmission includes two transmission mechanisms that

implement different gear ratios, and

connects/disconnects the two transmission mechanisms

to/from a driving source such as an internal combustion

engine, thereby suppressing interruption of power
transmission to the drive wheels at the time of gear
change. A transmission that maintains the stop state

pr—

of a vehicle using interlock of the transmission 1s

also known. Japanese Patent No. 5081215 discloses, 1n

a dual clutch transmission, intentionally putting a

vehicle in two speed gears for parking lock, thereby

interlocking the transmission to maintain the stop

F

state of the vehicle.

[0003] When canceling interlock, a transmission gear

pr—  pe—
o

in an in-gear state is put off gear. However, thils may
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be difficult in some cases. For example, an off-gear

operation may be difficult due to a jam 1n an

engagement mechanism or the like. Since the function

of the vehicle is partially lost by the interlock,

recovery 1s demanded.

SUMMARY OF THE INVENTION

g

[0004] It is an object of the present invention to

forcibly cancel interlock.

[0005] According to an aspect of the present

invention, there is provided an automatic transmission

comprising: a first transmission mechanism to which a
driving force of a driving source 1s 1nput through a

first clutch and which is configured to switch driving

force transmission paths to an output member to

establish a first set of gear ratios; a second

L

transmission mechanism to which the driving force or

the driving source 1is input through a second clutch and

which i1s configured to switch driving force

transmission paths to the output member to establish a
second set of gear ratios; and a control unit, whereiln

a one-way clutch is provided in a driving force

transmission path that establishes a first certailn gear

—t

ratio in the first set, the first transmission

mechanism comprises: an input shaft to which the

g

driving force of the driving source is input through

the first clutch; a first transmission gear provided on

) _—
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the input shaft and configured to establish the first

certain gear ratio; a plurality of second transmission

gears provided on the input shaft and configured to

establish remaining gear ratios in the first set; and a

switching mechanism configured to perform engagement

and disengagement between the input shaft and the

plurality of second transmission gears, a driving

gr—

transmission direction of the one-way clutch 1s set

such that a rotation inputted from a wheel side to the

output member in a predetermined rotational direction

is transmitted to the input shaft, the predetermined
rotational direction corresponding to a backward
movement of a vehicle, and when disengagement by the
switching mechanism is impossible, the control unit can
execute recovery control to enable the disengagement Dby

p——

inputting a driving force of the driving source to the

input shaftt.

gr—

[0006] According to another aspect of the present

#

invention, there is provided a control method of an

automatic transmission which comprises: a filrst

g—
—

transmission mechanism to which a driving force of a

driving source is input through a first clutch and

which is configured to switch driving force

transmission paths to an output member to establish a

F

first set of gear ratios; and a second transmission

mechanism to which the driving force of the driving

source is input through a second clutch and which 1s
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configured to switch driving force transmission paths

 d
—

to the output member to establish a second set o0 gear

ratios, wherein a one-way clutch 1s provided 1n a

driving force transmission path that establishes a

first certain gear ratio in the first set, the first

transmission mechanism comprises: an input shaft to

LR

which the driving force of the driving source 1s 1nput

through the first clutch; a first transmission gear

provided on the input shaft and configured to establish

gr—

the first certain gear ratio; a plurality of second

transmission gears provided on the input shaft and

configured to establish remaining gear ratilios 1in the

first set; and a switching mechanism configured toO
perform engagement and disengagement between the input
shaft and the plurality of second transmission gears,

and a driving transmission direction of the one-way

clutch is set such that a rotation inputted from a
wheel side to the output member in a predetermined

rotational direction is transmitted to the input shaft,

the predetermined rotational direction corresponding to

3 backward movement of a vehicle, the control method
comprising: determining whether disengagement Dby the
switching mechanism is impossible; and upon determining
that the disengagement is impossible, executing

recovery control to enable the disengagement Dby

inputting the driving force of the driving source tO

the 1input shaft.
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[0007] Further features of the present invention will

ﬁ

become apparent from the following description ol

exemplary embodiments (with reference to the attached

drawings) .

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Fig. 1 is a schematic view of an automatic
transmission according to an embodiment of the present
invention;

[0009] Fig. 2 is a block diagram of the control unit

F
r—

of the automatic transmission shown 1n Fig. 1;

[0010] Fig. 3 is an explanatory view of a torque Iflow

o

at the time of a stop on a climbing hill;

[0011] Figs. 4A and 4B are explanatory views showlng

pr—

an example of the arrangement of a dog clutch

[0012] Figs. 5A to 5C are flowcharts showing examples

of processing of the control unit;

[0013] ‘Fig. 6 1s an explanatory view of a torque flow

i

at the time of recovery control;

[0014] Fig. 7 is a flowchart showing an example of

—

processing of the control unit;

'1

[0015] Fig. 8A is a timing chart showing a change Orf

p—
—

an input torque and the like at the time of recovery

control; and

"

[0016] Fig. 8B 1s an explanatory view of a defined

torque.
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DESCRIPTION OF THE EMBODIMENTS

F

[0017] <Arrangement of Automatic Transmission>

Fig. 1 is a schematic view (skeleton diagram) of
an automatic transmission 1 according to an embodiment

of the present invention. The automatic transmission 1

decelerates the rotation driving force output from a

driving source 2, outputs the force to a final
reduction gear 3, and drives, through left and right
drive shafts 4, wheels 5 (only one side is 1llustrated

in Fig. 1) that are left and right drive wheels. The

final reduction gear 3 includes, for example,

differential gears connected to the drive shafts 4.

[0018] The automatic transmission 1 1s mounted on,

for example, a midship engine/rear drive type vehicie.

ﬁ ﬁ
P

The number of gear ratios of the automatic transmission

1 can appropriately be designed. In this embodiment,

the automatic transmission 1 has nine forward gears and

one reverse gear, as will be described later. The
driving source 2 is an internal combustion engine here,
but may be an electric motor or a unit that combines an
internal combustion engine and an electric motor. The

gr——

driving force of the driving source 2 1is input to the

automatic transmission 1 through a flywheel Z2a and an

output shaft 2Zb.

[0019] The automatic transmission 1 is a dual clutch

transmission including two transmission mechanisms 10

and 20 that implement different gear ratios, and a
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transmission mechanism 30 that implements the reverse

F

gear. The driving force of the driving source 2 1s

input to the transmission mechanism 10 through a clutch
Cl. The transmission mechanism 10 switches driving

force transmission paths to an output member 41,

thereby establishing gear ratios (the first, third,

fifth, seventh, and ninth speed gear ratios in this

embodiment) corresponding to the set of odd-numbered
gear ratios. The driving force of the driving source Z
is input to the transmission mechanism 20 through a
clutch C2. The transmission mechanism 20 swilitches
driving force transmission paths to the output member
41, thereby establishing the gear ratios (the second,
fourth, sixth, and eighth speed gear ratios 1in this

F

embodiment) corresponding to the set of even-numbered

gear ratlos.

[0020] Fach of the clutches Cl and CZ

F

connects/disconnects the transmission of the driving

p——

force to/from the corresponding one of the transmission

mechanisms 10 and 20. Each of the clutches Cl and CZ

is, for example, a wet-type multiple clutch, and

includes an outer clutch plate concentrically and

integrally attached to the output shaft 2b, an inner
clutch plate connected to a corresponding one of the
transmission mechanisms 10 and 20, an actuator that
presses the inner clutch plate against the outer clutch

plate, a return spring that separates the inner clutch
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plate from the outer clutch plate, and the like.

[0021] The transmission mechanism 10 1ncludes an

input shaft 11, a gear Gl and a plurality of gear

members 12 to 15 which are provided to be coaxial wilth

respect to the input shaft 11, and a switchilng

mechanism 16. The input shaft 11 is rotatably

supported by a transmission case (not shown). The

input shaft 11 is connected to the inner clutch plate

P

of the clutch Cl1l, and the driving force of the driving

source 2 is input to the input shaft 11 through the

clutch Cl. The gear Gl is the transmission gear for

the first speed gear ratio, which is provided on the
input shaft 11. The gear Gl is provided (for example,
key-connected or spline-connected) to be unrotatable

relative to the input shaft 11, and always rotates

during the rotation of the input shaft 11.

[0022] The gear members 12 to 15 are cylindrical

members provided on the input shaft 11 to be relatively

F

rotatable. A gear G3 that is the transmission gear Ior

the third speed gear ratio is formed on the gear memper

12. A gear G5 that is the transmission gear for the

pr—— |
p—

f1

y

‘th speed gear ratio is formed on the gear member 13.

A gear G7 that is the transmission gear for the seventh
speed gear ratio is formed on the gear member 14. A

gear G9 that is the transmission gear for the ninth

speed gear ratio is formed on the gear member 1lo.

[0023] The switching mechanism 16 engages/dilsengages
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the gear members 12 to 15 (that is, the gears G3, G,

G7, and G9) with/from the input shaft 11. By
engagement, an engaged gear member becomes unrotatable

relative to the input shaft 11 and always rotates

during the rotation of the input shaft 11. By

disengagement, a disengaged gear mempber becomes

rotatable relative to the input shaft 11.

[0024] In this embodiment, the switching mechanism 16

includes switching units 16a and 16b. The switching

units 16a and 16b can have any structure. In this

embodiment, the switching units 16a and 1lob are each

-

formed from a dog clutch, in particular, a dog clutch
with a synchronization mechanism.

[0025] The switching unit 16a engages/disengages the

gear members 12 and 13 with/from the input shaft 1l.
As the operation state of the switching unit 1l6a, one
of three states, that is, a state (third speed gear

ratio in-gear state) in which the gear member 17

1)

engages with the input shaft 11, a state (fifth speed

gear ratio in-gear state) in which the gear member 13

engages with the input shaft 11, and a state (neutral)

L

in which both the gear members 12 and 13 disengage from
the input shaft 11 can be selected.

[0026] The switching unit 16b engages/disengages the

gear members 14 and 15 with/from the input shaft 11.

p——

As the operation state of the switching unit 16b, one

F

of three states, that is, a state (seventh speed gear
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ratio in-gear state) in which the gear member 14

engages with the input shaft 11, a state (ninth speed

gear ratio in-gear state) in which the gear member 15

engages with the input shaft 11, and a state (neutral)

F
p—

in which both the gear members 14 and 15 disengage Irom

the input shaft 11 can be selected.

[0027] Additionally, a gear member 27 1s coaxlally
provided on the input shaft 11. The gear member 27/ 1S
a cylindrical member provided on the input shaft 11 to

be relatively rotatable, and is connected to the 1inner

clutch plate of the clutch C2. A gear 27a 1s formed on

P

the gear member 27 and always meshes with a gear 33 of

t+the transmission mechanism 30.

[0028] The transmission mechanism 30 i1ncludes an

input shaft 31, a gear member 32, and a switching
mechanism 34. The input shaft 31 is provided 1in
parallel to the input shaft 11 and rotatably supported
by the transmission case (not shown). The gear 33 1S
provided to be unrotatable relative to the 1input shaft

31. The gear member 32 is a cylindrical member

provided on the input shaft 31 to be relatively

rotatable. A gear GR that is the transmission gear for

the reverse gear 1is formed on the gear member 32Z2. The
gear GR always meshes with the gear G3.

[0029] The switching mechanism 34 engages/disengages

the gear member 32 (that 1s, the gear GR) with/from the

input shaft 31. By engagement, the gear member 32
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becomes unrotatable relative to the input shaft 31 and

always rotates during the rotation of the input shaft

31. By disengagement, the gear member 32 becomes

rotatable relative to the input shaft 31. In this

embodiment, the switching mechanism 34 is also formed

from a dog clutch with a synchronization mechanism. AS
the operation state of the switching mechanism 34, one
of two states, that is, a state (reverse gear 1n-gear

state) in which the gear member 32 engages wlth the

input shaft 31 and a state (neutral) in which the gear
member 32 disengages from the input shaft 31 can Dbe
selected.

[0030] The transmission mechanism 20 i1ncludes an
input shaft 21, a gear 28 and a plurality of gear
members 22 to 25 which are provided to be coaxial with
respect to the input shaft 21, and a switching

mechanism 26. The input shaft 21 is provided 1n

parallel to the input shaft 11 and rotatably supported
by the transmission case (not shown).

[0031] The gear 28 is provided to be unrotatable

relative to the input shaft 21, and always meshes with

F

the gear 33. Hence, the driving force of the driving

source 2 1s input to the input shaft 21 through the
clutch C2 and the gears 33 and Z8.

[0032] The gear members 22 to 25 are cylindrical
members provided on the input shaft 21 to be relatively

rotatable. A gear G2 that is the transmission gear for
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-

the second speed gear ratio is formed on the gear

member 22. A gear G4 that 1s the transmission gear for

the fourth speed gear ratio 1s formed on the gear

r—

member 23. A gear G6 that 1s the transmission gear 1for

the sixth speed gear ratio is formed on the gear member

24. A gear G8 that is the transmission gear for the

-

eighth speed gear ratio is formed on the gear member 2o.

[0033] The switching mechanism 26 engages/disengages

the gear members 22 to 25 (that is, the gears G2, G4,

G6, and G8) with/from the input shaft 21. By

engagement, an engaged gear member becomes unrotatable

relative to the input shaft 21 and always rotates

gr—

during the rotation of the input shaft 21. By

disengagement, a disengaged gear member becomes

rotatable relative to the input shaft Z21.

[0034] In this embodiment, the switching mechanism 26
includes switching units 26a and 26b. Like the

switching mechanism 16, the switching units 26a and 26b

can have any structure. In this embodiment, the

switching units 26a and 26b are each formed from a dog
clutch, in particular, a dog clutch with a
synchronization mechanism.

[0035] The switching unit 26a engages/disengages the

gear members 22 and 23 with/from the input shaft 21.

—

As the operation state of the switching unit Zba, one

ﬁ

of three states, that 1s, a state (second speed gear

ratio in-gear state) in which the gear member 22
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engages with the input shaft 21, a state (fourth speed

gear ratio in-gear state) in which the gear member 23

engages with the input shaft 21, and a state (neutral)

in which both the gear members 22 and 23 disengage from

the input shaft 21 can be selected.

[0036] The switching unit 26b engages/disengages the

gear members 24 and 25 with/from the input shaft Z21.
As the operation state of the switching unit 26b, one
of three states, that is, a state (sixth speed gear

ratio in-gear state) in which the gear member 24

engages with the input shaft 21, a state (eighth speed

gear ratio in-gear state) in which the gear member 25

engages with the input shaft 21, and a state (neutral)

in which both the gear members 24 and 25 disengage from

the input shaft 21 can be selected.

[0037] In this embodiment, the output member 41 1s a

gear provided on a countershaft 40 to be relatively

unrotatable. The countershaft 40 is provided 1n
parallel to the input shaft 11 and rotatably supported
by the transmission case (not shown). In addition to

the output member 41, gears 42 to 46 are coaxilally

provided on the countershaft 40. The gears 42 to 4>

are provided to be unrotatable relative to the

countershaft 40. The output member 41 always meshes
with the gear G3. The gear 42 always meshes with the
gear G2. The gear 43 always meshes with the gears G4

and G5. The gear 44 always meshes with the gears Go
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and G7. The gear 45 always meshes with the gears G8

and G9.

[0038] The gear 46 is provided on the countershaft 40

through a one-way clutch OC. The one-way clutch OC

rotates in one direction for driving transmission. The

gear 46 always meshes with the gear Gl. That 1s, the

one-way clutch OC is provided in the driving force

transmission path that establishes the first speed gear

ratio.

[0039] The one-way clutch OC 1s a sprag one-way

clutch as an example in this embodiment, and the

driving transmission direction is set as follows. The

rotation direction of the countershaft 40 during

forward traveling of the vehicle will be referred to as

a forward rotation direction here.

F

[0040] In this embodiment, 1f a rotation speed V1 of

—rr

the gear 46 in the forward rotation direction exceeds a

o~

rotation speed V2 of the countershaft 40 1n the forward

rotation direction, a pivotal movement 1n the engagling
direction 1s given to a sprag 0OC3 between an outer race
OCl1l and an inner race 0CZ2 to set the one-way clutch OC

F

in an engaging state, and the driving force of the

input shaft 11 is transmitted to the countershaft 40.

P

Hence, if the switching units 1l6a and 1lo6b are at the

neutral positions, the driving force of the 1nput shaft

11 is transmitted to the countershaft 40 through the

gears Gl and 46 and the one-way clutch OC during
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acceleration.

LA

[0041] On the other hand, if the rotation speed V1 of

the gear 46 in the forward rotation direction 1s less

than the rotation speed V2 of the countershaft 40 1n
the forward rotation direction, the pivotal movement in
the engaging direction is not given to the sprag 0C3,
and the outer race OCl and the inner race 0OCZ are set

—

in a non-engaging state. Hence, 1f one of the

switching units 16a and 16b is set in the engaging

state, the driving force of the input shaft 11 1s

transmitted to the countershaft 40 not through the
gears Gl and 46 and the one-way clutch OC but through
another path. For example, in the third speed gear

fr—

ratio in-gear state, the driving force of the input

shaft 11 is transmitted to the countershaft 40 through

the gears G3 and 41. This also applies to the fifth
speed gear ratio, the seventh speed gear ratio, and the

ninth speed gear ratio.

[0042] With the arrangement that establishes the

first speed gear ratio by the one-way clutch OC, the

switching mechanism for the first speed gear ratio can

be omitted.

[0043] The output mempber 41 always meshes with a gear

51. The gear 51 is provided on an output shaft 50 to

be relatively unrotatable. The output shaft 50 1is

provided in parallel to the input shaft 11 and

rotatably supported by the transmission case (not
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shown). A bevel gear 52 1s also provided on the output

shaft 50 to be relatively unrotatable. The bevel gear

*

52 always meshes with a bevel gear 3a of the final

F

reduction gear 3. The driving force of the output

shaft 50 1s transmitted to the drive shafts 4 and the

wheels 5 through the final reduction gear 3.

[0044] Note that the automatic transmission 1 can be

provided with a parking lock device. The parkiling lock

device may lock, for example, the countershaft 40 or

the output shaft 50 on the transmission case.

[0045] The driving force transmission path 1n each

gear ratio will be described next.

[0046] When the first speed gear ratio 1s selected,
all the switching mechanisms 16, 26, and 34 are set at
the neutral positions, the clutch Cl is set 1in the
connected state, and the clutch C2 1is set 1n the

F

released state. The driving force of the driving

source 2 1is transmitted through the path of clutch Cl

— input shaft 11 — gear Gl— gear 46 — one-way clutch

OC — countershaft 40 — output member 41 — gear 51 —>

output shaft 50.

[0047] When the second speed gear ratio 1s selected,
all the switching mechanisms 16 and 34 and the
switching unit 26b are set at the neutral positions,
and the switching unit Z26a sets the second speed gear
ratio in-gear state. The clutch C2 1s set 1in the

connected state, and the clutch Cl 1s set 1n the
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F

released state. The driving force of the driving

P

source 2 1s transmitted through the path of clutch CZ

— gear member 27 (gear 27a) — gear 33 —> gear <28 —

input shaft 21 — gear G2 — gear 42 — countershaft 40

— output member 41 — gear 51 — output shaft 50.
[0048] When the third speed gear ratio 1s selected,
all the switching mechanisms 26 and 34 and the
switching unit 16b are set at the neutral positions,
and the switching unit 16a sets the third speed gear
ratio in-gear state. The clutch Cl 1s set 1n the

connected state, and the clutch C2 1s set 1n the

released state. The driving force of the driving

Jr—
—

source 2 1is transmitted through the path of clutch Cl

— input shaft 11 — gear G3 — output member 41 — gear

51 — output shaft 50.

[0049] When the fourth speed gear ratio 1s selected,
all the switching mechanisms 16 and 34 and the

switching unit 26b are set at the neutral positions,

and the switching unit 26a sets the fourth speed gear
ratio in-gear state. The clutch C2 1s set 1in the
connected state, and the clutch Cl i1s set 1n the

ﬁ

released state. The driving force of the driving

source 2 is transmitted through the path of clutch CZ

— gear member 27 (gear 27a) — gear 33 — gear 28 —

input shaft 21 — gear G4 — gear 43 — countershaft 40
— output member 41 — gear 51 — output shaft 50.

[0050] When the fifth speed gear ratio 1s selected,
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all the switching mechanisms 26 and 34 and the

switching unit 16b are set at the neutral positions,

- |

and the switching unit 16a sets the fifth speed gear

ratio in-gear state. The clutch Cl 1s set 1n the
connected state, and the clutch C2 1s set 1n the

released state. The driving force of the driving

source 2 1is transmitted through the path of clutch Cl

— input shaft 11 — gear G5 — gear 43 — countershaft

40 — output member 41 — gear 51 — output shaft 50.
[0051] When the sixth speed gear ratio 1s selected,
all the switching mechanisms 16 and 34 and the
switching unit 26a are set at the neutral positions,
and the switching unit 26b sets the sixth speed gear
ratio in-gear state. The clutch C2Z2 1s set 1n the
connected state, and the clutch Cl 1s set 1n the

released state. The driving force of the driving

source 2 is transmitted through the path of clutch CZ

— gear member 27 (gear 27a) — gear 33 — gear 28 —

input shaft 21 — gear G6 — gear 44 — countershaft 40
— output member 41 — gear 51 — output shaft 50.

[0052] When the seventh speed gear ratio 1s selected,
all the switching mechanisms 26 and 34 and the
switching unit 16a are set at the neutral positions,
and the switching unit 16b sets the seventh speed gear
ratio in-gear state. The clutch Cl 1s set 1n the

connected state, and the clutch CZ2 1s set 1n the

released state. The driving force of the driving
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source 2 1is transmitted through the path of clutch Cl

— input shaft 11 — gear G7 — gear 44 — countershaft

40 — output member 41 — gear 51 — output shaft 50.
[0053] When the eighth speed gear ratio 1s selected,
all the switching mechanisms 16 and 34 and the
switching unit 26a are set at the neutral positions,
and the switching unit 26b sets the eighth speed gear
ratio in-gear state. The clutch C2 1s set 1n the

connected state, and the clutch Cl 1s set 1n the

released state. The driving force of the driving

F

source 2 1s transmitted through the path of clutch CZ

— gear member 27 (gear 27a) — gear 33 — gear 28 —

input shaft 21 — gear G8 — gear 45 — countershaft 40

—> output member 41 — gear 51 — output shaft 50.
[0054] When the ninth speed gear ratio 1s selected,
all the switching mechanisms 26 and 34 and the
switching unit 16a are set at the neutral positions,
and the switching unit 1l6b sets the ninth speed gear
ratio in-gear state. The clutch Cl 1s set 1n the
connected state, and the clutch C2 1s set in the

—

released state. The driving force of the driving

fr—

source 2 1s transmitted through the path of clutch Cl

— input shaft 11 — gear GY9 — gear 45 — countershaft
40 — output member 41 — gear 51 — output shaft 50.
[0055] When the reverse gear 1s selected, both the
switching mechanisms 16 and 26 are set at the neutral

positions, and the switching mechanism 34 sets the 1n-
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gear state. The clutch C2 1s set in the connected
state, and the clutch Cl is set 1n the released state.
The driving force of the driving source 2 1s

gr—

transmitted through the path of clutch C2 — gear

member 27 (gear 27a) — gear 33 — input shaft 31 —

gear GR — gear G3 — output member 41 — gear ol —

output shaft 50.

[0056] A control unit 60 of the automatic

transmission 1 will be described next with reference to

Fig. 2. Fig. 2 is a block diagram showing the circuit

arrangement of the control unit 60. The control unit

60 is an ECU configured to control the automatic
transmission 1, and includes a processing unilit 6l such

as a CPU, a storage unit 62 such as a RAM and a ROYN,

and an interface unit 63 that interfaces an external
device and the processing unit 61. The control unit 60
is communicably connected to an engine control unit 390
that is an ECU configured to control the driving source
?2 as an internal combustion engine.

[0057] The processing unit ol executes a program
stored in the storage unit 62, and controls various

P

kinds of actuators 80 based on the detection results o:

D

various kinds of sensors 70. Concerning control

1)

examples to be described later, the various kinds of
sensors 70 include, for example, an accelerator

position sensor 71, a vehicle speed sensor 72, a slope

sensor 73, an SP (Shift Position) sensor 74, a brake
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sensor 75, a GP sensor (gear position sensor) /6, and a

clutch temperature sensor /7.

[0058] The accelerator position sensor /1 1s a sensor

that detects, for example, the depression amount of the

accelerator pedal by the driver. The speed sensor 72

is a sensor that detects, for example, the rotation

speed of the countershaft 40. The slope sensor 73
detects the slope of the traveling road of the vehicle.
The slope sensor 73 can be a sensor confilgured to

P

directly detect the slope of the traveling road, or an

F

acceleration sensor or a speed sensor. If the slope

sensor 73 1s an acceleration sensor or a speed sensor,
the slope of the traveling road can be calculated based
on, for example, the relationshlip between the

accelerator opening and the acceleration or speed of

the wvehicle.

[0059] The SP (Shift Position) sensor /74 1s a sensor

configured to detect the shift position selected by the

driver. As the shift positions, for example, four

types of shift positions, that 1s, the P range (parking
range), D range (drive range), N range (neutral range),
and R range (reverse range) exist. The D range may

include an automatic gear change mode and a manual gear

change mode. The brake sensor /5 1s a Sensor

configured to detect a driver's operation on the foot
brake. The GP sensor 76 1s a sensor configured to

detect the in-gear state or off-gear state 1in each of
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the switching mechanisms 16, 26, and 34, and the GP

sensor 76 can be provided on each transmission gear.

B

The clutch temperature sensor 77 1s provided on each of
the clutches Cl and CZ and measures the temperature.
[0060] The various kinds of actuators 80 1include an
actuator that drives the clutches Cl and CZ2 and
actuators provided in the switching units 1loa, 16b, Zoa,

and 26b and the switching mechanism 34. These

actuators are, for example, motors or control valves.

In this embodiment, the switching units 1lba, 1léb, 26a,
and 26b are assumed to be electric actuators.

[0061] When the D range is selected, the processing
unit 61 selects a gear ratio based on the travelling
state of the vehicle in accordance with, for example, a
gear change map stored in the storage unit 62Z2. The
gear ratio 1s normally switched one by one. For

example, at the time of acceleration, the gear ratio 1s

switched from first speed gear ratio — second speed

gear ratio — third speed gear ratio.... At the time

of deceleration as well, the gear ratio 1s switched

from seventh speed gear ratio — sixth speed gear ratilo

— »
p—

— fifth speed gear ratio.... When switching from an

odd-numbered speed gear ratio to an even-numbered speed
gear ratio, the clutch C2 is released 1n advance, and

the in-gear state of the next even-numbered speed gear

ratio is set. Then, when switching from the odd-

numbered speed gear ratio to the even—-numbered speed

- 07 =
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gear ratio, since the next even-numbered speed gear
ratio 1s established by the release of the clutch CI1
and the connection of the clutch C2Z2, the gear change

time can be shortened. This also applies to switching

from an even-numbered speed gear ratlio to an odd-

numbered speed gear ratio.

[0062] <Hi1ll Hold>

During a stop in the D range, the processing unit
61 normally sets the switching mechanisms 16, 26, and

34 at the neutral positions, and releases the clutches

Cl and C2. If the driver releases the foot brake

during a stop on a climbing hill in the D range, the

vehicle may move back. The backward movement of the
vehicle is prevented by intentionally causing interlock
in the automatic transmission 1. Fig. 3 1s an

explanatory view of the principle and shows a torque

flow at the time of the backward movement of the

vehicle.

[0063] When the vehicle moves back, driving in a

direction reverse to that 1n a forward movement 1s

given by the drive shafts 4 and transmitted to the

countershaft 40, as indicated by Tl. The rotation

pr——

direction of the countershaft 40 at this time 1s the

direction reverse to the above-described forward

rotation direction.

[0064] The driving transmission direction of the one-

way clutch OC is the same as described above. 1In the
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ﬁ-

above setting, 1f a rotation speed V3 of the

countershaft 40 i1in the reverse direction exceeds a

H

rotation speed V4 of the gear 46 1n the reverse

direction, a pivotal movement in the engaging direction
is given to the sprag 0C3, and the outer race OCl and
the inner race OC2 are set in the engaging state.

P

Hence, the driving force of the backward movement 1s

transmitted to the input shaft 11 through the gears 46

pr——

and G1. That is, i1f a rotation 1n a direction

corresponding to the backward movement of the vehicle
is input from the side of the wheels 5 to the output

member 41, the rotation 1s transmitted to the input

shaft 11.

[0065] If one of the odd-numbered speed gear ratios

other than the first speed gear ratio 1s put 1n gear, a

torque circulation occurs between the countershaft 40

and the input shaft 11, and interlock is generated. T3

in Fig. 3 represents a case in which the gears are put

in gear for the third speed gear ratio. Since the

first speed gear ratio is always put in gear, putting

J—
p—

only one gear ratio in gear suffices. Hence, the state

necessary for preventing the backward movement at the

—

time of a stop can be established in a shorter time.

ghe— '
—

The gear ratio to be put in gear may be the fifth speead

gear ratio, the seventh speed gear ratio, or the ninth

speed gear ratio. When the third speed gear ratio

whose ratio is close to the first speed gear ratio 1s
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put in gear, the load applied to each shaft can be

reduced 1n some cases.

[0066] Note that in this embodiment, the one-way

clutch OC is provided between the gear 40 and the input

shaft 11, but may be provided between the 1input shaft

11 and the gear Gl depending on an arrangement of a

transmission. In addition, the one-way clutch OC 1s

provided in the driving force transmission path to

establish the first speed gear ratio, but may be

provided in a driving force transmissilon path to

establish another gear ratio dependling on an

arrangement of a transmission. For example, the one-

way clutch OC may be provided in the driving force

transmission path to establish the second speed gear

ratio. If the one-way clutch OC is provided 1in a

driving force transmission path to establish an even-
numbered speed gear ratio, another gear ratio to be put
in gear to attain interlock i1s also an even-numbered

speed gear ratio.

[0067] The relationship between the switching

mechanism 16 and interlock will be described next.

a dog clutch is employed as the switching mechanism 16,

interlock 1s not carelessly canceled as an advantage

when such interlock is generated. Fig. 4A 1s a

sectional view showing an example of the dog clutch.

This is a sectional view taken along a plane including

the input shaft. Fig. 4A shows an 1n-gear state.

- 725 -
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[0068] A dog gear 101 with dog teeth 10la 1s spline-

connected to a gear member 100 that forms a
transmission gear. A double-cone blocking ring 102 and
a synchronizer spring 103 are provided between the dog
gear 101 and a hub 105 fixed to the 1input shaft.

[0069] A sleeve 104 1s provided to be reciprocally

pr—

moved by the driving force of an actuator 1n an axial

gh— g

direction dl of the input shaft. Spline teeth 104a of

the sleeve 104 can reciprocally move between dog teeth

102a of the blocking ring 102 and between the dog teeth

F

101la of the dog gear 101 while being guided between

spline teeth 105a of the hub 105. As shown in Fig. 4A,
the spline teeth 104a are placed across the spline

teeth 105a and the dog teeth 10la, thereby attaining an

ln—-gear state.

[0070] Fig. 4B 1s a sectional view taken along a

plane in the circumferential direction passing through

the spline teeth 104a and the like. Fig. 4B shows the
cross-sectional shape of the spline teeth 104a and 105a

and the dog teeth 10la and 10Za.

[0071] At the distal end of each spline tooth 104g,

the side surfaces are not parallel but are tilted to

form a tapered shape. Each dog tooth 10la has a

tapered shape corresponding to the tapered shape so the

side surfaces are not parallel but are tilted.

F

[0072] With this tapered shape, if a driving force 1n

the direction of an arrow dZ2 acts on the gear member

- 26 -
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100, the spline teeth 104a and the dog teeth 10la more

deeply mesh with each other and hardly disengage. In

F

the example of Fig. 3, 1f the vehicle stops on a

climbing hill, the gear G3 that 1s the transmission

gear for the third speed gear ratio and the structure

i

of the swilitching unit 1l6a corresponding to the sleeve

104 more deeply mesh with each other, and the gear G3
hardly disconnects.

[0073] On the other hand, when the vehicle starts,

the interlock needs to be canceled. In the example of

Fig. 4A, the sleeve 104 is retreated from the dog gear

101 by the driving force of an actuator (not shown) to

F

attain an off-gear state. However, 1f an actuator

whose output is relatively small 1s used, disengagement

may be difficult because of the meshing between the

spline teeth 104a and the dog teeth 10la.

ﬁ

[0074] However, if the driving force 1n the forward

direction acts on the input shaft 11, the driving force

gradually balances with the driving force of the
backward movement caused by the weight of the vehicle
on the climbing hill, and the meshing between the

spline teeth 104a and the dog teeth 10la weakens to

I

facilitate disengagement. That 1s, 1n the example of

Fig. 3, vehicle start control 1s performed to, for

ﬁ

example, set the clutch Cl 1in a half-engaged state

while causing the switching unit 16a to put the third

speed gear ratio off gear. When the driving force of

- 27 -
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the driving source 2 is transmitted to the input shaft

ﬁ

11, and the driving force of the gravity on the

climbing hill and the driving force from the driving

source 2 balance, the resistance 1n the off-gear state
by the meshing between the spline teeth 104a and the
dog teeth 10la becomes almost 0, and the third speed

gear ratio can reliably be put off gear. Hence, any

special mechanism is not needed to cancel 1nterlock.

[0075] <Control Examples>

Examples of control executed by the processing

unit 61 regarding the above-described hill hold will Dbe

described with reference to Figs. 5A to 5C. Fig. OSA

shows an example of backward movement prevention

control by interlock.

[0076] In step S1, it is determined whether a
predetermined condition is met. Upon determining that
a predetermined condition is met, the process advances
to step S2. Upon determining that a predetermined

condition is not met, the processing of one unlt ends.

[0077] The predetermined condition includes at least

gr——

the stop of the vehicle. The stop of the vehicle can

be determined based on the detection result of the

R—

speed sensor 72. For example, if the detection result

is less than a threshold, 1t can be determined that the

vehicle has stopped.

[0078] The predetermined condition may 1nclude, for

example, the stop of the vehicle on a climbing hill.

- 28 -
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gr—

If the stop of the vehicle on a climbing hill 1is

pre——

included in the condition, the backward movement of the

vehicle can be prevented without unnecessarily causing

interlock. Whether the vehicle has stopped on a

climbing hill can be determined based on the detection

- i
P

result of the slope sensor 73. For example, 1f a slope

more than a predetermined slope 1s detected, 1t can be
determined that the vehicle has stopped on a climbing

hill. Conversely, an arrangement that does not use the

stop of the vehicle on a climbing hill as a condition

can also be employed. As described above, 1nterlock

r—

can reliably be canceled by the start of the vehicle.

Hence, interlock may always be generated at the time of

F

the stop of the vehicle. If the stop of the vehilcle on

a climbing hill is not used as a condition, slope

detection 1s unnecessary.

[0079] The predetermined condition may 1nclude, for

P

example, selection of the D range. During selection of

the D range, on a climbing hill, the necessity of hill

pr—

hold is high at the time of release of the foot brake.

In this case, the predetermined condition may further

o~

- leg power reduction on the foot

include detection o:

brake. This is because the possibility that the

vehicle does not move back i1s high during braking using

-

the foot brake, and at the start of release of the foot

F

brake, the possibility of the backward movement rises.

.

Leg power reduction on the foot brake can be determined
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F

based on the detection result of the brake sensor 75.

[0080] The predetermined condition may include non-

— -

detection of selection of the P range. At the time of

lock by parking lock, the necessity of hill hold by

interlock is low. The non-detection of selection otf

the P range may be determined at timing after the

Jr—

elapse of a predetermined time from the stop of the

vehicle.

[0081] In step S2, the switching mechanism 16 1s

instructed to put one of the odd-numbered speed gear

ratios other than the first speed gear ratio 1n gear,

and the processing of one unit ends. The odd-numbered

speed gear ratio to be put in gear at this time will be

referred to as an IL odd-numbered speed gear ratlio 1n

e

the following explanation.

-

[0082] Fig. 5B shows an example of cancel control of

canceling interlock after the backward movement

prevention control. In step S11, it 1is determined

whether the vehicle is at a stop, and the IL odd-

numbered speed gear ratio is in gear. If YES 1in step

S11, the process advances to step S12. Otherwise, the

P

processing of one unit ends.

[0083] In step S12, it is determined whether a

predetermined condition is met. Upon determining that
a predetermined condition is met, the process advances
to step S13. Upon determining that a predetermined

condition is not met, the processing of one unit ends.
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Here, the predetermined condition 1s, for example, that

o

the estimated value of the driving force required by

the driver exceeds a threshold. The driving

required by the driver 1s the forward driving :

"orce of

force

0

the vehicle required by the driver. The estlimated

value can be derived from, for example,

the accelerator

opening. The accelerator opening can be calculated

F

based on the detection result of the accelerator

position sensor 71. The clutch Cl and the driving

source 2 can be driven and controlled 1n accordance

F

with the estimated value of the driving force required

e
—

by the driver. If the driving force input to the 1nput

shaft 11 increases, the IL gear ratio can readily be

Pﬁ
p—

put off gear, as described with reference to Fig. 4B.

[0084] In step S13, the switching mechanism 16 1s

instructed to put the IL odd-numbered speed gear ratilo

off gear. The processing of one unit thus ends.

[0085] Fig. 5C shows another example of cancel

control of canceling interlock after the backward

movement prevention control. In the example of Fig. OB,

on condition that a predetermined condition 1s met 1n

step S12, the IL gear ratio is put off gear 1n step S13.

However, the IL gear ratio may be put oft

——

"ter

gear a:

execution of the backward movement prevention control

before the vehicle start condition 1s met.

The vehilcle

o~
—

start condition may be, for example, detection of a

driver's operation on the accelerator pedal by the
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accelerator position sensor 71.

[0086]

In the example of Fig. 5C, after the

IL gear

ratio is put 1n gear to attain the 1nterlock state, the

P

off-gear operation of the IL gear ratio 1s performed

lmmediately concerning the control.

[0087] First, in step S21, 1t 1s determined whether

the vehicle is at a stop, and the IL odd-numbered speed

gear ratio is in gear. If YES in step S21, the process

F
p—

advances to step S22. Otherwise, the processing of one

unit ends. In step S22, the switching mechanism 16 1s

instructed to put the IL gear ratio off gear.

P

processing of one unit thus ends.

[0088] Step S22 means that the o:

I

The

f-gear operation of

T}

the IL gear ratio is started concerning the control.

actuator of the switching mechanism 16 that puts the IL
gear ratio off gear 1s started. If the output O:

actuator 1s small,

fr—

— o=
—

Jr—

F
—

r—

In other words, it means that the operation of

the

ratio 1s maintained even after the start of the

operation, as described with reference to Fig.

Especially if the slope of the climbing hil]

4

- the

the in-gear state of the 1L gear

B.

1s large,

the in-gear state of the IL gear ratio 1s maintained

even 1f oO:
the slope

rati1o may

this case, however, the backward movement of the

-

p——
—

-

pe put off gear by the o:

vehicle 1s considered not to occur.

Ff-gear control is performed. Conversely, 1if

f-gear control. In

I

of the climbing hill i1s small, the IL gear
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[0089] Even if the in-gear state of the IL gear ratio

is maintained, when the vehicle starts, at a timing at

F

which the driving force of the backward movement by the

gravity on the climbing hill and the driving force from
the driving source 2 balance, the resistance 1n the

F

off-gear state becomes almost 0, and the IL gear ratio

—

is put off gear, as described with reference to Fig. 4B.

n

By this control, the condition determination process oOf

step S12 can be omitted.

[0090] <Forced Cancel of Interlock>

P

Interlock of this embodiment can be almost

reliably canceled by inputting the driving force from

p

the driving source 2 even if a jam occurs 1n the

switching mechanism 16. However, the driver may select

not the start but the parking range or neutral range.

In this case, the switching mechanism 16 needs to be

PF

put off gear. However, 1f a jam occurs 1n the

switching mechanism 16, it may be impossible to perform

ﬁ
—

the off-gear operation only by the output of the

actuator and establish the range selected by the driver.

In addition, if unintended interlock occurs due to a

special traveling state or the like, a strong jam may

occur in the switching mechanism 16, and the off-gear
operation may be impossible only by the output of the

switching mechanism 1lo.

[0091] A mechanism that forcibly cancels interlock 1n

such a case, that 1s, a mechanism that forcibly puts
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the transmission gear for an odd—-numbered speed gear

ratio in the in-gear state off gear will be described.

In this embodiment, recovery control of i1nputting the

—

driving force of the driving source 2 to the 1nput

F

shaft 11 by connection control of the clutch Cl 1s

F

performed. Fig. 6 is an explanatory view of this. Fig.

6 corresponds to the state described with reference to

Fig. 3 in which interlock has occurred, and shows a

state in which the transmission gear G3 for the third

speed gear ratio is put in gear. The driving force 1is

input from the driving source 2 to the input shaft 11

F
p—

through the clutch Cl1, and the transmissilion torque oI

the driving force by the clutch Cl 1is adjusted (the

transmission torque is controlled by engaging the

clutch C1 halfway), thereby inputting the driving force

while maintaining the rotational speed of the i1nput

shaft 11 at O.

[0092] When a torque T4 input from the driving source

2 to the input shaft 11 and the torque Tl input from

the drive shafts 4 balance, the circulation torque

between the countershaft 40 and the input shaft 11 can

be canceled or weakened. Hence, the meshiling as

described with reference to Fig. 4B weakens, and the

g

transmission gear G3 can be put off gear by the output

— o~

of the actuator of the switching mechanism 16.

ﬁ

[0093] Fig. 7 shows an example of control executed by

the processing unit 61 concerning the recovery control
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shown 1n Fig. 6. In step S31, 1t 1s determined whether

disengagement 1s impossible for an engaged transmission
gear whose disengagement was attempted by the actuator
of the switching mechanism 16. Upon determining that
the disengagement 1s i1mpossible, the process advances
to step S32. Otherwise, the processing of one unit

ends. This determination can be done based on the

detection result of the GP sensor 76. In the example

gt —

of Fig. 6, the disengagement disable state of the

transmission gear G3 1s detected.

[0094] In step S32, 1t 1s determined whether a

predetermined condition is met. The predetermilned

condition can include, for example, the temperature of

the clutch C1 that is less than a threshold. In the

recovery control described with reference to Fig. o,

#

since the clutch Cl is 1in the half-engaged state, the

temperature may readily rise. For this reason, the
recovery control can be prohibited 1f the temperature

of the clutch Cl is already high. This determination

can be done based on the detectilion result of the clutch

temperature sensor /7.

[0095] The predetermined condition can also 1nclude,

for example, a stop of the vehicle. This condition

aims at ensuring safety. The predetermined condition

F

can also include, for example, the agreement of the

F

driver. If the driver agrees, he/she can be prevented

from feeling uncomfortable in the recovery operation by
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the recovery control.

[0096] Upon determining in step S32 that the

condition 1s met, the process advances to step S34. It
the condition 1s not met, the process advances to step

S33. In step S33, it is determined whether a time-out

0

occurs in determining whether the condition 1s met. I:
a time-out occurs, 1t is determined that the recovery
control cannot be continued, and the process advances

to step S41.

[0097] In step S34, the engine control unit 90 1s

#

requested to do cooperative control of the driving

source 2. Here, the engine control unit 90 1s

ﬁ

instructed to increase the driving force of the driving

source 2 and makes the rotational speed higher than the
idling engine speed. In response to the instruction,

the engine control unit 90 starts cooperative control

of the driving source 2.

[0098] In step S35, it is determined whether the

rotational speed of the driving source 2 exceeds a

threshold. If the rotational speed exceeds the

F

threshold, the process advances to step S37. If the

rotational speed does not exceed the threshold, the

process advances to step S36. The rotational speed of

the driving source 2 may be confirmed based on

information from the engine control unit 90, or may be

confirmed based on the detection result of a sensor

(not shown) configured to detect the rotational speed
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of the driving source 2. In step S36, 1t 1s determlned

whether a time-out occurs 1n determining whether the

g —

condition of the rotational speed of the driving source

2 is met. If a time-out occurs, 1t 1s determined that
the recovery control cannot be continued, and the
process advances to step S41.

[0099] In step S37, the off-gear operation 1s started.
Here, to set the transmission gear (the transmission

g

gear G3 in the example of Fig. 6) that cannot Dbe

disengaged in the off-gear state, the switching
mechanism 16 1s instructed to do disengagement, and
simultaneously, the transmission torque of the clutch

Cl is raised. More specifically, a disengagement

control instruction 1s output to the actuator of the

switching mechanism 16, and simultaneously, a control

instruction 1is output to the actuator of the clutch Cl

to gradually increase the connecting force such that

the transmission torque from the driving source 2 to

the input shaft 11 gradually increases.

[0100] In step S38, it is determined whether the off-

gear operation succeeds. If the off-gear operation

succeeds, the process advances to step S39. If the

of f-gear operation does not succeed, the process

advances to step S40. This determination can be done

based on the detection result of the GP sensor /6.

[0101] Fig. 8A is a timing chart showlng the control

F

state in the processes of steps $S34 to S38. When a
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cooperation request i1s transmitted from the control

unit 60 to the engine control unit 90 (ON in Fig. 8A),

F

the rotational speed of the driving source 2 1s

controlled to N that is higher than the 1dling engine

speed. The control unit 60 increases the transmission

ﬁ

torgque of the clutch Cl from 0, and at this time,

controls the degree of connection of the clutch Cl so

as to maintain the rotational speed of the 1nput shaft

F

11 at 0. To confirm the rotational speed of the input

F

shaft 11, the rotational speed of the input shaft 11

can be confirmed by a sensor (not shown) configured to

detect the rotational speed. If the off-gear operation

succeeds, each control ends. In this embodiment, the

off-gear operation can be performed by controlling the

clutch Cl and the driving force of the driving source Z.

No dedicated device 1is needed to forcibly cancel the

interlock.

[0102] Referring back to Fig. 7, 1n step S39,

recovery completion is set, and the processing ends.

When recording a fault history or the like 1n the

e

storage unit 62, the recovery from the off-gear disable

state 1s recorded, and the process returns to normal

gear change control.

[0103] In step S40, 1t 1s determined whether the

#

transmission torque of the clutch Cl reaches a defined

P'

torque. If the transmission torque reaches the defilned

torque, the process advances to step S41 to abandon the
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recovery. If the transmission torque does not reach

the defined torque, the process returns to step S37 to

continue the control to increase the transmission

torque. The transmission torque of the clutch Cl can

be calculated by the control variable to the clutch Cl.

[0104] The defined torgque can be set based on, for

example, the relationship between the slope of the

traveling road and the transmission torque that

balances with the slope, as shown in Fig. 8B. As for

the slope of the traveling road, for example, the slope

of a general road is about 30% at maximum with a margin.

Since the specifications of a vehicle are known, an
input torque to the input shaft 11, which 1s necessary

to bring a vehicle in a certain gear ratio to a halt on

a climbing hill when the vehicle stops on the climbing

hill with a certain slope, can be specified by a

simulation or experiment. The input torque 1s the
balanced torque, which is indicated by a line L
proportional to the slope.

[01035] A region R sandwiched between broken lines,

which is set for the balanced torque indicated by the

-

line L in consideration of the output of the actuator

I

of the switching mechanism 16, and the like, can Dbe

1T 1)
i

understood as the input torque that enables the of:

gear operation. A defined torque T 1s set 1in

correspondence with the maximum slope assumed for a

p—~ =

general road. A case in which the off-gear operation
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P

1s impossible even 1f the defined torque T 1s given can

be regarded as a situation 1n which the off-gear

operation is difficult. The defined torque T can ailso

o
—r

appropriately be set 1n accordance with the slope of

the traveling road. However, 1f the defined torque T

is set in correspondence with the maximum slope assumed

for a general road, the slope of the traveling road

need not be detected.

[0106] Referring back to Fig. 7, 1n step S41, a fault

representing that the disengagement disable state 1is

recorded. As for the recording, for example, the fault
can be recorded 1n the storage unit 62 as a fault

history. In an auto repalr shop, a repalr can be made

based on the record. In step S41, using an even-

numbered speed gear ratio as the subsequent gear ratio

F
s

is set. In this embodiment, for example, even 1f the

transmission gear G3 for the third speed gear ratio

F
p—

cannot be put off gear, forward travelling 1n an even-

numbered speed gear ratio can be done by releasing the

clutch Cl. Hence, by selectling one of the even-

numbered speed gear ratios for subsequent traveling,

the driver can ensure a minimum movement.

pr—

Embodiment>

[0107] <Summary O:

1. An automatic transmission (for example, 1)

according to the embodiment comprises:

a first transmission mechanism (for example, 10)

F

to which a driving force of a driving source (for
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example, 2) 1s 1nput through a first clutch (for

example, Cl) and which is configured to switch driving

force transmission paths to an output member (for
example, 41) to establish a first set of gear ratios
(for example, odd-numbered speed gear ratios);

a second transmission mechanism (for example, Z20)

to which the driving force of the driving source 1s

input through a second clutch (for example, CZ) and

which is configured to switch driving force

transmission paths to the output member to establish a

gr—

second set of gear ratios (for example, even-numbered

speed gear ratios); and

a control unit (for example, 60),

wherein a one-way clutch (for example, 0OC) 1s
provided in a driving force transmission path that

establishes a first certain gear ratio in the first set,

the first transmission mechanism comprilses:

an input shaft (for example, 11) to which the

ﬁ

driving force of the driving source 1s 1nput through

the first clutch;

a first transmission gear (for example, Gl)

provided on the input shaft and configured to establish

the first certalin gear ratio;

ﬁ

a plurality of second transmission gears (for

example, G3, G5, G7, G9) provided on the 1nput shaft

and configured to establish remaining gear ratios 1n

.

the first set; and
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a switching mechanism (for example, 10)

configured to perform engagement and disengagement

between the input shaft and the plurality of second

transmission gears,

a driving transmission direction of the one-way

clutch 1is set such that a rotation inputted from a

wheel side to the output member in a predetermined

rotational direction 1s transmitted to the 1nput shaft,

the predetermined rotational direction corresponding to

a backward movement of a vehicle, and

when disengagement by the switching mechanism 1s

impossible, the control unit can execute recovery

control (for example, Fig. 7) to enable the

disengagement by inputting the driving force of the
driving source to the 1nput shaft.

[0108] According to the embodiment, the interlock can

forcibly be canceled.

[0109] 2. In the automatic transmission (for example,

1) according to the embodiment,

the recovery control is control of raising a

transmission torque of the first clutch while

instructing the switching mechanism to do the

.

disengagement (for example, S30).

[0110] According to the embodiment, it 1s possible to

forcibly cancel the interlock while maintaining the

rotational speed of the i1nput shaft at O.

[0111] 3. In the automatic transmission (for example,
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1) according to the embodiment,

in the recovery control, the control unit

instructs to increase the driving force of the driving

SOoOurce.

[0112] According to the embodiment, by cooperative

control of the driving source, a driving force

necessary for canceling the interlock can be ensured.

[0113] 4. In the automatic transmission (for example,

1) according to the embodiment,

H

the recovery control ends if the transmission

#

torque of the first clutch reaches a defined torque 1in

a state in which the disengagement by the switching

mechanism remalns 1mpossible.

gr—

[0114] According to the embodiment, 1f cancel 1s

difficult, the recovery control can be abandoned

without any problem.

[0115] 5. In the automatic transmission (for example,

1) according to the embodiment,
if the recovery control ends in the state 1in
which the disengagement by the switching mechanilsm

ﬁ

remains impossible, the control unit selects one of the

gear ratios in the second set when the vehicle travels

(for example, S40).

p——

[0116] According to the embodiment, even 1f the

interlock cannot be canceled, a minimum movement can be

ensured.

[0117] 6. In the automatic transmission (for example,
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1) according to the embodiment,

the switching mechanlism comprises:

a dog clutch; and

an actuator configured to operate the dog clutch.
[0118] According to the embodiment, 1t 1s possible to

forcibly cancel the interlock caused by a jam in the

mechanism.

[0119] 7. In the automatic transmission (for example,
1) according to the embodiment,

the gear ratios in the first set are odd-numbered
speed gear ratios, and

the gear ratios 1in the second set are even-

numbered speed gear ratios.

[0120] According to the embodiment, the 1nterlock

generated in an odd-numbered speed gear ratio can

1 -

forcibly be canceled. Additionally, 1f the interlock

cannot be canceled, the vehicle can start in the pnd-

speed gear ratio, and traveling performance can Dbe

ensured.

[0121] 8. In the automatic transmission (for example,

1) according to the embodiment,

the first certain gear ratio is a 1°‘'-speed gear

ratio.

10122] According to the embodiment, the cost can be

reduced by employing the one-way clutch.

[0123] 9. The automatic transmission (for exampile,

1) according to the embodiment further comprilises a
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countershaft provided in parallel to the input shaft,
the output member is provided on the countershatt,

and

a gear configured to mesh with the first

transmission gear 1is provided on the countershaft

through the one-way clutch.

[0124] According to the embodiment, the interlock

generated by a torque circulation between the 1input
shaft and the countershaft can forcibly be canceled.
[0125] 10. A control method, according to the

g~

embodiment, of an automatic transmission (for example,

1) which comprises:

a first transmission mechanism to which a driving

——

force of a driving source is input through a first

clutch and which is configured to switch driving force

transmission paths to an output member to establish a

e

first set of gear ratios; and

a second transmission mechanism to which the

driving force of the driving source 1s input through a
second clutch and which is configured to switch driving

force transmission paths to the output member to

establish a second set of gear ratios,

wherein a one-way clutch is provided in a driving

force transmission path that establishes a first

certalin gear ratio 1n the first set,

the first transmission mechanism comprilses:

an input shaft to which the driving force of the
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driving source 1s input through the first clutch;

a first transmission gear provided on the 1input

shaft and configured to establish the first certain

gear ratio;

a plurality of second transmission gears provided

on the 1nput shaft and configured to establish

remalnling gear ratios 1n the first set; and

a switching mechanism configured to perform

engagement and disengagement between the 1nput shaft

aamd

and the plurality of second transmission gears, and

a driving transmission dilrection of the one-way

clutch 1s set such that a rotation 1nputted from a

wheel side to the output member 1n a predetermined

rotational direction 1s transmitted to the input shaft,

the predetermined rotational direction correspondlng to

P

a backward movement of a vehicle,

the control method comprises:

determining whether dilisengagement by the

switching mechanism 1s impossible (for example, S31);
and

upon determining that the disengagement 1s
impossible, executling recovery control to input the

F

driving force of the driving source to the input shatft

and enable the disengagement (for example, S30).

[0126] According to the embodiment, the interlock can

forcibly be canceled.

[0127] While the present i1nvention has been described



CA 2958905 2017-02-22

H1152587CAC1/P217-0160CA

with reference to exemplary embodiments, 1t 1s to be
understood that the invention 1s not limited to the

disclosed exemplary embodiments. The scope of the

following claims i1s to be accorded the broadest

interpretation so as to encompass all such

modifications and equivalent structures and functions.
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D IS:

L]

WHAT IS CLAIM.

1. An automatic transmission comprilsing:

a first transmission mechanism to which a driving

‘orce of a driving source is input through a first

|

clutch and which is configured to switch driving force

transmission paths to an output member to establilish a

first set of gear ratios;

a second transmission mechanism to which the

driving force of the driving source 1s i1nput through a
second clutch and which is configured to switch driving
force transmission paths to the output member toO

#
p—

establish a second set of gear ratios; and

a control unit,

wherein a one-way clutch is provided in a driving

force transmission path that establishes a first

certalin gear ratio in the first set,

the first transmission mechanism comprises:

an input shaft to which the driving force of the

driving source is input through the first clutch;

a first transmission gear provided on the 1nput

shaft and configured to establish the first certailn

gear ratio;

yr—

a plurality of second transmission gears provided

e

on the input shaft and configured to establish

remaining gear ratios in the first set; and

a switching mechanism configured to perform

engagement and disengagement between the input shaft
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and the plurality of second transmission gears,

ﬁ

a driving transmission direction of the one-way

clutch is set such that a rotation inputted from a
wheel side to the output member in a predetermined
rotational direction is transmitted to the input shaft,
the predetermined rotational direction corresponding to
a backward movement of a vehicle, and
when disengagement by the switching mechanilism 1s

impossible, the control unit can execute recovery
control to enable the disengagement by inputting a

pr——

driving force of the driving source to the input shaft.

2. The transmission according to claim 1, wherein

-

the recovery control is control of ralsing a

F

transmission torgque of the first clutch while

instructing the switching mechanism to do the

disengagement.
3. The transmission according to claim 2, wherein 1in
the recovery control, the control unit 1nstructs to

P

increase the driving force of the driving source.

4 . The transmission according to claim 2, whereln

the recovery control ends if the transmission torque of

the first clutch reaches a defined torque in a state 1in
which the disengagement by the switching mechanism

remalns ilmpossible.

1)

5. The transmission according to claim 4, wherein 1f
the recovery control ends in the state in which the

disengagement by the switching mechanism remailns



CA 2958905 2017-02-22

H1152587CA01/P217-0100CA

g

impossible, the control unit selects one of the gear

ratios in the second set when the vehicle travels.
o . The transmission according to claim 1, wherein
the switching mechanism comprilses:

a dog clutch; and

an actuator configured to operate the dog clutch.
7. The transmission according to claim 1, whereiln
the gear ratios i1n the first set are odd-numbered speed
gear ratios, and

the gear ratios 1n the second set are even-
numbered speed gear ratios.
3 . The transmission according to claim 1, whereiln

the first certain gear ratio is a 1°‘-speed gear ratio.

9. The transmission according to claim 1, further

comprising a countershaft provided 1n parallel to the

1nput shatt,

wherein the output member 1s provided on the

countershaft, and

a gear configured to mesh with the first

transmission gear 1s provided on the countershaft

through the one-way clutch.

10. A control method of an automatic transmission

which comprises:

a first transmission mechanism to which a driving

pr—

force of a driving source 1s input through a first

clutch and which 1s configured to switch driving force

transmission paths to an output member to establish a



CA 2958905 2017-02-22

H1152587CA01/P217-0160CA

i

first set of gear ratios; and

a second transmission mechanism to which the

driving force of the driving source i1s i1nput through a

second clutch and which 1s configured to switch driving

force transmission paths to the output member to

pr—

establish a second set of gear ratios,

wherelin a one-way clutch 1s provided i1n a driving

force transmission path that establishes a first

certaln gear ratlo 1in the first set,

the first transmission mechanism comprises:

an i1nput shaft to which the driving force of the

driving source 1s 1nput through the first clutch;

a first transmission gear provided on the 1nput

shaft and configured to establish the first certain

gear ratio;

fr—

a plurality of second transmission gears provided

on the i1nput shaft and configured to establish
remalning gear ratios 1n the first set; and

a switching mechanism configured to perform

engagement and disengagement between the 1nput shaft
and the plurality of second transmission gears, and

a driving transmission direction of the one-way

clutch 1s set such that a rotation inputted from a
wheel side to the output member 1n a predetermined
rotational direction 1s transmitted to the 1input shatft,
the predetermined rotational direction corresponding to

gty

a backward movement of a vehicle,
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the control method comprising:

determining whether disengagement by the

switching mechanism 1s 1mpossible; and
upon determining that the disengagement 1s

impossible, executing recovery control to enable the

pr—

disengagement by i1nputting the driving force of the

driving source to the input shaft.
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RECOVERY CONTROL
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