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(57) Abstract: A control device for a vehicle is provided. The vehicle
includes a transmission and an engine configured to input a torque
into the transmission. The transmission has multiple transmission
stages and includes a first engagement mechanism B2 and a second
engagement mechanism B1. The control device includes an ECU con-
figured to: (a) control the second engagement mechanism B1 when a
second transmission stage is set such that the capacity of torque trans-
mission of the second engagement mechanism is increased and a
thrust for separating a first member 16 and a second member 19 of the
first engagement mechanism B2 from each other in an axial direction
is generated; (b) calculate a decrement in an output torque of the
transmission when the capacity of torque transmission of the second
engagement mechanism Bl is increased; and (c) increase a torque in-
put into the transmission by the engine based on the decrement in the
output torque by controlling the engine.
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CONTROL DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control device for a vehicle that is provided with
a transmission which includes a first engagement mechanism transmitting a torque by
meshing and a second engagement mechanism capable of changing a transmission torque

capacity.

2. Description of Related Art

[0002] Japanese Patent Application Publication No. 2002-174335 (JP
2002-174.335 A) discloses a control device for a transmission that is configured to change a
torque which is output from an engine and transmit the changed torque to a drive wheel.
The transmission is provided with a power transmission path through which the torque is
transmitted from an input shaft to an output shaft via a dog clutch and a power
transmission path through which the torque is transmitted from the input shaft to the output
shaft via a friction clutch. Accordingly, the torque that acts on the dog clutch is gradually
reduced as a result of an increase in the transmission torque capacity of the friction clutch,
and thus the release of the dog clutch is initiated after the transmission torque capacity of
the friction clutch rises to some extent in a case where the dog clutch is released.

[0003]  The timing when the release of the dog clutch begins can be determined
by using the length of time elapsed after the transmission torque capacity of the friction
clutch begins to be increased. However, the friction clutch, the dog clutch, or a device
that controls these members has inevitable irregularities. Accordingly, the length of time
taken to reach a state where the dog clutch can be released after the transmission torque
capacity of the friction clutch begins to be increased has inevitable irregularities.
Accordingly, the torque continues to act on the dog clutch and the release of the dog clutch

cannot be ensured in some cases when the timing of the beginning of the release of the dog
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clutch is determined based on the length of time after the transmission torque capacity of
the friction clutch begins to be increased. Accordingly, the transmission control device
that is disclosed in JP 2002-174335 A is configured to detect the transmission torque
capacity of the friction clutch and determine whether or not to release the dog clutch based
on the detected transmission torque capacity.

[0004] In a transmission that is configured to perform switching between a
transmission stage which is set by dog clutch engagement and a transmission stage which
is set by friction clutch engagement, the torque that acts on the dog clutch can be reduced
by increasing the transmission torque capacity of the friction clutch as disclosed in JP
2002-174335 A. Accordingly, no torque acts on the dog clutch when the transmission
torque capacity of the friction clutch is increased to a predetermined value. When the
transmission torque capacity of the friction clutch is further increased, the torque is
transmitted with the meshing of the dog clutch reversed. The torque is transmitted to the
dog clutch when the meshing of the dog clutch is reversed by the transmission torque

capacity of the friction clutch being increased as described above.

SUMMARY OF THE INVENTION

[0005]  The torque that is transmi-ted to an output member may be reduced when
the transmission torque capacity of the friction clutch is increased to the extent that the
meshing of the dog clutch is reversed. Accordingly, in the transmission control device
that is configured to perform shifting by increasing the transmission torque capacity of the
friction clutch so that the meshing of the dog clutch is reversed, the torque that is
transmitted to the output member during the shifting may be reduced. The invention
provides a control device for a vehicle that is capable of suppressing a reduction in a
driving force during the release of a mesh-type engagement mechanism.

[0006] According to an aspect of the invention, a control device for a vehicle is
provided. The vehicle includes a transmission and an engine configured to input a torque
into the transmission. The transmission has multiple transmission stages and includes a

first engagement mechanism and a second engagement mechanism. The first engagement
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mechanism includes a first member and a second member. The first member is provided
with first dog teeth. The first dog teeth include first tooth surfaces directed to one side in
a circumferential direction and second tooth surfaces directed to the other side in the
circumferential direction. The second member is provided with second dog teeth. The
second dog teeth include third tooth surfaces facing the first tooth surfaces and fourth tooth
surfaces facing the second tooth surfaces. The second member is configured to be moved
in an axial direction such that the second dog teeth mesh with the first dog teeth. The first
engagement mechanism is configured to transmit a torque between the first member and
the second member when the second dog teeth mesh with the first dog teeth. The second
engagement mechanism includes a third member and a fourth member. The second
engagement mechanism is configured to perform switching between a state where the third
member and the fourth member rotate relative to each other and a state where the third
member and the fourth member are connected to each other for torque transmission. The
second engagement mechanism is configured to change the capacity of the torque
transmission between the third member and the fourth member during the connection.
The transmission is configured to select a first transmission stage among the plurality of
transmission stages by engaging the first engagement mechanism and releasing the second
engagement mechanism. The transmission is configured to select a second transmission
stage having a transmission ratio lower than the transmission ratio of the first transmission
stage by releasing the first engagement mechanism and engaging the second engagement
mechanism. The transmission is configured to reverse the direction of a torque acting on
the first member or the second member as a result of an increase in the transmission torque
capacity of the second engagement mechanism when the second engagement mechanism is
engaged. The first tooth surfaces and the third tooth surfaces are inclined surfaces such
that a thrust for separating the first member and the second member from each other in the
axial direction is generated in accordance with a torque in a direction in which the first
tooth surfaces and the third tooth surfaces are brought into contact with each other when
the second transmission stage is set. The control device includes an electronic control

unit (ECU). The ECU is configured to: (a) control the second engagement mechanism
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when the second transmission stage is set such that the transmission torque capacity of the
second engagement mechanism is increased and the thrust for separating the first member
and the second member from each other in the axial direction is generated; (b) calculate a
decrement in an output torque of the transirission when the transmission torque capacity of
the second engagement mechanism is increased; and (c) increase the torque input into the
transmission by the engine based on the decrement in the output torque by controlling the
engine.

[0007] In the control device accerding to the aspect described above, the ECU
may be configured to control the transmission torque capacity of the second engagement
mechanism based on the input torque of the transmission when the second transmission
stage is set.

[0008] In the control device according to the aspect described above, the ECU
may be configured to calculate a length of time required for separating the second member
from the first member when the second transmission stage is set, and the ECU may be
configured to obtain the decrement in the output torque of the transmission based on the
obtained length of time.

[0009] In the control device according to the aspect described above, the first
engagement mechanism may include a brake mechanism.

[0010] In the control device according to the aspect described above, the first
member and the second member may be configured to rotate relative to each other. The
first engagement mechanism may be configured to connect the first member and the
second member to each other for integral rotation with the first dog teeth and the second
dog teeth meshing with each other.

[0011] In the control device according to the aspect described above, the first
engagement mechanism may include a thrust generation mechanism configured to control
a load for pressing the second member to the first member side. The thrust generation
mechanism may be configured to reduce the load by which the second member is pressed
to the first member side when the second transmission stage is set.

[0012] In the control device according to the aspect described above, the
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transmission may include a third engagement mechanism engaged when the first
transmission stage is set and when the second transmission stage is set.

[0013] In the control device according to the aspect described above, the
transmission may include a first planetary gear mechanism and a second planetary gear
mechanism. Each of the first planetary gear mechanism and the second planetary gear
mechanism may include at least three rotating elements. The first engagement
mechanism and the second engagement mechanism may be configured to connect the
rotating elements of any one of the first planetary gear mechanism and the second
planetary gear mechanism to each other or fix the rotating elements of any one of the first
planetary gear mechanism and the second planetary gear mechanism.

[0014]  According to the aspect described above, the transmission is provided with
the first engagement mechanism that connects the first member and the second member to
each other to be capable of torque transmission by allowing the meshing of the respective
dog teeth formed in the first member and the second member and the second engagement
mechanism that is capable of connecting the third member and the fourth member, which
rotate relative to each other, to each other to be capable of torque transmission and
changing the capacity of the transmitted tcrque. The first transmission stage is set when
the first engagement mechanism is engaged and the second engagement mechanism is
released and the second transmission stage, which has a transmission ratio lower than the
transmission ratio of the first transmission stage, is set when the first engagement
mechanism is released and the second engagement mechanism is engaged. In addition,
the direction of the torque that acts on the first member or the second member is gradually
reversed as a result of an increase in the transmission torque capacity of the second
engagement mechanism. Accordingly, the torque that acts on the first member or the
second member is gradually reduced with the increase in the transmission torque capacity
of the second engagement mechanism when the first transmission stage is set, and then the
direction of the torque that acts on the first member or the second member is reversed. In
addition, the first tooth surfaces of the first dog teeth and the second tooth surfaces of the

second dog teeth face each other and these tooth surfaces are inclined surfaces generating
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the thrust for separating the first member and the second member from each other in the
axial direction in accordance with the torque in the direction in which these tooth surfaces
are brought into contact with each other. When the second transmission stage is set, the
transmission torque capacity of the second engagement mechanism is increased so that the
torque which acts between the first member and the second member becomes the torque
generating the thrust for separating the first member and the second member from each
other in the axial direction. Accordingly, the first engagement mechanism can be released
and shifting to the second transmission stage can be performed when the transmission
torque capacity of the second engagement mechanism is controlled. Accordingly, the
control that is performed during the shifting from the first transmission stage to the second
transmission stage described above can be simplified.

[0015] In addition, a reduction in the torque that is output from the transmission
during the release of the first engagement mechanism can be suppressed by obtaining the
decrement in the output torque of the transmission during the release of the first
engagement mechanism and increasing the torque that is input into the transmission based
on the obtained decrement.

[0016] Moreover, the decrement in the output torque of the transmission can be
obtained in accordance with the length of time required for the release of the first
engagement mechanism by calculating the length of time required for separating the
second member from the first member during the setting of the second transmission stage
and obtaining the decrement in the output torque of the transmission based on the
calculated length of time. As a result, a reduction in a driving force during the release of
the first engagement mechanism can be suppressed even when the length of time required
for the release of the first engagement mechanism is appropriately set.

[0017]  If the thrust generation mechanism that presses the second member to the
first member side is provided, the separation of the respective dog teeth can be suﬁpressed
by pressing the second member to the first member side by using the thrust generation
mechanism even in a case where the torque is applied to the first tooth surfaces and the

third tooth surfaces as the first tooth surfaces and the third tooth surfaces are brought into
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contact with each other under a condition in which the shifting from the first transmission

stage to the second transmission stage is not performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a flowchart for showing an example of control by a control device according
to the invention;

FIG. 2 is a map for determining a torque that is applied to a second brake so as to
release a piston;

FIG. 3A is a time chart illustrating how the transmission torque of each brake and the
torque of an input shaft change during the execution of the control illustrated in FIG. 1;

FIG. 3B is a time chart illustrating how the rotation speed of the input shaft and the
torque that is output from a transmission change during the execution of the control
illustrated in FIG. 1;

FIG. 4 is a skeleton diagram illustrating an example of the configuration of the
transmission that is provided with each engagement mechanism according to the invention;

FIG. 5 is an engagement table illustrating which engagement mechanism is engaged
when each transmission stage is set;

FIG. 6 is a nomogram illustrating the operation state of each rotating element of the
transmission; and

FIG. 7 is a cross-sectional view for showing an example of the configuration of the

second brake.

DETAILED DESCRIPTION OF EMBODIMENTS
[0019] The invention relates to a control device for a transmission provided with
a first engagement mechanism that connects two members to each other to be capable of

torque transmission with dog teeth meshing and a second engagement mechanism that is
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capable of engaging two members, which are disposed to be capable of relative rotation,
with each other to be capable of torque transmission and changing the capacity of the
transmitted torque. FIG. 4 illustrates an example of the configuration of the transmission
that has each of the engagement mechanisms which have the above-described
configuration. The transmission that is illustrated in FIG. 4, which is mounted on a
vehicle, has a known double pinion-type planetary gear mechanism (hereinafter, referred to
as a first planetary gear mechanism 1) and a Ravigneaux-type planetary gear mechanism
(hereinafter, referred to as a second planetary gear mechanism 2). This transmission is
connected to an output shaft 4 of an engine 3, which is a driving force source, via a torque
converter (not illustrated) and is configured to output a torque after changing an input
torque and a rotation speed. More specifically, this transmission is configured to be
capable of setting transmission stages of a forward first speed to a forward eighth speed
and transmission stages of a reverse first speed and a reverse second speed and is
configured to set any of the transmission stages in accordance with a target rotation speed
of the engine 3, a required driving force, and the like. These planetary gear mechanisms
correspond to the first planetary gear mechanism and the second planetary gear mechanism
pertaining to the case of the implementation of the invention.

[0020] The configuration of the transmission that is illustrated in FIG. 4 will be
described in detail. A first sun gear 6 that is connected to a fixed portion 5 such as a
housing, a first inner pinion gear 7 that meshes with the first sun gear 6, a first outer pinion
gear 8 that meshes with the first inner pinion gear 7, a first ring gear 9 that meshes with the
first outer pinion gear 8, and a first carrier 11 that holds the first inner pinion gear 7 and the
first outer pinion gear 8 to be capable of rotation and revolution and is connected to an
input shaft 10 constitute the first planetary gear mechanism 1. In other words, the first
planetary gear mechanism 1 is a differential mechanism that has three rotating elements
and is configured for the first carrier 11 to function as an input element, for the first sun
gear 6 to function as a reaction force element, and for the first ring gear 9 to function as an
output element when the engine 3 outputs a driving force. In addition, the first planetary

gear mechanism 1 functions as a decelerator.
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[0021] A second sun gear 12 and a third sun gear 13 that are concentrically
arranged with the input shaft 10, a second inner pinion gear 14 that meshes with the third
sun gear 13, a second outer pinion gear 15 that meshes with the second inner pinion gear
14 and the second sun gear 12, a second carrier 16 that holds the second inner pinion gear
14 and the second outer pinion gear 15 to be capable of rotation and revolution, and a
second ring gear 17 that meshes with the second outer pinion gear 15 constitute the second
planetary gear mechanism 2 that is illustrated in FIG. 4. In other words, the second
planetary gear mechanism 2 is configured to have both the second carrier 16 and the
second ring gear 17 of a single pinion-type planetary gear mechanism and a double
pinion-type planetary gear mechanism and is configured as a differential mechanism that
has the four rotating elements of the second sun gear 12, the third sun gear 13, the second
carrier 16, and the second ring gear 17.

[0022] A plurality of clutches for selective engagement between the respective
rotating elements of the first planetary gear mechanism 1 described above and the
respective rotating elements of the second planetary gear mechanism 2 and a brake for
stopping any of the rotating elements are additionally disposed. Specifically, a first clutch
C1 is disposed to connect the first ring gear 9 and the third sun gear 13 to each other, a
second clutch C2 is disposed to connect the input shaft 10 or the first carrier 11 and the
second carrier 16 to each other, a third clutch C3 is disposed to connect the first ring gear 9
and the second sun gear 12 to each other, and a fourth clutch C4 is disposed to connect the
first carrier 11 and the second sun gear 12 to each other. Each of the clutches C1, C2, C3,
C4 is configured to be capable of changing the transmission torque capacity based on the
amount of the control of a hydraulic actuator, an electromagnetic actuator, or the like. In
the following.description, a friction clutch that is configured to transmit the torque by
using a frictional force and changing the transmission torque capacity in accordance with
the hydraulic pressure which is supplied to the hydraulic actuator will be described as an
example.

[0023] In addition, a first brake B1 is disposed to stop the second sun gear 12 by

connecting the fixed portion 5 such as the housing and the second sun gear 12 to each other.
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Likewise, a second brake B2 is disposed to stop the second carrier 16 by connecting the
fixed portion 5 and the second carrier 16 to each other. In the example that is illustrated
in FIG. 4, a friction brake that is capable of controlling a braking force which acts on the
second sun gear 12 by changing the frictional force, that is, by changing the transmission
torque capacity, constitutes the first brake B1 and the second brake B2 is configured to stop
the second carrier 16 when the second carrier 16 and the fixed portion 5 mesh with each
other. The second brake B2 corresponds to the first engagement mechanism pertaining to
the case of the implementation of the invention.

[0024]  An electronic control unit (hereinafter, referred to as an ECU 18) is also
disposed so as to control the engine 3, each engagement device, and the like. The ECU
18 is configured to have a microcomputer as a main component as is known, and is
configured to determine a signal to be output to the engine 3 or the respective engagement
devices based on a signal that is input fror a sensor (not illustrated), a pre-stored map, a
pre-stored arithmetic expression, and the like and output the determined signal to the
engine 3 and the respective engagement devices. As an example thereof, signals of a
vehicle speed that is detected by a vehicle speed sensor and an accelerator opening that is
detected by an accelerator opening sensor are input into the ECU 18.  As is known, a shift
map that is prepared in advance by using the vehicle speed and the accelerator opening as
parameters is stored in the ECU 18, and the transmission stage is determined by using the
input signals and the shift map. Then, the signal is output to the respective clutches and
the respective brakes described above so that the transmission stage which is determined is
attained. In this case, the transmission torque capacity of the friction clutch, the friction
brake, or the like is controlled in accordance with various conditions so as to, for example,
suppress a shock that is caused when the transmission stage is changed.

[0025]  The engagement table in FIG. S illustrates which engagement mechanism
is engaged when each transmission stage is set. “0” in FIG. 5 represents a state where the
clutch or the brake is engaged, and “-” represents a state where the clutch or the brake is
released. As illustrated in FIG. 5, the forward first speed is set when the first clutch C1

and the second brake B2 are engaged, the forward second speed is set when the first clutch
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C1 and the first brake B1 are engaged, the forward third speed is set when the first clutch
C1 and the third clutch C3 are engaged, the forward fourth speed is set when the first
clutch C1 and the fourth clutch C4 are engaged, the forward fifth speed is set when the first
clutch C1 and the second clutch C2 are engaged, the forward sixth speed is set when the
second clutch C2 and the fourth clutch C4 are engaged, the forward seventh speed is set
when the second clutch C2 and the third clutch C3 are engaged, and the forward eighth
speed is set when the second clutch C2 and the first brake Bl are engaged. In addition,
the reverse first speed is set when the second brake B2 and the third clutch C3 are engaged
and the reverse second speed is set when the second brake B2 and the fourth clutch C4 are

“1”

engaged. The transmission ratio is when the forward sixth speed is set, the
transmission ratio exceeds “1” when any one of the transmission stages of the forward first
speed to the forward fifth speed is set, and the transmission ratio is less than “1” when the
forward seventh speed or the forward eighth speed is set. The forward first speed
corresponds to the first transmission stage pertaining to the case of the implementation of
the invention, the forward second speed corresponds to the second transmission stage
pertaining to the case of the implementation of the invention, the first brake Bl
corresponds to the second engagement mechanism pertaining to the case of the
implementation of the invention, and the first clutch C1 corresponds to the third
engagement mechanism pertaining to the case of the implementation of the invention.
[0026] FIG 6 is a nomogram illustrating the operation state of each rotating
element in the respective transmission stages. The vertical axis in FIG. 6 represents the
rotation speed of each rotating element, and the rotation speed input into the transmission
is illustrated as being constant. In the following description, a case where the direction of
rotation of each rotating element is the same as the direction of rotation of the engine 3 will
be referred to as positive rotation and a case where the direction of rotation of each rotating
element is opposite to the direction of rotation of the engine 3 will be referred to as
negative rotation. In addition, a torque that acts to reduce the rotation speed during the
negative rotation or a torque that acts to increase the rotation speed during the positive

rotation will be referred to as a positive torque and a torque that acts to reduce the rotation
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speed during the positive rotation or a torque that acts to increase the rotation speed during
the negative rotation will be referred to as a negative torque. Accordingly, in FIG. 6, the
positive rotation is the side above “0”, the negative rotation is the side below “0”, the
torque that acts in the upward direction with respect to each rotating element is the positive
torque, and the torque that acts in the downward direction with respect to each rotating
element is the negative torque.

[0027]  As described above, the first planetary gear mechanism 1 is configured to
function as the decelerator and is configured to amplify the torque that is transmitted from
the engine 3 and then output the amplified torque from the first ring gear 9. In addition,
the first clutch C1 is engaged at the forward first speed. In other words, the first ring gear
9 and the third sun gear 13 are connected to each other via the first clutch C1 as described
above. Accordingly, the positive torque is input from the engine 3 to the third sun gear 13
via the first ring gear 9, and thus the third sun gear 13 functions as the input element of the
second planetary gear mechanism 2. At the forward first speed, in addition, the second
brake B2 is engaged to connect the second carrier 16 and the fixed portion 5 to each other,
and thus the rotation speed of the second carrier 16 is maintained at “0”. Accordingly, the
second carrier 16 functions as the reaction force element of the second planetary gear
mechanism 2. As a result, the torque that is input into the transmission is amplified in
accordance with the gear ratio of the transmission and then is output from the second ring
gear 17. The negative torque is transmitted to the second carrier 16 while the driving
force is output from the engine 3.

[0028] The first clutch C1 is engaged not only at the forward first speed but also
at the forward second speed. Accordingly, the positive torque is input from the engine 3
to the third sun gear 13 via the first ring gear 9, and thus the third sun gear 13 functions as
the input element of the second planetary gear mechanism 2. At the forward second
speed, the first brake B1 is engaged to connect the second sun gear 12 and the fixed portion
5 to each other, and thus the rotation speed of the second sun gear 12 is maintained at “0”.
Accordingly, the second carrier 16 functions as the reaction force element of the second

planetary gear mechanism 2. As a result, the torque that is input into the transmission is
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amplified in accordance with the gear ratio of the transmission and then is output from the
second ring gear 17.

[0029] During the upshift to the forward second spéed from the forward first
speed set as described above, the second brake B2 is released and the first brake Bl is
engaged. As described above, the second brake B2 is configured to transmit the torque
by meshing. The brake that transmits the torque by meshing as described above cannot
control the transmission torque capacity. Accordingly, a large amount of torque is applied
to the second brake B2 and a large amount of frictional force acts on the meshing surface
while the second carrier 16 is functioning as the reaction force element, and thus the
second brake B2 becomes less likely to be released in some cases. Accordingly, this
transmission control device is configured for the second brake B2 to be released in a state
where the transmission torque capacity of the first brake B1 is increased to be allowed to
function as a reaction force at the forward first speed. In other words, this transmission
control device is configured for the negative torque that is applied to the second brake B2
to be reduced when the traveling is performed with the forward first speed set.

[0030] It is necessary to determine whether the second brake B2 is completely
released in the case of performing a transition to the forward second speed by increasing
the transmission torque capacity of the first brake B1 so as to suppress the application of
the torque to the second brake B2, releasing the second brake B2 thereafter, and then
increasing the transmission torque capacity of the first brake BI. When a sensor or the
like is disposed so as to detect a complete release of the second brake B2, the device may
become larger in size, or the shift response may be reduced due to a factor such as the
waiting for the release of the second brake B2. In addition, the shift control may become
complicated because cooperation control has to be performed between control for releasing
the second brake B2 and control for changing the transmission torque capacity of the first
brake B1.

[0031]  Accordingly, the invention is configured to allow the second brake B2 to
be released by increasing the transmission torque capacity of the first brake Bl so that the

positive torque is transmitted to the seconc carrier 16. FIG. 7 is a schematic diagram for
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showing the configuration of the second brake B2.. The second brake B2 that is illustrated
in FIG. 7 is configured for a piston 19, which is spline-engaged with the fixed portion 5,
and the second carrier 16 to mesh with each other. Specifically, a side surface of the
second carrier 16 and the piston 19 are disposed to face each other in an axial direction, a
plurality of first dog teeth 20 that prctrude in the axial direction are formed at
predetermined intervals in a circumferential direction on the surface of the second carrier
16 facing the piston 19, and a plurality of second dog teeth 21 that protrude in the axial
direction and mesh with the first dog teeth 20 are formed at predetermined intervals in the
circumferential direction on the surface of the piston 19 facing the second carrier 16. The
piston 19, which is an annularly formed member, has an outer circumferential surface that
is spline-engaged with an inner circumferential surface of the fixed portion 5. In other
words, the piston 19 is engaged with the fixed portion 5 to be capable of moving in the
axial direction and not to be capable of rotating. The piston 19 corresponds to the second
member pertaining to the case of the impleraentation of the invention.

[0032] A thrust generation mechanism 22 is disposed so as to move the piston 19.
In the example that is illustrated in FIG. 7, a return spring 23 that exerts a load on the
piston 19 so that the piston 19 is separated from the second carrier 16 and a hydraulic
actuator 24 that is disposed on a béck surface (surface on the side opposite to the surface
facing the second carrier 16) side of the piston 19 so as to exert a thrust against the spring
force of the return spring 23 constitute the thrust generation mechanism 22. Accordingly,
the piston 19 that is illustrated in FIG. 7 is configured to approach the second carrier 16
when the hydraulic pressure supplied to the hydraulic actuator 24 increases and, on the
contrary, to be separated from the second carrier 16 by the spring force of the return spring
23 when the hydraulic pressure supplied to the hydraulic actuator 24 decreases.

[0033] The respective dog teeth 20, 21 that are illustrated in FIG. 7 have tooth
surfaces formed so that the hydraulic pressure supplied to the hydraulic actuator 24 can be
reduced when the driving force is transmitted from the engine 3 with the forward first
speed set, that is, the thrust for separation from the second carrier 16 is less likely to be

generated in the piston 19 when the first cog teeth 20 and the second dog teeth 21 are in
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contact with each other. Specifically, the side surfaces of the dog teeth 20, 21 that are in
contact with each other while the vehicle is traveling with the forward first speed set, that
is, tooth surfaces 25, 26 where the first dog teeth 20 and the second dog teeth 21 face each
other, are formed to be substantially orthogonal to the direction of rotation. The tooth
surfaces 25 of the first dog teeth 20 correspond to the second tooth surfaces pertaining to
the case of the implementation of the invention and the tooth surfaces 26 of the second dog
teeth 21 correspond to the fourth tooth surfaces pertaining to the case of the
implementation of the invention. Although the respective tooth surfaces 25, 26 are
formed to be orthogonal to the direction of rotation in the example that is illustrated in FIG.
7, the respective tooth surfaces 25, 26 may also be formed at a predetermined angle to the
direction of rotation as illustrated by the dashed line.

[0034]  The negative torque that is transmitted to the second carrier 16 is reduced
first when the transmission torque capacity of the first brake B1 begins to be increased
during the setting of the forward first speed. When the transmission torque capacity of
the first brake B1 is further increased thereafter, the torque that is transmitted to the second
carrier 16 is reversed in direction to become the positive torque. In other words, an
increase in the transmission torque capacity of the first brake B1 causes the direction of the
torque that is transmitted to the second carrier 16 to be gradually reversed. When the
direction of the torque that is transmitted to the second carrier 16 is reversed as described
above, the meshing between the dog teeth 20, 21 is reversed. Accordingly, this
transmission control device is configured for the meshing between the dog teeth 20, 21 to
be reversed and the thrust for separating the piston 19 from the second carrier 16 to be
generated in accordance with the torque in the direction in which tooth surfaces 27, 28 are
brought into contact with each other. Specifically, the tooth surfaces 27, 28 are inclined
which are brought into contact with each other with the reversal of the meshing between
the respective dog teeth 20, 21. In other words, the tooth surfaces 27, 28 that are directed
to be opposite to the tooth surfaces 25, 26 in the circumferential direction are formed to be
inclined. These tooth surfaces 27, 28 correspond to the first tooth surface and the third

tooth surface pertaining to the case of the implementation of the invention.
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[0035] The shapes of the tooth su-faces 27, 28 will be described in detail. The
respective dog teeth 20, 21 are formed for the angle O that is formed by the axial direction
and the respective tooth surfaces 27, 28 to exceed a predetermined value, that is,
configured for a load to act on the piston 19 in the direction in which the piston 19 is
separated from the second carrier 16 in accordance with the torque which is applied to the
respective tooth surfaces 27, 28 as a result of the contact between the respective tooth
surfaces 27, 28. It is preferable that this inclination angle © is set to an angle which
satisfies the following expression.

B-C-pixF>0...(1)

[0036] The B in the Expression (.) represents the load that acts on the piston 19
SO as to separate the piston 19 from the second carrier 16 when a load acts on the tooth
surfaces 28. In other words, the B in the Expression (1) can be calculated based on a
normal force A that is applied to the tooth surfaces 28 and the inclination angle ©.
Specifically, the B in the Expression (1) can be calculated as follows. The F in the
following equation represents the load in the direction of rotation acting on the piston 19.

B=Axsin0...(2)

A=F/cos0...(3)

[0037] Since the frictional force is generated when the piston 19 is moved in the
axial direction, the axial component of the frictional force acts on the piston 19. The C in
the Expression (1) represents the axial component of the frictional force. Accordingly,
the C can be obtained by the following equation. The po in the following equation
represents the coefficient of friction in the contact surfaces of the respective dog teeth 20,
21.

C=paxAxcos0...(4)

[0038] In addition, the “pixF” in the Expression (1) represents the frictional force
that is caused by the piston 19 and the fixed portion 5, and the u represents the coefficient
of friction in the contact surfaces of the piston 19 and the fixed portion 5.

[0039]  Accordingly, the Expression (1) shows a condition in which the piston 19

can be moved in a case where the torque is applied to the respective tooth surfaces 27, 28
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in a state where the thrust generation mechanism 22 does not press the piston 19.
Because the return spring 23 always presses the piston 19, the spring force of the return
spring 23 may be added to the left-hand side of the Expression (1).

[0040] When the second brake B2 has the above-described configuration, it is
possible to allow the load to act on the piston 19 and release the second brake B2 by
controlling the torque that is transmitted by the first brake B1. Specifically, when the
transmission torque capacity of the first brake B1 is increased with the forward first speed
set, the first brake Bl is in charge of a reaction force torque corresponding to the
transmission torque capacity. Accordingly, the torque that is applied to the second brake
B2 is gradually reduced. In other words, the first brake B1 and the second brake B2 are
in charge of the reaction force torque. When the transmission torque capacity of the first
brake B1 is further increased, the positive torque is transmitted to the second carrier 16 and
the direction of the meshing of the second brake B2 is reversed. When the direction of
the meshing of the second brake B2 is reversed as described above, the tooth surfaces 27,
28 are brought into contact with each other and the second brake B2 is released. Even
when the meshing of the second brake B2 is reversed, the rotation speed of each rotating
element does not change until the second brake B2 is released. Accordingly, the first
brake Bl is in a slip state. In addition, the separation of the piston 19 from the second
carrier 16 can be suppressed, because the thrust generation mechanism 22 is provided,
although tﬁe load acts on the second brake B2 to release the piston 19 during reverse
traveling or an engine brake operation. In other words, another friction brake or the like
does not have to be disposed.

[0041] In a case where the second brake B2 is released by the application of the
torque to the second brake B2 and the separation of the piston 19 as described above, the
second carrier 16 remains stopped while the torque is exerted to release the piston 19.
Accordingly, the positive torque is transmitted to the second sun gear 12 while the
transmission torque capacity of the first brake B1 is increased and the piston 19 is released,
and thus the negative torque corresponding to the transmission torque capacity of the first

brake B1 is transmitted to the second ring gear 17. In other words, the torque that is
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transmitted from the engine 3 to the second ring gear 17 is reduced.

[0042]  Accordingly, this transmission control device is configured to suppress a
reduction in the torque that is transmitted to the second ring gear 17 by increasing the
torque that is input into the transmission, more specifically, the output torque of the engine
3, while the torque is applied to the second brake B2 to release the second brake B2.
When only the torque that is input into the transmission is increased as described above,
the engine 3 is blown and to the torque fcr releasing the second brake B2 becomes less
likely to be exerted. Accordingly, this transmission control device is configured to
increase the transmission torque capacity of the first brake Bl in accordance with the
increment in the torque that is input into the transmission.

[0043] Specifically, the output torque of the engine 3 is calculated by using the
following arithmetic expression. Firstly, as is known, a torque To that is transmitted to
the second ring gear 17 can be expressed in the form of a function based on the torque
(hereinafter, referred to as a turbine torque TT) that is transmitted to the input shaft 10, a
transmission torque Tbl of the first brake B1, and a transmission torque Tb2 of the second
brake B2 as represented by the Equation (5) by using an equation of motion for the shifting
from the forward first speed to the forward second speed. Likewise, the angular
acceleration dw/dt of the second ring gear 17 can be expressed in the form of a function
based on the turbine torque TT, the transmission torQue Tb1 of the first brake B1, and the
transmission torque Tb2 of the second brake B2 as represented by the Equation (6). Each
of the a1, Bi, v1, 02, B2, and y2, which are coefficients, is a value that is determined based
on the structure of the transmission, inertia, and the like.

To=oxTT+B1xTbl+y1xTb2...(5)

do/dt=0x TT+B2xTb1+y2xTbh2...(6)

[0044] When the torque of the first brake B1 is controlled so that no torque is
applied to the second brake B2 in a state where the forward first speed is set, a torque
To_org that is transmitted to the second ring gear 17 and the angular acceleration dw/dt of
the second ring gear 17 can be expressed in the form of the functions shown by the

Equation (7) and the Equation (8) because the transmission torque of the second brake B2
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in the Equation (5) and the Equation (6) may be “0”. Since the shifting is performed
within an extremely short period of time, the rotation speed of the second ring gear 17
rarely changes during the shift. Accordingly, the value of the Equation (8) is “0”.
To_org=ouxTT org+Pfi1xTbl org...(7)
do/dt=02xTT_org+B2xTbl org=0...(8)

In the Equation (7), Equation (8), and the following description, the transmission

torque of the first brake B1 that prevents torque application to the second brake B2 is

referred to as “Tb1_org” and the torque that is input into the transmission is referred to as
“TT org”.

[0045] Accordingly, the transmission torque Tb1_org of the first brake B1 that is
required for the transmission torque of the second brake B2 to become “0” may be solved
for the “Tbl_org” in the Equation (8), and thus can be expressed in the form of the
function of the “TT org” as in the Equation (9). In addition, the torque To_org that is
transmitted to the second ring gear 17 in this case can be expressed in the form of the
function of the “TT org” as in the Equation (10) similarly to the transmission torque
Tb1 org of the first brake Bl. The “Tb1_org” in the Equation (9) may be substituted in
the Equation (7). Herein, the turbine torque TT org is a value based on the output torque
of the engine 3 and the torque ratio of the torque converter. Accordingly, the transmission
torque Tb1_org of the first brake B1 and the torque To_org that is transmitted to the second
ring gear 17 can be determined based on the required driving force as is known.

Tbl org=-c2/B2xTT _org...(9)

To_org=(a1-02xP1/B2)xTT _org...(10)

[0046]  This transmission control device is configured to release the second brake
B2 by the application of the torque to tte second brake B2 as described above and is
configured to output a torque corresponding to the driving force decrement attributable to
the above-described torque application tc the second brake B2 from the engine 3 and
determine the transmission torque of the first brake Bl in accordance with the output
torque of the engine 3. Accordingly, the torque that is transmitted to the second ring gear

17 and the angular acceleration of the second ring gear 17 while the torque for releasing
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the second brake B2 is applied to the second brake B2 can be expressed in the form of the
functions shown in the Equation (11) and the Equation (12). Since the output torque of
the engine 3 is increased not to change the driving force as described above, the torque that
is transmitted to the second ring gear 17 has a value similar to that in the Equation (7), that
is, becomes equal to the “To_org”. In the following description, the torque that is output
by the engine 3 so as to supplement the driving force decrement when the second brake B2
is released, that is, the torque corresponding to the turbine torque increment, will be
referred to as “TT_add”, the increment in the transmission torque of the first brake Bl
corresponding to the turbine torque increment will be referred to as “Tbl_add”, and the
torque that is transmitted to the second brake B2 will be referred to as “-Tb2_need”.

To_org=oux(TT _org+TT add)+fix(Tbl org+Tbl add)+yix(-Tb2_need) ...(11)

do/dt=0x(TT org+TT add)+PBax(Tbl_org+Tbl add)+y2x(-Tb2 need) =0...(12)

[0047] The yix(-Tb2_need) in the Equation (11) represents the torque that is
transmitted to the second ring gear 17 sc as to reduce the torque transmitted from the
engine 3 to the second ring gear 17, which is attributable to the release of the second brake
B2. The torque that is transmitted to the second ring gear 17 can be calculated based on
the length of time required until the respective dog teeth 20, 21 are released after the
contact between the tooth surfaces 27, 28. Specifically, the second brake B2 is released
by the piston 19 being pressed in the axial direction in accordance with the torque applied
to the second brake B2 as described above. In addition, the axial length of the meshing
between the respective dog teeth 20, 21 is determined on a design basis. Accordingly, the
torque applied to the second brake B2 can be obtained based on the axial length of the
meshing between the respective dog teeth 20, 21 and the length of time required until the
piston 19 is moved, that is, the required shift response. Then, the negative torque that is
transmitted to the second ring gear 17, which is attributable to the release of the second
brake B2, can be calculated by integrating the torque applied to the second brake B2 that is
obtained in this manner with the coefficieat y1 in the Equation (11). The torque that acts
on the second brake B2 may be obtained by preparing, in advance, a map which has the

length of time taken until the release of the second brake B2, more specifically, the length
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of time taken until a complete separation after the piston 19 begins to be pressed, and the
torque that acts on the second brake B2 as parameters as illustrated in FIG. 2 and in
accordance with the map and the length of time taken until the release of the second brake
B2.

[0048] A reduction in the driving force caused when the second brake B2 is
released by the application of the torque to the second brake B2 is suppressed as described
above, and thus the torque that is transmitted to the second ring gear 17 in a state where no
torque is applied to the second brake B2 becomes equal to the torque that is transmitted to
the second ring gear 17 when the torque is applied to the second brake B2. In other
words, the Equation (7) above and the Equation (11) above are identical to each other.
Accordingly, the Equation (13) is obtained from the Equation (7) and the Equation (11).

ouxTT _add+BixTbl_add+yix(-Tb2_need)=0...(13)

[0049] Likewise, the angular acceleration of the second ring gear 17 in a state
where no torque is applied to the second brake B2 becomes equal to the angular
acceleration of the second ring gear 17 in a state where the torque is applied to the second
brake B2. Accordingly, the Equation (14) is obtained from the Equation (8) and the
Equation (12).

o2xTT add+B2xTbl_add+y,x(-Tb2_need)=0...(14)

[0050]  Accordingly, from the Equation (13) and the Equation (14), the turbine
torque increment TT add can be expressed, as in the Equation (15), in the form of the
function of the torque applied to the second brake B2 so as to release the second brake B2. .

TT _add=(y1xB2-y2xB1)/(o1xP2-c2xP1)x(-Tb2_need)...(15)

[0051] Likewise, from the Equation (13) and the Equation (14), the increment in
the transmission torque of the first brake B1 can be expressed, as in the Equation (16), in
the form of the function of the torque applied to the second brake B2 so as to release the
second brake B2. In other words, the increment in the transmission torque of the first
brake B1 can be obtained based on the torque transmitted to the second brake B2.

Tb1l add=(yixaz-y2xou)/(Bixaz-Paxoi)x(-Tb2 need)...(16)

[0052]  The value that is obtained by adding the torque TT add obtained in the
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Equation (15) above to the turbine torque TT org obtained based on the required driving
force can be a target torque TT _target of the turbine torque. In addition, the value that is
obtained by adding the transmission torque Tb1_org of the first brake B1 obtained by using
the Equation (9) above to the increment Tbl add in the transmission torque of the first
brake B1 obtained by using the Equation (16) can be a target torque Tb1 target of the first
brake B1. The Equation (17) and the Equation (18) represent equations for calculating
the target torque TT target of the engine 3 and the target torque Tb1 target of the first
brake B1.

TT target=TT org+TT add...(17)

Tbl1 target=Tbl org+Tbl add...(18)

[0053] Next, an example of the control that is performed by the ECU 18 in the
transmission control device having the above-described configuration will be described
with reference to the flowchart illustrated in FIG. 1. The flowchart illustrated in FIG. 1 is
repeatedly executed at predetermined time intervals. According to the example illustrated
in FIG. 1, it is determined first whether or not a request for the shifting from the forward
first speed to the forward second speed is present (Step S1). Specifically, it is determined
whether or not the request for the shifting from the forward first speed to the forward
second speed is present in accordance with the vehicle speed and the accelerator opening
as described above or it is determined whether or not the request for the shifting is present
in accordance with a shift lever position, various switch operations, or the like. When the
upshift is requested in a state where an accelerator pedal is depressed, it is preferable to
improve the shift response. Accordingly, -his control may be initiated in a case where the
request for the shifting from the forward first speed to the forward second speed is present
with the vehicle speed becoming equal to or greater than a predetermined vehicle speed in
a state where the accelerator pedal is depressed. In a case where the request for the
shifting from the forward first speed to the forward second speed is absent and a negative
determination is made in Step S1, this routine is temporarily terminated as it is.

[0054] In a case where the request for the shifting from the forward first speed to

the forward second speed is present and & positive determination is made in Step S1, in
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contrast, the transmission torque capacity of the first brake B1 is increased (Step S2), with
the value obtained in the Equation (18) above being the target value, so as to reduce the
negative torque that is applied to the second brake B2 or to apply the positive torque to the
second brake B2.

[0055] In addition, the hydraulic pressure of the hydraulic actuator 24 that
controls the second brake B2 is reduced (Step S3). In other words, the thrust that acts on
the piston 19 is reduced. Specifically, oil is discharged from a hydraulic pressure
chamber of the hydraulic actuator 24. In Step S3, the hydraulic pressure may be
controlled and reduced at the same time or, simply, the oil may be drained.

[0056]  After Step S3, in addition, the output torque of the engine 3 is increased
(Step S4), with the value obtained in the Equation (17) above being the target value, so as
to suppress a reduction in the torque transmitted to the second ring gear 17 when the
second brake B2 is released. As is known, the output torque of the engine 3 can be
increased and decreased by changing the cegree of throttle opening. The procedure for
initiating Step S2 to Step S4 is not particularly limited, and Step S2 to Step S4 may be
initiated at the same time.

[0057]  When the transmission torque capacity of the first brake B1 is increased
with the shifting from the forward first speed to the forward second speed initiated as
described above, the negative torque that is applied to the second brake B2 is gradually
reduced, and then the positive torque is applied to the second brake B2. The second brake
B2 is released for a transition to an inertia phase when the positive torque is applied to the
second brake B2 as described above. Accordingly, after Step S4, it is determined whether
or not the transition to the inertia phase has occurred (Step S5). Specifically, it is
determined whether or not the rotation speed of the input shaft 10 has begun to change
because the rotation speed of the second sun gear 12 begins to be reduced to become close
to “0” and the rotation speed of the input shaft 10 begins to be reduced when the second
brake B2 is released. This determination is to promptly initiate inertia phase control by
determining that the second brake B2 is released.

[0058] In a case where the transition to the inertia phase has yet to be made, for
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example, in a case where only a short pericd of time has passed since the initiation of the
shift control, and a negative determinatior: is made in Step S5, Step S2 to Step S4 are
repeatedly executed until the transition to the inertia phase. In the case of the transition to
the inertia phase and a positive determination in Step S5, in contrast, the control of the
inertia phase is initiated (Step S6) and this routine is temporarily terminated. In the
inertia phase, the rotation speeds of both the second sun gear 12 and the input shaft 10
change and no torque is transmitted to a drive wheel. Accordingly, the output of the
engine 3 is reduced because the engine 3 is blown when the output of the engine 3 is high.
In addition, in a case where the transmission torque capacity of the first brake B1 is small,
the torque does not act to reduce the rotation speed of the engine 3 and the length of time
taken until the transmission torque capacity of the first brake Bl is increased to a
transmission torque capacity required afier the shifting increases. Accordingly, the
transmission torque capacity of the first brake Bl is set to be almost as high as the
transmission torque capacity required after the shifting. Then, after the engine rotation
speed (rotation speed of the input shaft 10) is reduced to a rotation speed based on the
transmission ratio of the forward second speed and the vehicle speed, the output of the
engine 3 is increased to a value corresponding to the required driving force and the first
brake B1 is completely engaged not to slip.

[0059] FIG. 3A s a time chart illustrating how the transmission torque of each of
the brakes B1, B2 and the torque of the input shaft 10 change during the execution of the
control illustrated in FIG. 1. FIG. 3B is a time chart illustrating how the rotation speed of
the input shaft 10 and the torque (torque of the second ring gear 17) that is output from the
transmission change during the execution of the control illustrated in FIG. 1. In FIG. 3A,
the solid line represents the transmission torque (Tb1) of the first brake B1, the dashed line
represents the transmission torque (Tb2) of the second brake B2, and the or_le-dot chain line
represents the torque (TT) of the input shaft 10. In FIG. 3B; the solid line represents the
rotation speed (Nt) of the input shaft 10 and the dashed line represents the torque (To) of
the second ring gear 17. In FIG. 3A, in acdition, the direction in which each of the brakes

B1, B2 functions as the reaction force while increasing the driving force is illustrated as
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having a positive value. In other words, at the forward first speed, the second brake B2
functions as the reaction force as described above, and thus has a value exceeding “0”.

[0060]  As illustrated in FIG. 3A, the torque of the input shaft 10 (output torque of
the engine 3) begins to increase toward the target value of the output torque of the engine 3
calculated by using the Equation (17) above when the shifting from the forward first speed
to the forward second speed is initiated. Specifically, the output torque of the engine 3
increases to reach the target value calculated by using the Equation (17) at the point in time
when the length of time required until the release of the piston 19 after the establishment of
a shift determination has elapsed. For structural reasons, the engine 3 cannot change the
torque in steps. Accordingly, the output torque begins to increase before the torque for
releasing the second brake B2 begins to be applied to the second brake B2.

[0061] The transmission torque of the first brake Bl begins to increase
substantially at the same time as the output torque of the engine 3 begins to increase. The
target value of the transmission torque of the first brake B1 pertaining to this case is the
value calculated by using the Equation (18} above, and the transmission torque of the first
brake B1 begins to increase to reach the target value at the point in time when the length of
time required until the release of the piston 19 after the establishment of the shift
determination has elapsed. This is to suppréss the blowing of the engine 3 by the increase
in the torque of the engine 3. According to FIG. 3A, the output torque of the engine 3 and
the transmission torque of the first brake B1 proportionally change. However, the manner
of the change is not particularly limited.

[0062] Even when the transmission torque of the first brake B1 is increased as
described above, the first brake B1 is in the slip state because the second brake B2 has yet
to be engaged. In addition, a transition to a torque phase is made when the first brake B1
transmits the torque as described above, and thus the torque that is transmitted to the
second ring gear 17 is reduced as a result of the increase in the transmission torque of the
first brake B1.

[0063] When the transmission torque of the first brake Bl reaches a

predetermined magnitude (time tl), the transmission torque of the second brake B2
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becomes “0”. When the transmission torque of the first brake B1 is further increased to
reach the target torque and the output torque of the engine 3 is increased to reach the target
torque (time t2), the piston 19 is released after the meshing of the second brake B2 is
changed as described above. In this case, the engine 3 has an increased output torque,
and thus a reduction in the output torque of the second ring gear 17 attributable to the
release of the second brake B2 does not occur.

[0064] When the second brake B2 is released as described above, the first brake
B1 slips and the transmission torque capacity of the first brake B1 is set for the torque for
releasing the second brake B2 to be applied. Accordingly, the rotation speed of the input
shaft 10 begins to be reduced (time t3) promptly after the release of the second brake B2.
In other words, the transition to the inertia phase is made. Accordingly, the control of the
inertia phase is initiated and the transmission torque capacity of the first brake Bl is
changed in accordance with the torque of the input shaft 10 while the torque of the input
shaft 10 is reduced so as to suppress the blowing of the engine 3. Also, the torque of the
input shaft 10 can be changed by changing the degree of throttle opening in the engine 3.
According to FIG. 3A, the transmission torque of the first brake B1 is not reduced until the
time t2. Point is, however, suppressing the blowing of the engine 3 may be performed by
keeping a balance between the torque of the input shaft 10 and the transmission torque of
the first brake B1, and thus the transmission torque of the first brake B1 can be maintained
at the same value as at the time t2 when the torque of the input shaft 10 is increased to
exceed that in FIG. 3A.

[0065] When the rotation speed cf the input shaft 10 is reduced to the rotation
speed that is calculated based on the vehicle speed and the gear ratio at the forward second
speed, the torque of the input shaft 10 is controlled to a torque corresponding to the
required driving force and the first brake B1 is completely engaged. According to FIG.
3A, which illustrates the transmission torque of the first brake B1, the transmission torque
of the first brake B1 does not change even when the transmission torque capacity of the
first brake B1 is increased to the maximum value after the shifting to the forward second

speed.
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[0066] When the transmission torque capacity of the first brake B1 that sets the
transmission stage after the shifting is increased by forming the inclined surface in the
piston 19 in the second brake B2 as described above, the torque is applied to the second
brake B2 so that the piston 19 is released and the second brake B2 can be released. In
addition, the transition to the inertia phase can be made promptly after the release of the
second brake B2. Accordingly, time is not required for determining that the torque
applied to the second brake B2 is reduced and determining that the second brake B2 is
released, and thus the shift response can be improved. In addition, the second brake B2
can be released by controlling the transmission torque capacity of the first brake B1, and
thus an increase in the complexity of the control, such as the cooperation between the
control for releasing the second brake B2 and the control for changing the transmission
torque capacity of the first brake B1, can be suppressed. Moreover, the speed at which
the piston 19 is moved can be improved since the second brake B2 is released by the
second carrier 16 pressing the piston 19. As a result, the length of time taken until the
completion of the release of the second brake B2 after the second brake B2 begins to be
released can be shortened. Accordingly, the shift response can be further improved. In
addition, an increase in the size of the transmission control device can be suppressed since
no other device for releasing the second brake B2 has to be disposed.

[0067] A reduction in the torque that is transmitted to the second ring gear 17 can
be suppressed by increasing the output torque of the engine 3 during the release of the
second brake B2. As a result, a shift shock attributable to a temporary reduction in the
transmission torque of the second ring gear 17 can be suppressed. In this case, the output
torque of the engine 3 and the transmission torque of the first brake Bl are calculated
based on the length of time of the release of the second brake B2, that is, based on the
torque that is applied to the second brake B2. Accordingly, the occurrence of the shift
shock can be suppressed even when the length of time required for the release of the
second brake B2 is appropriately set.

[0068]  The first engagement mechanism according to the invention is not limited

to being engaged during the setting of the ransmission stage (forward first speed) having
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the maximum transmission ratio. Instead, for example, the first engagement mechanism
according to the invention may be an engagement mechanism that is engaged during the
setting of the forward second speed. In other words, the first brake B1 in FIG. 4 may be a
mesh-type brake in which inclined surfaces are formed in the dog teeth as illustrated in FIG.
7. In this case, the shifting can be performed by increasing the transmission torque
capacity of the third clutch C3 to release the first brake B1 during the shifting from the
forward second speed to the forward third speed.

[0069] In addition, the first engagement mechanism according to the invention is
not limited to functioning to stop the rotating member. Instead, the first engagement
mechanism according to the invention may be configured to function as a so-called clutch
for connection between members rotating relatively to each other. Specifically, a
mesh-type clutch in which the inclined surfaces are formed in the dog teeth as illustrated in
FIG. 7 may take the place of the first clutch in FIG. 4. In a case where the mesh-type
clutch takes the place of the first clutch C1 as described above, the torque can be applied to
release the first clutch C1 by increasing the transmission torque capacity of the fourth
clutch C4 during a transition from the forward fifth speed to the forward sixth speed.

[0070] In the example that has been described above, the upshift from the forward
first speed to the forward second speed has been described as an example. However, the
invention can also be applied to the case of shifting to a transmission stage higher than the
forward second speed such as upshift from the forward first speed to the forward third
speed and upshift from the forward first speed to the forward fourth speed. In a case
where the so-called jump shift is performed as described above, the transmission torque
capacity of the third clutch C3 may be increased during the upshift to the forward third
speed and the transmission torque capacity of the fourth clutch C4 may be increased during
the upshift to the forward fourth speed.

[0071] In FIG 7, a configuration in which the dog teeth are formed on the
surfaces of the second carrier 16 and the piston 19 that face each other is illustrated as an
example. However, as in known dog clutches, the fixed portion 5 and the rotating

member may be configured to be engaged with each other by forming dog teeth on the
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outer circumferential surface of the rotating member and moving a sleeve which meshes
with the dog teeth in the axial direction.

[0072])  Moreover, the transmission according to the invention is not limited to
setting the transmission stage by engaging the rotating elements of the planetary gear
mechanisms with each other as illustrated in FIG. 4 or fixing any one of the rotating
elements. Instead, the transmission may be a transmission having a configuration in
which a plurality of gears are connected to an input shaft to be capable of relative rotation,
any one of the gears and the input shaft are engaged with each other by a dog clutch for the
setting a predetermined transmission stage, and the other gear and the input shaft are
engaged with each other by a friction clutch for shifting to a desired transmission stage
which has a lower transmission ratio than the predetermined transmission stage as

described in JP 2002-174335 A.
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CLAIMS:

1. A control device for a vehicle, the vehicle including a transmission and an engine
configured to input a torque into the trensmission, the transmission having multiple
transmission stages and including a first engagement mechanism and a second engagement
mechanism, the first engagement mechanism including a first member and a second
member, the first member being provided with first dog teeth, the first dog teeth including
first tooth surfaces directed to one side in a circumferential direction and second tooth
surfaces directed to the other side in the circumferential direction, the second member
being provided with second dog teeth, the sécond dog teeth including third tooth surfaces
facing the first tooth surfaces and fourth tcoth surfaces facing the second tooth surfaces,
the second member being configured to be moved in an axial direction such that the second
dog teeth mesh with the first dog teeth, the first engagement mechanism being configured
to transmit a torque between the first member and the second member when the second
dog teeth mesh with the first dog teeth, the second engagement mechanism including a
third member and a fourth member, the second engagement mechanism being configured
to perform switching between a state where the third member and the fourth member rotate
relative to each other and a state where the third member and the fourth member are
connected to each other for torque transmission, the second engagement mechanism being
configured to change a capacity of the torque transmission between the third member and
the fourth member during the connection, the transmission being configured to select a first
transmission stage among the transmission stages by engaging the first engagement
mechanism and releasing the second engagement mechanism, the transmission being
configured to select a second transmission stage having a transmission ratio lower than the
transmission ratio of the first transmission stage by releasing the first engagement
mechanism and engaging the second engagement mechanism, the transmission being
configured to reverse the direction of a torque acting on the first member or the second
member as a result of an increase in the capacity of the torque transmission of the second

engagement mechanism when the second engagement mechanism is engaged, and the first
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tooth surfaces and the third tooth surfaces being inclined surfaces such that a thrust for
separating the first member and the second member from each other in the axial direction
is generated in accordance with a torque in a direction in which the first tooth surfaces and
the third tooth surfaces are brought into contact with each other when the second
transmission stage is set, the control device comprising:

an electronic control unit configured to:

(a) control the second engagement mechanism when the second transmission stage is
set such that the capacity of the torque transmission of the second engagement mechanism
is increased and the thrust for separating the first member and the second member from
each other in the axial direction is generated;

(b) calculate a decrement in an output torque of the transmission when the capacity of
the torque transmission of the second engagement mechanism is increased; and

(c) increase a torque input into the transmission by the engine based on the decrement

in the output torque by controlling the engine.

2. The control device according to claim 1,
wherein the electronic control unit is configured to control the capacity of the torque -
transmission of the second engagement mechanism based on the torque input into the

transmission when the second transmission stage is set.

3. The control device according to claim 1 or 2,

wherein the electronic control unit is configured to calculate a length of time required
for separating the second member from the first member when the second transmission
stage is set, and

the electronic control unit is configured to obtain the decrement in the output torque

of the transmission based on the calculated length of time.

4. The control device according to any one of claims 1 to 3,

wherein the first engagement mechanism includes a brake mechanism.
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5. The control device according to any one of claims 1 to 3,

wherein the first member and the second member are configured to rotate relative to
each other, and

the first engagement mechanism is configured to connect the first member and the
second member to each other for integral rotation with the first dog teeth and the second

dog teeth meshing with each other.

6. The control device according to any one of claims 1 to 5,

wherein the first engagement mechanism includes a thrust generation mechanism
configured to control a load for pressing the second member to the first member side, and

the thrust generation mechanism is configured to reduce the load by which the second

member is pressed to the first member side when the second transmission stage is set.

7. The control device according to any one of claims 1 to 6,
wherein the transmission includes a third engagement mechanism engaged when the

first transmission stage is set and when the second transmission stage is set.

8. The control device according to any one of claims 1 to 7,

wherein the transmission includes a first planetary gear mechanism and a second
planetary gear mechanism,

each of the first planetary gear mechanism and the second planetary gear mechanism
includes at least three rotating elements, and

the first engagement mechanism and the second engagement mechanism are
configured to connect the rotating elements of any one of the first planetary gear
mechanism and the second planetary gear mechanism to each other or fix the rotating
elements of any one of the first planetary gear mechanism and the second planetary gear

mechanism,
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