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HYDRAULIC CONTROL APPARATUS AND HYDRAULIC CONTROL METHOD
FOR AUTOMATIC TRANSMISSION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a hydraulic control apparatus for performing shift control in
an automatic transmission provided in a vehicle or the like. More particularly, the
invention relates to a hydraulic control apparatus and a hydraulic control method for an
automatic transmission, which .suppresses shift shock when a shift operation is performed
in the transmission.

2. Description of the Related Art

One type of known transmission that transmits torque and rotation speed generated
by the engine to the driving wheels appropriately according to the running state of the
vehicle is an automatic transmission which automatically establishes the optimum gear
ratio between the engine and the driving wheels.

Two examples of such known automatic transmissions that are used in vehicles are
planetary gear type transmissions that establish a gear (hereinafter also referred to as
“speed”) using a planetary gear set together with clutches and brakes, and belt-type
continuously variable transmissions (CVT) that adjust the gear ratio continuously (i.e., in
a stepless manner).

In a vehicle provided with a planetary gear type automatic transmission, a shift map
having shift lines (i.e., gear shift lines) for establishing the optimum gear according to
vehicle speed and accelerator operation amount (or throttle opening amount) is stored in
an ECU (Electronic Control Unit) or the like. The ECU calculates a target gear based
on the vehicle speed and the accelerator operation amount referencing the shift map, and
automatically shifts gears (i.e., speeds) by selectively applying and releasing the clutches
and brakes, which are friction apply elements, in a predetermined combination to

establish that target gear.
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Also, a vehicle provided with this kind of automatic transmission has a shift lever
which is operated by a driver. Operating this shift lever enables the automatic
transmission to be switched between various ranges or modes, such as a P-range (parking
range), an R-range (reverse running range), an N-range (a neutral range), and a D-range
(forward running range or drive range). Moreover, in recent years, automatic
transmissions with a manual shift function (so-called automatic transmissions with a
sequential mode or sequential mode automatic transmissions) have also come into
practical use. These transmissions also enable the driver to change gears in the
transmission at will by operating the shift lever.

Also, among these kinds of transmissions there are some which perform a so-called
coast downshift in which the transmission downshifts according to a preset shift
condition with the vehicle speed as a parameter when decelerating while the accelerator
is off. The shift control apparatus described in Japanese Patent No. 2917601 is one such
example. This shift control apparatus shortens the shift time by performing a “skip
shift” in which it downshifts by skipping over a gear or gears when a multiple gear
downshift (i.e., a downshift through multiple gears) is necessary, i.e., when a shift into a
gear that is two or more gears lower than the current gear (i.e., into a gear with a larger
gear ratio) is necessary, when the vehicle is decelerating.

However, depending on the type of downshift, when this skip shift is performed, the
release and apply timing of the friction apply elements (i.e., clutches and brakes) of the
automatic transmission may be off (i.e., an apply operation or the like may end up being
performed before the torque capacity is obtained in the apply-side friction apply element),
and as a result, the engine may race and there may be a loss of torque, and shift shock
may result.

To avoid this problem, it is desirable to perform a multiple downshift operation, i.e.,
a downshift operation through multiple gears, by repeatedly downshifting one gear at a
time (i.e., an operation referred to as “sequential shifting”) as described in Japanese
Patent Application Publication No. 2005-344773 (JP-A-2005-344773).

However, in transmissions that perform this kind of sequential shifting, there is a
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possibility that the gear suitable for the vehicle speed may not be able to be established in
cases such as when the vehicle is decelerating relatively quickly, for example, because the
total shift time increases.

More specifically, the shift timing of the downshift in a power-off state (i.e., when
the engine is being driven by the driving wheels) is typically set with only the vehicle
speed as the parameter, as described above.

Therefore, for example, when a shift signal for a shift into 4th gear has been output
based on a shift map but the vehicle has already decelerated below the vehicle speed
corresponding to 4th gear in the transmission, the 4 — 3 shift line on the shift map is
crossed such that a shift signal for a shift into 3rd gear is output. At this time, a shift
operation is started by the clutches and brakes starting to be released and applied (i.e., by
the start of a clutch-to-clutch shift operation) so that 3rd gear will be established in the
transmission.

In this case, if the vehicle continues to decelerate relatively rapidly, the 3 — 2 shift
line on the shift map will be crossed before the shift operation into 3rd gear is complete
(i.e., while the clutches and brakes are in the middle of being released and applied) such
that a shift command for a shift into 2nd gear will be output. Incidentally, because the
shift operation into 3rd gear in the transmission is not yet complete, the shift operation
into 2nd gear (i.e., the rélease and apply operations of the clutches and brakes to establish
2nd gear) must wait to be performed until the shift operation into 3rd gear is complete.
That is, a shift operation is performed into a higher gear (i.e., a gear with a lower gear
ratio) than the gear that is appropriate for the vehicle speed.

In such a situation, the turbine speed (i.e., the input rotation .speed of the
transmission) is low as a result of the falling vehicle speed so an increased amount of
torque multiplication is being produced by the torque converter. During the shift
operation into 2nd gear after the shift operation into 3rd gear is complete, the turbine
speed increases (races), and it is at this time that the apply operation of the clutches and
brakes to establish 2nd gear would be performed. As a result, a phenomenon similar to

that of a so-called power-on downshift may occur which produces shift shock that pulls
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the vehicle forward. In this way, the sequential shifting of the related art leads to a delay
of a shift operation into the appropriate gear, as well as a deterioration in drivability from
shift shock. These kinds of problems become more evident as the number of gears (i.e.,
speeds) in automatic transmissions increases. In particular, automatic transmissions in
recent years are being made to have more and more gears (i.e., speeds), which makes
them increasingly susceptible to these kinds of problems.

Even if an automatic transmission shifts into a lower gear in response to an
operation of the shift lever while the vehicle is decelerating (i.e., even if there is a
downshift operation in the sequential mode), the foregoing problems when the gear
appropriate for the vehicle speed is unable to be established may still occur, just as
described above.

Incidentally, the problems with a transmission that performs sequential shifting are
not limited to a case in which a shift command to shift into the next gear is output while a
shift operation such as that described above is being performed. That is, those problems
may also occur with the shift timing (i.e., the timing at which there is a shift demand
when a shift operation is not being performed) when the vehicle is in the power-off state
(i.e., when the engine is being driven by the driving wheels) and the vehicle is

decelerating relatively fapidly.

SUMMARY OF THE INVENTION

This invention provides a hydraulic control apparatus and control method for an
automatic transmission, which suppresses shift shock when the transmission shifted while
the vehicle speed is decreasing.

A first aspect of the invention relates to a hydraulic control apparatus of an
automatic transmission which is provided with a plurality of friction apply elements and
in which a gear ratio is established by selectively applying the plurality of friction apply
elements by controlling hydraulic pressure with respect to the plurality of friction apply
elements. This hydraulic control apparatus includes next-shift preparing means for,

when, during a shift operation in the automatic transmission during a power-off
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downshift, a shift condition for shifting into a second predetermined gear which has a
larger gear ratio than a first predetermined gear that is to be established by that shift
operation is satisfied, starting an operation for supplying an apply preparation hydraulic
pressure in preparation for the shift into the second predetermined gear, with respect to a
friction apply element that will be applied in the second predetermined gear, from among
the plurality of friction apply elements, while continuing that shift operation.

In the foregoing aspect, the shift condition may be satisfied when, during the shift
operation of the automatic transmission during the power-off downshift, it is estimated
that there is a possibility that there will be a demand for the shift into the second
predetermined gear which has a larger gear ratio than the first predetermined gear that is
to be established by that shift operation.

According to the foregoing structure, when it is estimated that there is a possibility
that there will be a demand for a shift into the second predetermined gear during a shift
operation in the automatic transmission during a power-off downshift, an operation to
supply apply preparation hydraulic pressure in preparation for the shift into the second
predetermined gear is started even if there has not yet been a demand to shift into that
second predetermined gear. That is, the friction apply element to be applied in the
second predetermined gear starts to be moved toward the apply side even while the
foregoing shift operation (i.e., the shift operation into the first predetermined gear which
has a lower gear ratio than the second predetermined gear) continues to be performed.
In this case, hydraulic pressure that will not actually cause the friction apply element that
is to be applied in the second predetermined gear to apply is supplied such that the
friction apply element is placed in a state right before the applied state (i.e., a position
right before the end of the piston stroke), for example. Therefore, if there is then a
demand for a shift into the second predetermined gear, a shift operation into the second
predetermined gear can be performed quickly following that shift demand because the
friction apply element has already been placed in the state immediately preceding the
applied state. Accordingly, even if a downshift operation is performed in a plurality of

steps, the total shift time can be shortened. As a result, even if a downshift operation is
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performed in a plufality of steps when the vehicle is decelerating relatively rapidly, for
example, a gear appropriate for the vehicle speed can be established, thereby enabling
shift shock to be suppressed.

Also, with the foregoing structure, even if a shift operation during a power-off
downshift (i.e., a shift operation into the first predetermined gear that has a lower gear
ratio than the second predetermined gear) is not yet complete when there is a demand to
shift into the second predetermined gear, a shift operation into the second predetermined
gear may be started (i.e., an apply operation of the friction apply element to be applied in
the second predetermined gear may be started) without completing the shift operation that -
is currently being executed, if enough apply preparation hydraulic presshré to perform the
shift operation into the second predetermined gear has been supplied.

With the foregoing structure, the shift condition may be satisfied when, during the
shift operation of the automatic transmission during the power-off downshift, it is
determined that there is a demand for the shift into the second predetermined gear which
has a larger gear ratio than the first predetermined gear that is to be established by that
shift operation.

According to this structure, when it is determined that there is a demand for a shift
into the second predetermined gear during a shift operation in the automatic transmission
during a power-off downshift, the friction apply element to be applied in the second
predetermined gear starts to be moved toward the apply side (i.e., an operation to supply
apply preparation hydraulic pressure in preparation for a shift is started) even while the
foregoing shift operation (i.e., the shift operation into the first predetermined gear which
has a lower gear ratio than the second predetermined gear) continues to be performed.
In this case as well, hydraulic pressure that will not actually cause the friction apply
element that is to be applied in the second predetermined gear to apply is supplied such
that the friction apply element is plaéed in a state right before the applied state, for
example; Therefore, for example, it is possible to have the friction apply element that is
to be applied in the second predetermined gear already be in a state immediately

preceding the applied state when the shift operation during the power-off downshift is
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complete so a subsequent shift operation into the second predetermined gear can be
performed quickly. Therefore, even if a downshift operation is performed in a plurality
of steps, the total shift time can be shortened. As a result, even if a downshift operation
is performed in a plurality of steps when the vehicle is decelerating relatively rapidly, for
example, a gear that is appropriate for the vehicle speed can be established, thereby
enabling shift shock to be suppressed.

Also with the foregoing structure, even if a shift operation during a power-off
downshift (i.e., a shift operation into the first predetermined gear that has a lower gear
ratio than the second prédeterrnined gear) is not yet complete when there is a demand to
shift into the second predetermined gear, a shift operation into the second predetermined
gear may be started (i.e., an apply operation of the friction apply element to be applied in
the second predetermined gear may be started) without waiting until that shift operation
is complete, if enough apply preparation hydraulic pressure to perform the shift operation
into the second predetermined gear has been supplied.

A second aspect of the invention relates to a hydraulic control apparatus of an
automatic transmission which is provided with a plurality of friction apply elements and
in which a gear ratio is established by selectively applying the plurality of friction apply
elements by controlling hydraulic pressure with respect to the plurality of friction apply
elements. This hydraulic control apparatus includes next-shift preparing means for,
when a shift condition for shifting into a second predetermined gear which has a larger
gear ratio than a first predetermined gear which is the current gear of the automatic
transmission is satisfied during power-off, starting an operation for supplying an apply
preparation hydraulic pressure in preparation for the shift into the second predetermined
gear, with respect to a friction apply element that will be applied in the second
predetermined gear, from among the plurality of friction apply elements.

With this structure, the shift condition may be satisfied when it is estimated that
there is a possibility that during power-off there will be a demand for the shift into the
second predetermined gear that has a larger gear ratio than the first predetermined gear

which is the current gear of the automatic transmission.
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Also, with the foregoing structure, the shift condition may be satisfied when, during
power-off, it is determined that there is a demand for the shift into the second
predetermined gear that has a larger gear ratio than the first predetermined gear which is
the current gear of the automatic transmission.

With the foregoing structure, it may be estimated that there is a possibility that there
will be a demand for a shift into the second predetermined gear when a vehicle continues
to decelerate at a rate faster than a predetermined deceleration rate for a predetermined
period of time. " In this case, the deceleration rate of the vehicle is detected based on an
output value from a sensor or the like that can obtain a detection value indicative of the
deceleration rate of the vehicle, such as a vehicle spéed sensor or a G sensor. It is
estimated that there is a possibility that there will be a demand for a shift into the second
predetermined gear when that deceleration rate continues to be relatively high for a
predetermined period of time. Incidentally, the predetermined deceleration rate and the
predetermined period of time are values that are set empirically through testing or the
like.

With the foregoing structure, it may be estimated that there is a possibility that there
will be a demand for the shift into the second predetermined gear when a vehicle speed of
a vehicle changes from being higher than a next shift hydraulic pressure apply start
vehicle speed that is set in advance to being lower than that next shift hydraulic pressure
apply start vehicle speed.

With the foregoing structure, when it is assumed that the vehicle will continue to
decelerate from a second predetermined gear vehicle speed that corresponds to the second
predetermined gear, the next shift hydraulic pressure supply start vehicle speed may be
set to be the vehicle speed a predetermined period of time before the vehicle speed of the
vehicle reaches the second predetermined gear vehicle speed, the predetermined period of
time being the time that it takes for a friction apply element that is to be applied when
establishing the second predetermined gear, from among the plurality of friction apply
elements, to change from a released state to an applied state.

In this way, it is estimated whether there is a possibility that there will be a demand
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for a shift into the second predetermined gear based on the deceleration rate of the vehicle
and the comparison of the current vehicle speed and the‘next shift hydraulic pressure
supply start vehicle speed, which makes this estimation operation highly reliable.
Accordingly, shift shock is able to be reliably suppressed by establishing a gear that is
appropriate for the vehicle speed.

With the foregoing structure, it may also be determined that there is a demand to
shift into the second predetermined gear when the vehicle speed of the vehicle matches a
value corresponding to the second predetermined gear based on a shift map that sets the
gear according to the vehicle speed. In this case, for example, a shift map for power-off
downshift (e.g., a shift map in which the shift lines have been displaced toward the higher
vehicle speed side compared with a shift map that is used during normal running) is used,
and it is determined that there is a shift demand when the vehicle speed of the vehicle
matches a value that corresponds with the second predetermined gear (i.e., when a shift
line is crossed such that the shift region changes to that of the second predetermined gear)
on that shift map. Incidentally, a shift map for a power-off downshift does not
necessarily need td be provided. When one is not provided, it may be determined that
there is a shift demand when the vehicle speed matches a value that corresponds with the
second predetermined gear according to the shift map that is used during normal running.

With the foregoing structure, an apply operation of the friction apply element that is
to be applied in the second predetermined gear may be started after the shift operation
into the first predetermined gear, which is being performed after the operation in
preparation for the shift into the second predetermined gear is started, is complete.

Furthermore, the operation when there is no demand to shift into the second
predetermined gear after the operation to supply the apply preparation hydraulic pressure
starts, as well as the operation when a demand for that shift into the second
predetermined gear is cancelled (i.e., when there is no longer a demand for the shift into
the second predetermined gear) are as follows.

First, with a structure in which it is estimated that there is a possibility that there will

be a demand for a shift into the second predetermined gear, the apply preparation
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hydraulic pressure in preparation for the shift into the second predetermined gear may be
drained when it is no longer estimated that there is a possibility that there will be a
demand for the shift into the second predetermined gear before the shift operation is
complete.

On the other hand, with a structure in which it is determined that there is a demand
for a shift into the second predetermined gear, the apply preparation hydraulic pressure in
preparation for the shift into the second predetermined gear may be drained when, before
the shift operation is complete, it is determined that there is no longer a demand for the
shift into the second predetermined gear.

Accordingly, it is possible to avoid a casé in which more hydraulic pressure. than is
necessary is supplied to the friction apply element to be applied in the second
predetermined gear. In addition, it is also possible to prevent an unnecessary shift
operation into the second predetermined gear. It is also possible to inhibit the base
pressure (i.e., the line pressure) of the overall hydraulic circuit from increasing more than
is necessary, as well as increase the reliability of shift operations in the automatic
transmission. As a result, an increase in hydraulic fluid temperature can be suppressed,
and the frequency with which the friction apply elements are used can be reduced.

With the foregoing structure, when supply of a predetermined apply preparation
hydraulic pressure according to the apply preparation hydraulic pressure supply operation
in preparation for a shift into the second predetermined gear is complete before the shift
operatio'n into the first predetermined gear, which is being performed after the operation
in preparation for the shift into the second predetermined gear is started, is complete, the
apply operation of the friction apply element that is to be applied in the second
predetermined gear may be started without waiting until the shift operation is complete.

According to this structure, a shift operation resembling a skip shift is performed as
a shift operation of the automatic transmission while having the shift control operation in
response to a shift command be that for sequential shifting. Despite the fact that this
shift operation resembles a skip shift, the shift operation into the second predetermined

gear is performed after the operation to supply apply preparation hydraulic pressure,
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which was supplied in advance in preparation for the shift, is complete. Accordingly, a
downshift can be performed by skipping over gears without causing a delay in the apply
operation of friction apply elements that occurs in a skip shift according to the related art.
As a result, drivability can be improved by the suppression of shift shock, while a shift
operation into the second predetermined gear is able to be performed quickly.
Incidentally, the predetermined apply preparation hydraulic pressure is hydraulic pressure
that moves-the friction apply element to be applied in the second predetermined gear to a
state right before the applied state (i.e., to a position right before the end of the piston
stroke).

Further, with the foregoing structure, the next-shift preparing means may start the
apply preparation hydraulic’ pressure supply operation in preparation for a shift into a
third predetermined gear which has a larger gear ratio than the second predetermined gear
with respect to a friction apply element that will be applied in the third predetermined
gear, from among the plurality of friction apply elements, at substantially the same time
that the apply preparation hydraulic pressure supply operation in preparation for the shift
into the second predetermined gear starts with respect to the friction apply element that
will be applied in the second predetermined gear.  As a result, the total shift time when a
downshift operation is performed in a plurality of steps can be shortened.

A third aspect of the invention relates to a hydraulic control method for an automatic
transmission which is provided with a plurality of friction apply elements and in which a
gear ratio is established by selectively applying the plurality of friction apply elements by
controlling hydraulic pressure with respect to the plurality of friction apply elements.
This hydraulic control method includes determining whether, during a shift operation of
the automatic transmission during a power-off downshift, a shift condition for shifting
into a second predetermined gear which has a larger gear ratio than a first predetermined
gear which is to be established by that shift operation is satisfied; and starting, when the
shift condition is satisfied, an apply preparation hydraulic pressure supply operation in
preparation for the shift into the second predetermined gear, with respect to a friction

apply element that is to be applied in the second predetermined gear, from among the
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plurality of friction apply elements, while continuing that shift operation.

A fourth aspect of the invention relatés to a hydraulic control method for an
automatic transmission which is provided with a plurality of friction apply elements and
in which a gear ratio is established by selectively applying the plurality of friction apply
elements by controlling hydraulic pressure with respect to the plurality of friction apply
elements. This hydraulic control method includes determining whether a shift condition
for shifting into a second predetermined gear which has a larger gear ratio than a first
predetermined gear which is the current gear of the automatic transmission is satisfied
during power-off; and starting, when the shift condition is satisfied, an apply preparation
hydraulié pressure supply operation in preparation for the shift into the second
predetermined gear, with respect to a friction apply element that will be applied in the
second predetermined gear, from among the plurality of friction apply elements.

According to ‘the invention, apply preparation hydraulic pressure is supplied in
advance so when there is a demand for a shift into a gear having a larger gear ratio than
the current gear of the automatic transmission in a power-off state, that the shift operation
into that gear can be performed quickly. Accordingly, the amount of time that it takes
for the friction apply element that is used to establish that gear to start to apply following
the demand to shift into that gear can be shortened. Therefore, even if a downshift
operation is performed in a plurality of steps when the vehicle is decelerating relatively
quickly, the gear appropriate for the vehicle speed can be established without a delay in

the shift operation so shift shock can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and further objects, features and advantages of the invention will
become apparent from the following description of example embodiments with reference
to the accompanying drawings, wherein like numerals are used to represent like elements
and wherein:
FIG 1 is a block diagram schematically showing a powertrain of a vehicle to

which a hydraulic control apparatus of an automatic transmission according to first,
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second, and third example embodiments of the invention can be applied;

FIG. 2 is a skeleton graph showing an example of the automatic transmission
shown in FIG. 1;

FIG. 3 is a perspective view showing a frame format of a portion of a shift
mechanism shown in FIG. 2;

FIG. 4 is a diagram showing the structure of the hydraulic control apparatus
shown in FIG. 1;

FIG. 5 is a block diagram showing the structure of a transmission control
apparatus shown in FIG. 1;

FIG. 6 is a clutch and braké application chart showing the apply states of the
clutches and brakes in the shift mechanism shown in FIG. 1 for each gear;

FIG. 7 is a shift line diagram that shows the rotation speed ratio of the
constituent elements of both planetary gear sets shown in FIG. 2 for each gear;

FIG. 8 is a perspective view of a shift apparatus of the vehicle to which the
hydraulic control apparatus for an automatic transmission according to the first, second,
and third example embodiments of the invention can be applied;

FIG. 9 is a view of a shift map used in shift control of the automatic transmission
shown in FIG 1;

FIG 10 is a flowchart illustrating a routine for power-off downshift control
according to the first example embodiment of the invention;

FIG. 11 is a timing chart showing an example of the power-off downshift control
according to the first example embodiment of the invention;

FIG. 12 is a timing chart showing an example of power-off downshift control
according to the second example embodiment of the invention; and

FIG. 13 is a timing chart showing an example of power-off downshift control

according to the third example embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

In the following description and the accompanying drawings, the present invention
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will be described in more detail in terms of example embodiments. In the following
description, the powertrain and the basic operation and the like of the automatic
transmission of the vehicle will first be described, after which power-off downshift
control, which is the characteristic control of the example embodiments, will be
described.

FIG. 1 is a block diagram schematically showing a powertrain of a vehicle in first,
second, and third example embodiments of the invention. FIG. 2 is a skeleton graph
showing an example of an automatic transmission 2 shown in FIG. 1, and FIG. 3 is a
perspective view showing a frame format of a shift mechanism 30 shown in FIGS. 1 and
2.

As shown in FIG. 1, the vehicle to which a hydraulic control apparatus for an
automatic transmission according to the example embodiments of the invention is
provided with an engine 1, the automatic transmivssion 2, an engine control apparatus (i.e.,
engine ECU) 3, and a transmission control apparatus (i.e., transmission ECU) 4.

The engine 1 generates rotary power by burning an air-fuel mixture in which air that
is drawn in from the outside is mixed with fuel that is injected from a fuel injection valve
5 at an appropriate ratio. This fuel injection valve 5 is controlled by the engine control
apparatus 3.

The automatic transmission 2 mainly includes a torque converter 20, the shift
mechanism 30, a hydraulic control apparatus 40, and an oil pump 60. Incidentally, the
automatic transmission in this example embodiment is capable of establishing eight
forward speeds (i.e., gears) and one reverse speed (i.e., gear).

As shown in FIG. 2, the torque converter 20 is rotatably connected to the engine 1
and includes a pump impeller 21, a turbine runner 22, a stator 23, a one-way clutch 24, a
stator shaft 25, and a lockup clutch 26.

The one-way clutch 24 supports the stator 23 on a case 2a of the automatic
transmission 2 and allows the stator 23 to rotate in only one direction. The stator shaft
25 fixes an inner race of the one-way clutch 24 to the case 2a of the automatic

transmission 2.
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The lockup clutch 26 enables the pump impeller 21 and the turbine runner 22 of the
torque converter to lock together. The lockup clutch 26 can switch as necessary
between an applied state in which it locks or couples the pump impeller 21 to the turbine
runner 22, a released state in which it uncouples the pump impeller 21 from the turbine
runner 22, and a partially-applied state which is a state in between the applied state and
the released state.

Apply force control of this lockup clutch 26 is performed by controlling the
hydraulic pressure with respect to the pump impeller 21 and the turbine runner 22 using a
lockup coﬁtrol valve 27.

‘The shift mechanism 30 takes the rotation speed input from the torque converter 20
to an input shaft 9, changes it, and then outputs that changed rotation speed to an output
shaft 10. As shown in FIGS. 2 and 3, the shift mechanism 30 includes a front planetary
gear set 31, a rear planetary gear set 32, an intermediate drum 33, first to fourth clutches
C1 to C4, and first and second brakes B1 and B2.

The front planetary gear set 31 is a so-called double pinion type planetary gear set
which includes a first sun gear S1, a first ring gear R1, a plurality of inner pinion gears P1,
a plurality of outer pinion gears P2, and a first carrier CAl.

Incidentally, the first sun gear S1 is fixed to the case 2a of the automatic
transmission 2 and is thus unable to rotate. The first ring gear R1 is supported by the
intermediate drum 33 via the third clutch C3 such that it can either rotate together with
the intermediate drum 33 or relative to it. The sun gear S1 is arranged concentrically on
the inner radial side of the first ring gear R1.

The plurality of inner pinion gears P1 and the plurality of outer pinion gears P2 are
sandwiched between the first sun gear S1 and the first ring gear R1 in a plurality of
locations at predetermined intervals in the circumferential direction, with the plurality of
inner pinion gears P1 being in mesh with the first sun gear S1 and the plurality of outer
pinion gears P2 being in mesh with the inner pinion gears P1 and the first ring gear R1.

The first carrier CAl rotatably supports both sets of pinion gears P1 and P2. A

center shaft portion of the first carrier CAl is integrally connected to the input shaft 9.
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Bearing portions that support the two sets of pinion gears P1 and P2 on the first carrier
CA1 are supported by the intermediate drum 33 via the fourth clutch C4 so that they can
either rotate together with the intermediate drum 33 or relative to it.

Also, the intermediate drum 33 is rotatably arranged on the outer radial side of the
first ring gear R1, and is supported by the case 2a of the automatic transmission 2 via the
first brake B1 so that it can either be held against rotation or rotate relative to the case 2a.

The rear planetary gear set 32 is a so-called Ravigneaux type planetary gear set that
includes a large diameter second sun gear S2, a small diameter third sun gear S3, a
second ring gear R2, a plurality of short pinion gears P3, a plurality of long pinion gears
P4, and a second éarrier CA2.

Incidentally, the second sun gear S2 is connected to the intermediate drum 33, and
the third sun gear S3 can be selectively connected to the first ring gear R1 of the front
planetary gear set 31 via the first clutch C1 so that it rotates either together with the first
ring gear R1 or relative to it. The second ring gear R2 is integrally connected to the
output shaft 10.

Also, the plurality of short pinion gears P3 are in mesh with the third sun gear S3,
and the plurality of long pinion gears P4 are in mesh with both the second sun gear S2
and the second ring gear R2, as well as with the third sun gear S3 via the short pinion
gears P3.

Further, the second carrier CA2 rotatably supports the plurality of short pinion gears
P3 and the plurality of long pinion gears P4. A center shaft portion of the second carrier
CA2 can be selectively connected to the input shaft 9 via the second clutch C2.  Support
shaft portions that support the pinion gears P3 and P4 on the second carrier CA2 are
supported by the case 2a of the automatic transmission 2 via the brake B2 and the
one-way clutch F1.

The first to fourth clutches C1 to C4 and the first and second brakes B1 and B2 are
wet type multiple disc friction apply elements that use the viscosity of oil.

The first clutch C1 is used to place the third sun gear S3 of the rear planetary gear

set 32 in either an applied state in which the third sun gear S3 is connected to the first
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ring gear R1 of the front planetary gear set 31 so that it rotates together with the first ring
gear R1, or a released state in which the third sun gear S3 is disconnected from the first
ring gear R1 of the front planetary gear set 31 so that it rotates relative thereto.

The second clutch C2 is used to place the second carrier CA2 of the rear planetary
gear set 32 in either an applied state in which the second carrier CA2 is connected to the
input shaft 9 so that it rotates together with the input shaft 9, or a released state in which
the second carrier CA2 is disconnected from the input shaft 9 so that it rotates relative
thereto.

The third clutch C3 is used to place the first ring gear R1 of the front planetary gear
set 31 in either an applied state in which the first ring gear R1 is connected to the
intermediate drum 33 so that it rotates together with the intermediate drum 33, or a
released state in which the first ring gear R1 is disconnected from the intermediate drum
33 so that it rotates relative thereto.

The fourth clutch C4 is used to place the first carrier CA1 of the front planetary gear
set 31 in either an applied state in which the first carrier CAl is connected to the
intermediate drum 33 so that it rotates together with the intermediate drum 33, or a
released state in which the first carrier CAl is disconnected from the intermediate drum
33 so that it rotates relative thereto.

The first brake B1 is used to place the intermediate drum 33 in either an applied
state in which the intermediate drum 33 is locked to the case 2a of the automatic
transmission 2 so that it is held against rotation, or a released state in which the
intermediate drum 33 is released from the case 2a of the automatic transmission 2 so that
it can rotate relative thereto.

The second brake B2 is used to place the second carrier CA2 of the rear planetary
gear set 32 in either an applied state in which the second carrier CA2 is locked to the case
2a of the automatic transmission 2 so that it is held against rotation, or a released state in
which the second carrier CA?2 is released from the case 2a of the automatic transmission
2 so that it can rotate relative thereto.

The one-way clutch F1 allows the second carrier CA2 of the rear planetary gear set
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32 to rotate in only one direction.

The hydraulic control apparatus 40 shown in FIG. 1 controls the shift operations of
the shift mechanism 30. As shown in FIG. 4, the hydraulic control apparatus 40 mainly
includes a pressure control valve 41, a manual valve 42, a plurality of linear solenoid
valves SLCI1, SLC2, SLC3, SLC4, and SLB1, a B2 control valve 44, cutoff valves 45, 46,
and 47 which serve as failsafe valves, and switch valves 48 and 49.

The pressure control valve 41 controls the hydraulic pressure from the oil pump 60
to a predetermined line pressure, and then supplies that predetermined line pressure to a
port PL of the manual valve 42, and the linear solenoid valves SLC4 and SLBI.

The manual valQe 42 supplies the hydraulic pressure to the linear solenoid valves
SI.C1, SLC2, and SLC3 from port D, and to the B2 control valve 44 from port R as
appropriate to establish the neutral range N, the forward running range D, or the reverse
running range R according to an operation of the shift lever by the driver.

The plurality of linear solenoid valves SLC1, SLC2, SLC3, SLC4, and SLBI1
independently drive the first to fourth clutches C1 to C4 and the first brake B,
respéctively, in the shift mechanism 30. The basic structures of these linear solenoid
valves are well known so detailed drawings and descriptions will be omitted.

Incidentally, with regard to the reference characters of the linear solenoid valves
SLC1, SLC2, SLC3, SLC4, and SLBI, the letters SL refer to linear solenoid valve and
the appended characters indicate the specific hydraulic friction apply element (from
among the first to fourth clutches C1 to C4 and the first brake B1) to which that linear
solenoid valve corresponds.

In each linear solenoid valve SLC1, SLC2, SLC3, SLC4, and SLBI, a solenoid (no
reference character) is activated in response to a control signal (i.e., a control current)
supplied from the transmission control apparatus 4, so as to move a valve body, not
shown, to a predetermined position against the spring force of a compressed spring,
thereby opening or closing, or increasing or decreasing the opening amounts, of the
necessary ports.

The B2 control valve 44 drives the second brake B2.
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The first cutoff valve 45 is interposed between the first clutch C1 and the linear
solenoid valve SLC1, and is structured as a failsafe valve which, when hydraulic pressure
is supplied to two input ports at the same time, blocks hydraulic pressure from being
supplied from the linear solenoid valve SLCI to the first clutch C1 through the output
port, and instead discharges that hydraulic pressure from a drain port into the case 2a of
the automatic transmission 2.

The second cutoff valve 46 is interposed between the fourth clutch C4 and the linear
solenoid valve SLC4, and is structured as a failsafe valve which, when hydraulic pressure
is supplied to one input port from the linear solenoid valve SLC3, blocks hydraulic
pressure from being supplied from the linear solenoid valve SLC4 to the fourth clutch C4
through the output port, and instead discharges that hydraulic pressure from a drain port
into the case 2a of the automatic transmission 2.

The third cutoff valve 47 is interposed between the first brake B1 and the linear
solenoid valve SLB1, and is structured as a failsafe valve which, when hydraulic pressure
is supplied to one of the two input ports from the linear solenoid valve SLC3 or SLC4,
blocks hydraulic pressure from being supplied from the linear solenoid valve SLB1 to the
first brake B1 through the output port, and instead discharges that hydraulic pressure
from a drain port into the case 2a of the automatic transmission 2.

The switch valves 48 and 49 are arranged in series between the linear solenoid valve
SLB1 and one input port of the first cutoff valve 45.

A hydraulic pressure line of the linear solenoid valve SLB1 and a hydraulic pressure
line of the linear solenoid valve SLC4 are connected in parallel to the two input ports of
the first switch valve 48. Also, an output line of the first switch valve 48 and a
hydraulic pressure line of the linear solenoid valve SLC3 are connected in parallel to the
two input ports of the second switch valve 49. When hydraulic pressure is supplied to
one of the input ports of these first and second switch valves 48 and 49, these first and
second switch valves 48 and 49 output that supplied hydraulic pressure from the output
ports.

The engine control apparatus 3 and the transmission control apparatus 4 shown in
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FIG. 1 are both generally known ECUs (Electronic Control Units) and have generally the
same hardware structure. The specific structure of the transmission control apparatus 4
in this example embodiment will now be described with reference to FIG. 5.

The transmission control apparatus 4 establishes the appropriate gear, i.e., power
transmission path, in the shift mechanism 30 by controlling the hydraulic control
apparatus 40.

That is, as shown in FIG. 5, the transmission control apparatus 4 includes a central
processing uhit (CPU) 51, read-only memory (ROM) 52, random access memory (RAM)
53, backup RAM 54, an input interface 55, and an output interface 56, all of which are
connected togéther by a bidirectional bus 57.

The CPU 51 performs computations based on control maps and various control
programs for controlling shift operations in the shift mechanism 30 which are stored in
the ROM 52. The RAM 53 is memory that temporarily stores the computation results of
the CPU 51 as well as data input from various sensors and the like. The backup RAM
54 is nonvolatile memory that stores various data to be saved.

Various sensors are connected to the input interface 55. At the very least, these
sensors include an engine speed sensor 91, an input shaft rotation speed sensor 92, an
output shaft rotation speed sensor 93, a shaft position sensor 94, an accelerator operation
amount sensor 95, a G sensor 96, a vehicle speed sensor 97, a brake pedal sensor 98, and
a brake master cylinder pressure sensor 99. Various valves are also connected to the
output interface 56. At the very least, these valves include the constituent elements of
the hydraulic control apparatus 40 (i.e., the pressure control valve 41, the manual valve
42, the linear solenoid valves SLC1, SLC2, SLC3, SLC4, SLB1, and the B2 control valve
44), and the lockup control valve 27 for hydraulic control of the lockup clutch 26.

Incidentally, the engine speed sensor 91 detects, as the engine speed, the rotation
speed of the pump impeller 21 of the torque converter 20 to which the rotation of the
engine 1 is transmitted. The input shaft rotation speed sensor 92 detects the rotation
speed (NT) of the input shaft 9. The output shaft rotation speed sensor 93 detects the

rotation speed (NO) of the output shaft 10. The shift position sensor 94 detects the
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operating position of a shift lever, which will be described later. The accelerator
operation amount sensor 95 detects the depression amount of an accelerator pedal. The
G sensor 96 detects both longitudinal and lateral acceleration of the vehicle. The
vehicle speed sensor 97 detects the running speed of the vehicle. The brake pedal
sensor 98 outputs a brake-on signal when a brake pedal is being depressed (i.e., during a
braking operation). The brake master cylinder pressure sensor 99 obtains the pedal
depression amount when the brake pedal is being depressed from the brake master
cylinder pressure, and from this detects the degree of braking required by the driver.

Incidentally, the transmission control apparatus 4 is connected to the engine control
apparatus 3 in such a way that signals can be transmitted therebetween. The
transmission control apparatus 4 obtains various information relating to engine control
from the engine control apparatus 3 when necessary.

Here, the conditions for establishing the various gears in the shift mechanism 30
described above are shown in FIGS. 6 and 7.

FIG. 6 is a clutch and brake application chart showing the relationship between the
various gears and the apply and release states of the first to fourth clutches C1 to C4, the
first and second brakes B1 and B2, and the one-way clutch F1. In this clutch and brake
application chart, a circle indicates an applied state, an X indicates a released state, a
double circle (bulls-eye) indicates an applied state when the engine brake is on, and a
triangle indicates an applied state only when driving.

FIG. 7 is a shift line diagram showing the relationship between the gears (i.e., 1st
gear to 8th gear and reverse) that are established by selectively applying the first to fourth
clutches C1 to C4, the first and second brakes B1 and B2, and the one-way clutch F1, and
the rotation speed ratios of the various constituent elements of the forward and rear
planetary gear sets 31 and 32 at those times.

In FIG. 7, the direction of the vertical axes represents the rotation speed ratio of the
constituent elements of the two planetary gear sets 31 and 32, and the intervals between
the vertical axes are set according to the gear ratios of the elements. Also, reference

characters C1 to C4, Bl, B2, and F1 are written at the points at which the first to fourth
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clutches C1 to C4, the first and second brakes B1 and B2, and the one-way clutch F1,
respectively, are applied.

Furthermore, INPUT 1 to INPUT 4 in FIG. 7 represent the input positions of the
rotational power from the input shaft 9. Similarly, OUTPUT in FIG. 7 represents the
output position of the rotational force output to the output shaft 10.

Also, a shift apparatus 7 shown in FIG. 8 is arranged near the driver’s seat in the
vehicle. This shift apparatus 7 has a displaceable shift lever 71 and various positions,
i.e., a reverse (R) position, a neutral (N) position, a drive (D) position, and a sequential
(S) position, into which the driver can shift the shift lever 71 as desired. The position. of
the shift lever 71 .(i.e., the position occupied by the shiﬁ lever 71, from among the reverse
(R) position, the neutral (N) position, the drive (D) position, and the sequential (S)

1]

position (including a “+” position and a position, which will be described later)) is
detected by the shift position sensor 94.

The circumstances in which the shift position of the shift lever 71 is selected, as well
as the operating mode of the automatic transmission at that time, will now be described
for each shift position (i.e., the N position, the R position, the D position, and the S
position).

The N position is a position that is selected to disconnect the input shaft 9 of the
automatic transmission 2 from the output shaft 10. When the shift lever 71 is shifted
into the N position, all of the clutches C1 to C4 and brakes B1 and B2 are released in the
automatic transmission 2 (see FIG. 6).

The R position is a position that is selected to run the vehicle in reverse. When the
shift lever 71 is shifted into the R position, the automatic transmission 2 shifts into
reverse (i.e., reverse gear).

The D position is a position that is selected to run the vehicle forward. When the
shift lever 71 is shifted in to the D position, the automatic transmission 2 is controlled to
automatically shift into one of a plurality of forward gears (eight forward gears)

according to the operating state and the like of the vehicle.

The S position is a position (a manual shift position) that is selected when the driver
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wants to manually perform a shift operation among the plurality of forward gears (eight
forward gears). A “— position is provided to the front of the S position and a “+”
position is provided to the rear of the S position. The “+” position is a position into

[ RS

which the shift lever 71 is operated to perform a manual upshift, and the position is a
position into which the shift lever 71 is operated to perform a manual downshift. When
the shift lever 71 is in the S position and is then pulled back into the “+” position, the
automatic transmission 2 upshifts. Similarly, when the shift lever 71 is in the S position

[ I

and is then pushed forward into the position, the automatic transmission 2 downsbhifts.
More specifically, each time the shift lever 71 is pulled into the “+” position, the gear in
the automatic transmission 2 increases by one (e.g., Ist & 2nd — ... — 8th). On the

9

other hand, each time the shift lever 71 is pushed into the position, the gear in the
automatic transmission 2 decreases by one (e.g., 8th — 7th —» ... — 1st).

Next, the shift map used for shift control of the automatic transmission 2 that is
structured as described above will be described with reference to FIG. 9.

The shift map shown in FIG. 9 is a map which has vehicle speed and accelerator
operation amount as parameters, and in which a plurality of ranges for obtaining the
appropriate gear have been set according to the vehicle speed and accelerator operation
amount. This shift map is stored in the ROM 52 of the transmission control apparatus 4.
The ranges in the shift map are divided by a plurality of shift lines (gear shift lines).

Incidentally, in the shift map shown in FIG. 9, the solid lines are upshift lines (shift
lines) and the broken lines are downshift lines (shift lines). Also in the drawing, the
arrows indicate the directions of the upshifts and downshifts, and the numbers indicate
the gears.

Next, the basic operation of shift control will be described.

The transmission control apparatus 4 calculates the vehicle speed from an output
signal from the vehicle speed sensor 97 and calculates the accelerator operétion amount
from an output signal from the accelerator operation amount sensor 95. The

transmission control apparatus 4 then calculates a target gear referencing the shift map in

FIG. 9, based on the calculated vehicle speed and accelerator operation amount, and
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determines whether a shift operation is necessary by comparing that target gear with the
current gear.

If a shift is not necessary (i.e., if the target gear and the current gear are the same, in
which case the appropriate gear is already established), the ECU 100 outputs a solenoid
control signal (i.e., a hydraulic pressure command signal) to maintain the current gear to
the hydraulic control apparatus 40 of the automatic transmission 2.

If, on the other hand, the target gear is different than the current gear, the
transmission control apparatus 4 performs shift control. For example, if the vehicle is
running with the automatic transmission 2 in 5th gear and then the running state of the
vehicle changes such that there is a change from point A to point B in FIG. 9, for example,
the downshift line 5 — 4 is crossed so the target gear calculated from the shift map
becomes 4th gear. Accordingly, the transmission control apparatus 4 outputs a solenoid
control command (i.e., a hydraulic pressure command signal) to establish 4th gear to the
hydraulic control apparatus 40 of the automatic transmission 2.  As a result, a shift from
5th speed to 4th speed (i.e., a 5 — 4 downshift) is performed.

Next, a plurality of example embodiments related to power-off downshift control,
which is the characteristic operation in the automatic transmission 2 having a structure
such as that described above, will be described. Incidentally, in the following
description, the gear before a shift when a shift operation during a power-off downshift is
being performed will be referred to as the “pre-shift gear”. Also, the gear during that
shift (i.e., the gear that is currently trying to be established) will be referred to as the
“initial target gear”. Moreover, when there has been a demand to shift into a lower gear
(i.e., a gear with a larger gear ratio, such as one gear lower) than the initial target gear
while a shift operation is being performed from the pre-shift gear to the initial target gear,
that lower gear will be referred to as the “next target gear”.

In a first example embodiment of the invention, during a shift operation in a
power-off downshift (i.e., while a shift operation from the pre-shift gear to the initial
target gear is being performed), the possibility that there will be a demand for a shift into

a gear with a larger gear ratio (i.e., the next target gear) than the gear that is to be



10

15

20

25

WO 2008/110936 PCT/IB2008/001411
25

established by that shift operation is estimated, and hydraulic control is performed
accordingly. Also, this example embodiment illustrates a case in which, with the shift
operation of the power-off downshift, a shift operation (i.e., an apply operation of a clutch
or brake) into the next target gear starts after the shift operation into the initial target gear
is complete, even if the demand to shift into the next target gear occurs while the shift
operation from the pre-shift gear into the initial target gear is being performed (an
example embodiment in which a shift operation into the next target gear is performed
without waiting until the shift operation into the initial target gear is complete will be
described later). A specific example is as follows.

The automatic transmission 2 according to this example embodiment performs a
downshift through multiple gears by repeatedly downshifting one gear at a time (i.e.,
sequential shifting) during a power-off downshift in which a downshift is performed
when the accelerator opening amount is zero or relatively minute and the vehicle speed is
decreasing, for example. Accordingly, problems resulting from skip shifting in related
art (such as shift shock being produced as a result of the release timing and the apply
timing of clutches and brakes being off so that the engine races and there is a loss of
torque) can be avoided.

The automatic transmission 2 of this example embodiment performs a shift
operation such as that described below based on repeatedly sequential shifting during this
power-off downshift.

That is, when, in this power-off downshift state, it has been estimated (in an
estimation operation performed by next-shift estimating means) that there will be a
demand for a shift into a lower gear (i.e., a gear with a larger gear ratio; i.e., the next
target gear) than the gear that the automatic transmission 2 is currently attempting to shift
into (i.e., the initial target gear) when thg vehicle is decelerating relatively rapidly such as
when the driver is depressing the brake pedal, a hydraulic pressure supply operation (i.e.,
an apply preparation hydraulic pressure supply operation) in preparation to shift into this
next target gear is started (i.e., a shift preparation operation is performed by next-shift

preparing means).
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Hereinafter, this detailed control (i.e., control during a power-off downshift) will be
described with reference to the flowchart in FIG. 10. The routine for the control during
a power-off downshift shown in FIG. 10 is executed by the transmission control apparatus
4. Also, the routine shown in FIG. 10 is executed at predetermined intervals of time,
such as every several msec, after engine startup.

First in step ST1, the transmission control apparatus 4 determines whether a
next-shift prediction flag is on. This next-shift prediction flag is a flag for determining
whether there will be a demand for a shift into the next target gear (i.e., a demand for a
further downshift) while a shift operation from the pre-shift gear into the initial target
gear is being performed, by determining whether a power-off downshift is being
performed and the vehicle is decelerating relatively rapidly. That is, when it is likely
that there will be a demand for a shift into the next target gear, the next-shift prediction
flag is turned on and the determination in step ST1 is yes. Two methods for setting the
next-shift prediction flag will now be described.

<Next-shift prediction flag setting method (1)>

As described above, the next-shift prediction flag is turned on when there is a
possibility that there will be a demand for a shift into the next target gear while the shift
operation from the pre-shift gear into the initial target gear is being performed. That is,
the next-shift prediction flag is turned on when the vehicle is decelerating relatively
rapidly and a shift command is output to shift into a continuously lower gear in a
relatively short period of time. Therefore, the next-shift prediction flag is switched
between on and off based on the deceleration rate of the vehicle.

More specifically, the rate of vehicle deceleration is determined based on signals
indicative of, for example, the output value of the G sensor 96, the output value of the
vehicle speed sensor 97, the output value of the output shaft rotation speed sensor 93, the
sensing value of the brake master cylinder pressure sensor 99, and the output value of the
brake pedal sensor 98. That is, the rate of vehicle deceleration is detected using at least
one of these signals. When the deceleration rate continues to be larger than a

predetermined value for a predetermined period of time (such as 300 msec) or longer, the
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next-shift prediction flag is turned on. That is, it is determined that there is a possibility
that there will be a demand for a shift into the next target gear. The predetermined value
of deceleration (i.e., the value obtained based on the detection values from the sensors)
and the predetermined period of time in this case are values that are set empirically
through testing or the like, but are not limited to the values described above.

<Next-shift prediction flag setting method (2)>

The second method for setting the next-shift prediction flag is as follows. First, the
vehicle speed at which the hydraulic pressure for the next-shift will start to be supplied
(hereinafter simply referred to as “next-shift hydraulic pressure supply start vehicle
speed”) is obtained. Then this next-shift hydraulic pressure supply start vehicle speed is
compared with the current vehicle speed that is obtained by detection using the vehicle
speed sensor 97. The next-shift prediction flag is then switched either on or off
depending on the comparison results. More specifically, first, the next-shift hydraulic
pressure supply start vehicle speed is calculated according to Operational expression (1)
below.

Next-shift hydraulic pressure supply start vehicle speed = Coast down vehicle speed
on map + (K x Current vehicle deceleration x Time until the pressure increases to piston
stroke end pressure) ... (1)

Here, K is a conversion coefficient and the current vehicle deceleration is obtained
from the output value of the G sensor 96, the output value of the vehicle speed sensor 97,
the output value of the output shaft rotation speed sensor 93, or the sensing value of the
brake master cylinder pressure sensor 99, or the like. Also, the time until the pressure
increases to piston stroke end pressure is the time (such as 500 msec) that it takes for
apply members such as clutch discs to reach a position just before they come into contact
with one another (i.e., a position right before the end of the piston stroke) from the point
when the apply hydraulic pressure starts to be supplied when the clutches C1 to C4 and
the brakes B1 and B2 are in a released state. That is, even if hydraulic pressure is
supplied, the clutches and brakes will not actually reach the state in which they are

applied (i.e., they are only in an apply preparation state) during this time.
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When it is assumed that the vehicle continues to decelerate from a vehicle speed
corresponding to the next target gear that is obtained based on the shift map (hereinafter
simply referred to as the “next target gear vehicle speed”) during a power-off downshift,
the term “next-shift hydraulic pressure supply start vehicle speed” that was calculated in
this way is the vehicle speed a predetermined period of time before the vehicle speed
reaches the next target gear vehicle speed. The predetermined period of time in this
case is the time that it takes for the clutches and brakes that are to be applied when
establishing the next target gear to change from a released state to an applied state. That
is, when the vehicle deceleration is constant, the next-shift hydraulic pressure supply start
vehicle spéed is set such fhat the clutches and brakes are able to be changed from a
released state to an applied state by the time the vehicle speed reaches the next target gear
vehicle speed from the next-shift hydraulic pressure supply start vehicle speed.
Incidentally, the value of the time until the pressure increases to piston stroke end
pressure is not limited to the value described above. That is, it may also be determined
by the structure of the automatic transmission 2 or the configuration of the hydraulic
pressure circuit or the like.

Next, the next target gear vehicle speed that was calculated as described above is
compared with the current vehicle speed that is obtained by detection using the vehicle
speed sensor 97, and the next-shift prediction flag is switched either on or off depending
on the comparison results. For example, the next-shift prediction flag is turned on when
the current vehicle speed detected by the vehicle speed sensor 97 changes from being
higher than the next target gear vehicle speed that was calculated as described above to
being lower than that next tafget gear vehicle speed.

The next-shift prediction flag may be set according to the methods described above.
In this case, only method (1) may be used such that the next-shift prediction flag is
switched on or off according to method (1), or only method (2) may be used such that the
next-shift prediction flag is switched on or off according to method (2). Also, the
next-shift prediction flag may also be made to turn on when the condition for the

next-shift prediction flag to be on is satisfied in both of these methods (1) and (2) (i.e.,
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when an “AND” condition is satisfied). Furthermore, the next-shift prediction flag also
may be made to turn on when the condition for the next-shift prediction flag to be turned
on is satisfied in only one of the two methods (i.e., either method (1) or method (2)) (i.e.,
when an “OR” condition is satisfied).

When the next-shift prediction has been set according to the foregoing method and
is turned on such that the determination in step ST1 is YES, the process then proceeds on
to step ST2 in which apply-preparation hydraulic pressure starts to be supplied to the
clutches C1 to C4 and brakes B1 and B2 that will be applied in the next shift. That is,
even if there has not yet been a demand to shift into the next target gear, the operation to
supply apply-preparation hydraulic pressure in preparation for a. shift into the next target
gear is started to operate the clutches C1 to_C4 and brakes B1 and B2 that will be applied
in the next target gear toward the apply side. This apply-preparation hydraulic pressure
is set as the hydraulic pressure necessary to move the clutches C1 to C4 and brakes B1
and B2 that are to be applied in the next target gear to a position right before they become
applied, e.g., to a position right before apply members such as clutch discs come into
contact with one another.

After apply-preparation hydraulic pressure has started to be supplied in this manner,
the process proceeds on to step ST3 where the transmission control apparatus 4
determines whether the next-shift prediction flag has changed to off, i.e., whether the
next-shift prediction flag that was on has been tummed off. That is, even if it is
determined in step ST1 that the next-shift prediction flag is on, if thereafter the driver
releases the brake (i.e., stops depressing the brake pedal) or performs an acceleration
operation (i.e., depresses the accelerator pedal), there would no longer be a demand to
shift into the next target gear while the shift operation from the pre-shift gear to the initial
target gear is being performed (i.e., it is determined that there is no longer a possibility
that there will be a demand for a shift into the next target gear). Therefore, this
determination is made in order to confirm that the next-shift flag to cancel the supply (i.e.,
drain) the apply-preparation hydraulic pressure is off.

Then if the next-shift prediction flag has been turned off such that the determination
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in step ST3 is YES, the process proceeds on to step ST4 where supply of the
apply-preparation hydraulic pressure to the clutches and brakes to which the
apply-preparation hydraulic pressure was supplied (i.e., the clutches and brakes that were
to be applied for the shift into the next target gear) is cancelled (i.e., that
apply-preparation hydraulic pressure is drained).

If, on the other hand, it is determined in step ST3 that the next-shift prediction flag is
still on (i.e., NO in step ST3), the process proceeds on to step ST5 where the transmission
control apparatus 4 determines whether the shift operation into the initial target gear is
complete. If it is determined in step STS that the shift dperation into the initial target
gear is not yét complete (i.e., NO in step STS), the process returns to step S3 and the
transmission control apparatus 4 again determines whether the next-shift prediction flag
has been turned off. That is, when the determination in step ST3 is no, the next-shift
prediction flag is still on so in step ST5 the transmission control apparatus 4 waits for the
shift operation into the initial target gear to be completed (i.e., waits for the determination
in step ST5 to be yes). If, on the other hand, it is determined in step ST3 that the
next-shift prediction flag has been turned off, the supply of apply-preparation hydraulic
pressure to the clutches and brakes to which the apply-preparation hydraulic pressure was
supplied is cancelled (i.e., that apply-preparation hydraulic pressure is drained) in step
ST4, as described above. That is, even if the shift operation into the initial target gear is
complete, immediately thereafter it is determined that the shift operation into the next
target gear is no longer necessary so the apply-preparation hydraulic pressure is drained
such that the clutches and brakes that were operated toward the apply side by that
apply-preparation hydraulic pressure are returned to their released states.

If, on the other hand, it is determined in step ST5 that the shift operation into the
initial target gear is complete (i.e., YES in step ST5), the process proceeds on to step ST6
where the shift operation into the next target gear is started. In this case, the clutches
and brakes to be applied in the next target gear have already been prepared to be applied,
i.e., placed in the state immediately preceding the applied state, so the shift operation (i.e.,

application of the clutches and brakes) into the next target gear can be performed quickly
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after the shift operation into the initial target gear is complete. Therefore, even if a
downshift operation is performed in a plurality of steps, the total shift time can be
shortened. As a result, even if a downshift operation is performed in a plurality of steps
when the vehicle is decelerating relatively rapidly, for example, a speed appropriate for
the vehicle speed can be established so shift shock can be reduced.

FIG. 11 is a timing chart showing an example of the power-off downshift control
according to this example embodiment. Also, the example illustrated in FIG. 11 is one
in which, during a power-off downshift from 4th gear (which is the pre-shift gear) into
3rd gear (which is the initial target gear), there is a demand for a shift into 2nd gear (i.e.,
which is the next target gear). From the top down in FIG. 11 are shown changes in the
shift signal, the turbine speed (i.e., the rotation speed of the input shaft 9), and the
apply-side hydraulic pressure for 3rd gear, and the apply-side hydraulic pressure for 2nd
gear. Also, the broken lines in the drawing indicate changes in the turbine speed and the
apply-side hydraulic pressure for 2nd gear in an example of related art. Incidentally, the
control operation is not limited to being performed during a power-off downshift from
4th gear into 3rd gear. That is, a similar control operation may also be performed during
a power-off downshift between other adjacent gears.

As shown in FIG. 11, at timing A in the drawing, a signal for 3rd gear is output
according to the shift map (actually a shift map for a power-off downshift), and a shift
operation into 3rd gear is started by applying apply-side hydraulic pressure for 3rd gear.
Then if the next-shift prediction flag is turned on at timing B, for example,
apply-preparation hydraulic pressure starts to be applied as apply-side hydraulic pressure
for 2nd gear at timing B.  This apply-side hydraulic pressure for 2nd gear that is applied
in this case is set to a hydraulic pressure necessary to move the clutches and brakes
(brake Bl in this example embodiment) that are to be newly applied in 2nd gear to a
position just before they apply, e.g., to a position just before apply members such as
clutch discs come into contact with one another, as described above, so that tie-up does
not occur.

Then at timing C in the drawing, the shift operation from 3rd gear into 2nd gear is
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started by increasing the apply-side hydraulic pressure for 2nd gear immediately after it
has been determined that 3rd gear is established. That is, the apply-side hydraulic
pressure for 2nd gear is increased to a sweep hydraulic pressure for 2nd gear and then to
an apply hydraulic pressure for 2nd gear. At this time, as déscribed above, the brake Bl
which is to be applied in 2nd gear has already been operated so that it is prepared to appiy,
i.e., to the state immediately preceding the applied state, so the shift operation into 2nd

gear can be performed quickly after 3rd gear is established. In this case, the hydraulic

>pressure to the clutches and brakes (i.e., actually clutch C3) that were applied in 3rd gear

is drained. When this hydraulic pressure is drained, however, the drain hydraulic
pressure (i.e., the apply-side hydraulic pressure for 3rd gear) is adjusted according to the
change in the apply-side hydraulic pressure for 2nd gear (i.e., a clutch-to-clutch shift
operation) to prevent tie-up from occurring.

Incidentally, during sequential shifting in a power-off downshift according to related
art shown by the broken lines in FIG. 11, the apply-side hydraulic pressure for 2nd gear
(i.e., first fill hydraulic pressure for 2nd gear) was applied from the time the signal for
2nd gear was output after 3rd gear was established. That is, the clutches and brakes to
be applied in 2nd gear started to be applied from a completely released state. Therefore,
a shift operation is performed into a higher gear (i.e., a gear with a lower reduction gear
ratio) than is appropriate for the vehicle speed and the amount of torque multiplication by
the torque converter increases as the turbine speed drops with the decrease in vehicle
speed. Also, as shown by the broken line I in FIG. 11, an apply operation for 2nd gear is
performed when. the turbine speed is increased (i.e., is racing), which results in shift
shock (i.e., shock that pushes the vehicle forward).

In this example embodiment, as described above, during a shift operation into the
initial target gear (i.e., 3rd gear), apply preparation hydraulic pressure for a shift
operation into the next target gear (i.e., 2nd gear) is applied so even if a downshift
operation is performed in a plurality of steps, the total shift time is able to be shortened.
As a result, even if a downshift is performed in a plurality of steps when the vehicle is

decelerating relatively rapidly, a gear that is appropriate for the vehicle speed can be
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established so shift shock can be suppressed.

Next, a second example embodiment of the invention will be described. The
foregoing first example embodiment assumes that, during a shift operation during a
power-off downshift (i.e., while a shift operation from the pre-shift gear into the initial
target gear is being performed), there is a demand to shift into a gear (i.e., the next target
gear) that has a larger gear ratio than the gear that is to be established by that shift
operation.

Instead of this, the second example embodiment identifies (i.e., through an
identifying operation by next-shift identifying means) a demand to shift into the next
target gear based on the shift map while a shift operation from the pre-shift gear into the
initial target gear is being performed. Also, in this example embodiment as well, even if
there is a demand to shift into the next target gear while the shift operation from the
pre-shift gear into the initial target gear is being performed, the shift operation (i.e., the
apply operation of the clutches and brakes) into the next target gear (ie., a shift
preparation operation by next shift preparing means) starts after the shift operation into
the initial target gear is complete. This will now be described in detail.

In this example embodiment, a shift map for a power-off downshift is used as the
shift map to identify a demand for a shift into the next target gear, and it is determined
whether there is a demand to shift into the next target gear based on the shift map for a
power-off downshift. The shift map for a power-off downshift is specifically a map in
which the shift lines have been displaced toward the higher vehicle speed side compared
with the shift map shown in FIG. 9. This enables the engine brake to be used effectively.

FIG. 12 is a timing chart showing an example of power-off downshift control
according to this example embodiment. Also, FIG. 12 illustra_tes an example in which
there is a demand to shift into 2nd gear (i.e., the next target gear) during a power-off
downshift from 4th gear (i.e., the pre-shift gear) into 3rd gear (i.e., the initial target gear),
i.e., in which there is a demand to shift into 2nd gear based on the shift map for a
power-off downshift. The drawing shows, in order from the top down, changes in the

shift signal, the turbine speed (i.e., the rotation speed of the input shaft 9), the apply-side
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hydraulic pressure for 3rd gear, and the apply-side hydraulic pressure for 2nd gear. Also,
the broken lines in the drawing show the changes in the turbine speed and the apply-side
hydraulic pressure for 2nd gear according to an example of related art.

[0001] As shown in FIG. 12, at timing A in the drawing, a signal for 3rd géar is
output according to the shift map and a shift operation into 3rd gear is started by applying
the apply-side hydraulic pressure for 3rd gear. Then if the 3 — 2 shift line in the shift
map is crossed such that there is a demand to shift into 2nd gear at timing D, for example,
the apply preparation hydraulic pressure starts to be applied as the apply-side hydraulic
pressure for 2nd gear at timing D.  The apply-side hydraulic pressure for 2nd gear to be
applied in this case is set as the hydraulic pressure necessary to move the brake B1 that is
to be newly applied in 2nd gear to a position right before it becomes applied, e.g., to a
position right before apply members such as clutch discs come into contact with one
another, as described above.

Then at timing C in the drawing, a shift operation from 3rd gear into 2nd gear is
started by increasing the apply-side hydraulic pressure for 2nd gear immediately after it
has been determined that 3rd gear is established. At this time, the brake Bl to be
applied in 2nd gear has already been placed in the state immediately preceding the
applied state so the shift operation into 2nd gear can be performed quickly after 3rd gear
is established, as described above.

In this way, in this example embodiment as well, the apply preparation hydraulic
pressure for performing a shift operation into 2nd gear is applied during the shift
operation into 3rd gear so the total shift time can be shortened even if the downshift
operation is performed in a plurality of steps. As a result, even if a downshift operation
is performed in a plurality of steps when the vehicle is decelerating relatively rapidly, for
example, a gear appropriate for the vehicle speed can be established so shift shock can be
suppressed.

Next, a third example embodiment of the invention will be described. In the
foregoing first example embodiment, a shift operation during a power-off downshift is

such that, even if there is a demand to shift into the next target gear while a shift
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operation is being performed from the pre-shift gear into the initial target gear, the shift
operation (i.e., the apply operation of the clutches and brakes) into the next target gear is
started after the shift operation into the initial target gear is complete.

Instead of this, the third example embodiment is such that when the supply of
predetermined apply preparation hydraulic pressure according to an apply preparation
hydraulic pressure supply operation to prepare for a shift into the next target gear is
complete before the shift operation from the pre-shift gear into the initial target gear is
complete, an apply operation of the clutches and brakes to be applied in the next target
gear is started without waiting for the shift operation into the initial target gear to be
completed.

FIG. 13 is timing chart showing an example of power-off downshift control
according to this example embodiment. Also, the example shoﬁl in FIG. 13 is also one
in which there is a demand to shift into 2nd gear (i.e., the next target gear) during a
power-off downshift from 4th gear (i.e., the pre-shift gear) into 3rd gear (i.e., the initial
target gear). From the top down in FIG. 13 are shown changes in the shift signal, the
turbine speed (i.e., the rotation speed of the input shaft 9), and the apply-side hydraulic
pressure for 3rd gear, and the apply-side hydraulic pressure for 2nd gear. Also, the
broken lines in the drawing indicate changes in the turbine speed and the apply-side
hydraulic pressure for 2nd gear in an example of related art.

As shown in FIG. 13, at .timing A in the drawing, a signal for 3rd gear is output
according to the shift map, and a shift operation into 3rd gear is started by applying
apply-side hydraulic pressure for 3rd gear. Then if the next-shift prediction flag is
turned on at timing E, for example, apply-preparation hydraulic pressure starts to be
applied as apply-side hydraulic pressure for 2nd gear at timing B. This apply-side
hydraulic pressure for 2nd gear that is applied in this case is set to a hydraulic pressure
necessary to move the brake B1 that is to be applied in 2nd gear to a position just before
it applies, e.g., to a position just before apply members such as clutch discs come into
contact with one another, as described above.

The apply operation of the brake B1 to be applied in 2nd gear starts without waiting
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for the shift operation into 3rd gear to be completed when there is a demand to shift into
2nd gear while a shift operation is being performed from 4th gear into 3rd gear (i.e., at
timing F in the drawing, for example), and there is sufficient apply preparation hydraulic
pressure, i.e., right before the brake B1 which is to be applied in 2nd gear becomes
applied, e.g., when the apply members such as clutch discs have reached a position just
before they come into contact with one another. In this case, the apply-side hydraulic
pressure for 3rd gear is swept down simultaneously with the start of the apply operation
into 2nd gear (i.e., at timing F in the drawing).

In this way, in this example embodiment, a shift operation resembling a skip shift is
performed as a shift operation of the automatic transmission 2 while having the shift
control operation in response to a shift command be that for sequential shifting. Despite
the fact that this shift operation resembles a skip shift, the shift operation into the next
target gear is performed after the operation to supply apply preparation hydraulic pressure,
which was supplied in advance in preparation for a shift, is complete. Accordingly, a
downshift can be performed by skipping over gears without causing a delay in the apply
operation of friction apply elements that occurs in a skip shift according to the related art.
As a result, drivability can be improved b-y the suppression of shift shock, while a shift
operation into the next target gear can be performed quickly.

Incidentally, in this example embodiment, if there is insufficient apply preparation
hydraulic pressure at the time of a demand for a shift into 2nd gear, then the apply
operation of the brake B1 that is to be applied in 2nd gear is not started until there is
enough apply preparation hydraulic pressure, i.e., until the brake B1 that is to be applied
in 2nd gear reaches the position just before it becomes applied.

Also, the control operation to start the apply operation of the clutches and brakes to
be applied in the next target gear can also be applied to the second example embodiment
described above (in which a demand to shift into the next target gear is identified based
on the shift map), without waiting for the shift operation into the initial target gear to be
completed as described in this example embodiment.

The foregoing example embodiments describe examples in which the invention is
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applied to control of the automatic transmission 2 having eight forward gears (i.e., a
forward eight-speed automatic transmission), but the invention is not limited to this.
For example, the invention can also be applied to hydraulic control of a planetary gear
type automatic transmission having any number of gears (i.e., speeds).

Also, the foregoing example embodiments describe examples in which shift control
is executed by obtaining the appropriate gear based on the vehicle speed and the
accelerator operation amount. However, the invention is not limited to this. For
example, shift control may also be executed by obtaining the appropriate gear based on
the vehicle speed and the throttle opeﬁing amount.

Further, the engine mounted in the vehicle to which the invention can be applied
may be a gasoline engine or a diesel engine.

Also, the operation to supply the apply preparation hydraulic pressure for the next
target gear in the foregoing example embodiments can also be executed during a
downshift operation in the sequential mode. That is, considering that a downshift
operation into the next gear speed may also be performed while the driver is performing a
downshift operation with the power off (i.e., while the engine is being driven by the
driving wheels) and a shift operation from the pre-shift gear into the initial target gear is
being performed, the operation to supply the apply preparation hydraulic pressure in
preparatibn for the shift into the next target gear is started when the shift operation from
the pre-shift gear into the initial target gear is performed.

Also, in the foregoing example embodiments, when a shift operation from the
pre-shift gear into the initial target gear is being performed, an operation to supply apply
preparation hydraulic pressure in preparation for a shift into the next target gear which is
one gear lower than the initial target gear is started. In addition to this, an operation to
supply apply preparation hydraulic pressure in preparation for a shift into a still lower
gear (i.e., the next-next target gear) may also be started simultaneously. For example,
during a power-off downshift from 5th gear to 4th gear, apply preparation hydraulic
pressure in order to perform a shift operation into 3rd gear may be applied while

simultaneously applying apply preparation hydraulic pressure in order to perform a shift
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operation into 2nd gear.

Moreover, the invention is not limited to a case in which there is a demand to shift
into the next target gear during a shift operation. That is, the invention also includes the
concept of starting an operation to supply apply preparation hydraulic pressure in
preparation for a shift when the timing at which there will be a demand for a shift is
estimated or identified, or when a shift demand has been estimated or identified, when the
engine is being driven by the driving wheels (i.e., in a power-off state) and a shift
operation is not being performed.

While the invention has been described with reference to example embodiments
thereof, it is to be understood that the invention is not limited to the example
embodiments or constructions. To the contrary, the invention is intended to cover
various modifications and equivalent arrangements. In addition, while the various
elements of the example embodiments are shown in various combinations and
configurations, which are exemplary, other combinations and configurations, including

more, less or only a single element, are also within the spirit and scope of the invention.
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CLAIMS:
1. A hydraulic control apparatus of an automatic transmission which is provided with a
plurality of friction apply elements and in which a gear ratio is established by selectively
applying the plurality of friction apply elements by controlling hydraulic pressure with
respect to the plurality of friction apply elements, the hydraulic control apparatus
characterized by comprising:

next-shift preparing means for, when, during a shift operation in the automatic
transmission during a power-off downshift, a shift condition for shifting into a second
predetermined gear which has a larger gear ratio than a first predetermined geér that is to
be established by that shift operation is satisfied, starting an operation for supplying an
apply preparation hydraulic pressure in preparation for the shift into the second
predetermined gear, with respect to a friction apply element that will be applied in the
second predetermined gear, from among the plurality of friction apply elements, while

continuing that shift operation.

2. The hydraulic control apparatus according to claim 1, wherein the shift condition is
satisfied when, during the shift operation of the automatic transmission during the
power-off downshift, it is estimated that there is a possibility that there will be a demand
for the shift into the second predetermined gear which has a larger gear ratio than the first

predetermined gear that is to be established by that shift operation.

3. The hydraulic control apparatus according to claim 1, wherein the shift condition is
satisfied when, during the shift operation of the automatic transmission during the
power-off downshift, it is determined that there is a demand for the shift into the second
predetermined gear which has a larger gear ratio than the first predetermined gear that is to

be established by that shift operation.

4. A hydraulic control apparatus of an automatic transmission which is provided with a

plurality of friction apply elements and in which a gear ratio is established by selectively



WO 2008/110936 PCT/IB2008/001411
40

applying the plurality of friction apply elements by controlling hydraulic pressure with
respect to the plurality of friction apply elements, the hydraulic control apparatus
characterized by comprising:

next-shift preparing means for, when a shift condition for shifting into a second
predetermined gear which has a larger gear ratio than a first predetermined gear which is
the current gear of the automatic transmission is satisfied during power-off, starting an
operation for supplying an apply preparation hydraulic pressure in preparation for the shift
into the second predetermined gear, with respect to a friction apply element that will be
applied in the second predetermined gear, from among the plurality of friction apply

elements.

5. The hydraulic control apparatus according to claim 4, wherein the shift condition is
satisfied when it is estimated that there is a possibility that during power-off there will be a
demand for the shift into the second predetermined gear that has a larger gear ratio than the

first predetermined gear which is the current gear of the automatic transmission.

6. The hydraulic control apparatus according to claim 4, wherein the shift condition is
satisfied when, during power-off, it is determined that there is a demand for the shift into
the second predetermined gear that has a larger gear ratio than the first predetermined gear

which is the current gear of the automatic transmission.

7.  The hydraulic control apparatus according to claim 2 or 5, wherein it is estimated that
there is a possibility that there will be a demand for the shift into the second predetermined
gear when a vehicle continues to decelerate at a rate faster than a predetermined

deceleration rate for a predetermined period of time.

8. The hydraulic control apparatus according to claim 2 or 5, wherein it is estimated that
there is a possibility that there will be a demand for the shift into the second predetermined

gear when a vehicle speed of a vehicle changes from being higher than a next shift
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hydraulic pressure apply start vehicle speed that is set in advance to being lower than that

next shift hydraulic pressure apply start vehicle speed.

9.  The hydraulic control apparatus according to claim 8, wherein when it is assumed that
the vehicle will continue to decelerate from a second predetermined gear vehicle speed that
corresponds to the second predetermined gear, the next shift hydraulic pressure supply start
vehicle speed is set to be the vehicle speed a vpredetermined period of time before the
vehicle speed of the vehicle reaches the second predetermined gear vehicle speed, the
predetermined period of time being the time that it takes for a friction apply element that is
to be applied when establishing the second predetermined gear, from among the plurality

of friction apply elements, to change from a released state to an applied state.

10. The hydraulic control apparatus according to claim 3 or 6, wherein it is determined
that there is a demand for the shift into the second predetermined gear when the vehicle
speed of the vehicle matches a value corresponding to the second predetermined gear

based on a shift map that sets the gear according to the vehicle speed.

11. The hydraulic control apparatus according to claim 2 or 3, wherein an apply operation
of the friction apply element that is to be applied in the second predetermined gear is
started after the shift operation into the first predetermined gear, which is being performed
after the operation in preparation for the shift into the second predetermined gear is started,

is complete.

12. The hydraulic control apparatus according to claim 2, wherein the apply preparation
hydraulic pressure in preparation for the shift into the second predetermined gear is drained
when it is no longer estimated that there is a possibility that there will be a demand for the

shift into the second predetermined gear before the shift operation is complete.

13. The hydraulic control apparatus according to claim 3, wherein the apply preparation
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hydraulic pressure in preparation for the shift into the second predetermined gear is drained
when, before the shift operation is complete, it is determined that there is no longer a

demand for the shift into the second predetermined gear.

14. The hydraulic control apparatus according to claim 2 or 3, wherein the apply
operation of the friction apply element that is to be applied in the second predetermined
gear is started without waiting until the shift operation is complete, when supply of a
predetermined apply preparation hydraulic pressure according to the operation in
preparation for the shift into the second predetermined gear is complete before the shift
operation into the first predetermined gear, which is being performed after the operation in

preparation for the shift into the second predetermined gear is started, is complete.

15. The hydraulic control apparatus according to any one of claims 1 to 13, wherein the
next-shift preparing means starts an operation for supplying an apply preparation hydraulic
pressure in preparation for a shift into a third predetermined gear which has a larger gear
ratio than the second predetermined gear with respect to a friction apply element that will
be applied in the third predetermined gear, from among the plurality of friction apply
elements, at substantially the same time that the operation in preparation for the shift intd
the second predetermined gear starts with respect to the friction apply element that will be

applied in the second predetermined gear.

16. The hydraulic control apparatus according to claim 2 or 5, wherein it is estimated that
there is a possibility that there will be a demand for the shift into the second predetermined
gear when a vehicle continues to decelerate at a rate faster than a predetermined
deceleration rate for a predetermined period of time, and/or when a vehicle speed of the
vehicle has changed from being higher than a next-shift hydraulic pressure supply start
vehicle speed that was set in advance to being lower than that next-shift hydraulic pressure

supply start vehicle speed.
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17. A hydraulic control method for an automatic transmission which is provided with a
plurality of friction apply elements and in which a gear ratio is established by selectively
applying the plurality of friction apply elements by controlling hydraulic pressure with
respect to the plurality of friction apply elements, the hydraulic control method
characterized by comprising:
determining whether, during a shift operation of the automatic transmission during a
power-off downshift, a shift condition for shifting into a second predetermined gear which
_has a larger gear ratio than a first predetermined gear, which is to be established by that
shift operation, is satisfied; and
starting, when the shift condition is satisﬁed, an operation for supplying an apply
preparation hydraulic pressure in preparation for the shift into the second predetermined
gear, with respect to a friction apply element that is to be applied in the second
predetermined gear, from among the plurality of friction apply elements, while continuing

that shift operation.

18. A hydraulic control method for an automatic transmission which is provided with a
plurality of friction apply elements and in which a gear ratio is established by selectively
applying the plurality of friction apply elements by controlling hydraulic pressure with
respect to the plurality of friction apply elements, the hydraulic control method
characterized by comprising:

determining whether a shift condition for shifting into a second predetermined gear
which has a larger gear ratio than a first predetermined gear which is the current gear of the
automatic transmission is satisfied during power-off; and

starting, when the shift condition is satisfied, an operation for supplying an apply
preparation hydraulic pressure in preparation for the shift into the second predetermined
gear, with respect to a friction apply element that will be applied in the second

predetermined gear, from among the plurality of friction apply elements.
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FIG.8
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FIG.10

( POWER-OFF DOWNSHIFT CONTROL )

ST1
IS NEXT-SHIFT NO
PREDICTION
FLAG ON ?
YES
ST2
\

SUPPLY APPLY PREPARATION
HYDRAULIC PRESSURE FOR
NEXT TARGET GEAR

ST3
IS NEXT—SHIFT
YEQ PREDICTION
N\ FLAG OFF ?
ST4 ' NO
= ST5
DRAIN HYDRAULIC
PRESSURE FROM IS SHIFT OPERATION \ o
FRICTION APPLY INTO INITIAL TARGET
ELEMENT OF NEXT GEAR COMPLETE 2
TARGET GEAR
YES
ST6

\
START SHIFT INTO
NEXT TARGET GEAR

( RETURN )



PCT/IB2008/001411

WO 2008/110936

10/12

14V d31v13d 40

dv39 puzg 404 3HNSSIHd

OI'MNVHAAH 1114 1SyHId

1dv a31v13y 40 g
dV3IO Puz 404 Wv3ID PUZ HO4 FUNSSIUd _ 4v30 Puz HO4 3UNSSIAd
3dNSSIdd OIMNVIAAH d3IMS _, | /\ ONNYHAAH 3dIS-A1ddv
OINYYAAH N B ]
FQIS-ATddV - 7 T < |

¥v3D Puz YO4 FUNSSIHd |
OMNVHAAH AlddV ~—~

dV3O pug 404 JHNSS3Hd
OINNYYAAH NOILVYHVYd3dd AlddV

1 V3D P4 4O JHNSSIHd

OI'INYHAAH d33MS

dVv30 P4€ 404 JHNSS3IHd
OI'INVHAAH 3AIS-ATddY

dv3d P4g HO4 JHNSSIH
OINNYYAAH Alddv

T T T T s/

d33ds anigunL -~ S
40 DNIOVY * SN

¥V3D pPUZ 40 @33ds N\
NOILY.LOY SNONOHHONAS \.

_ HVv3ID pig HO4 IUNSSIHd
<" ONNVHAAH 1114 1sy1d

dv3O p4E HO4 FHNSSIHd

OINNVYHAAH AGANVLS INVLSNOO

7~ dVvdD Y 40 d33dS
-~ NOILLV.1OYH SNONOHYHONAS

d33ds
"~ 3NIgdNn.L

J/
/ ™~

dv3dO p4€ 40 d33dS
. NOILV10OHd SNONOYHONAS

pue
0

TVYNDIS
T 1dIHS
pJg

v L1 O 14



PCT/IB2008/001411

WO 2008/110936

11/12

14V d31v13d 40

dVv39O PuZ 404 34NSS3IHd

OI'NYHdAH 1114 1SyHId

1YY @31v13ay 40 a
V3D PUZ HO4  Yv3ID PuUz HO4 IHUNSSIHd | dv3D PuUg 404 FUNSSIHd
I4NSSIHd OITNVYHAAH d33IMS ! e /\ OINNVYAAH 3dIS-ATddV
OIMNVHAAH PR DR Y ]
3AIS-A1ddY ~——_ e~ - SR
. 7 L

4v3D Puz 404 3UNSSIUd |
OMNYYAAH ATddY ~~

dVv3O pug 404 3HNSSIHd
OI'NVYAAH NOILVHVd3dd A1ddV

dv3a9 P4€ 404 34NSSIHd

OINNVHAAH d33IMS

dVv30 P4E€ HO4 34NSSIHd
OINNVYYdAH 3dIS-AddV

dv30 P4€ HO4 IHNSSIHd
OI'NNVYHAAH AlddV

— T T T T T e e

Q33ds aNigynL -~ v
40 DNIOVY ' I SN

dv3o Pu¢ 40 d33dS /
NOILVY.LOH SNONOYHONAS /

_ Hv3ID P4 04 3HNSSIHd
< /7 OrNvHAaAH 1114 1Syl

dv30 P4€ HO4 JHNSSIHd

OI'NNVYAAH AGANV.LS LNVLSNOO

7~ dVvdD Y 40 d33dS
~~ NOILVLOHd SNONOYHONAS

a33dS
"~ 3INIgdn.t

J/
/ ™~

dv3d P4E 40 d33dS
\. NOILYLOYH SNONOYHONAS

pug
O

i TYNDIS
14IHS
a pag

v ¢l Old



PCT/IB2008/001411

WO 2008/110936

12/12

dVv3aD pPUZ HO4 34NSS3IHd

OI'INVHAAH d33MS

Y30 PUz 404 TS
dV3D PUZ 404
349NSS34d OI'NVYJAH 1114 LSHIH

SIINVHAAH PR =)
\

3AIS-ATddY ~~=---""""" et I

4v3D PUz HO4 IUNSSIHd |
OINMNYYAAH ATddY  ~——~

189V d31v134d 40

dV30O PUZ HOd4 JHNSSIHd
OI'INVYAJAH 341S-A1ddVY

N

===
I
|

dVv3D PUg HO4 34NSS3IHd
OINNYHJAH NOILYHVd3dd A'lddV

\L

dVv3O PI€ HO4 IHNSSIHd
OI'INYYAAH NMOAd d33MS

_ H¥v3D pig Y04 IHNSSIYd
— /" OrINVHAAH T4 1S41d

dvd9 p4€ 404 FHNSS3IHd

OI'NNYHAAH AGANVLS LINVLSNOO

a334S anigunt -~ b
40 DNIOVY * 1 SN

MVID PUZ 40 433dS  \
NOILVLOY SNONOHHONAS "\

7>~ dV3D Y 40 d33dS
2~ NOILV.LOYH SNONOHHONAS

~ d3ads
. INIgunl

J/
/ T~

dv3o P4 40 d33dS
\. NOILV1OH SAONOHYHONAS

pug
0

IVYNDIS
\_ﬂl LAIHS
pag

v €L Ol4d



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings

