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(57) Abrege(suite)/Abstract(continued):

control valve CV, which controls the engagement actuation of the starting clutch 5. While a vehicle equipped with this power
transmission Is decelerating, the engagement of the starting clutch is controlled to transmit a rotational driving force from the
wheels to the engine. Specifically, the engaging capacity of the starting clutch is controlled to bring the difference between the input
and output rotational speeds of the starting clutch into a predetermined range, and the control pressure of the starting clutch that
brings this difference Iin the predetermined range Is learned, I.e., stored in memory and renewed, as a control value for the next
deceleration of the vehicle.
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ABSTRACT

A power transmission comprises a continuously variable

transmission CVT, which transmits a rotational driving force from an

engine to wheels, a starting clutch 5, which sets variably the

transmission capacity of the continuously variable transmission, and
a control valve CV, which controls the engagement actuation of the

starting clutch 5. While a vehicle equipped with this power

transmission is decelerating, the engagement of the starting clutch is

controlled to transmit a rotational driving force from the wheels to the
engine. Specifically, the engaging capacity of the starting clutch is

controlled to bring the difference -between the input and output

rotational speeds of the starting clutch into a predetermined range,

and the control pressure of the starting clutch that brings this
difference in the predetermined range 1s learned, i.e., stored 'in

memory and renewed, as a control value for the next deceleration of

the vehicle.

-23.
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SPECIFICATION

TITLE OF THE INVENTION -
'VEHICULAR POWER TRANSMISSION

FIELD OF THE INVENTION

The present invention relates to a power transmission
which comprises a drive-power transmission (for example, a power
transmission), which transmits a driving force from an enginé to drive
wheels, and a frictionally engaging element (for example, a starting
clutch) whose capacity for transmitting a driving force frictionally 1s '

variably set.

BACKGROUND OF THE INVENTION
Many automobiles are equipped with such a power
transmission, and in the power transmission, a hydraulcally '
actuated frictionally engaging element (for example, a hydraulic
clutch) is used for speed ratio control, power transmission control, etc.
For example, by controlling the engagement actuation of the
hydraulic clutch, the torque transmission can be controlled. For
instance, while the vehicle 1s 1n a deceleration, the slip factor of the
hydraulic clutch is controlled to come into a predetermined range (the
slip factor is controlled to allow a little shp), so that the hydrauhc
clutch can slide to avoid a shock, which may occur from an abrupt
change in the torque transmission. Also, the engagement
characteristics of the clutch such as a characteristic of engagement
initiation are determined and stored in memory in a learning control,

which exploits that the torque transmission of the hydraulic clutch
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calculated from the actuation pressure of the hydraulic clutch equals
the actual torque transmission of the hydraulic clutch while the
hydraulic clutch 1s shding.

Recently a hybrid-type power transmission, which
incorporates an electrical motor generator, has been developed and is
coming into practical use. This electrical motor generator, which is
connected to the output shaft of the engine, is used to assist the
engine in rotational drive as an electrical motor when the vehicle is
started. Also, 1t 1s used to regenerate energy (by generating
electricity) ‘as an electrical generator when the vehicle 1s in a
deceleration. In such a power transmission, if the hydraulic clutch is
controlled to slide while the vehicle i1s in a deceleration, then there 1s
a problem that the efficiency of energy regenerating by the electrical
motor generator (energy-regenerating device) i1s reduced by the
amount that corresponds to the shiding of the hydraulic clutch. On
the other hand, to keep the efficiency of energy regenerating at a high
level, if the hydraulic clutch 1s controlled to keep a full engagement,
then the hydraulic clutch, which does not slide effectively, cannot be
used as a device to prevent a shock which may occur from an abrupt
change m the torque transmission. Also, the above mentioned
learning control, in which the characteristics of the hydraulic clutch
are determined and learned for controlling the torque transmission,
cannot not be executed as designed. '

Conventionally, in the engagement control of the hydraulic
clutch, the slip factor of the hydraulic clutch is set at a predetermined
value while the vehicle 1s 1n a deceleration. With a fixed shp factor,
the amount of rotational slide (the difference between the input

rotational speed and the output rotational speed) is relatively large
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while the vehicle is travelling at a high speed with the clutch rotating
at a high rotational speed, and conversely, the amount of rotational
slide is relatively small while the vehicle 1s travelling at a low speed
With the clutch rotating at a low rotational speed. Here, if the
amount of rotational slide 1s too small for the friction coefficient u« to
be stable, then the learning control, which involves the determining
and learning of the engagement characteristic of the clutch, tends to
be 1naccurate. For the learnming control to be performed accurately,
the amount of rotational slide must be maintained within a
predetermined range. In a case of prior art where the slip factor is
set at a predetermined value for the engagement control of the
hydraulic clutch, if the amount of rotational shde 1s set into a
predetermined range appropriate to the learning control while the
vehicle is travelling at a low speed, then this setting causes a large
amount of rotational slide when the speed of the vehicle increases to a
high speed, reducing the efficiency of the energy regenerating.
Conversely, if the amount of rotational slide is set into a
predetermined range appropriate to the learning control while the
vehicle 1s travelling at a high speed, then only a little amount of
rotational slide is available when the speed of the vehicle decreases to

a low speed, which condition destabilizes the friction coefficient of the

clutch and thereby makes the learning control inaccurate.

SUMMARY OF THE INVENTION

To solve the above mentioned problems, it is an object of
the present invention to provide a power transmission whose
frictionally engaging element provided 1n a drive-power transmission

is adjustable to set the amount of rotational shide to a mimimum value
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within a range that 1s appropriate to a learning control of engagement
characteristic, so that the learning control will be performed
accurately without any sacrifice in energy regenerating efficiency.

To achieve this objective, the present invention provides a
power transmission that compnrises a drive-power transmission (for
example, the continuously variable transmission CVT described in-
the following embodiment), a frictionally engaging element (for
éxample, the starting clutch 5, the forward clutch 25 and the reverse
brake 27 described in the following embodiment) and a transmission-
capacity controller (for example, the control valve CV described in the
following embodiment). The drive-power transmission transmits a
rotational driving force from an engine to wheels, and the frictionally
engaging element can set variably a transmission capacity for said
drive-power transmission. The transmission-capacity controller
controls the engagement actuation of the frictionally engaging
element. While a vehicle equipped with this power transmission 1s
decelerating, the engagement of the frictionally engaging element is
controlled to transmit a rotational driving force from the wheels to the
engine. In this instance, the -transmission-capacity controller
controls the engaging capacity of the frictionally engaging element to
- bring the difference between the input and output rotational speeds of
the frictionally engaging element into a predetermined range. While
this difference is within the predetermined range, the transmission-
capacity controller stores and renews In memory and learns the
controlled amount of the frictionally engaging element as a control
value to be used for the next deceleration of the vehicle.

According to the power transmission, which 1s constructed

as described above, while a rotational driving force is transmitted
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from the wheels to the engine during a deceleration of the vehiclé, the
transmission-capacity controller controls the engagement of the
frictionally engaging element to adjust the difference between the
input and output rotational speeds into the predetermined range,
where the friction coefficient & of the frictionally engaging element
is stable. Because of this adjustment, the engagement characteristic
of the frictionally engaging element 1s determined accurately, which
in turn makes the learning control accurate. In this case, because
the engagement control of the frictionally engaging element is
executed to bring the amount of rotational slide rather than the slip
factor thereof into the predetermined range, th-e engagement
characteristic can be determined accurately at any speed of the
vehicle. Therefore, the learning control itself can be accurate and
reliable.

Furthermore, while a rotational driving force 1is belng
transmitted from the wheels to the engine during a decéleration, 1t 1s
preferable that the transmission-capacity controller control the
engagement capacity of the frictionally engaging element to bring the
difference between the input and output rotational speeds at first
temporarily to a value above the predetermined range and then into
the predetermined range. The friction coefficient « of the
frictionally engaging element has different values if it 1s measured by
increasing the amount of rotational slide from a complete engagement
thereof and if it 1s measured by decreasing the amount of rotational
slide from a slipping condition thereof (beéause of a phenomenon of
hysteresis). To avoid the effect of thas hysteresis, in the present
invention, after the amount of rotational shide (the difference of the

input and output rotational speeds) 1s made larger, 1t 1s made smaller



CA 02408086 2002-10-15

for the learning control. In this way, the engagemént characteristic
can be determined accurately without any effect of the hysteresis, so
the learning control can be also performed accurately.

Further scope of applicability of the present 1invention will
“become apparent from the detailed description given hereinafter.
However, it should be understood that the detailed description and
specific examples, while indicating preferred embodiments of the
invention, are given by way of 1llustration only, since various changes
and modifications within the spirit and scope of the invention will

become apparent to those skilled in the art from this detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given herein below and the
accompanying drawings which are givén by way of illustration only
and thus are not limitative of the present invention.

FIG. 1 is a sectional view describing the construction of a
power transmission according to the present invention.

FIG. 2 1s a schematic diagram describing the power
transmission system of the power transmission.

FIG. 3 is a flowchart showing control steps executed for
learning the engagement pressure of a starting clutch provided 1n the
power transmission. ‘

FIG. 4 is a flowchart showing the control steps of the
starting clutch engagement learning control executed in the control
flow shown in FIG. 3.

FIG. 5 1s a time diagram showing chronological changes
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observed in the speed of the vehicle and in the rotational slide of the

starting clutch.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment according to the present
invention is described in reference to the drawings. FIG. 1 1s a
sectional view describing the construction of a powei’ transmission as
an embodiment according to the present invention, and FIG. 2 shows
the power transmission system of this transmission. It is clear from
these drawings that this power transmission comprises an engine E,
an electrical motor generator M, which 1s connected to the output
shaft Es of the engine E, and a belt-type continuously variable
transmission CVT, which 1s connected through a coupling mechanism
CP to the output shaft Es of the engine.

The engine E 1s a four cylinder reciprocating engine and
has a piston in each of the four cylinder bores 21 formed 1n a cylinder
block 20. The engine E 1s also equipped with a suction and exhaust
controller 22; which controls the operation of the suction valves and
the exhaust valves for each cylinder bore 21, and with a fuel 1njection
and 1gnition controller 23, which controls the injection of fuel and the
ignition for each cylinder bore 21. The electrical motor generator M
assists the driving force of the engine when it 1s powered by a battery
incorporated in the vehicle, and it charges the battery by generating
electricity from the rotational drive received from the wheel side
while the vehicle is in a deceleration (energy regenerating). Thus,
this power transmission has a hybrid-type drive source.

The continuously variable transmission CVT comprises a

metal V-belt mechanism 10, a forward/reverse switching mechanism
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20 and a starting clutch (main clutch) 5. The metal V-belt
mechanism 10 is disposed around the input shaft 1 and the
countershaft 2 of the transmission, the forward/reverse switching
mechanism 20 1s disposed over the input shaft 1, and the starting
clutch 5 1s disposed on the countershaft 2. This continuously
variable transmission CVT is mounted on a vehicle, and the mput
shaft 1 is connected through a coupling mechanism CP with the
output shaft Es of the engine. The driving force output from the
transmission 1s transmitted through the starting clutch 5 to a
differential mechanism 8 and then used for driving axle shafts 8a and
8b to rotate right and left wheels of the vehicle (not shown).

The metal V-belt mechamsm 10 comprises a variable
width drive pulley 11, which is disposed over the input shaft 1, a
variable width driven pulley 16, which is disposed on the countershaft
2. and a metal V-belt 15, which 1s disposed around these pulleys 11
and 16. The drive pulley 11 comprises a stationary pulley half 12,
which 1s disposed rotatably on the input shaft 1, and a movable pulley
half 13, which 1s movable with respect to the stationary pulley half 12
in the axial direction of the pulley 11. On the lateral outside of the
movable pulley half 13, a drive-pulley cylinder chamber 14 1s defined
by a cylinder wall 12a, and a pulley-control pressure supplied through
a control valve CV and through an o1l passage 31 into the cylinder
chamber 14 generates a thrust which shifts the movable pulley half
13 1n the axial direction of the drive pulley. .

The driven pulley 16 comprises a stationary pulley half 17,
which is fixed on the countershaft 2, and a movable pulley half 18,
which is movable with respect to the stationary pulley half 17 in the

axial direction of the pulley. On the lateral outside of the movable
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pulley half 18, a driven-pulley cylinder chamber 19 i1s defined by a
cylinder wall 17a, and a pulley-control pressure supplied through the
control valve CV and through an oil passage 32 into the cylinder
chamber 19 génerates a thrust which shifts the movable pulley half
18 1n the axial direction of the driven pulley. '

In this construction, the hydraulic pressures being
supplied into these cyhnder chambers 14 and 19 of the drive and
driven pulleys, respectively, are controlled by the control valve CV to
generate appropriate lateral thrusts in these two pulleys, so that
there will be no slip of the belt 15. Furthermore, these pressures
‘supplied into the cylinder chambers are controlled to create a
difference 1n these lateral thrusts, so that the groove widths of these
pulleys will change, adjusting the pitch radii of the respective pulleys
for the V belt 15. In this way, the speed change ratio of the
transmission 1s controlled to vary continuously without any step.
These lateral thrusts, which are generated 1n the drive and driven
pulleys for the ratio control, are generated from a line pressure that 1s
' adjusted by a regulator valve from the pressure of a hydraulic pump
(not shoWn) driven by the engine E. More specifically, the pressure
of either the drive or driven cylinder chamber that is the higher of the
two 1s produced from the line pressure.

The forward/reverse switching mechanism 20 1s a
planetary gear train, which comprises a sun gear 21, a ring gear 22, a
carrier 23 and a forward clutch 25. The sun gear 21 1s connected to
the 1nput shaft 1, and the 'ring gear 22 1s connected to the stationary
pulley half 12 of the drive pulley 11. The carrier 23 can be held
against rotation by a reverse brake 27, and the forward clutch 25 can

be operated to connect the sun gear 21 with the ring gear 22. In this
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mechanism 20, when the forward clutch 25 is engaged, all the gears
21, 22 and 23 rotate together with the input shaft 1 as a one body, and
the drive pulley 11 1s driven by the‘driving force of the engine E 1n the
same direction as the input shaft 1 (i.e., in the forward direction of the
véhicle). On the other hand, when the reverse brake 27 1s engaged,
the carrier 23 is held stationary, so the ring gear 22 rotates in the
direction opposite to that of the sun géar 21, and the drive pulley 11 is
driven by the driving force of the engine E i1n the direction opposite to
that of the input shaft 1 (i.e, in the reverse direction). The
engagemént operation of the forward clutch 25 and the reverse brake
27 1s controlled with a forward/reverse control pressure that 1is
adjusted by the control valve CV from the line pressure.

| The starting clutch 5 is a clutch to control the powér
transmission between the countershaft 2 and the output membérs of
the transmission, 1.e., power transmission gears 6a, 6b, 7a and 7b.
In the condition where the starting clutch 5 is engaged, the output of
the engine, aftér undergoing the speed ratio change by the metal V-
belt mechanism 10, is transmitted through the gears 6a, 6b, 7a and
7b to the differential mechanism 8 and then divided and trariSmitted
by the differential mechamsm 8 to the right and left axle shafts 8a
and 8b and then to the wheels. When the starting clutch 5 1s
released, this power transmission i1s terminated, so the transmission
1s in neutral condition. The engagement of the starting clutch 5 1s
controlled with a clutch control pressure that is adjusted by the
control valve CV from the line pressure and supplied thfou‘gh an o1l

passage 33.
In this continuously varnable transmission CVT, as

described above, the pulley-control pressures supplied to the drive

-10.
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and driven pulleys from the control valve CV through the o1l passages
31 and 32, respectively, are used for the speed ratio change control
while the forward/reverse control pressure supplied to the forward
clutch 25 and the reverse brake 27 from the control valve CV through
- an oll passage (not shown) 1s used for the forward/reverse switching
‘control of the transmission. In addition, the clutch control pressure
‘supplied from the control valve CV through the oil passage 33 is used
for the starting clutch engagement control. The operation of the
~ control valve CV itself 1s controlled by means of control signals sent
from an electrical control unit ECU.
In the vehicle incorporating this tr.ansmission,' the
electrical motor generator M assists the driving force of the engine E,
so that the engine E can operate mn a range which is most fuel
efficient. To improve the fuel efficiency of the vehicle, the operation
of the electrical motor M 1s controlled by means of control signals sent
from the electrical control unit ECU through a' control line 36.
Simultaneously, the speed ratio change control is performed to
achieve an optimal speed change ratio for operating the engine E 1n a
most fuel efficient manner. This control 1s also executed by means
of control signals sent from the electrical control unit ECU through a
control line 35 to the control valve CV,
Furthermore, the engine E can be operated in a partial
cylinder operation mode where some of the four cylinders are set 1n a
stand-by condition when a predetermined condition 1s satisfied for the
vehicle (for éxample, In a deceleration). More specifically, while the
electrical control unit ECU controls the operation of the suction and
exhaust controller 22 with control signals sent through a control hne

37 and the operation of the fuel injection and i1gnition controller 23

-11.
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- through a control line 38, to operate the engine in a partial cylinder
operation mode, it keeps suction and exhaust valves being closed for
some cylinder bores 21 and inhibits these cylinders from receiving
fuel injection and ignition. By operating the engine 1n this way, the
fuel efficiency of the vehicle 1s improved especially during the vehicle's
deceleration. In addition, the force of engine brake 1s made
relatively small, so that the energy spent for the deceleration is
regenerated effectively by the electrical motor generator M.

In this power transmission, additionally, an 1dling
elimination control 1s performed to further improve .the fuel efficiency.
The 1dling elimination control is basically to stop the operation of the
engine 1itself after the vehicle comes to a halt and when the driving

force of the engine becomes unnecessary, i.e., the engine enters 1nto

an idling condition. In the idling elimination control executed for
this power transmission, to achieve a higher level of fuel efficiency,
specifically, when the accelerator pedal 1s released to decelerate the
vehicle and to bring it into a halt, the fuel injection 1s terminated
during the deceleration, and this condition for the engine 1s kept for
elimination of engine 1dling. ‘

In the power transmission, which has the above described
construction, while the vehicle i1s in a deceleration, the electrical
control unit ECU operates the control valve CV to supply the clutch
control pressure to the starting clutch 5 through the oil passage 33 so
as to control the engagement of the starting clutch 5. Now, this
engagement control of the starting clutch 5 is described with respect
to the flowcharts of FIG. 3 and FIG. 4 and to the time diagram of FIG.
5. The following description uses an example where the vehicle

decelerates from a speed higher than 70 km/h.

-12.
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In this control, at first, a determination 1s made whether
or not the vehicle is in a deceleration, 1.e., the accelerator pedal is
released to decelerate the vehicle, at Step S1. If the vehicle 1s not
decelerating, the control flow ends without performing any further
control step described here. In this case, another control which 1s not
illustrated in the drawings 1s performed for the power transmission.
However, such a control is not related to the present invention, so no
description of it is offered here.

In thas eXample, the accelerator pedal 1s released at time
t0 to decelerate the vehicle by an action of engine brake as shown in
FIG. 5. - If the vehicle is decelerating after time tO, the control flow
proceeds to Step S2, where another determination is made whether or

not the current speed V of the vehicle 1s equal to or higher than 40
km/h. At time t0, the current speed V is higher than 40 km/h (V >
40 km/h), so the'control ﬂew proceeds to Step S3, where another
deterxﬁination_ is made whether or not the current speed V of the
vehicle is lower than 70 km/h. At time t0O, the vehicle speed V is
above 70 km/h, and it is not within a speed range for which the
learning control is executed. In this case, the control flow proceeds
to Step SG, where the engagement control is executed to bring the slip
factor of the starting clutch 5 to a very small value (for example,
100.1%). In this way, the decelerating rotation of the wheels 1s

transmitted to the electrical motor generator M with almost no loss

~ for the regenerating of energy (electricity generation) at a high

efficiency. The slip factor above 100% means that the starting clutch
5 slips by the rotational drive of the wheels. Conversely, the shp
factor below 100% means that the starting clutch 5 ships by the

rotational drive of the engine E.

-13.
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As the vehicle decelerates while the control at Step S6 is
being executed, and when the vehicle speed V becomes lower than 70
km/h (at time t1 in FIG. 5), the control flow proceeds from Step S3 to
Step S10, where the starting clutch engagement learning control is
executed. In this control, whose contents are described in FIG. 4, at
first, a determination is made whether this shift of the control flow to
the learning control is in an inmitial stage or not at Step S11. Whule it
| is in the initial stage, the control flow proceeds to Step S12, where an
upper limit SNH and a lower limit SNL for the sliding rotational
speed of the starting clutch 5 are set as SNH = 70 rpm and SNL = 60
rpm. Based on these limits, if the actual sliding rotational speed SN
(the difference between the input and output rotational speeds of the
starting clutch 5) is higher than the upper limit SNH, then the
engaging force of the starting clutch 5 is increased at Step S14 and
Step S15. On the other hand, if it 1s lower than the lower limit SNL,
then the engaging force 1s reduced at Step S16 and Step S17. In this
way, the engagement control of the starting clutch 5 1s executed to set
the actual 'sliding rotational speed SN to a relatively high value |
between 60 rpm and 70 rpm i1n the initial stage (the time period
between time t1 and time t2).
After the completion of the control for the imitial stage
(time t2), the control flow proceeds from Step S11 to Step S13, where
the upper and lower limits for the shding rotational speed of the
~ starting clutch 5 are set as SNH = 30 rpm and SNL = 20 rpm. Based
on these limits, if the actual sliding rotational speed SN (the
difference between the input and output rotational speeds of the
starting clutch 5) is higher than the upper lmit SNH, then the
engaging force of the starting clutch 5 1s increased at Step S14 and

-14.
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Step S15. On the other hand, if it 1s lower than the lower limit SNL,
then the engaging force 1s reduced at Step S16 and Step S17. In this
way, after the initial stage (after time t2), the engagement control of
the starting clutch 5 1s executed to set the shding rotational speed SN
to a value between 20 rpm and 30 rpm.

For the control to be executed after the mtial stage, the
control flow proceeds form Step S18 to Step S19, where a
determination is made whether or not the sliding rotational speed SN
has come to a value within the above range, 1.e., 20 rpm ~ 30 rpm. If
the sliding rotational speed SN has come to a value within this range,
then the control flow proceeds to Step S20, where the current clutch
pressure PCA as the engagement control pressure of the starting
clutch 5 1s used to renew a first learned value PCLI. Here,' a
predetermined percentage of the difference between the value of the

current clutch pressure PCA and the first learned value PCL1 (for

example, 10% of it) is calculated as a first adjusting value APCI1, and
this first adjusting value APC1 1s added to the first learned value
PCL1 to gain a new first learned value PCL1 as renewal.

There 1s a phenomenon of hysteresis in the {friction
coefficient « of the starting clutch 5. The value of the friction
coefficient « measured when the 'amount of rotational shde 1s
increased from a firmly engaged condition of the starting clutch 5
differs from that measured when the amount of rotational shde 1s
decreased from a slipping condition thereof. In the above control, the
sliding rotational speed is once set within the range of 60 ~ 70 rpm,
and it is then shifted into the range of 20 ~ 30 rpm. By this
procedure, the learned value PCL1 can be determined accurately

without being affected from the hysteresis phenomenon of the friction

- -15.
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coefficient.

The above starting clutch engagement learning control

executed at Step S10 1s repeated periodically at predetermined
intervals to renew the first learned value PCL1 until the
_ determination at Step S4 of the control flow shown in FIG. 3 results
in that the vehicle speed V has become lower than 40 km/h. It is
clear from the above description that the range where the vehicle
speed V 1s from 70 km/h to 40 km/h 1s the learning control range,
where the learning control at Step S10 is repeated at predetermined
intervals.
_ As the vehicle speed V decreases gradually, and when it is
determined to have become lower than 40 km/h at Step S4 (time t3),
the control flow proceeds to Step S5. Here, the first learned value
PCL1 learned and renewed at Step S10 as described above is now
used to renew a second learned value PCL2. In this case, a
predetermined percentage of the difference between the first learned
value PCL1 and the second learned value PCL2 (for example, 10% of
1t) 1s calculated as a second adjuSting value APC2, and this second
- adjusting value APC2 is added to the second learned value PCL2 to
gain a new second learned value PCL2 as renewal. In other words,
the second learned value PCL2 is renewed by the first learned value
PCL]1 that is the learned value renewed repeatedly at predetermined
intervals while the vehicle speed V i1s in the learning control range
during a session of deceleration.

This means that the second learned value PCL2 is
renewed every time when the vehicle 1s decelerated, and this value
actually corresponds to the characteristic of the starting clutch 5.

Therefore, the second learned value PCL2 1s used for determining the

-16.
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characteristic of the starting clutch 5, and the characteristic so
determined is used for performing the engagement control of the
starting clutch 5 more apprOpriately in the following deceleration of
the vehicle or in the following ordinary cruising. In the deceleration
of the vehicle after the renewal of the second learned value PCL2 at
Step S5 (after time t3), the vehicle speed V becomes lower than 40
km/h. Asa result, the control flow proceeds from Step S2 to Step S6,
where the engagement control 1s executed to bring the shp factor of
the starting clutch 5 to a very small value (for example, 100.1%). In
this way, the decelerating rotation of the wheels 1s transmitted to the
electrical motor generator M with almost no loss for the regenerating
of energy (électricity generation), 1.e., at a high efficiency.

The above embodiment is described in relation to the
engagement control of the starting clutch 5.  However, the
application of the present invention is not limited to the starting
clutch 5. The present invention can be applied in the same way also
to the engagement control of the forward clutch 25 and the reverse
brake 27. In the above embodiment, a continuously variable
transmission with a metal V-belt mechanism 10 is used as an
example, but any other type of continuously variable transmission or
a gear-type automatic transmission may be equally used instead. '

As described above, according to a feature of the present
invention, while the vehicle i1s in a deceleration with the rotational
driving force of wheels being transmitted to the engine, a
transmission-capacity controller performs an engagement control to
adjust the difference between the input and output rotational speeds
of a frictionally engaging element to a value within a predetermined

range where the friction coefficient & of the frictionally engaging

-17.
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element 1s stable, and determines accurately an engagement
characteristic of the frictionally engaging element for a learning
control. In this case, because the engagement control of the
frictionally engaging element is executed to make the amount of
rotational slide, instead of the slip factor thereof come into a
predetermined range, the engagement characteristic can be
determined accurately at any speed of the vehicle. This makes the
learning control also accurate and simple.

Furthermore, while the vehicle is in a deceleration with
the rotational driving force of the wheels being transmitted to the
~engine, 1t 1s preferable that the transmission-capacity controller
control the engagement capacity of the frictionally engaging element
to bring the difference between the input and output rotational speeds
thereof at first temporarily to a value above the predetermined range
and then to a value within the predetermined range. The friction
coefficient 1 of the frictionally engaging element differs if it is
measured by increasing the amount of rotational slide from a
complete engagement thereof and 1if it 1s measured by decreasing the
amount of rotational shde from a slipping condition thereotf (because

of a phenomenon of hysteresis). In the above control, after the
‘ amount of rotational slide (the difference of the input and output
rotational speeds) 1s made larger, it 1s made smaller for the learning
control. In this way, the engagement characteristic can be .
determined accurately without any effect of the hysteresis, so the
learning control can be also performed accurately.

The mmvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are not to be

regarded as a departure from the spirit and scope of the invention,

-18-
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and all such modifications as would be obvious to one skilled 1in the

art are intended to be included within the scope of the following

claims.

RELATED APPLICATIONS

This application claims the prionty of J apaneSe Patent
Application No0.2001-317659 filed on October 16, 2001 which is

- incorporated herein by reference.

-19.
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WHAT IS CLAIMED IS:

1. A vehicular power transmission comprising:

a drive-power transmission, which transmits a
rotational driving force from an engine to wheels;

a frictionally engaging element, which can set
variably a transmission capacity for said drive-power
transmission; and

a transmission-capacity controller, which controls an
engagement actuation of said frictionally engaging element;

wherein:

while a vehicle is decelerating with a control to
engage said frictionally engaging element Dbeilng
executed for transmitting a rotational driving force
from said wheels to said engine, said transmission-
capacity controller controls an engaging capacity of

said frictionally engaging element to Dbring a

difference between input and output rotational speeds

of said frictionally engaging element 1nto a

predetermined range; and

said transmission-capacity controller stores and
renews 1in memory and learns a controlled amount of
said frictionally engaging element that has produced
salid difference which 1s within said predetermined
range, as a control value for a next deceleration,

wherein while the vehicle 1s decelerating with a
rotational driving force being transmitted from said
engine, said transmlission-capaclty controller controls said
engaging capacity to increase sald difference between the
input and output rotational speeds to a value above said

predetermined range.

2. The vehicular power transmission as set forth in claim 1,

wherein:
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salid frictionally engaging element 1is a hydraulic
clutch; and

sald transmission-capacity controller controls an

actuation pressure supplied to said hydraulic clutch.

3. The vehicular power transmission as set forth in claim 1,
wherein:
while the  vehicle 1s decelerating within a
predetermined speed range with an accelerator being closed
almost completely, sald transmission-capacity controller
controls the engaging capacity of said frictionally
engaging element to bring the difference between the input
and output rotational speeds of said frictionally engaging

element i1nto a predetermined range.

4, The vehicular power transmission as set forth in claim 1,
wherein:
while sald difference between the input and output
rotational speeds 1s in said predetermined range, said
transmission-capacity controller, at predetermined
intervals, uses a controlled amount of current clutch
pressure, (PCA), for engagement of said frictionally

engaging element as a value to renew a first learned value

PCL1.
5. The vehicular power transmission as set forth in claim 4,
wherein:

while sailid difference between the input and output
rotational speeds is in said predetermined range, said
transmission-capacity controller, at said predetermined
intervals, calculates a predetermined percentage of the
difference between the value of the current controlled
amount PCA for engagement of said frictionally engaging
element and said first learned value PCL1 as a first

adjusting value APC1l and then uses a value that is a sum of

- 21 -
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this first adjusting value APCl and said first learned
value PCL1 as a new first learned value PCL1 1in said

renewal .

6. The vehicular power transmission as set forth in claim 4,
wherein:
every time when the vehicle comes into a deceleration,
said transmission-capacity controller uses said first
learned value PCL1 to renew a second learned value PCL2,
which 1i1s 1learned as a control value for a next
deceleration.
7. The vehicular power transmission as set forth in claim 6,
wherein:

every time when the vehicle comes into a deceleration,
sald transmission-capacity controller calculates a
predetermined percentage of the difference between said
first learned value PCL1 and said second learned value PCL2
as a second adjusting value APC2Z and then uses a value that
is the sum of this second adjusting value APCZ2 and sald
second learned value PCL2 as a new second learned value

PCL2 in said renewal.
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