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including a torque converter (6) having a pump impeller (6p), a turbine
wheel (6t), a stator wheel (6s) rotatably disposed between the turbine

wheel and the pump impeller, and a lock-up clutch (L/U) includes a ca-
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CONTROL DEVICE FOR VEHICULAR POWER TRANSMITTING SYSTEM AND CORRESPONDING

METHOD

FIELD OF THE INVENTION
[0001] The. invention relates to a control device for a vehicular power
transmitting system including a torque converter having a lock-up clutch, and more

particularly to control for expanding a range of a slip control region of the lock-up clutch.

BACKGROUND OF THE INVENTION

[0002] A torque converter having a pump impeller, a turbine whgel, and a stator
wheel rotatably disposed between the turbine wheel ahd the pump impeller is well known
in the art. In the toque converter, the stator wheel is coupled to a non-rotary member via
a one-way clutch, and the capacity of the torque converter is not variable. Generally, it
is desired that the torque converter has a high capacity (capacity coefficient) as its fluid
characteristic when it aims at improving the fuel efficiency or reducing fuel consumption.
With the above arrangement, however, the capacity of the torque converter is uniquely
determined based on the shapes of the pump impeller, turbine wheel and the stator wheel,
and the torque converter exhibits the same fluid characteristics irrespective of the running
patiem of the vehicle. Thus, there is a limit to the concurrent improvements of the fuel
efficiency and the driving performance. .

[0003] When the capacity coefficient of the torque converter is high, for
example, a difference between the rotational speed of the pump inipeller (i.e., the
rotational speed of the internal combustion engine) and the rotational speed of the turbine
wheel is small. Therefore, if the driver depresses the accelerator pedal while the vehicle
is running in a steady state, so as to accelerate the vehicle, the rotational speed of the
turbine wheel is not raised unless the transmission is shifted down, and therefore, the
driving force cannot be rapidly generated. ThuS, where a torque converter having a high
capacity is employed, the internal combustion engine is required to be operated in a

high-speed low-load region even during steady-state running so that required torque is

CONFIRMATION COPY
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easily produced when the accelerator pedal is depressed. When the capacity coefficient

~ of the torque converter is low, on the other hand, a difference between the rotational

speed of the pump impeller and the rotational speed of the turbine wheel is large;
therefore, the response to the depression of the accelerator pedal is improved. In this
case, however, a difference between the rotational speed of the pump impeller (pump
speed) and the rotational speed of the turbine wheel (turbine speed) is large even during
steady-state running of the vehicle, and the internal loss of the torque converter is
increased.

[0004] In the meantime, a variable capacity type torque converter as described
in, for example, Japanese Patent Application Publication No. 01-169170
(JP-A-01-169170) is provided with braking means between the stator wheel and the
non-rotary member, and is operable to make its capacity variable by controlling braking
torque of the braking means. The control of the braking torque with the braking means
makes it possible to change the torque ratio and capacity coefficient of the torque
convérter continuously (steplessly) or in multiple steps, and the optimum torque ratio and
capacity coefficient can be established according to the operating conditions or running
conditions, thus assuring improved running performance of the vehicle.

[0005] In recent years, the torque converter includes a lock-up clutch
engageable to couple the turbine wheel and the pump impeller. By engaging the lock-up
clutch when appropriate, the power transmission efficiency of the torque converter is
improved. In addition, slip control (flex lock-up control) of the lock-up clutch may be
implemented under which a slight slip is caused to occur in the lock-up clutch, so as to
enable the lock-up clutch to operate in a wide running or operating region of the vehicle.

[0006] If the running region in which the above-mentioned slip control is
effected is expanded, the fuel economy or efficiency is generally improved. However, if
the slip control is effected in a running region in which the input torque transmitted to the
lock-up clutch is large, for example, the amount of heat generated from the lock-up clutch
is increased, resulting in a problem of reduction in the durability of the lock-up clutch.

In view of this problem, it may be proposed to suppress or prevent the increase of the
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generated heat amount by reducing a slip amount (a difference in the rotational speed
between the turbine wheel and the pump impeller) of the slip control. If the slip amount
is reduced, however, a vibration damping effect inherently provided by the torque
converter is reduced, which may result in an increase of the booming noise. Thus, the

expansion of the slip control region of the lock-up clutch is limited so as to prevent the

increase in the generated heat amount of the lock-up clutch and the reduction in the

durability.

SUMMARY OF THE INVENTION

[0007]  The present invention provides a control device for a vehicular power
transmitting system including a torque converter having a lock-up clutch, more
specifically, a control de\‘/ice that is able to expand a slip control region of the lock-up
clutch while holding down the amount of heat generated from the lock-up clutch.

[0008] A first aspect of the invention is concerned with a control device for a
vehicular power transmitting system. The vehicular power transmitting system includes
a torque converter having a pump impeller, a turbine wheel, aAstator wheel rotatably
disposed between the tufbine_ wheel and the pump impeller, and a lock-up clutch. The
control device according to the first aspect of the invention includes a capacity coefficient
control unit that controls a capacity coefficient of the torque converter by controlling
rotation of the stator wheel. The capacity coefficient control unit increases the capacity
coefficieﬁt of the torque converter based on an amount of heat generated during slip
control of the lock-up clutch.

[0009] In the control device according to the first aspect of the invention, the
capacity coefficient control unit increases the capacity coefficient of the torque converter
based on the amount of heat generated during slip control of the lock-up clutch, so as to
reduce torque assigned to the lock-up clutch (i.e., torque to be transferred by the lock-up
clutch) and suppress or avoid increase in the amount of heat generated in the lock-up
clutch. Accordingly, the slip control is easily implemented in a running region in which

the slip control was difficult to carry out as the amount of heat generated in the lock-up
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clutch increases. Thus, the running region in which the slip control is effected can be
expanded, which leads to an improvement in the fuel efficiency.

[0010]  The control device as described above may further include a generated
heat amount calculating unit that calculates the amount of heat generated during slip

control of the lock-up clutch. Also, the capacity coefficient control unit may control the

~capacity coefficient so that the generated heat amount calculated by the generated heat -

amount calculating unit becomes equal to or smaller than a predetermined value.

[0011] With the control flcvice as described above, the amount of heat generated
during slip control of the lock-up clutch is reduced or prevented from increasing, and
therefore, the slip control region can be expanded. |

[0012] The generated heat amount calculating unit may calculate assigned
torque to be transferred by the lock-up clutch, from input torque of a driving source and
transmitted torque of the torque converter, and may calculate the generated heat amount
based on the assigned torque and a slip amount of the lock-up clutch.

[0013] With the control device as described above, the generated heat amount of
the lock-up clutch can be sequentially calculated with high accuracy.

[0014]  The assigned torque to be transferred by the lock-up clutch may be a
difference between the input torque and the transmitted torque.

[0015]  The transmitted torque may be determined based on the rotational speed
of the pump impeller and the capacity coefficient.

[0016] The slip amount may be determined based on a difference between the
rotational speed of the pump impeller and the rotational speed of the turbine wheel.

[0017] The predetermined value may be set to a value determined in view of the
durability of the lock-up clutch.

[0018] With the control device as described above, the slip control region of the
lock-up clutch can be expanded while avoiding reduction in the durability of the lock-up
clutch. |

[0019]  The capacity coefficient control unit may control the capacity coefficient

by controlling rotation of the stator wheel, using an electric motor that is operatively
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coupled to the stator wheel such that power can be transmitted between the électric motor
and the stator wheel.

[0020]  With the control device as descfibed above, the capacity coefficient can
be changed as needed through the control of the rotational speed of the stator wheel by
means of the electric motor.

[0021] The capacity coefficient control unit may cause the electric motor to
rotate the stator wheel in a reverse direction so as to increase the capacity coefficient of
the torque converter. In this manner, the capacity coefficient can be easily increased.

[0022]  The vehicular power transmitting system may further include a clutch
that selectively couples the stator wheel and the electric motor, and a brake that
selectively couples the stator wheel and a non-rotary member. The capacity coefficient
control unit may control the clutch and the brake, based on the generated heat amount.
With this arrangement, when thé electric motor need not control rotation of the stator
wheel, a power transmission path between the stator wheel and the electric rﬁotor may be
cut off (i.e., the stator wheel and the electric motor may be disconnected from each other).
Also, the stator wheel may be coupled to the non-rotary member wl;en apprbpriate, SO
that the torque converter operates in substantially the same manner as the torque
converter of the related art. In a torque converter range, for example, the stator wheel is
inhibited from rotating so as to amplify or increase the torque. In a coupling range, on
the other hand, the braking means is released so as to rotate the stator wheel at idle,
thereby to avoid reduction in the transmission éfficiency due to collision of hydraulic oil
against the stator wheel.

[0023]  Also, the vehicular power transmitting system may further include a
clutch that selectively couples the electric rhotor and an output shaft of the torque
converter.  With this arrangement, when the electric motor is coupled to the output shaft
of the torque converter, the electric motor is able to function as a driving source for
driving the vehicle or regenerating electrical energy.

[0024] A second aspect of the invention is concerned with a method of

controlling a vehicular power transmitting system. The vehicular power transmitting
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system includes a torque converter having a pump impeller, a turbine wheel, a stator
wheel rotatably disposed between the turbine wheel and the pump impeller, and a lock-up
clutch. The method of controlling the vehicular power transmitting system includes
controlling a capacity coefficient of the torque converter by controlling rotation of the
stator wheel, and increasing the capacity coefficient of the torque converter based on an

amount of heat generated during slip control of the lock-up clutch.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The foregoing and further 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 skeleton diag}am illustrating the construction of a vehicular driving »
system in which a torque converter according to one embodiment of the invention is
used;

FIG. 2A is a view showing the ‘rclationship between driving current supplied to an
electric motor of the torque converter of FIG. 1 and driving torque generated by the
electric motor; |

FIG. 2B is a view showing the relationship between generated current supplied to a
storage device provided in the vehicle, and braking torque applied to a stator wheel;

FIG. 3 is an operation table indicating an operating state of each engaging element
(friction device) when each gear position is established in an automatic transmission
shown in FIG. 1;

FIG. 4 is a block diagram illustrating a control system provided in the vehicle for
controlling the engine, automatic transmission and torque converter of FIG. 1;

FIG. 5 is a view showing the cross-sectional shapes of vanes of pump impeller,
turbine wheel and stator wheel, respectively, along the flow line of hydraulic oil in the
torque converter of FIG. 1;

FIG. 6 is a view showing characteristics of the torque converter of FIG. 1, more
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specifiéally, relationships between the torque ratio and the speed ratio in different
operating modes;

FIG. 7 is a view showing characteristics of the torque converter of FIG. 1, more
specifically, relationships betwéen the capacity coefficient and the speed ratio in different
operating modes;

'FIG. 8 is a functional block diagram illustrating a principal part of control functions
of an electronic control unit that functions as a running control device for a vehicle
having the forq_ue converter of FIG. 1;

FIG. 9 is a generated heat amount distribution chart showing the result of analytical

- calculation of the amount of heat generated during slip control of the lock-up clutch;

FIG. 10 is a view which corresponds to FIG. 7 indicating the capacity coefficient
with respect to the speed ratio, and which shows increase of the capacity coefficient when
the stator wheel is rotated in a reverse direction;

FIG. 11 is a view indicating the efficiency of the torque converter when the stator
wheel is rotated in the reverse direction; and

FIG. 12 is a flowchart illustrating a principal part of control operations of the
electronic control unit of FIG. 4, namely, a control operation for reducing the amount of

heat generated during slip control of the lock-up clutch.

| DETAILED DESCRiPTION OF THE EMBODIMENTS

[0026] One embodiment of the invention will be described in detail with
reference to the drawings. A system of the embodiment as described below is simplified
or altered as needed in the drawings, and parts or components of the system are not
necessarily depicted with accuracy in terms of the ratio of dimensions among the parts,
shapes, and so forth.

[0027] FIG. 1 is a skeleton diagram of a vehicular power transmitting system 7
in which a torque converter 6 (variable capacity type torque converter) according to one
embodiment of tﬁe invention is used. The vehicular pbwer transmitting system 7 has a

longitudinally-installed automatic transmission 8, and is favorably employed in a FR

7



10

15

20

25

WO 2010/067152 PCT/IB2009/007423

(ffont engine rear drive) vehicle. The vehicle having the power transmitting system 7
includes an engine 9 as a driving power source for running the vehicle. The output of
the engine 9 in the form of an internal combustion engine is transmitted to right and left
drive wheels, via a torque converter 6 that functions as a hydraulic power transmission
device, automatic transmission 8, and a differential gear unit (final drive) and a pair of
axles which are not illustrated.

[0028]  The torque converter 6 is coupled to the crankshaft of the engine 9, and
includes a pump impeller 6p that is rotated or driven by the engine 9 so as to produce
fluid flow, i.e. flow of hydraulic oil in the torque converter 6, a turbine wheel 6t that is .
rotated when receiving the fluid flow from the pump impeller 6p, and a stator wheel 6s
that is rotatably disposed‘in the midst of the fluid flow from the turbine wheel 6t to the
pump impeller Gp. The torque converter 6 is operable to transmit power via the
hydraulic oil (fluid).

[0029]  Also, a lock-up clutch L/U is provided between the pump impeller 6p
and the turbine wheel 6t. The lock-up clutch L/U is controlled by a hydraulic control
circuit 30 (which will be described later) to be selectively placed in an engaged state, a
slipping siate and a release state. When the lock-up clutch L/C is placéd in a fully
engaged state, the pump impeller 6p and the turbine wheel 6t are rotated as a unit, namely,
the crankshaft of the engine 9 and an input shaft 22 of thé automatic transmission 8 are
directly coupled to each other.

[0030] The vehiéular powef transmitting system 7 further includes an electric
motor 10 for rotating/driving the stator wheel 6s of the torque converter 6, a clutch Cs
provided in a power transmission path between the electric motor 10 and the stator wheel
6s for selectively connecting and disconnecting the electric motor 10 to and from the
stator wheel 6s, a brake Bs for selectively connecting and disconnecting the stator wheel
6s to and from a transmission case (which will be referred to as “case”) 11 as a stationary
merﬁber, and a clutch Ci provided in a power transmission path between the electric
motor 10 and the input shaft 22 for selectively connecting and disconnecting the electric

motor 10 to and from the input shaft 22. The input shaft 22, which is coupled to the
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turbine wheél 6t, also functions as an output shaft of the torque converter 6.

[0031]  When the clutch Cs is in the engaged state, the electric motor 10 may be
driven to control the rotational speed of the stator wheel 6s in a positive rotational
direction as the direction of rotation of the pump impeller 6p. In this operating mode,
driving torque Tp is applied to the stator wheel 6s in the above-mentioned positive

rotational direction. As shown in FIG. 2 by way of example, the driving torque Tp is

proportional to the magnitude of driving current Ip supplied to the electric motor 10 for

rotation/driving thereof under control of an electronic control unit 78 (which will be
described later). The electric motor 10 may also be driven to control the rotational
speed of the stator 6s in a negative rotational direction. In this operating mode, driving
torque Tp, which is proportional to the magnitude of driving current Ip supplied to the
electric motor 10, is applied to the stator wheel 6s iﬁ the negative rotational direction.
The electric motor 10 corresponds to the electric motor of the present invention.

[0032]  The electric motor 10 is also operable through braking (regenerative
braking) to control the rotational speed of the stator wheel 6s in a negative rotational
direction opposite to the direction of rotation of the pump impeller 6p. In this operating
mode, load torque or braking torque Tg is applied to the stator wheel 6s in the negative
rotational direction. As shown in FIG. 2B by way of example, the braking torque Tg is
proportional.to the magnitude of generated current I supplied to and stored in a storage
device 50 (FIG. 8) provided in the vehicle.

[0033] When the clutch Ci is engaged, the electric motor 10 may be driven to
control the rotational speed of the input shaft 22 in the positive rotational direction as the
rotational direction of the input shaft 22. In this operating mode, too, driving torque Tp,
which is proportional to the magnitude of driving current Ip supplied to the electric motor
10 for rotation/driving under control of the electronic control circuit as shown in FIG 2A,
is applied to the input shaft 22 in the positive rotatior;al direction. Also, the electric
motor 10 is operable through braking (regenerative braking) to control the rotational
direction of the input shaft 22. In this operating mode, too, load torque or braking

(regenerative braking) torque Tp, which is proportional to the magnitude of generated
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current I supplied to and stored in the storage device 50 provided in the vehicle as
shown in FIG. 2B, is applied to the input shaft 22. A

[0034] The clutches C.s, Ci and brake Bs are fluid-operated friction devices each
including a hydfaulic actuator and a multiple-disc clutch or brake that is engaged by
friction or released with a hydraulic pressure supplied to the hydraulic actuator. When
the brake Bs is fully engaged, the stator wheel 6s is fixed to the case 11 to be unable to
rotate. When the degree of engagemént of the brake Bs, or the enga.ging pressure of the
brake Bs, is controlled so as to cause a slip to occur in the brake Bs, the stator wheel 6s is
rotated in a negative rotational direction opposite to the positive rotational direction of
the pump impeller 6p, relative to the pump impeller 6p that rotates in the positive
rotational direction. In this operating mode, load torque or braking torque Ty, which
increases as the above-mentioned engaging pressure increases, is applied to the stator 6s
in the negative rotational direction. When the clutch Cs is engaged, the driving torque
Tp or braking toque Tg produced by the electric motor 10 is transmitted as it is to the
stator wheel 6s. If the degree of engagement of the clutch Cs, or the engaging pressure
of the clutch Cs, is controlled so as to cause a slip to occur in the clutch Cs, the
proportion of the driving torque Tp or braking torque Tp transmitted to the stator wheel 6s
is changed in accordance with the magnitude of the engaging pressure. When the clutch
Ci is engaged, the driving torque Tp or braking torque Ty produced by the electric motor
10 is transmitted as it is to the input shaft 22. When the degree of engagement of the
clutch Ci, or the engaging pressure of the clutch Ci, is controlled so as to cause a slip to
occur in the clutch Ci, the proportion of the driving torque Tp or braking torque Tg.
transmitted to the input shaft 22 is changed in accordance with the magnitude of the
engaging pressure.

[0035] The automatic transmission 8, which is housed in.the case 11 as a
non-rotary member mounted on the vehicle body, has a first transmission unit 14 that
consists principally of a first planetary gear set 12 of double pinion type and a second
transmission unit 20 that consists principally of a second planetary gear set 16 of single

pinion type and a third planetary gear set 18 of double pinion type. The first and second
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transmission units 14, 20 are arranged on the same or common axis. In operation, the
automatic transmission 8 transmits rotation of the input shaft 22 to the 6utput shaft 24
while changing the speed of rotation of the input shaft 22. The input shaft 22 also
serves as a turbine shaft of the torque converter 6 which is rotated or driven by power of
the engine 9 as a driving source for running the vehicle. It is to be noted that the torque
converter 6 and the automatic transmission 8 are constructed substantially symmetrically
with respect to the axis thereof, and the lower halves of the torque converter 6 and
automatic transmission 8 are not illustrated in the skeleton diagram of FIG. 1.

[0036]  The first planetary gear set 12 includes a sun gear S1, a plurality of pairs
of pinion gears P1 that mesh with each other, a carrier CA1 that supports the pinion gears
P1 such that the gears P1 can rotate about themselves and about the axis of the gear set 12,
and a ring gear R1 that engages with the sun gear S1 via the pinion gears P1. The
second planetary gear set 16 includés a sun gear S2, pinion gears P2, a carrier CA2 -that
supports the pinion gears P2 such that the gears P2 can rotate about themselves and about
the axis of the gear set 16, and a ring gear R2 that engages with the sun gear S2 via the
pinion gears P2. The third planetary gear set 18 includes a sun gear S3, a plurality of
pairs of pinion gears P2 and P3 that mesh with each other, a carrier CA3 that supports the
pinion gears P2 and P3 such that the gears P2, P3 can rotate about themselves and about
the axis of the gear set 18, and a ring gear R3 that engages with the sun gear S3 via the
pinion gears P2 and P3

[0037] Like the clutches Cs, Ci and brake Bs, clutches C1 — C4 and brakes Bl1,
B2 as shown in FIG. 1 are fluid-operated friction devices each including a hydraulic
actuator and a multiple-disc clutch or brake that is engaged or released with a hydraulic
pressure supplied to the hydraulic bactuator.

[0038] A first rotary element RM1 (sun gear S2) is selectively coupled ‘to the
case 11 via the first brake B1 so that its rotation is stopped, and is selectively coupled via
the third clutch C3 to the ring gear R1 (i.e., a second intermediate output path PA2) of the
first planetary gear set 12 as an intermediate output member. The first rotary element

RM1 (sun gear S2) is also selectively coupled via the fourth clutch C4 to the carrier CA1l
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(i.e., an indiréct path PA1b of a first intermediate output path PA1) of the first planetary
gear set 12.

[0039] A second rotary element RM2 (carriers CA2 and CA3) is selectively
coupled to the case 11 via the brake B2 so that its rotation is stopped, and is selectively
coupled via the second clutch C2 to the input shaft 22 (i.e., a direct path PAla of the first
intermediate output path PA1). A third rotary element RM3 (ring gears R2 and R3) is
¢0upled integrally to thf: output shaft 24 for output of rotation. A fourth rotary element
RM4 (sun gear S3) is coupled to the ring gear R1 via the first clutch C1. A one-way
clutch F1, which allows the second rotary element RM2 to rotate in the positive rotation
(i.e., in the same rétational direction as the input shaft 22) while inhibiting'the same
element‘RMZ from rotating in the reverse direction, is disposed in parallel with the
second brake B2, between the second rotary element RMZvénd the case 11.

[0040] FIG 3 is a table indicating the operating state of each engaging device
(i.e., clutch or brake) wheﬂ each gear position is established in the automatic transmission
8. In FIG. 3, “O” denotes the engaged state, and “(0O)” denotes the engaged state only
when an engine brake is applied, while the blank space denotes the release state. As
shown in FIG. 3, the engaging devices, i.e., the above-indicated plurality of fluid-operated
friction devices (clutches C1 to C4 and brakes B1, B2) are selectively engaged or
released, so that the automatic transmission 8 of this embodiment is placed in a selected
one of a plurality of gear positions including eight forward-drive gear positions having
different speed ratios (= the rotational speed Ny of the input shaft of the automatic
transmission 8/the rotational speed Noyr of the output shaft of the automatic transmission
8). The speed ratio of each gear position is suitably determined or specified by the
respective gear ratios pl, p2, p3 of the first planetary gear set 12, second planetary gear
set 16 and the third planetary gear set 18.

[0041] FIG. 4 is a block diagram illustrating a control system provided in the
vehicle for controlling the engine‘ 9, automatic transmission 8, and torque converter 6
(lock-up clutch L/U) of FIG. 1, for example. The electronic control unit 78 receives a

signal indicative of the engine speed N, or the rotational speed Np of the pump impeller

12



10

15

20

25

WO 2010/067152 PCT/IB2009/007423

6p, from an engine speed sensor 80, a signal indicative of the rotational speed Nt of the _
turbine wheel 6t, or the input shaft speed Ny, from a turbine speed sensor 82, and a
signal indicative of the rotational speed N5_ of the stator wheel 6s from a stator speed
sensor 82. The electronic control unit 78 also receives a signal indicative of the intake
air quantity Q from an intake air quantity sensor 84, a signal indicative of the intake air
temperature TA from an intake air temperature sensor 86, a signal indicative of the
vehicle speed V, or the output shaft speed Noyr, from a vehicle speed sensor 88, a signal
indicative of the throttle opening Oty from a throttle position sensor 90, and a signal
indicative of the coolant temperature Tw from a coolént temperature sensor 92. The
electronic control unit 78 further receives a signal indicative of the hydraulic oil
temperature Tor. of the hydraulic control circuit 30 from an oil temperature sensor 94, a
signal indicative of the amount of operation or stroke Acc of an accelerator pedal 98, or
the like, from an acceleration stroke ‘sensor 96, a signal indicative of the presence or
absence of an operation of a foot brake (foot pedal) 102 as a service brake, from a foot
brake switch 100, and a signal indicative of the léver position Pgy to which a shift lever .
106 is operated, from a lever ﬁosition sensor 104.

[0042] The electronic control unit 78 includes a so-called microcomputer having
CPU, RAM, ROM, input and output interface, and so forth. The CPU processes the
above-indicated input signals according to programs stored in advance in the ROM,
utilizing the temporary storage function of the RAM, aﬁd sends output signals to the
electronic throttle valve 108, fuel injection device 110, ignition device 112, linear
solenoid valves, etc. of the hydraulic control circuit 30, and the electric motor 10, fbr
example. Through the input and output signal processing, the electronic control unit 78
performs output'control of the engine 9, driving/regeneration control of the input shaft 22
through the use of the electric. motor 10, shift control of the automatic transmission 8,
rotation control of the stator wheel .6s of the torque converter 6, and lock-up control of
the lock-up clutch L/U, for example. The electronic control unit 78 is divided as needed
into a sub-unit for use in engine control, a sub-unit for use in shift control, and so forth.

In this embodiment, the output control of the engine 9 is effected by controlling the
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electronic throttle valve 108, fuel injection device 110, ignition device 112, and so forth.

- [0043]  The shift control of the automatic transmission 8 is effected by
controlling the hydraulic control circuit 30. For example, a gear position to Which the
automatic transmission 8 is to be shifted is determined based on the actual accelerator
pedal stroke Acc and the vehicle speed V, from a shift diagram (shift map) stored in
advance, for example, and the engaged or release states of the clutches C1 — C4 and
brakes Bi, B2 are changed according to the operation table shown in FIG. 3, so as to
establish the gear position thus determined.

[0044]  The rotation control of the stator wheel 6s of the torque converter 6 is
effected by controlling the clutch Cs, brake Bs and the electric motor 10. More
specifically, the rotation of the stator wheel 6s is controlled by suitably adjusting the
driving torque Tp proportional to the magnitude of the driving current Ip supplied to the
electric motor 10 from an inverter according to a command of the electronic control unit
78, or suitably adjusting the braking torque Ty proportional to the magnitude of the
generated current Ig generated from the electric motor 10, for'example.

[0045] In the torque converter 6 of this embodiment, the hydraulic oil that sticks
to the outer radius side under centrifugal force circulates along a flow line FL of FIG. 1 as
seen in a section of the torque converter 6, passing the pump impeller 6p, turbine wheel
6t and the stator wheel 6s in this order. As shown in FIG. 5, each of the pump impeller
6p, turbine wheel 6t anq the stator wheel 6s includes a plurality of vanes that are spaced
at given intervals in the circumferential direction. FIG. 5 shows the shape of the vanes
of each of the pump impeller, turbine Wheel and stator wheel as viewed along the flow
line FL of the hydraulic oil in the torque converter 6. In operation, the hydraulic oil that
flows by receiving energy from the vanes of the pump impeller 6p acts on the vanes of
the turbine wheel 6t so as to rotate the turbine wheel 6t. In a converter region, the
hydraulic oil that has passed the turbine wheel 6t hits against the vanes of the stator wheel
6s so that the direction of flow of the hydraulic oil is changed, and then circulates into the
pump impeller 6p. When the hydraulic oil hits against the vanes of the stator wheel 6s

and its direction is changed, reaction torque is produced at the stator wheel 6s. The
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-reaction torque corresponds to the amount (angle) of change in the direction of flow of

the hydraulic oil, and corresponds to the magnitude of the torque ratio t which will be
described later.

[0046]  According to the definition of the angular momentum, torque T [N-m]
applied from each of the wheels (the pump impeller 6p, turbine wheel 6t and stator wheel
6s) fo the hydraulic oil (fluid) is expressed by the following equation (1).

T=(v/g)xQxA(rxvy) (1)

[0047] In the above equation (1), y is the specific weight [kg/m’] of the
hydraulic oil in the torque converter 6, g is the gravitational acceleration [m/sz], Q is the
volume flow rate [m*/s] of the hydraulic oil, and A(rxvy) is a difference in the moment
IXVy [mz/s] of the absolute velocity of the hydraulic oil at the outlet and inlet of the fluid
flow in each wheel. |

[0048] From the above equation (1), torque T;[N-m] applied from the purﬁp
impeller 6p to the hydraulic oil, torque T,[N-m] applied from the turbine wheel 6t to the
hydraulic oil, and the torque T3[N-m] applied from the stator wheel 6s to the hydraulic oil
are exp}essed by the following equations (2) - (4), respectively. In the equations (2) -
(4), Tp is pump torque [N-m], or engine torque, and Tt is turbine torque [N-m], or output
torque, while Ts is stator torque [N-m] that is equal to the magnitude of the reaction
torque of the stator wheel 6s, namely, torque applied to the stator wheel 6s in the positive
rotational direction as the rotatiénal direction of the pump impeller 6p when the direction

of flow of the hydraulic oil is changed by the stator wheel 6s.

Tl:sz('y/g)XQX(VUPXI'z—Vusxrl) (2)
To= —TTZ('Y/ g)xQx(VUTxrg—Vprrz) (3)
T3 =Ts=(‘Y/ g)xQx(Vusxrl—VUTxu) (4)

[0049] In the above equations (2) through (4), r; is the distance [m] from the
axis of rotation, i.e., the input shaft (turbine shaft) 22 of the automatic transmission 8 to
the outlet bp of the fluid flow of the pump impeller 6p and the inlet at of the fluid flow of
the turbine wheelv6t, and r is the distance [m] from the axis of rotation to the outlet bt of

the fluid flow of the turbine wheel 6i and the inlet as of the fluid flow of the stator wheel
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6s, while 13 is the distance from the axis of rotation to outlet bs of the fluid flow of the
stator wheel 6s and the inlet ap of the fluid flow of the pump impeller 6p. In the above
equations (2) through (4), Vuyp is the circumferential velocity (m/s) of the absolute
velocity of the pump impeller 6p, and Vyr is the circumferential velocity (m/s) of the
absolute velocity of the turbine wheel 6t, while Vys is the circumferential velocity (m/s)
of the absolute velocity of the stator (wheel) 6s.

[0050] Since the relationship that T;+T>+T3=0 (zero) is satisfied from the above
equations (2) through (4), the relationship among the pump torque‘ Tp, turbine torque Tt
and the stator torque Ts is expressed by the following equation (5). Namely, the stator
torque Tsis equal‘to an increase in torque from the pump tdrque Tp to the turbine torque
Tt in the torque converter 6.

Tr=Tp+Ts o)

[0051] In the torque converter 6 of this embodiment, the reaction force of the
stator wheel 6s is increased or reduced by the driving torque Tp or braking torque Ty that
is adjusted by controlling rotation of the electric motor 10 as described above.
Therefore, the output torque generated from the turbine wheel is increased or reduced
with respect to the output torque obtained in a torque converter having a fixed or constant
capacity.

[0052] FIG. 6 and FIG. 7 show chafacteristics of the torque converter 6 of this
embodiment as described above. FIG. 6 indicates the torque ratio (torque amplification
facfor) t(=T1/Tp) of the turbine torque Tt to the pump torque Tp, with respect to the
rotational speed ratio or speed ratio e(=Nt/Np) of the turbine speed Nt[rpm] of the
turbine wheel 6t to the pump speed Np[rpm] of the pump impeller 6p, and FIG. 7
indicates the capacity coefficient C(=Tp/Np2)[N°m/rpm2] with respect to the speed ratio
e(=N1/Np).

[0053] In FIG. 6 and FIG. 7, when the braking torque Tg is controlled to a given
value or the brake Bs is engaged, the stator wheel 6s is fixed to the case 11, and torque is
transmitted at a certain torque ratio t that is determined by design as in the torque

converter having the fixed capacity, as indicated by-a base line Bt represented by the solid

16



10

15

20

25

WO 2010/067152 PCT/IB2009/007423

line in FIG. 6. In this operating mode, the capacity coefficient C of the torque converter
6 lies on a base line BC represented by the solid line in FIG. 7.

[0054]  When the driving torque Tp that is controlled to a given value is applied

~ from the electric motor 10 to the stator wheel 6s while the clutch Cs is in an engaged state,

so that the stator wheel 6s and the pump impeller 6p are rotated in the same direction, the
stator torque Ts increases, and torque is transmitted at a torque ratio t that is larger than
that obtained in the torque converter of the fixed capacity, as indicated by the long dashed
line in FIG. 6 representing the stator positive rotation mode. In this operating mode, the
capacity coefficient C of the torque converter 6 lies on the long dashed line in FIG. 7
representing the stator positive rotation mode. By further increasing or reducing the
driving torque Tp by means of the electric motor 10, the torque ratio t and the capacity
coefficient C are suitably changed, even with respect to the same speed ratio e, within a
range from the base line Bt (FIG. 6) to a point equal to or greater than that on the long
dashed line indicating the stator positive rotation mode, as indicated by arrow “a” in FIG.
6, and within a range from the base line BC (FIG. 7) to a point equal to or smaller than
that on the long dashed line indicating the stator positive rotation mode, as indicated by
arrow “d” in FIG. 7, respectively.

[0055] If the clutch Cs and the brake Bs are released so that the stator torque Ts
is made equal to zero, torque is not increased but transmitted at a torque ratio t = 1, as
indicated by the alternate long and short dashed line in FIG. 6 representing the stator free
operating mode. As a result, the torque converter 6 operates like a fluid coupling. In

this operating mode, the capacity coefficient C of the torque converter 6 lies on the

~ alternate long and short dashed line in FIG. 7 representing the stator free operating mode.

[0056] If the braking (regenerative braking) torque Ty of the electric motor 10 is
controlled to a given value while the clutch Cs is in the engaged state, or the engaging
pressure of the brake Bs is controlled to a given value so that the brake Bs slips, the stator
torque Ts is reduced as compared with the case where the stator wheel 6s is fixed, and
torque is transmitted at a torque ratio t that is smaller than that obtained in the torque

converter of the fixed capacity, as indicated by the short dashed line in FIG. 6
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representing the stator motor regeneration mode. In this operating mode, the capacity
coefficient C of the torque converter 6 lies on the short dashéd line in FIG. 7 representing
the statbr motor regeneration mode. By further increasing or reducing the braking
(regenerative braking) torque Tg or the engaging pressure of the brake Bs, the torque ratio
t and the capacity coefficient C are suitably changed, even with respect to the same speed
ratio ve, within a range from the base line Bt (FIG. 6) to a point on the alternate long and
short dashed line indicating the stator free mode, as indicated by arrow “b” in FIG. 6, and
within a range from the base line BC (FIG. 7) to a point on the alternate long and short
dashed line indicating the stator free mode, as indicated by arrow “c” in FIG. 7,
respectively.

[0057] Namely, the electric motor 10 of this embodiment is operable to control
rotation of the stator wheel 6s in the positive rotational direction as the rotational
direction of the pump impeller 6p, thereby to increase the torque ratio t and reduce the
capacity coefficient C. Also, the electric motor 10 of this embodiment is operable
through its driving or braking (regenerative braking) to control rotation of the stator
wheel 6s in the negative rotational direction opposite to the rotational direction of the
pump impeller 6p, thereby to reduce the torque ratio t and increase the capacity
coefficient C. Furthermore, the brake Bs of this embodiment is operable, when it slips,
to control rotation of the stator wheel 6s in ;the negative rotational direction opposite to
the rotational direction of the pump impeller 6p, thereby to reduce the torque ratio t and
increase the capacity coefficient C.

[0058]  Also, the driving/regeneration control of the input shaft 22 is effected by
means of the clutch Ci and the electric motor 10. More specifically, the
driving/regeneration control of the input shéft 22 is carried out by suitably controllihg the
driving torque Tp proportional to the magnitude of the driving current Ip supplied from
the inverter to the electric motor 10 according to a command of the electronic control unit

78, or controlling the braking (regenerative braking) torque Tg proportional to the

magnitude of the generated current I generated from the electric motor 10, for example,

while the clutch Ci is placed in the engaged state.
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[0059] As is understood from the above description, the vehicular power
transmitting system 7 is arranged to change its mode of running the vehicle as appropriate,
by selectively engaging the clutches Cs, Ci and the brake Bs. More specifically, the
power transmitting system 7 is placed in a mode in which the capacity of the torque .
converter 6 can be controlled to be variable when the clutch Cs is engaged, and is placed
in a mode in which the driving or regenerative braking of the vehicle can be controlled by
means of the electric motor 10 when the clutch Ci is engaged. Also, when the brake Bs
is engaged and the stator wheel 6s is brought into a stopped state (i.e., is inhibited from
rotating), the power transmitting system 7 is placed in a mode in which the torque'
converter operates with its capacity coefficient C unchanged or invariable.

* [0060] FIG. 8 is a functional block diagram illustrating a principal part of
control functions performed by the electroﬁic control unit 78. A shift control unit 120
functions as a controller for effecting shifting of the automatic transmission 8. The shift
control unit 120 determines a gear position to which the automatic transmission 8 is to be
shifted, from a shift diagram stored in advance for example, based on the actual vehicle
speed V and the throttle opening 01y (or accelerator pedal stroke Acc) that represents the
required output of the engine 9. Then, the shift control unit 120 generates a shift
command to the hydraulic control circuit 30, so as to establish the gear position thus
determined. |

[0061] A vehicle condition calculating unit 122 calculates values indicating
vehicle conditions, such as engine torque Tg and the speed ratio e, torque ratio t and
capacity coefficient C of the torque converter 6, based on the engine speed Ng (pump
speed N}), turbine speed Nr, stator speed Ns, vehicle speed V corresponding to the output
shaft speed Noyr, throttle opening Oy, and so forth.

[0062] More specificaHy, the vehicle condition calculating unit 122 calculates
the actual engine torque Tg based on the actual throttle opening 6t and the engine speeci
NE, from an empirically obtained and stored relationship,célled torque map, between the
éngine torque Tk and the engine speed Ng, using the throttle opening 6y as a parameter.

[0063] The vehicle condition calculating unit 122 also calculates the actual
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sp(;,ed ratio e of the torque converter 6 from a preset relationship (e=N1/Ng), based on the
actual turbine speed Nt and the actual engine speed Ng. The vehicle condition
calculating unit 122 also calculates the actual capacity coefficient C based on the actual
speed ratio e(=Nt/Ng) and the stator speed Ng, from a relationship (map) set based on the
shapes of the vanes of the pump impeller 6p, turbine wheel 6t and stator wheel 65, speed
ratio e, stator speed NG, etc.

[0064] The vehicle condition calculating unit 122 also calculates the actual
torque ratio t based on the calculated actual speed ratio e and capacity coefficient C, from
an empirically obtained and stored relationship (map) among the torque ratio t, speed
ratio e and capacity coefficient C of the torque converter 6.

[0065] A capacity coefficient control unit 126 causes the electric motor 10 to
control rotation of the stator wheel 6s, namely, rotate the stator wheel 6s in the positive
direction or reverse direction or (regeneratively) brake the stator wheel 6s, thereby to
suitably control the capacity coefficient C in accordance with the running conditions of
the vehicle. In another operating mode, the capacity coefficient control unit 126
controls rotation of the stator wheel 6s by changing the engaging pressure of the brake Bs,
thereby to suitably control the capacity coefficient C in accordance with the running
conditions of the vehicle.

[0066] More specifically, when the vehicle is started or accelerated, for example,
the capacity coefficient control unit 126 controls the hydraulic control circuit 30 to
engage the clutch Cs, and causes the electric motor 10 to rotate the stator wheel 6s in the
same rotational direction as the pump impéller 6p. As a result, the torque ratio t of the
torque converter 6 is increased, and the capacity coefficient C is reducéd. Consequently,
torque for starting the vehicle or torque for accelerating the vehicle increases with the
increase in the torque ratio t, and the engine speed can be émoothly raised due to the
reduction in the capacity coefficient C. This control is effectively executed when the
vehicle is in an acceleration-oriented running mode (for improved power performance),
such as when the accelerator pedal is operated by a large degree. In particular, this

control is effectively implemented in a turbo charged engine, or the like, in which the
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engine speed is réquired to be increased more smoothly.

[0067] The capacity coefficient control unit 126 may also control the hydraulic
control circuit 30 to engage the clutch Cs, and cause the electric motor 10 to be rotatea by
torque applied to the stator wheel 6s. Namely, the capacity coefficient control unit 126
controls the amount of electrical energy regenerated or recovered by the electric motor 10
when it is rotated in the negative rotational direction opposite to thé rotational direction
of the pump impeller 6p by torque or reaction torque which the stator wheel 6s receives
from the fluid flow. As a result, the torque ratio t of the torque converter 6 is reduced,
and the capacity coefficient C is increased. This control is effectively executed when
the vehicle is in a running mode aiming at reduced fuel consumption (or higher fuel
efficiency), such as when the accelerator pedal is operated by a small degree. In this
case, the fuel efficiency fuel economy is improved due to the regenerative operation of
the electric fnotor 10.

[0068] The capacity coefficient control unit 126 may also control the capacity
coefficient C so as to change an operating region of the engine 9 to a region having an
excellent fuel consumption characteristic. More specifically, since the load on the
engine 9 can be changed by changing the capacity coefficient C, t'hve capacity coefficie.nt
control unit 126 controls the capacity coefficient C so that the engine 9 is operated in an
operating region having an excellent fuel consumption characteristic (for example, in a
low-speed high-torque region) with respect to the same required driving force.

[0069] The capacity coefficient control unit 126 may also control the capacity
coefficient C by controlling the engaging pressure of the brake Bs. For example, the
capacity coefficient control unit 126 increases the engaging pressure of the brake Bs to a
level at which the brake Bs is completely engaged, in a torque converter ra‘mge,‘so as to
stop rotation of the stator wheel 6s. As a result, the capacity coefficient C of the torque
converter 6 is controlled to be on the base line BC as shown_ in FIG. 7. The capacity
coefficient control unit 126 may also release the brake Bs when the torque converter 6 is
brought into a coupling range, so that the stator wheel 6s idles or turns free. Also, when

the driving torque needs to be reduced during running of the vehicle, for example, the
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capacity coefficient control unit 16 controls the engaging pressure of the brake Bs to
cause a slip tb occur in the brake Bs, thereby to increase the capacity coefficient C.

[0070] A lock-up control unit 128 controls engagement and release of the
lock-up clutch L/U based on the vehicle speed and the accelerator pedal stroke Acc,
according to a lock-up engagement map that is stored in advance. More specifically, the
lock-up control unit 128 engages the lock-up clutch L/U and directly couples the pump
impeller 6p and the turbine wheel 6t in a felatively high-vehicle-speed region, so as to
eliminate a slip loss (intenial loss) of the torque converter 6 and improve the fuel
efficiency. Also, in a relatiVely low- and middle-vehicle-speed region, the lock-up

control unit 128 executes slip control (flex lock-up control) for engaging the pump

impeller 6p with the turbine wheel 6t while providing a certain minute slip between the

pump impeller 6p and the turbine wheel 6t, so as to expand a lock-up operating region
and improve the transmission éfficiency of the torque converter 6. Upon start of the slip
control, the lock-up control unit 128 calculates a slip amount (=Np-Nrp, or wp—~wr) as a
different in the rotational speed between the pump speed Np and the turbine speed Nr,
and controls the engaging pressure of the lock-up clutch L/U so that the slip amount
becomes equal to a preset or specified slip amount.

[0071] ‘When the slip control of the lock-up clutch L/U is carried out, slipping of
the lock-up clutch L/U causes heat to be generated in the lock-up clutch L/U. The
amount of heat QCL(cal/mmz-sec) generated at this time inéreases in proportion to the
torque applied to the lock-up clutch L/U and the slip amount. In a runniﬁg region in
which the lock-up clutch L/U generates a large amount of heat, the slip control éf the
lock-up clutch L/U is inhibited in order to avoid reduction in the durability of the lock-up
clutch L/U due to the heat generated.

[0072] FIG. 9 is a heat amount distribution chart sﬁowing the result of analytical
calculation of the amount of heat QCL(cal/mmz-sec) generated during slip control of the
lock-up clutch L/U. In the distribution chart of FIG. 9, the horizontal axis indicates the
turbine speed Nt, and the vcrtical axis indicates the throttle opening Oty (substantially

equivalent to the engine torque Tg). The heat amount distribution chart of FIG. 9 is
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plotted' by calculating the amount of heat with respect to a preset or predetermined slip

. amount. When the turbine wheel 6t is in a high rotational speed range, the torque

converter 6 is in a full lock-up region (i.e., the lock-up clutch L/U is fully or completely
engaged) as in the actual running of the vehicle, in which the slip amount is equal to zero,
and fherefore thev amount of heat Q¢p is equal to zero. As shown in FIG 9, fhe
generated heat amount Qcy increases as the operating >point approaches a low-speed |
high-load running region (an upper, left region in FIG. 9). Accordingly, a slip control
region is set in view of the actual running region and the generated heat amount Qci, to 2
set slip control region of the related art, which is set adjacent to the full lock-up region
and is indicated by a hatched area with solid lines in FIG. 9. In this embodiment, a
region in which the generated heat amount Q¢ exceeds 2(cal/mm2-seé) is regarded as a
region in which the durability of the lock-up clutch L/U is reduced. Therefore, the slip
control region is set so as to avoid the region(s) in which the generated heat amount Q¢
exceeds 2(cal/mm?sec). |

[0073] If the slip control region is expanded, the slip loss of the‘lock-up clutch
L/U is reduced, and the fuel efficiency is improved. However, there is a limit to the
éxpansion of the slip control région in view of the generated heat amount Q¢ as
described above. The slip control region may be expanded by reducing the slip amount
to thereby prevent the generated heat amount Q¢ from increasing. If the slip amount is
reduced, however, the torque converter 6 is less likely to produce its inherent vibration
damping effect, resulting in a problem of increase of booming noise. -

[0074] On the other hand, the capacity coefficient control unit 126 is configured
to reduce the generated heat amount Qcy, by increasing the capacity coefficicnt C of the
torque converter 6 based on the amount Q¢ of heat generated during slip control of the
lock-up clutch L/U. Accordingly, the slip control can be implemented even in a region
where the generated heat quantity QcL was so large that slip control could not be
implemented in the related art. This control will be'her‘einafter described‘in detail.

[0075] Refeﬁing back to FIG. 8, a generated heat amount calculating unit 130

initially calculates assigned torque Tc, assigned to the lock-up clutch L/U, which torque
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is to be transferred by the lock-up clutch 1L/U, froni the engine torque T of the engine 9
(input torque) and transmitted torquev of the torque converter 6, and calculates the
generated heat amount Qcp based on the assigned torque Tcr and the slip amount
(=Np-Nr, or wp—wr) of the lock-up clutch L/U. The amount Qcr(cal/mm®sec) of heat
generated per unit area of the lock-up clutch L/U is calculated according to the follbwing
equation (6).

[0076]  Qcr=(1/Act)-(we-wr)x(Te-CNg’)) (6)

[0077] In the above equation (6), Ac. denotes the contact area of the lock-up
clutch L/U during slip control thereof, and wg denotes the angular velocity (rad/sec) of
the engine 8, while wr denotes the angular velocity (rad/sec) of the turbine wheel 6t. In
the above equation (6), the assigned torque TcL of the lock-up clutch L/U is represented
by (Te—~CNg%), and the slip amount is represented by (wg—wr). It is thus understood
from the above equation (6) that the generated heat\ amount Q¢ increases as the torque
TcL and the. slip amount increase. The generated heat amount calculating unit 130
calculates the generated heat amount Q¢ according to the above-indicated equation (6).

{0078] A generated heat amount determining unit 132 determines whether the
generated heat amount Q¢ calculated by the generated heat amount calculating unit 130
is equal to or smaller than a predetermined value Q1 that is set in advance. Here, the
predetermined value Q1 is determined in view 0f the durability of the lock-up clutch L/U ,
and may be set via a durability tcst,‘ or the like, conducted on the lock-up clutch L/U.
More specifically, the predetermined value Q1 is set, based on the durability test for
example, to a threshold value at which the available use time of the lock-up clutch L/U
for which the lock-up clutch L/U can be used exceeds a preset life time thereof. Namely,

if the generated heat amount Q¢ exceeds the predetermined value Q1, the available use

-time of the lock-up clutch L/U is reduced to be shorter than the life time.

[0079] Then, the capacity coefficient control unit 126 controls the capacity
coefficient C so that the amount Q¢ of heat generated during slip control of the lock-up
clutch L/U becomes equal to or smaller than the predetermined value Q1. More

specifically, if the generated heat amount determining unit 132 determines that the
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generated heat amount Q¢ calculated by the generatéd heat amount calculating unit 130
exceeds the predetermined value Q1, the capacity coefficient control unit 126 executes
control for increasing the capacity coefficient C. As the capacity coefficient C increases,
the assigned torque T¢y to be transferred by the lock-up clutch L/U decreases according
to the above equation (6), and therefore, the generated heat amount Qcy is reduced.

{0080] Where the capacity coefficient C is to be increased, the clutch Cs is
placed in an engaged state in which the stator wheel 6s can be controlled by the electric
motor 10, and the stator wheel 6s is driven by the electric motor 10 in the reverse
direcﬁon so that the capacity coefficient C is increased. The capacity coefficient C may
also be increased by reducing the braking (regenerative braking) torque of the electric
motor 10 and rotating the stator wheel 6s in the reverse direction while the clutch Cs is in
the engaged state. Thus, the capacity coefficient C is increased by either of the above
methods by causing the electric motor 10 to rotate the stator wheel 6s in the reverse
direction. In addition, the capacity coefficient C may also be increased by reducing the
torque capacity of the brake Bs while the brake Bs is in an engaged state, and rotating the
stator wheel 6s in the reverse direction.

[0081] FIG. 10, which corresponds to FIG. 7 indicating the capacity coefficient
C with respect to the speed ratio e, shows increase of the capacity coefficient C \.Nh’en the
stator wheel 6s is rotated in the reverse direction. In FIG. 10, the dashed line indicates
the capacity coefficient C-of the torque converter of the related art in which the stator
wheel 6s is coupled to a stationary member via a one-way clutch, and the solid line
indicates the capacity coefficient C of the torque converter 6 of this embodiment when
the stator wheel 6s is rotated in the reverse direction. If the stator wheel 6s is rotated in
the reverse direction, the capacity coefficient C is increased with respect to the same
speed ratio e as indicated by the solid arrow in FIG. 10. The relationship between the
capacity coefficient C, and the speed ratio e and the stator speed Ns of the stator wheel 6s
is obtained in advance by experiment or analysis, and stored as a map as shown in FIG.
10 by way of example. The generated heat amount calculating unit 130 determines the

capacity coefficient C according to the map, and calculates the generated heat amount
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Qcr-

[0082] FIG. 11 shows the efficiency of the torque converter 6 when the stator
wheel 6s is rotated in the reverse direction. If the stator wheel 6s is rotated in the
reverse direction, the assigned torque T¢p to be transferred by the lock-up clutch L/U
decreases as the capacity coefficient C increases as shown in FIG 10, whereas .the
transmitted torque that is transmitted to the torque converter 6 increases in relation to the
torque Tcr. Accordingly, a loss caused by slipping of the torque converter 6 increases,
and the efficiency of the torque converter 6 is reduced as the capacity coefficient C
increases. In other words, if the cabacity coefficient C is increased, the generated heat
amount Q¢ is reduced, but the efficiency of the torque converter 6 is reduced. However,
if the efficiency a of the torque converter 6 under slip control and the torque cdnverter
efficiency P of the torque converter 6 when the lock-up clutch L/U is in a non-operating
(OFF) state are compared with each other when the same engine torque T is applied to
the torque converter 6, as shown in FIG. 11, the efficiency a of the forque converter 6
under slip control is improved since the slip loss is sufficic'ntly reduced. It is to be noted
that the si)eed ratio e(=Ny/Np) is larger during slip control than that obtained when the

lock-up clutch L/U is in the OFF state with respect to the same engine torque Tg, since

the relative rotational speed between the pump speed Np and the turbine speed Nr is

reduced during slip control.

[0083] It will be understood from the above description that the generated heat
amount Qcp can be reduced to be equal to or smaller than the predetermined value Q1 by
increasing the capacity coefficient C, even in a region in which the generated heat amount
QcL exceeds the predetermined value Q1 in the related art. In other words, the slip
control region can be expanded as the generated heat amount Qcp decreases. For
example, by iﬁcreasing the capacity coefficient C so as to reduce the generated heat
amount Qcy, a boundary (solid line in FIG. 9) on which the generated heat amount Q¢ is
equal to 2(cal/mm2~sec) corresponding to the predetermined value Q1 in the torque
converter of the related art is shifted to a boundary indicated by the alternate long and

short dashed line, as shown in FIG. 9, and the region in which the generated heat amount
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Qcy is less than 2(cal/mm®sec) is expanded. Namely, the region in which the generated
g

heat amount QCL is less than 2(cal/mm®sec) is expanded _of increased by the

" double-hatched region in FIG. 9. Accordingly, the slip control region can be set which

further includes a running region that is hatched with dashed lines in FIG. 9.

[0084]  FIG. 12 is a flowchart illustrating a principal part of control operations of

~ the electronic control unit 78, namely, a control operation for expanding the slip control

region by reducing the amount Qcp of heat generated during slip control of the lock-up
clutch L/U. The control operation or routine is repeatedly executed at a short cycle time
or intervals of several milliseconds to several tens of milliseconds, for example.

[0085] Initially, in step SAl corresponding to the generated heat amount
calculating unit 130, the amount Qcr of heat generated during slip control of the lock-up
clutch L/U is calculated. Then, in step SA2 corresponding to the generated heat amount
determining unit 132, it is determined whether the generated heat amount Qc.. calculated
in step SA1 is equal to or smaller than the predetermined value Q set in advance. If an
affirmative decision (YES) is obtained in step SA2, it is determined that control for
reducing the generated heat amount Qcy, is not necessary, and the routine of FIG. 12 ends.
If a negative decision (NO) is obtained in step SA2, 'the ‘capacity coefficient C is
increased until the generated heat amount QcL becomes equal to or smaller than the
predetermined value Q1 in step SA3 corresponding to the capacity coefficient control
unit 126. More specifically, the capacity coefficient C is increased by, for example,
causing the electric motor iO to rotate the stator wheel 6s in the reverse direction. Then,
the control returns to step SA1, and the control as described above is repeatedly carried
out until the slip control is finished. In this manner, the generéted heat amount Q¢ is
controlled to be equal to or. smaller than the predetermined value Q1, so that the slip
control region can be expanded.

[0086] As described above, according to this embodiment, the capacity
coefficient control unit 126 increases the capacity coefficient C of the torque converter 6,.
based on the amount QcL of/ heat generated during slip control of the lock-up clutch L/U,

so as to reduce the assigned torque Tcr to be transferred by the lock-up clutch L/U and -
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suppress or avoid increase of the generated heat amount Q¢ of the lock-up clutch L/U.

~ Accordingly, the slip control can be implemented even in a running region in which the

slip control was unable to be implemented in the related art as the generated heat amount
QcL of the lock-up clutch L/U increases. Thus, the running region in which the slip
control is implemented can be expanded, thus assuring improved fuel efficiency.

[0087] According to the above-described embodiment of the invention, the
generated heat amount calculating unit 130 is provided for calculating the amount Q¢ of
heat generated during slip control of the lock-up clutch L/U, and the capacity coefficient
control unit 126 controls the capaéity coefficient C so that the generated heat amount Qct,
thus calculated becomes equal to or smaller than the predetermined value Q1. With thé
generated heat amount Q¢ thus‘controlled (reduced), the slip control region can be
expanded. |

[0088] Accordihg to the above-described embodiment, the generated heat
amount calculating unit 130 calculates the assigned torque Tcy to be transferred by the
lock-up clutch L/U, from the input torque Tg of the engine 9 and the transmitted torque of
the torque converter 6, and calculates the generated heat amount Qcr. based on the
assigned torque T¢p and the slip amount of the lock-ﬁp clutch L/U. Thus, the gehcrated
heat amount calculating unit 130 is able to sequentially calculate the generated heat
amount Q¢ of the lock-up clutch L/U with high accuracy.

[0089] According to the above-described embodiment, the predetermined value

Q1 is set to an appropriate value in view of the durability of thc>lock-up clutch L/U. It

_ is thus possible to expand the slip control region of the lock-up clutch L/U while avoiding

reduction in the durability of the lock-up clutch L/U.

[0090] According to the above-described embodiment, the capacity coefficient
control unit 126 controls the capacity coefficient C by controlling rotation of the stator
wheel 6s, by means of the electric motor 10 that is coupled to the stator wheel 6 such that
power can be transmitted to the stator wheel 6s. With this arrangement, the capacity
coefficient C.can be changed as desired through control of the rotational speed by the

electric motor 10.
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[0091] While one embodiment of the invention has been described in detail with
reference to the drawings, the invention may be applied otherwise or embodied in other
forms.

[0092] For example, the construction of the automatic transmission 8 is not
limited to that of the illustrated embodiment, and there are no particular limitations to the
number of the planetary gear sets or the engaging elements (friction devices), such as the
clutches Cl — C4 and brakes B1, B2, the number of gear posifions, and the elements of

the planetary gear sets to which the respective engaging elements are selectively coupled,

for example. Also, the present invention is applicable to vehicles of, for example, FF

type, 4WD type, and other drive types. The present invention is also applicable to a
hybrid vehicle, such as THS, in which an electric motor, or the like, is provided for
driving drive wheels. The automatic transmission 8 is not limited to the above-indicated
stepped transmission having two or more gear positions, but may be a continuously
variable transmlission, such as a belt-and-pulley type conﬁnuously variable transmission.
In sum, the construction of the transmission to which the invention is applied may be
freely changed within a reasonable range.

[0093]  While the electric motor 10 and the stator wheel 6s are directly coupled
to each other via the clutch Cs in the illustrated embodiment, a planetary gear set that
permits torque conversion may be interposed between the motor 10 and the stator wheel
6.

[0094] While the generated heat amount calculating unit 130 sequentially
calculates the generated heat amount Q¢ according to the above-indicated equation (6) in
the illustrated embodiment, the calculating unit 130 may calculate the generated heat
amount Qc. based on a preset map indicating the relationship betweén the generated heat
amount Qcy, and the engine speed N, the throttle opening 61y, and/or other parameter(s).

[0095] © While the clutch Ci is provided for selectively coupling the electric
motor 10 and the input shaft 22 in the illustrated embodiment, the clutch Ci is not
necessarily provided, but the invention may be applied to the arrangement in which the

clutch Ci is eliminated.
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[0096] While the stator speed sensor 83 is provided fof detecting the stator
speed Ns in the illustrated embodiment, the stator speed Ns may be detected with a
resolver, or the like, incorporated in the electric motor 10, for example.

[0097]  While the predetermined value Q1 is set .to 2(cal/mm®sec) by way of
example in the illustrated embodiment, this specific numerical value is a mere example,
and the predetermined value Q1 may be suitably changed acc;ording to, for example, the
structure of the lock-up clutch used.

[0098] It is to be understood that the illustrated embodiment is merely one
embodiment of the invention, and that the invention may be embodied with various
changes or improvements, based on the knowledge of those skilled in the art.

[0099] 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
described 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 disclosed invention are shown in various example combinations and
configurations, other combinations and configurations, including more, less or only a

single element, are also within the scope of the appended claims.
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CLAIMS:

1. A control device for a vehicular power transmitting system including a torque
converter having a pump impeller, a turbine wheel, a stator wheel rotatably disposed
between the turbine wheel and the pump impeller, and a lock-up clutch, comprising

a capacity coefficient control unit that controls a capacity coefficient of the torque
converter by controlling rotation of the stator wheel, wherein

the capacity coefficient control unit increases the capacity coefficient of the torque

converter based on an amount of heat generated during slip control of the lock-up clutch.

2. The control device according to claim 1, further comprising a generated heat
amount calculating unit that calculates the amount of heat generated durihg slip control of

the lock-up clutch.

3. The control device according to claim 2, wherein the capacity coefficient control -
unit controls the capacity coefficient so that the generated heat amount calculated by the
generated heat amount calculating unit becomes equal to or smaller than a predetermined

value.

4. The control device according to claim 2 or 3, wherein the generated heat amount
calculating unit calculates assigned torque to be transferred by the lock-up clutch, from-
input torque of a driving source and transmitted torque of the torque converter, and
calculates the generated heat amount based on the assigned torque and a slip amount of

the lock-up clutch.

5. The control device according to claim 4, wherein the assigned torque is a

difference between the input torque and the transmitted torque.
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6. The control device according to claim 4 or 5, wherein the transmitted torque is

determined based on a rotational speed of the pump impeller and the capacity coefficient.

7. The control device according to any one of claims 4 to 6, wherein the slip amount
is determined based on a difference between a rotational speed of the pump impeller and

a rotational speed of the turbine wheel.

8. The control device according to any one of claims 2 to 7, wherein the
predetermined value is set to a value determined in view of the durability of the lock-up

clutch.

9. The control device according to any one of claims 1 to 8, wherein the capacity
coefficient control unit controls the capacity coefficient by controlling rotation of the
stator wheel, using an electric motor that is operatively coupled to the stator wheel such

that power can be transmitted between the electric motor and the stator wheel.

10. The control device according to claim 9, wherein the capacity coefficient control
unit causes the electric motor to rotate the stator wheel in a reverse direction so as to

increase the capacity coefficient of the torque converter.

11. The control device according to claim 9 or 10, wherein:

the vehicular pdwer transmitting system further includes a clutch that selectively
couples the stator wheel and the electric motor, and a brake that selectively couples the
stator wheel and a non-rotary member; and - |

the capacity coefficient control unit controls the clutch and the brake, based on the

generated heat amount.

12. The control device according to claim 9 or 10, wherein:

the vehicular power transmitting system further includes a clutch that selectively
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couples the electric motor and an output shaft of the torque converter; and
the capacity coefficient control unit controls the clutch based on the generated heat

amount.

13. A control device for a vehicular power transmitting system including a torque
coﬂverter having a pumb impeller, a turbine wheel, a stator wheel rotatably disposed
between the turbine wheel and the pump impeller, and a lock-up clutch, comprising

capacity coefficient control means for controlling a capacity coefficient of the
torque converter by controlling rotation of the stator wheel, Wherein

the capacity coefficient control means increases the capacity coefficient of the
torque converter based on an amount of heat generated during slip control of the lock-up

clutch.

14. A method of controlling a vehicular power transmitting system including a
torque convérter having a pump impeller, a turbine wheel, a stator wheel rotatably
disposed between the turbine wheel and the pump impeller, and a lock-up clutch,
comprising:

controlling a capacity coefficient of the torque converter by controlling rotation of
the stator wheel; and

increasing the capacity coefficient of the torque converter based on an amount of

heat generated during slip control of the lock-up clutch.
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