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CONTROL DEVICE FOR CONTINUOUSLY
VARIABLE TRANSMISSION

TECHNICAL FIELD

The present invention relates to a control device for a
continuously variable transmission (which will be referred
to as a CVT with an auxiliary transmission in the following)
that 1s equipped with both a belt type continuously variable
transmission mechanism and a stepped variable transmis-
s10n mechanism.

BACKGROUND ART

Hitherto, 1n a CVT with an auxiliary transmission, for
cllecting a speed change in the auxiliary transmission
mechanism, a so-called coordinated speed change has been
carried out wherein the continuously variable transmission
mechanism (which will be referred to as a vanator in the
tollowing) 1s speed-changed 1n a direction opposite to that of
the auxiliary transmission mechanism, so that reduction of
shift shock of the auxiliary transmission mechanism 1s
obtained (which 1s disclosed 1n for example Patent Docu-
ment-1 and Patent Document-2). In Patent Document-2,
there 1s described a continuously variable transmission in
which the speed change of an auxihary transmission mecha-
nism consists of four phases, viz., a preparatory phase, a
torque phase, an inertia phase and an ending phase. In this
technology, at the inertia phase, the speed change ratio of the
variator and that of the auxiliary transmission mechanism
are conftrolled in mutually opposite directions for carrying
out the coordinated speed change.

However, even when the above-mentioned coordinated
speed change 1s carried out, there 1s a case 1n which a driving
force gap (or acceleration gap, G-drop) produced at up-
shifting of the auxiliary transmission mechanism 1s felt by a
driver due to the driving condition of the vehicle. That 1s, at
up-shifting of the auxiliary transmission mechanism, the
speed change stage for eflecting the torque transmission 1n
the torque phase is shifted from 1% speed to 2”¢ speed, and
thus, the vehicle driving force 1s lowered, and at the subse-
quent inertia phase, the speed change ratio of the variator 1s
shifted from High-side to Low-side thereby to restore the
vehicle driving force. With this series of operation, the
above-mentioned driving force gap 1s produced during the
period from the torque phase to the inertia phase.

When the driving force gap 1s of a type that 1s clearly felt
by the driver, he or she would have a sluggish feeling
(G-drop feeling) 1n acceleration thereby failing to have an
intended acceleration feeling, which causes deterioration 1n
vehicle drive feeling. Particularly, in a vehicle driving
wherein the vehicle 1s being accelerated from a lower speed
with an accelerator pedal kept depressed slightly (constant
low accelerator open degree), the sluggish feeling of the
driver to the acceleration becomes remarkable. The best way
for preventing the driver from having such sluggish feeling
to the acceleration 1s to eliminate or at least minimize the
driving force gap per se. However, because the driving force
gap 1s determined by the interstage ratio between the first
speed and second speed of the auxiliary transmission mecha-
nism, 1t 1s quite dithcult to eliminate or minimize the driving,
force gap without making a big change to hardware con-
struction and control logic.

One of objects of the present invention 1s thought out in
view ol the above-mentioned tasks and 1s to provide a
control device for a continuously variable transmission 1n
which a CVT with an auxiliary transmission 1s so con-
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2

structed as to eliminate the sluggish feeling 1n acceleration
thereby to improve the vehicle drive feeling. It 1s to be noted
that the object of the mvention 1s not limited to the above-
mentioned object and searching for eflects that are provided
by after-mentioned embodiments of the present imnvention
and not provided by conventional technology constitutes
other objects of the present invention.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document-1: Japanese Laid-open Patent Applica-
tion (tokkaihei) 5-793554

Patent Document-2: Japanese Patent 4914467

SUMMARY OF INVENTION

(1) A control device for a continuously variable transmis-
sion disclosed herein 1s a device that comprises a continu-
ously variable transmission mechanism that steplessly varies
a rotation speed given from a driving source and an auxiliary
transmission mechanism that 1s connected in series to the
continuously variable transmission mechanism and has as
torward sped change stages a first speed change stage and a
second speed change stage whose speed change ratio 1s
smaller than that of the first speed change stage, the control
device further comprising a coordinated speed change
means that carries out a coordinated speed changing 1n such
a manner that when the speed change stage of the auxiliary
transmission mechanism 1s about to be changed, a speed
change speed of the auxiliary transmission mechanism 1s
coordinated with the continuously variable transmission
mechanism and the continuously variable transmission
mechanism 1s controlled to carry out a speed change 1n a
direction opposite to that of the auxiliary transmission
mechanism while carrying out the speed change operation of
the auxiliary transmission mechanism.

The control device further comprises a torque control
means that carries out a torque regulating control during the
coordinated speed changing under up-shifting by the coor-
dinated speed change means, the torque regulating control
being a control for effecting a torque-up operation to the
driving source after eflecting a torque-down operation to the
driving source and including a timing through which a
starting time point of a drive force gap caused by the
coordinated speed changing 1s advanced and a timing
through which an ending time point of the drive force gap 1s
delayed.

(2) It 1s preferable that the coordinated speed change
means carries out the coordinated speed changing by caus-
ing the up-shift operation to experience a preparatory phase,
a torque phase, an 1nertia phase and an ending phase 1n order.
In this case, 1t 1s preferable that the torque control means
carries out the torque regulating control 1n a period consist-
ing of the preparatory phase and the torque phase, and
carries out the torque regulating control 1n a period consist-
ing of the inertia phase and the ending phase.

(3) It 1s preferable that the torque control means controls
a torque down amount of the driving source to take a value
that 1s equal to or greater than O (zero) at the point in time
when the phase 1s shifted from the torque phase to the inertia
phase.

(4) It 1s preferable that the torque control means controls
the torque down amount to take a value of 1 (one) at the
point in time when the phase 1s shifted from the preparatory
phase to the torque phase.
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(5) It 1s preferable that the torque control means starts the
torque regulating control at the point 1n time when a given
time passes from the time of shifting to the inertia phase.

According to the disclosed control device for a continu-
ously variable transmission, the torque regulating control 1s
carried out by operatively using a timing through which a
starting time point of a drive force gap caused by the
coordinated speed changing 1s advanced as well as another
timing through which an ending time point of the drive force
gap 1s delayed. Thus, the reduction rate of the drive force gap
and the returning rate of the drive force gap can be gentled.
Thus, the sluggish feeling applied to a drniver i vehicle
acceleration can be eliminated and thus, the drive feeling can
be 1mproved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a block diagram of a control device for a
continuously variable transmission which 1s one embodi-
ment of the present invention and a schematic diagram of a
vehicle to which the control device 1s practically applied.

FIG. 2 1s one example of speed change maps.

FIG. 3 1s one example of tlowcharts, showing processes
that are carried out 1n the control device of the embodiment
to carry out a torque regulation control.

FIG. 4 1s a time chart used for explaiming operations
controlled by the control device for the continuously vari-
able transmission of the embodiment, 1n which (a) depicts a
phase, (b) depicts a through speed change ratio, (¢) depicts
an auxiliary speed change ratio, (d) depicts a vanator speed
change ratio, (e) depicts a supplied hydraulic pressure, (1)
depicts a driving force, (g) depicts an engine torque, (h)
depicts a torque down amount and (1) depicts a torque down
rate.

FIGS. 5 (a) to (g) shows a time chart used for explaining
modifications of the torque regulating control, which corre-

sponds to FIG. 4 (g).

EMBODIMENT FOR CARRYING OUT
INVENTION

In the following, an embodiment of the present invention
will be described with reference to the accompanying draw-
ings. It 1s to be noted that the following embodiment 1s only
an example and the applicants have no intention of exclud-
ing application of various modifications and techniques that
are not shown in the following embodiment. It 1s further to
be noted that various modifications of the following embodi-
ment may be carried out within a scope of the present
invention, selection 1s available as the need arises and
suitable combinations are available.

[1. Entire System Construction]

FIG. 1 1s a schematic block diagram of a motor vehicle
that has the control device for the continuously variable
transmission of the embodiment mounted thereon. As 1s seen
from FIG. 1, the vehicle 1s equipped with an engine (internal
combustion engine) as a driving source. An output rotation
of the engine 1 1s transmitted to drive road wheels 7 through
a torque converter 2 with a lock-up clutch, a first gear train
3, a continuously variable transmission 4 (which will be
referred to as a transmission 4 1n the following), a second
gear train 5 and a final reduction gear 6. The second gear
train 5 1s equipped with a parking mechanism 8 that
mechanically locks an output shaift of the transmission 4
while the vehicle 1s parked.

The engine 1 1s equipped with an output torque control
actuator 15 that carries out an output torque control by
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4

selectively opening and closing a throttle valve and/or
cllecting a fuel cut operation. With the actuator, the output
torque of the engine 1 can be controlled by an engine control
signal sent from outside as well as by the output torque
control that 1s eflected by the accelerator operation by the
driver. In this embodiment, the output torque of the engine
1 (which will be referred to as engine torque in the follow-
ing) 1s controlled by a transmission controller 12.

The vehicle 1s equipped with an o1l pump 10 that 1s driven
by part of power of the engine 1. Furthermore, the vehicle
1s equipped with a hydraulic pressure control circuit 11 by
which the hydraulic pressure from the o1l pump 10 1s
adjusted and led into various portions of the transmission 4,
and the transmission controller 12 by which the hydraulic
pressure control circuit 11 and 1ts associated parts are
controlled.

The transmission 4 1s of a type that consists of a belt-type
continuously variable transmission mechanism 20 (which
will be referred to as a vanator 20 1n the following) and an
auxiliary transmission mechanism (which 1s called simply as
auxiliary transmission) 30 that 1s arranged in series with the
variator 20. Arranged 1n series means that the variator 20 and
the auxiliary transmission mechanism 30 are connected in
series 1 a power transmitting route from the engine 1 to the
drive road wheels 7. In this disclosed embodiment, the
auxiliary transmission mechamsm 30 1s directly connected
to an output shaft of the variator 20. If desired, the auxiliary
transmission mechanism 30 may be connected to the varia-
tor 20 through another speed change or power transmission
mechanism.

The variator 20 has a continuously variable transmission
function that continuously or steplessly varies a speed ratio
(viz., rotation speed of transmission input shaft/rotation
speed of transmission output shait) between the rotation
speed of the transmission input shait and that of the trans-
mission output shait by varying eflective diameters of
rotation members that have a belt operatively put there-
around. The variator 20 1s equipped with a primary pulley
21, a secondary pulley 22 and a V-belt 23 that 1s put around
these two pulleys 21 and 22.

Each of the primary and secondary pulleys 21 and 22 has
a fixed conical board and a movable conical board that 1s
arranged to face 1ts sheave surface to a sheave surface of the
fixed conical board thereby to constitute therebetween a
V-shaped groove, and each pulley 21 or 22 further has a
hydraulic cylinder 24a or 24b. Each hydraulic cylinder 24a
or 24b 1s mounted on a back of the corresponding movable
conical board, so that the movable conical board 1s shifted
in an axial direction when a hydraulic pressure (operation
hydraulic pressure) applied to the cylinder 24a or 24b 1s
varied. The hydraulic pressure fed to the hydraulic cylinders
24a and 245 1s controlled by the transmission controller 12.
When, due to change in width of the V-shaped groove, the
cllective diameter of each pulley 21 or 22 provided by
contact of the V-belt 23 with the pulley 21 or 22 is changed.,
the speed change ratio of the variator 20 (which will be
referred to as vanator speed change ratio in the following)
1s steplessly or continuously varied.

The auxiliary transmission mechanism 30 1s a stepwisely
variable transmission mechanism with two forward speed
change stages and one backward stage. The auxiliary trans-
mission mechanism 30 comprises a Ravigneaux type plan-
ctary gear mechanism 31 that has carriers by which two
planetary gears are united and a plurality of friction fasten-
ing elements 32 to 34 that are connected to a plurality of
rotation elements of the Ravigneaux type planetary gear
mechanism 31 1n a manner to change the connection state
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therebetween. By adjusting the hydraulic pressure applied to
the friction fastening elements 32 to 34, ON/OFF state of
cach friction fastening element 32, 33 or 34 1s changed and
thus the speed change stage of the auxiliary transmission
mechanism 30 1s changed.

In the embodiment, a Low brake (first speed change stage)
32 used for starting the vehicle, a High clutch (second speed
change stage) 33 that induces a speed change ratio smaller
than that of the Low brake 32 and a Rev brake 34 are
employed as the friction fasteming elements. The Low brake
32, High clutch 33 and Rev brake 34 generate each a
transmission torque 1n accordance with the hydraulic pres-
sure (operation hydraulic pressure) applied thereto. The
hydraulic pressure applied to the Low brake 32, High clutch
33 and Rev brake 34 1s controlled by the transmission
controller 12.

That 1s, for example, when the Low brake 32 1s engaged
and both the High clutch 33 and the Rev brake 34 are
disengaged, the auxiliary transmission mechanism 30
assumes the first speed change stage. Usually, at the time of
starting the vehicle, the auxiliary transmission mechanism
30 takes the first speed change stage. Thus, at the vehicle
starting, only the Low brake 32 1s engaged. When the High
clutch 33 1s engaged and both the Low brake 32 and the Rev
brake 34 are disengaged, the auxiliary transmission mecha-
nism 30 takes the second speed change stage whose speed
change ratio 1s smaller than that of the first speed change
stage. While, when the Rev brake 34 1s engaged and both the
Low brake 32 and the High clutch 33 are disengaged, the
auxiliary transmission mechanism 30 takes the reverse
stage.

The hydraulic pressure control circuit 11 comprises a
plurality of fluid passages and a plurality of hydraulic
control valves. Based on speed change control signals 1ssued
from the transmission controller 12, the hydraulic pressure
control circuit 11 controls the plurality of hydraulic control
valves to switch hydraulic pressure feeding passages and
prepares a needed hydraulic pressure by adjusting the
hydraulic pressure led from the oil pump 10. The adjusted
hydraulic pressure 1s fed to various portions (the hydraulic
cylinders 24a, 245 and the friction fastening elements 32 to
34) of the transmission 4. With this, the speed change ratio
of the vanator and the speed change stage of the auxihary
transmission mechanism 30 are changed to allow the trans-
mission 4 to carry out the speed changing.

The transmission controller 12 1s a computer including a
CPU that carries out various types ol arithmetic processing,
a ROM that stores programs and data needed for working the
CPU, 44, a RAM that temporarily stores the results of the
arithmetic processing, input/output ports that are used for
inputting or outputting signals from or to the outside, and a
timer that counts a time. As 1s seen from FIG. 1, to the
transmission controller 12, there are connected various sen-
sors and switches which are an accelerator open degree
sensor 40, a primary rotation speed sensor 41, a secondary
rotation speed sensor 42, a vehicle speed sensor 43, an
engine rotation speed sensor 44, an inhibitor switch 45, a
brake switch 46, a front and rear G-sensor 47, a hydraulic
pressure switch 48 and an o1l temperature sensor 49, and to
the transmission controller 12, there are mputted various
types of information sensed by the sensors and switches.

The accelerator open degree sensor 40 detects the amount
(accelerator open degree APO) of depression of an accel-
erator pedal (not shown). The accelerator open degree APO
1s a parameter that corresponds to an acceleration intention
and a vehicle starting intention of a driver. The primary
rotation speed sensor 41 detects a rotation speed (input
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rotation speed of the transmission 4) Npr1 of the primary
pulley 21, and the secondary rotation speed sensor 42 detects
a rotation speed (input rotation speed of the auxiliary
transmission mechanism 30) Nsec of the secondary pulley
22.

The output rotation sensor 43 detects the output shait
rotation speed of the transmission 4 as an output rotation
speed Nout. By the output rotation sensor 43, the output
rotation speed (output rotation speed) Nout of the auxiliary
transmission mechanism 30 i1s obtained. The engine rotation
speed sensor 44 detects the number of rotation per unit time
of for example the crankshaft as the engine rotation speed
Ne. The inhibitor switch 435 detects the position (range
position) of the select lever (shiit lever) selected by the
driver and outputs a range position signal that represents the
selected range position.

The brake switch 46 1s a switch for detecting the depres-
sion of a foot brake. The front and rear G-sensor 47 detects
front and rear G (acceleration 1n the front and rear direction)
that 1s applied to the vehicle. By using output signals from
the front and rear G sensor 47, inclination and behavior of
the vehicle are calculated. The hydraulic pressure switch 48
1s a switch for detecting a condition of the hydraulic pressure
that 1s led for example to the Low brake 32 and the High
clutch 33. The o1l temperature sensor 49 detects the tem-
perature (o1l temperature) of the oil. Since the o1l tempera-
ture atlects the viscosity of the oil, checking whether or not
the o1l temperature 1s suitable for appropnately operating the
o1l pump 10 1s carried out by using the o1l temperature
sensor 49.

In the ROM of the transmission controller 12, there are
stored control programs and the like that control the auxil-
1ary transmission mechanism 30. The CPU reads the control
programs in the ROM, executes the read control programs,
applies various types of arithmetic processing to various
signals 1nputted thereto through the input port (input inter-
face) to produce control signals, and outputs the produced
control signals to the hydraulic pressure control circuit 11
through the output port (output interface). Various values
used 1n the arithmetic processing of the CPU and arithmetic
results are suitably stored in the RAM.

Concreate control objects of the transmission controller
12 are a line pressure control that obtains a target line
pressure 1n accordance with the throttle open degree and a
speed change control that controls the variator 20 and the
auxiliary transmission mechamsm 30 1n accordance with an
operation condition of the vehicle. In the following, expla-
nation will be directed to a speed change control and
coordinated speed change eflected by the transmission con-
troller 12, and detailed explanation will be directed to a
torque regulating control that is carried out during the
coordinated speed change in the up-shift of the auxiliary
transmission mechanism 30.

[2. Summary of Control]

[2-1. Speed Change Control]

FIG. 2 shows one example of speed change maps stored
in the ROM of the transmission controller 12. By using the
speed change maps, the transmission controller 12 controls
both the speed changing of the varnator 20 and the stage
changing of the auxiliary transmission mechanism 30.

FIG. 2 1s a speed change map that shows at 1ts x-axis the
vehicle speed calculated from the output rotation speed Nout
and at its y-axis the primary rotation speed Npr1. That 1s, the
operation point of the transmission 4 1s defined or deter-
mined by the vehicle speed Vsp and the primary rotation
speed NPri. An inclination of a line that connects the
operation point of the transmission 4 with the zero point
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placed at the leftmost lowest position of the speed change
map corresponds to the speed change ratio of the transmis-
sion 4 (viz., a total speed change ratio provided by multi-
plying the speed change ratio of the variator by a speed
change ratio that corresponds to the speed change stage of
the auxiliary transmission mechanism 30, which will be
referred to as a through speed change ratio 1n the following).

In the speed change map, there 1s set a speed change line
tor each accelerator open degree APO, and the speed change
of the transmission 4 1s carried out based on a speed change
line that 1s selected in accordance with the accelerator open
degree APO. It 1s to be noted that in FIG. 2, only three speed
change lines, which are a full-load line (viz., the speed
change line at the time when the accelerator open degree
APO=8/8 1s made), a partial line (viz., the speed change line
at the time when the accelerator open degree APO=4/8 1s
made) and a coast line (viz., the speed change line at the time
when the accelerator open degree APO=0/8 1s made), are
indicated by dot-dash lines.

When the auxihiary transmission mechanism 30 takes the
first speed change stage, the transmission 4 can take a speed
changing in a range between 1% Low line (Low Speed Most
Low line) obtained by setting the variator speed change ratio
to the Most Low speed change ratio (that 1s, maximum speed
change ratio) and 1°° High line (Low Speed Most High line)
obtained by setting the variator speed change ratio to the
Most High speed change ratio (that 1s, minimum speed
change ratio). In this range, the operation point of the
transmission 4 moves in a width of 1* speed change ratio.
While, when the auxiliary transmission mechanism 30 takes
the 2" speed, the transmission 4 can take a speed changing
in a range between 2”¢ Low line (High Speed Most Low
line) obtained by setting the variator speed change ratio to
the Most Low speed change ratio and 2" High line (High
Speed Most High line) obtained by setting the variator speed
change ratio to the Most High speed change ratio. In this
range, the operation point of the transmission 4 moves 1n a
width of 2”¢ speed change ratio.

The speed change ratio of each speed change stage of the
auxiliary transmission mechanism 30 1s so set that the speed
change ratio corresponding to the 1°* high line is smaller than
the speed change ratio corresponding to the 2”¢ Low line.
With this relationship, the range of the through speed change
ratio that can be taken by the transmission 4 when the
auxiliary transmission mechanism 30 takes 1% speed is
partially overlapped with the range of the through speed
change ratio that can be taken by the transmission 4 when
the auxiliary transmission mechanism 30 takes 2" speed.
When the operation point of the transmission 4 1s placed 1n
the overlapped zone, the transmission 4 1s able to select
either of 1% speed and 2" speed.

In the speed change map, as 1s indicated by a thicker
broken line, a mode switching speed change line for causing,
the auxiliary transmission mechanism 30 to efiect the 1-2
speed change is set to be almost overlapped with the 1°* High
line. That 1s, the through speed change ratio corresponding
to the mode switching speed change line (which will be
referred to as mode switching speed change ratio 1in the
following) 1s set almost 1dentical to the speed change ratio
that corresponds to the 1°* High line. When, under cruising
with 1°° speed, the vehicle speed Vsp increases and the
operation point of the transmission 4 crosses the mode
switching speed change line, the speed change stage of the
auxiliary transmission mechanism 30 is switched from 1%
speed stage to 2”? speed stage.

While, in case where under cruising with 2" speed, the
vehicle speed Vsp decreases causing the operation point of
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the transmission 4 to cross the mode switching speed change
line and a much larger drive force that 1s not obtained from
the 27 speed vehicle driving is required, the speed change
stage of the auxiliary transmission mechanism 30 1s
switched from 2¢ speed stage to 1°* speed stage when the
operation point of the transmission 4 crosses the mode
switching speed change line. While, 1n case where the
required larger drive force is obtainable from the 2% speed
vehicle driving, the auxiliary transmission mechanism 30
keeps 2" speed and the speed change is carried out by only
the variator 20.

[2-2. Coordinated Speed Change]

The coordinated speed change 1s a control 1n which 1n
case ol changing the speed change stage of the auxihary
transmission mechanism 30, the change speed of the auxil-
1ary transmission mechanism 30 1s matched with the variator
20 and at the same time, the vanator 20 1s changed in speed
in a direction opposite to the speed change direction of the
auxiliary transmission mechanism 30 while changing the
speed of the auxiliary transmission mechanism 30.

In the coordinated speed change, when the target through
speed change ratio of the transmission 4 changes from a
value larger than the mode switching speed change ratio to
a value smaller than the mode switching speed change ratio,
the speed change stage of the auxiliary transmission mecha-
nism 30 is changed from 1°* speed change stage to 2" speed
stage (which will be referred to as 1-2 speed change in the
following) and at the same time, the variator speed change
ratio 1s varied toward a larger speed change ratio side (Low
side). While, when the target through speed change ratio of
the transmission 4 changes from a value smaller than the
mode switching speed change ratio to a value larger than the
mode switching speed change ratio, there 1s a case 1n which
the speed change stage of the auxiliary transmission mecha-
nism 30 is changed from 2”¢ speed stage to 1 speed stage
(which will be referred to as 2-1 speed change in the
following) and at the same time, the variator speed change
ratio 1s varied toward a smaller speed change ratio side
(High side).

When the coordinated speed change 1s carried out at the
mode switching speed changing as 1s mentioned herein-
above, uncomiortable feeling given to a driver, which would
be caused by the change in mput rotation produced by the
gap of the through speed change ratio of the transmission 4,
1S suppressed Furthermore, since the mode switching speed
changing 1s carried out at the time when the variator speed
change ratio 1s substantially the Most High speed change
ratio, undesired shift shock of the auxiliary transmission
mechanism 30 1s mitigated. This 1s because under such
condition the torque putted to the auxiliary transmission
mechanism 30 1s the smallest 1n the torques that are inputted
to the variator 20.

Details of the coordinated speed change will be explained
with the aid of the time chart shown 1n FIG. 4. FIGS. 4(a)
to 4(i) show the time chart at the time when the auxiliary
transmission mechanism 39 i1s under up-shifting (viz., 1-2
speed change). The following explanation on the coordi-
nated speed change 1s directed to the case of the 1-2 speed
change. As will be seen from FIG. 4(a), the speed change of
the auxiliary transmission mechanism 30 consists of four
phases, which are a preparatory phase, a torque phase, an
inertia phase and an ending phase. For eflecting the up-
shifting, the phases are carried out in this order. It is to be
noted that 1n case of 2-1 speed change, explanation on both
the friction fastening elements to be fastened and the friction
fastening elements to be released 1s reversed to the following
explanation.
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As 1s seen from FIG. 4(a), the preparatory phase 1s a phase
in which a pre-charging of hydraulic pressure 1s applied to
the High clutch 33 (viz., friction fastening element to be
tastened) for causing the High clutch 33 to stand by in the
state 1mmediately before engagement. The preparatory
phase starts for example at the point (time t,) 1n time when,
during a vehicle cruising with the auxiliary transmission
mechanism 30 taking 1°° speed, the vehicle speed Vsp
increases causing the operation point of the transmission 4
to cross the mode switching speed change line, and ends at
the point (time t,) in time when a given time Tpr passes from
the start.

As 1s seen from FIG. 4(e), the torque phase 1s a phase 1n
which by lowering the hydraulic pressure fed to the Low
brake 32 (viz., friction fastening element to be released) and
increasing the hydraulic pressure fed to the High clutch 33,
the stage that carries out the torque transmission 1s changed
from 1°° speed stage (viz., the stage provided by the friction
fastening element to be released) to 2" speed stage (viz., the
stage provided by the Iriction fastening element to be
tastened). The torque phase starts at the point (time t,) 1n
time when the preparatory phase ends and ends at the point
(time t,) 1n time when a given time Tto passes from the start.
In the torque phase, when, as will be understood from the
dot-dash line shown in FIG. 4(f), the engine torque 1s not
controlled and thus shows a fixed value, the drive force 1s
gradually lowered from the start of the torque phase.

As 1s seen from FIGS. 4(¢) and 4(d), the 1nertia phase 1s
a phase 1in which the speed change ratio (which will be
referred to as auxiliary speed change ratio 1n the following)
of the auxiliary transmission mechanism 30 1s smoothly
changed from 1% speed stage (viz., the stage before speed
change) to 27? speed stage (viz., the stage after speed
change) and the variator 20 1s subjected to a speed changing
in a direction (from High to Low) opposite to the speed
change direction of the auxiliary transmission mechanism
30. In this case, the speed change speed of the auxiliary
transmission mechanism 30 1s brought to be matched with
the speed change speed of the vanator 20, so that the speed
change speed of the auxiliary transmission mechanism 30

and that of the vaniator 20 become generally equal to each
other. With this operation, the through speed change ratio 1s
fixed as 1s seen from FIG. 4(b).

The 1nertia phase 1s a phase 1 which the speed change
stage ol the auxiliary transmission mechanism 30 1s
changed, and the inertial phase starts at the point (time t,) 1n
time when the torque phase ends and ends at the point (time
t.) 1n time when the stage change finishes. Ending of the
stage change 1s judged by using the secondary rotation speed
Nsec detected by the secondary rotation speed sensor 42, the
vehicle speed Vsp detected by the vehicle speed sensor 43
and a gear ratio of the second gear train 5. In the inertia
phase, as will be understood from the dot-dash line of FIG.
4(f), when the engine torque 1s not controlled and thus shows
a fixed value, the drive force gradually returns with the start
of the 1nertia phase, and returns to its original drive force at
the point in time when the inertia phase ends. That 1s, the
point 1n time when the torque phase 1s shifted to the inertia
phase 1s the point in time when a drive force gap 1s produced
to reduce the drnive force to the minimum value.

As 1s seen from FIG. 4(e), the ending phase 1s a phase 1n
which by feeding O (zero) hydraulic pressure to the Low
brake 32, the Low brake 32 1s completely released and by
increasing the hydraulic pressure fed to the High clutch 33,
the High clutch 33 1s completely fastened. The ending phase
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starts at the point (time t;) in time when the inertia phase
ends and ends at the point (time t,) in time when a given time
T1i passes from the start.

[2-3. Torque Regulating Control]

The torque regulating control 1s a control 1n which, for
climinating a sluggish feeling 1n acceleration caused by the
drive force dropping (drive force gap) that 1s produced 1n the
period from the torque phase to the inertial phase of the
above-mentioned coordinated speed change, after giving a
torque down amount by subjecting the engine 1 to a torque
down, a torque-up operation 1s applied to the engine to make
the torque down amount 0 (zero) (that 1s, the engine torque
1s regulated). In the control device, the torque regulating
control 1s carried out twice 1n one coordinated speed change.

Since the dnive force gap 1s determined by a stage/stage
ratio between 1% speed and 2"? speed of the auxiliary
transmission mechanism 30, 1t 1s difficult to suppress the
drive force gap without making a big change to hardware
construction and control logic. Accordingly, in the control
device, by a first torque regulating control, the start time for
the drive force gap 1s advanced, and by a second torque
regulating control, the ending time for the drive force gap 1s
delayed. In other words, the first torque regulating control
(first torque regulating control) 1s carried out at a timing that
advances the starting of the drive force gap, and the second
torque regulating control (second torque regulating control)
1s carried out at a timing that delays the ending of the drive
force gap.

With such controls, the reducing tendency of the drive
force and returning tendency of the same are gentled (that 1s,
inclination of the drive force gap 1s reduced), and thus the
driver 1s protected from having the undesired sluggish
feeling 1n acceleration. As 1s seen from FIGS. 4(a) to 4(i),
the first torque regulating control 1s carried out 1n a period
that includes the preparatory phase and the torque phase, and
the second torque regulating control is carried out 1n a period
that includes the mertia phase and the ending phase.

In the first torque regulating control, from the point (time
t, ) 1n time when a first given time T, passes from the starting
(time t,) of the preparatory phase, the engine torque 1is
gradually reduced with a given gradient A,. Then, from the
point (time t,) 1n time when the phase 1s changed from the
preparatory phase to the torque phase, the engine torque 1s
gradually increased with a given gradient B, . That 1s, at the
point in time when the phase 1s changed from the prepara-
tory phase to the torque phase, the torque down rate shows
value 1 (one), and thus, sudden change of the drive force 1s
suppressed. Then, together with the ending of the torque
phase, the first torque regulating control 1s ended.

The torque regulating control 1s a control by which the
drive force dropping caused by the speed change 1s gentled
thereby to suppress the driver from having a sluggish feeling
in acceleration (G drop feeling), and in which for gentling
the drive force dropping, advanced starting of the control 1s
cllective. However, 1n case of advanced starting, reduction
of the drive force 1nevitably takes place by a degree corre-
sponding to the advanced starting, and thus 1t 1s preferable
to avoid a longer time operation of the torque regulating
control in view of the necessity of keeping the vehicle speed.
By taking such points into consideration, the first given time
T, 1s set.

In the invention, the gradient A, at the torque down time
1s previously set to a rate of change by which the engine
torque can have a target torque down amount D, 1n a period
from the point 1n time t; when the torque down starts to the
time t, when the preparatory phase ends. Furthermore, the
gradient B, at the torque up time 1s previously set to a rate
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of change by which the torque down amount becomes 0
(zero) 1n a period from the point t, in time when the torque
up starts to the point in time t; when the torque phase ends.
It 1s to be noted that the target torque down amount D, 1s a
value that 1s previously derived by experiment.

In the second torque regulating control, from the point
(time t,) 1n time when a second given time T, passes from
the starting (time t;) of the inertia phase, the engine torque
1s gradually reduced with a given gradient A,. From the
point (time t.) 1n ttime when the engine torque takes a target
torque down amount D,, the engine torque i1s gradually
increased with a given gradient B,. That 1s, at the latter half
of the 1nertia phase, the torque down rate shows the value 1
(one). Then, a little later after the end of the ending phase,
the second torque regulating control 1s ended.

The point in time when the torque phase 1s replaced with
the mertia phase 1s the point 1n time when the drive force gap
appears, and thus, if the torque down operation 1s started at
that point in time, the returning tendency of the drive force
gap can be reduced. However, the time needed for returning
the drive force to 1ts original value is increased for that, and
thus, there 1s a possibility that the drive force gap might be
clongated. By taking such points into consideration, the
second given time T, 15 set.

The gradient A, at the time of the torque down 1s a rate of
change that 1s previously so set that the engine torque can
have the target torque down amount D, during the inertia
phase. While, the gradient B, at the time of the torque down
1s a rage of change that 1s previously so set that the torque
down amount becomes 0 (zero) during the ending phase or
alter the ending phase. The target torque down amount D, 1s
previously derived by experiment.

[3. Control System]

As 1s seen from FIG. 1, the transmission controller 12 1s
equipped with a coordinated speed change section 12a and
a torque control section 125, which are elements for carrying
out the torque regulating control at the time of the above-
mentioned coordinated speed changing. These elements may
be realized by an electronic circuit (hardware), a software
having programs installed or a combined means including a
hardware that works as a part of these functions and a
soltware that works as the other part of these functions. The
above-mentioned speed change control 1s able to use the
known technology (for example, Japanese Patent 4914467),
and here, the coordinated speed change and the torque
regulating control will be described 1n detail.

The coordinated speed change section 12a 1s a section that
carries out the above-mentioned coordinated speed change
when the operation point of the transmission 4 crosses the
mode switching speed change line. That 1s, when the through
transmission ratio of the transmission 4 1s varied from a
value larger than the mode switching speed change ratio to
a value smaller than the mode switching speed change ratio,
the auxiliary transmission mechanism 30 1s forced to make
the 1-2 speed change and the variator speed change ratio 1s
forced to take Low side. While, when the through transmis-
s10n ratio of the transmission 4 1s varied from a value smaller
than the mode switching speed change ratio to a value larger
than the mode switching speed change ratio, the auxiliary
transmission mechanism 30 1s forced to make the 2-1 speed
change and the variator speed change ratio 1s forced to take
High side.

For example, in case of the 1-2 speed change, the coor-
dinated speed change section 12a precharges the High clutch
33 1n the preparatory phase to cause the High clutch 33 to
stand by 1n the stage immediately before engagement. In the
subsequent torque phase, the hydraulic pressure fed to the
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Low brake 32 1s reduced and at the same time the hydraulic
pressure fed to the High clutch 33 1s increased. With this, the
speed change stage for eflecting the torque transmission 1s
changed from 1* speed stage to 2" speed stage. With the aid
of a timer, the coordinated speed change section 124 carries
out both the preparatory phase and the torque phase for
given times Tpr and Tto respectively.

In the mertia phase, the coordinated speed change section
12a controls the auxiliary transmission mechamsm 30 1n
such a manner that the speed change stage of the mechanism
30 is smoothly changed from 1°* speed stage to 2”? speed
stage 1n coordination with the speed change speed of the
variator 20, and the vanator 20 1s speed changed from High
side to Low side. In the last ending phase provided after the
speed change of the auxiliary transmission mechamsm 30,
the hydraulic pressure fed to the Low brake 32 1s made O
(zero) thereby to fully release the Low brake 32 and the
hydraulic pressure fed to the High clutch 33 is increased
thereby to fully engage the High clutch 33. When the
coordinated speed change section 12a starts the coordinated
speed change in the up-shift, the section 12a transmits the
information on the starting of the coordinated speed change
to the torque control section 125 and transmits current phase
information to the torque control section frequently.

In case of carrying out the coordinated speed change 1n
the up-shiit by the coordinated speed change section 124, the
torque control section 126 controls the engine torque for
carrying out the above-mentioned torque regulating control.
Here, a case in which the engine torque 1s controlled by the
control for the output torque control actuator 15 by the
transmission controller 12 1s explained as an example.
However, i desired, the output torque control actuator 15
may be controlled through a control device that controls the
engine 1.

When the coordinated speed change section 12a 1ssues an
information on starting of the coordinated speed change 1n
the up-shift, the torque control section 126 carries out the
first and second torque regulating controls 1 cooperation
with the degree (phase) of advance of the coordinated speed
change. More specifically, from the point in time when the
first given time T, passes from the time when the coordi-
nated speed change starts, the engine torque 1s reduced with
the given gradient A,. With this, with the end of the
preparatory phase, the torque down rate 1s made 1 (one).
Then, at the point 1n time when the phase 1s shifted to the
torque phase, the engine torque 1s raised with the given
gradient B,. With this, with the end of the torque phase, the
torque down amount 1s made O (zero).

After the phase 1s shifted to the inertia phase, the torque
control section 1256 reduces the engine torque with a given
gradient A, from the point (time t,) 1n time when the second
given time T, passes. After the engine torque reaches the
target torque down amount D,, the engine torque 1s
increased with the given gradient B,. And, at the point 1n
time when the torque down amount becomes 0 (zero), the
torque regulating control 1s ended.

[4. Flowchart]

In the following, operation steps of the torque regulating
control for the engine 1 which are carried out by the
transmission controller 12 will be described with reference
to FIG. 3. The operation steps depicted in the flowchart of
FIG. 3 are repeatedly carried out at a given cycle when the
coordinated speed change in the up-shift 1s started by the
coordinated speed change section 12a.

As 1s seen from FIG. 3, at step S10, judgment 1s carried
out as to whether or not the coordinated speed change 1s 1n
the preparatory phase. Since the phase i1s the preparatory
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phase at the first arithmetic cycle, the operation step goes to
step S20, and there judgment 1s carried out as to whether or
not the torque down operation 1s being carried out by the
torque control section 125. Since the torque down operation
1s not carried out at the first arithmetic cycle, the operation
step goes to step S30, and there judgment 1s carried out as
to whether or not time 1s being counted by the timer. The
timer 1s means for measuring the start timing of the first
torque regulating control, and since, at the first arithmetic
cycle, the time counting 1s not carried out, the timer starts the
time counting at step S35.

At subsequent step S40, judgment 1s carried out as to
whether or not the timer counted time 1s equal to or longer
than the first given time T,. When the timer counted time 1s
shorter than the first given time T,, the current arithmetic
cycle 1s returned. In the next arithmetic cycle, the operation
flow from step S30 1s directly led to step S40 and there, the
operation steps from step S10 to step S40 are repeatedly
carried out until when the timer counted time becomes equal
to or longer than the first given time T,.

When the timer counted time becomes equal to or longer
than the first given time T, the operation flow goes to step
S50, and there the time counting by the timer 1s stopped and
the timer counted value 1s reset. Then, at step S60, the torque
down operation by the torque control section 125 1s started
returning the arithmetic cycle. In this torque down operation,
the above-mentioned gradient A, 1s used. In the next and
succeeding arithmetic cycles, the operation flow 1s led from
step S20 to step S60 as long as the preparatory phase 1s kept,
and the engine torque 1s lowered down with the gradient A, .

When the phase of the coordinated speed change 1s shifted
from the preparatory phase to the torque phase, the operation
flow 1s led from step S10 to step S70. Then, at step S80, the
torque up operation by the torque control section 125 1s
started returning the arithmetic cycle. In this torque up
operation, the above-mentioned gradient B, 1s used. The
arithmetic cycle having the first operation flow led to step
S70 (that 1s, the point 1n time when the phase 1s shifted from
the preparatory phase to the torque phase) 1s the point 1n time
when the torque down rate shows 1 (one) (the torque down
amount 1s maximum) 1n the first torque regulating control.
Until the time when the torque phase ends, the engine torque
1s raised up with the gradient B,.

When the phase of the coordinated speed change 1s shifted
from the torque phase to the 1nertia phase, the operation tlow
1s led from step S70 to step S90 and there, judgment 1s
carried out as to whether the flag F 1s F=0 or not. It 1s to be
noted that the flag F 1s a variable used for checking whether
the second torque regulating control 1s being carried out or
not, F=0 represents a case in which the second torque
regulating control 1s not being carried out, and F=1 repre-
sents a case 1n which the second torque regulating control 1s
being carried out.

In the arithmetic cycle that has the first operation flow to
step S90, the flag shows F=0, and thus, the operation flow 1s
led to step S100, and there judgment 1s carried out as to
whether the timer counting 1s being carried out or not. In this
point 1n time, the timer counting 1s not carried out, and thus,
at step S105, the timer counting 1s started, and 1n the
subsequent step S110, the torque down amount 15 set to 0
(zero). That 1s, at the point 1n time when the phase 1s shifted
from the torque phase to the inertia phase, the torque up
operation 1s ended and the torque down amount 1s set to O
(zero).

Then, at step S120, judgment 1s carried out as to whether
the timer counted value 1s equal to or greater than the second
given time T, or not. When the timer counted value 1is
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smaller than the second given time T, the current arithmetic
cycle 1s returned. In the next arithmetic cycle, the operation
flow 1s directly led to step S120 from step S100, and there
the operation steps of step S10, step S70, step S90, step S100
and step S120 are repeatedly carried out until the time when
the timer counted value becomes equal to or larger than the
second given time T,.

When the timer counted value becomes equal to or larger
than the second given time T,, the operation flow goes to
step S130 to stop the timer counting and reset the counted
value, for starting the second torque regulating control.
Then, at step S140, the tlag 1s set to F=1, and at step S150,
the torque down operation by the torque control section 1256
1s started. The gradient used 1n the torque down operation 1s
the above-mentioned gradient A,. At the subsequent step
5160, judgment 1s carried out as to whether the torque down
amount 1s equal to or greater than the target torque down
amount D, or not, and 11 the torque down amount fails to
reach the target torque down amount D,, the current arith-
metic cycle 1s returned.

In the next and succeeding arithmetic cycles, the flag F 1s
set to F=1, and thus, the operation tlow 1s led from step S90
to step S190 and there, judgment 1s carried out as to whether
the torque up operation 1s being carried out or not. If in the
previous cycle the torque down operation was made at step
S150, the operation flow goes to S150 thereby to continue
the torque down operation. These operation steps are repeat-
edly carried out until the time when the torque down amount
becomes equal to or larger than the target torque down
amount D,.

When, at step S160, the judgment 1s so made that the
torque down amount 1s equal to or larger than the target
torque down amount D,, the operation tlow goes to step
S170. At this step S170, the torque up operation by the
torque control section 125 1s started. In this operation, the
gradient used 1s the above-mentioned gradient B,. At sub-
sequent step S180, judgment 1s carried out as to whether the
torque down amount 1s larger than O (zero) or not, and 11 the
torque down amount 1s larger than 0 (zero), the current
arithmetic cycle 1s returned.

Since, 1n the succeeding arithmetic cycles, the torque up
operation 1s set, the operation flow 1s led from step S190 to
step S170 to keep the torque up operation. Until the time
when the torque down amount becomes larger than 0 (zero)
(1n other words, until the time when the engine torque 1s
returned to the level shown before the torque regulating
control was carried out), these operation steps are repeatedly
carried out. When at step S180 the judgment 1s so made that
the torque down amount 1s equal to or smaller than O (zero),
the operation flow goes to step S200 and there, the flag F 1s
set to F=0 ending this operation flow.

[ 5. Operation]

In the following, the drive force gap and torque regulating,
control related to the coordinated speed change under 1-2
speed change according to the control (device will be
described with reference to FIGS. 4(a) to 4(i). However,
contents previously described will be omitted.

The first torque regulating control starts at the point (time
t,) in time when the first given time T, passes from the point
in time (time t;) when the preparatory phase starts, and the
engine torque 1s gradually reduced with the given gradient
A,, and at the time (time t,) when the phase 1s shifted from
the preparatory phase to the torque phase, the torque down
rate 1s set to 1 (one). Thereafter, the engine torque 1s
gradually increased. At the time (time t,) when the torque
phase ends, the torque down amount becomes 0 (zero)
ending the first torque regulating control.
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With this torque regulating control, as 1s shown by FIG.
4(f), the starting point of the drive force gap 1s shifted toward
the preparatory phase side as compared with a conventional
technique (dot-dash line). Accordingly, the reduction of the
drive force starts 1n the preparatory phase, and in the period
from the preparatory phase to the torque phase the drive
torce 1s gradually reduced with a gradient that 1s smaller than
a conventional one. Thus, even though the reduction amount
of the drive force 1s the same as that in a conventional
technology, the reduction in rate of change helps to eliminate
the sluggish feeling 1n acceleration that 1s applied to the
driver.

The second torque regulating control starts as the point
(time t,) 1n time when the second given time T, passes from
the point (time t;) 1n time when the 1nertial phase starts, and
the engine torque 1s gradually reduced with the given
gradient A, and the torque down rate 1s set to 1 (one) 1n the
inertia phase. Thereafter, the engine torque 1s gradually
increased, after the ending phase, the torque down amount
becomes 0 (zero) ending the second torque regulating con-
trol.

With this torque regulating control, as 1s shown by FIG.
4(f), the starting point of the drive force gap 1s shifted toward
the ending phase as compared with the conventional tech-
nique. Accordingly, 1in the period from the inertia phase to
the ending phase, the drive force gradually returns with a
gradient that 1s smaller than a conventional one. Thus, even
though the reduction amount of the drive force 1s the same
as that 1n the conventional technology, the reduction in rate
of change helps to eliminate the sluggish feeling 1n accel-
cration that 1s applied to the driver.

[6. Effects]

Thus, according to the control device for the continuously
variable transmission that embodies the invention, the
torque regulating control 1s carried out by using two control
timings, one being the timing by which the starting of the
drive force gap 1s advanced and the other being the timing
by which the ending of the drive force gap 1s delayed, and
thus, the dropping speed of the drive force gap and the
returning speed of the drive force gap can be gently con-
trolled. With this gentle controlling, the undesired sluggish
feeling 1n acceleration can be eliminated and thus the drive
feeling 1s 1mproved.

More specifically, by carrying out the first torque regu-
lating control 1n the period that covers the preparatory phase
and the torque phase, the timing for starting formation of the
drive force gap 1s shifted toward the preparatory phase side
to gently or slowly reduce the decreasing speed of the drive
force. Furthermore, by carrying out the second torque regu-
lating control 1n the period that covers the mertia phase and
the ending phase, the timing for ending formation of the
drive force gap 1s shifted toward the ending phase side to
gently or slowly reduce the returning speed of the drive
torce. With these operations, even though the drive force 1s
reduced by the same amount as that in a conventional
technology, the gentle changing in the drive force drop and
drive force returning helps to eliminate the sluggish feeling
that 1s given to the driver in vehicle acceleration at the time
of the coordinated speed changing, and thus, the drive
feeling given to the driver can be improved.

The point 1n time when the phase 1s shifted from the
torque phase to the 1nertia phase 1s the point in time when the
drive force 1s highly reduced causing the drive force drop to
show 1its valley part. In the control device of the invention,
the torque down amount shows O (zero) at this point in time,
and thus, increase 1n the drive force drop can be avoided.
That 1s, by carrying out the torque regulating control, the
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sluggish feeling in the time of vehicle acceleration can be
climinated without increasing the drive force drop, and thus,
the drive feeling given to the drniver can be improved.

Furthermore, 1n the control device of the invention, at the
point (time t,) in time when shifting 1s made from the
preparatory phase to the torque phase, the torque down rate
1s controlled to 1 (one). This point 1n time 1s the point in time
when 1n a conventional technique the drive force drop starts
to appear causing an instant and remarkable change 1n the
drive force and thus causing the driver to have the sluggish
feeling 1n vehicle acceleration. While, in the invention, the
control 1s so made that at that point 1n time, the torque down
amount takes the target torque down amount D1. With this,
the diflerence between the reduction 1n rate of change of the
drive force drop at the preparatory phase and the reduction
in rate of change of the drive force drop at the torque phase
can be reduced and thus the driver can be protected from
sullering the undesired sluggish feeling in the vehicle accel-
eration.

Furthermore, 1n the mvention, the second torque regulat-
ing control starts at the time when the second given time T,
passes from the point (time t,) in time when the phase 1s
shifted to the inertia phase. With this, the period elongation
of the drive force drop can be prevented, the undesired
sluggish feeling 1n vehicle acceleration given to the drniver
can be eliminated and thus the drive feeling given to the
driver can be improved.

[7. Others]

In the above, the embodiment of the invention has been
described. It 1s however to be noted that the present inven-
tion 1s not limited to the invention and various modifications
of the embodiment are possible within the scope of the
invention. It 1s further to be noted that the above-mentioned
torque control section 125 1s one example for the control and
thus the concrete controlling 1s not limited to the above-
mentioned one. In the following, one modification of the
torque regulating control will be described with reference to

FIGS. 5(a) to 5(g).

For example, as 1s seen from FIG. 5(a), the first torque
regulating control may be so changed that without waiting

the time when the first given time T, passes from the
preparatory phase, starting of the torque down operation 1s
made just at the same time as the preparatory phase starts
(viz., just at the time (time t;) when the preparatory phase
starts). In this case, the rate 1mn change of the drive force
reduction can be much reduced. Furthermore, as 1s seen
trom FIG. 5(b), the torque down amount may be controlled
to take O (zero) at a latter half of the torque phase without
using the technique of ending the torque up operation just at
the time of ending of the torque phase. In this case, the
reduction rate 1n change of the drive force at a front half of
the torque phase can be much reduced. If desired, as 1s seen
from FIG. 5(¢), the torque down rate may be controlled to
take 1 (one) at the latter half of the torque phase or at the
front half of the torque phase. That 1s, the first torque
regulating control has only to advance the point 1n time
when the drive force gap 1s produced in response to the
coordinated speed change.

In the above-mentioned embodiment, the torque down
amount 1s controlled to take 0 (zero) at the point 1n time
when the phase 1s shifted from the torque phase to the inertia
phase. However, 1 desired, as i1s seen from FIG. 5(d), the
torque down amount may be controlled to take a value larger
than O (zero) (that 1s, taking a torque up operation). In this
case, the drive force gap can be compensated by the engine
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torque, and thus, the valley of the drive force gap can be
reduced thereby improving the drive feeling given to the
driver.

Furthermore, the second torque regulating control 1s not
limited to the control explained in the above embodiment.
That 1s, as 1s seen from FIG. 5(e), just at the point 1n time
(time t,) when the inertia phase starts, the torque down
operation may be made, or as 1s seen from FIG. 5(f), at the
point 1n time (time t,) when the phase 1s shifted from the
inertia phase to the ending phase, the torque down rate may
be controlled to take 1 (one). Furthermore, as i1s seen from
FIG. 5(g), just at the point 1n time (time t-) when the ending
phase 1s ended, the torque down rate may be controlled to
take O (zero). That 1s, the second torque regulating control
has only to delay the point 1n time when the drive force gap
1s eliminated 1n response to the coordinated speed change.

Furthermore, the gradient A, at the time of torque down
operation and the gradient B, at the time of torque down
operation 1n the first torque regulating control may be set to
same as the gradient A, at the time of torque down operation
and the gradient B, at the time of torque down operation 1n
the second torque regulating control. Furthermore, the
torque down amount D, 1n the first torque regulating control
may be set to the same as the torque down amount D, 1n the
second torque regulating control.

Furthermore, examples of the torque regulating control
shown 1n FIGS. 5(a) to 5(g) may be suitably combined for
carrying out the invention.

Although 1n the above-mentioned embodiment, the
vehicle having the engine 1 as a driving source 1s shown, the
driving source 1s not limited to the engine 1, and the driving
source may be a motor or a motor generator.

The invention claimed 1s:

1. A control device for a continuously variable transmis-
sion that comprises a continuously variable transmission
mechanism that steplessly varies a rotation speed given from
a driving source and an auxiliary transmission mechanism
that 1s connected in series to the continuously variable
transmission and has as forward speed change stages a first
speed change stage and a second speed change stage whose
speed change ratio 1s smaller than that of the first speed
change stage,

the control device further comprising;:

a coordinated speed change means that carries out a
coordinated speed changing 1n such a manner that when
the speed change stage of the auxiliary transmission
mechanism 1s about to be changed, a speed change
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speed of the auxiliary transmission mechanism 1s Coor-
dinated with the continuously variable transmission
mechanism and the continuously variable transmission
mechanism 1s controlled to carry out a speed change 1n
a direction opposite to that of the auxiliary transmission
mechanism while carrying out the speed change opera-
tion of the auxiliary transmission mechanism; and
a torque control means that carries out a torque regulating,
control during the coordinated speed changing under
up-shifting by the coordinated speed change means, the
torque regulating control being a control for effecting a
torque-up operation to the driving source aiter effecting
a torque-down operation to the driving source and
including a timing through which a starting time point
of a drive force gap caused by the coordinated speed
changing 1s advanced and a timing through which an
ending time point of the drive force gap 1s delayed.
2. A control device for a continuously variable transmis-
sion, as claimed 1n claim 1, in which:
the coordinated speed change means carries out the coor-
dinated speed changing by causing the up-shift opera-
tion to experience a preparatory phase, a torque phase,
an inertia phase and an ending phase in order; and
the torque control means carries out the torque regulating
control 1 a period consisting of the preparatory phase
and the torque phase, and carries out the torque regu-
lating control 1n a period consisting of the inertia phase
and the ending phase.
3. A control device for a continuously variable transmis-
sion, as claimed 1n claim 2, 1n which:
the torque control means controls a torque down amount
of the driving source to take a value that 1s equal to or
greater than O (zero) at the point in time when the phase
1s shifted from the torque phase to the inertia phase.
4. A control device for a continuously variable transmis-
sion, as claimed 1n claim 2, in which:
the torque control means controls the torque down amount
to take a value of 1 (one) at the point 1n time when the
phase 1s shifted from the preparatory phase to the
torque phase.
5. A control device for a continuously variable transmis-
sion, as claimed 1n claim 2, in which:
the torque control means starts the torque regulating
control at the point in time when a given time passes
from the time of shifting to the inertia phase.

% o *H % x



	Front Page
	Drawings
	Specification
	Claims

