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A control system for a vehicle including a continuously
variable is constructed: such that a target output of a prime
mover for achieving a target driving force is determined on
the basis of the target driving force; such that a target output
speed is determined on the basis of the target output; such
that a gear ratio of the continuously variable transmission is
controlled so that an output speed of the prime mover may
be the target output speed; such that a target output torque
of the prime mover for achieving the target driving force is
determined on the basis of the target driving force; and such
that a load of the prime mover is controlled on the basis of
the target output torque. The control system further com-
prises a corrector for correcting a control quantity to control
the load of the prime mover so that the output torque of the
prime mover may have the sum of the target output torque
and an output torque for keeping the idle run of the prime
mover.
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FIG.4
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FIG.5
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CONTROL SYSTEM FOR VEHICLE HAVING
CONTINUOUSLY VARIABLE TRANSMISSION

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a control system
for a vehicle having a continuously variable transmission
capable of changing a gear ratio continuously.

[0003] 2.Related Art

[0004] The continuously variable transmission can option-
ally set the gear ratio, so that it can set, when arranged on the
output side of an engine for the vehicle, an engine speed
resulting in a minimum fuel consumption required for each
load such as throttle opening. Therefore the continuously
variable transmission is a system effective for reducing the
exhaust gas and improving the fuel economy.

[0005] An ordinary continuously variable transmission, as
employed as a transmission of the vehicle, is constructed
such that a transmission member for transmitting power is
interposed between an input side rotary member and an
output side rotary member while being in contact with these
rotary members, to continuously change the gear ratio or the
ratio between the speeds of the input side rotary member and
the output side rotary member by continuously changing
contact positions between the transmission member and the
individual rotary members. One specific example is a belt
type continuously variable transmission in which a belt is
made to run on an input pulley and an output pulley, each of
which has a variable groove width, or a toroidal type
continuously variable transmission in which a tiltable power
roller is sandwiched between a pair of discs having toroidal
faces.

[0006] When such a continuously variable transmission is
employed in the vehicle which is powered by an internal
combustion engine such as a gasoline engine, the speed of
the internal combustion engine can be controlled by the
continuously variable transmission, and an output torque of
the same can be controlled with a load such as throttle
opening or fuel injection rate, so that the vehicle can be
driven with minimum fuel consumption while satisfying a
demand for driving force.

[0007] According to the continuously variable transmis-
sion, the gear ratio can be continuously changed, and the
output of the prime mover such as the engine is continuously
changed. In Japanese Patent Publication No. 3-72867 (JP-
B-3-72867), therefore, there is disclosed a control system
which is constructed to perform a highly efficient run by
making effective use of the characteristics of the continu-
ously variable transmission. In the disclosed system, a target
driving force is determined from the amount of depression
of an accelerator pedal and the vehicle speed to determine a
target engine output, a target throttle opening and a target
engine speed corresponding to the target driving force, and
to determine a target gear ratio on the basis of the target
engine speed and the vehicle speed. In the disclosed system,
moreover, the target engine output and the target gear ratio
are determined on the basis of an optimum fuel economy
curve on which the fuel consumption rate is minimum.

[0008] In order to continue an autonomous rotation of the
internal combustion engine such as the gasoline engine, a
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minimum speed has to be kept no less than a predetermined
value. Such an idle speed control (i.e., ISC) is executed by
controlling the throttle opening and the fuel injection rate so
that an idling speed of the internal combustion engine may
be a predetermined target value. In this case, the internal
combustion engine acts as the prime mover for the entire
vehicle, and the combustion of fuel is different depending
upon temperature of the internal combustion engine. In
order to keep the idle run, therefore, the control quantity of
the internal combustion engine has to be corrected according
to operating conditions such as load on accessories including
an air conditioner and the temperature of the internal com-
bustion engine.

[0009] In the aforementioned control system disclosed in
Japanese Patent Publication No. 3-72867, however, a target
output torque of the prime mover is determined on the basis
of output demand such as accelerator depression, and the
throttle opening and the fuel injection rate are so controlled
as to equalize the output torque of the internal combustion
engine to the target output torque. Even if there is need for
a correction of the engine load based on the load on the
accessories, which hardly appears as the output demand,
therefore, the output torque of the internal combustion
engine is not corrected to augment. As a result, it may
become difficult to keep the idle run stably, when the load on
the accessories rises.

SUMMARY OF THE INVENTION

[0010] An object of the invention is to provide a control
system capable of executing an idle run properly in a vehicle
provided with a continuously variable transmission.

[0011] In order to achieve this object, therefore, the inven-
tion is constructed to correct the output torque so that the
idle run may be kept stable. More specifically, the control
system of the invention is intended to control a vehicle
having the continuously variable transmission mounted
thereon.

[0012] According to an aspect of the invention, there is
provided a control system for a vehicle including a continu-
ously variable transmission, comprises: target output calcu-
lating means for determining a target output of a prime
mover for achieving a target driving force; target output
speed calculating means for determining a target output
speed on the basis of the target output; gear ratio control
means for controlling a gear ratio of the continuously
variable transmission so that the output speed of the prime
mover may be the target output speed; target output torque
calculating means for determining a target output torque of
the prime mover for achieving the target driving force; and
load control means for controlling a load of the prime mover
on the basis of the target output torque. This control system
further comprises correction means for correcting a control
quantity to control the load of the prime mover so that the
output torque of the prime mover may have a sum of the
target output torque and an output torque for keeping the idle
run of the prime mover.

[0013] According to the invention, therefore, the target
output torque of the prime mover is determined on the basis
of the target driving force, and the load of the prime mover
is so corrected that the output torque for keeping the idle run
of the prime mover may have a sum of the target output
torque and an output torque for keeping the idle run of the
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prime mover. As a result, the invention makes it possible to
perform the control of the prime mover reflecting not only
the target driving force but also the load necessary for the
idle run, so that the idle run can be kept proper.

[0014] On the other hand, the correction means of the
invention includes means for determining a corrected output
torque for keeping the idle run of the prime mover and
correcting the target output torque on the basis of the
corrected output torque.

[0015] According to this construction, the target output
torque, as determined on the basis of the target driving force,
is corrected with the corrected output torque for keeping the
idle run, and the load of the prime mover is controlled on the
basis of the corrected target output torque, so that the idle
run can be kept proper.

[0016] The control system of the invention can further
comprise target speed correction means for correcting the
target output speed on the basis of an accessory load.

[0017] In this construction, the target output speed deter-
mined on the basis of the target driving force is corrected on
the basis of the accessory load. When the output torque is
corrected to keep the idle run, therefore, the output speed of
the prime mover is corrected accordingly. Therefore, the
prime mover can be driven with a minimum fuel consump-
tion by making effective use of the continuously variable
transmission.

[0018] In this invention, still moreover, the target speed
correction means includes means for determining an acces-
sory load output for the accessory load and correcting the
target output speed on the basis of the accessory load output.

[0019] In this construction, the target output speed of the
prime mover is a value including the accessory load output,
so that the output speed of the prime mover is optimized
even in the presence of the accessory load.

[0020] In the invention, moreover, the correction means
can include means for determining a corrected output to
keep the idle run of the prime mover and correcting the
target output on the basis of the corrected output.

[0021] With this construction, the target output providing
the basis for determining the target output speed contains the
corrected output for the idle run, so that the output speed of
the prime mover can be proper for keeping the idle run and
for driving the vehicle with minimum fuel consumption.

[0022] Inthe invention, further more, the correction means
can include means for determining a corrected driving force
for keeping the idle run of the prime mover and correcting
the target driving force on the basis of the corrected driving
force.

[0023] With this construction, the target driving force is
corrected with the corrected driving force necessary for the
idle run so that the target output speed and the target output
torque of the prime mover are determined on the basis of the
target driving force corrected. Therefore, the controls of the
output torque and the output speed including the load for
keeping the idle run can be executed to keep the idle run
properly and to effect the drive with minimum fuel con-
sumption.

[0024] In the invention, furthermore, the correction means
can include means for changing a correction value for
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correcting the control quantity into a smaller value when the
correction value exceeds a predetermined value during the
running of the vehicle.

[0025] With this construction, the correction amounts of
the target output torque, the target output speed, the target
output and the target driving force are restricted when a
correction value for correcting them exceeds a predeter-
mined value. As a result, the prime mover can be prevented
from being driven in a manner largely deviating from an
optimum state.

[0026] The above and further objects and novel features of
the invention will more fully appear from the following
detailed description when the same is read in connection
with the accompanying drawings. It is to be expressly
understood, however, that the drawings are for the purpose
of illustrations only and are not intended as a definition of
the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a block diagram showing a control
process to be executed by a control system according to the
invention, for correcting a target engine torque;

[0028] FIG. 2 is a diagram illustrating a running point in
the case where the control is executed by the control system
of the invention;

[0029] FIG. 3 is a block diagram showing a control
process to be executed by the control system according to
the invention, for determining a target engine speed by
correcting not only the target engine torque but also a target
output;

[0030] FIG. 4 is a flow chart for explaining a control to be
executed by the control system according to the invention,
for suppressing an ISC-demanded throttle opening;

[0031] FIG. 5 is a diagram illustrating a running point in
the case where the control shown in FIG. 4 is executed; and

[0032] FIG. 6 is a block diagram conceptionally showing
a running line and a control line of a vehicle to be controlled
by the control system of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0033] The invention will be described in connection with
its specific embodiment. Here will be described one example
of a power transmission line of a vehicle to which the
invention is applied. In FIG. 6, a prime mover 1 is con-
nected to a speed changing mechanism 2, an output shaft 3
of which is connected through a differential 4 to right and
left drive wheels 5. Here, the prime mover 1 includes a
variety of power sources to be employed in the vehicle, such
as an internal combustion engine, e.g., a gasoline engine or
a Diesel engine, an electric motor, e.g., a motor, and a
combined unit of an internal combustion engine and an
electric motor. In the following description, the prime mover
1 is exemplified by: the so-called “direct injection gasoline
engine” which is enabled to perform a homogeneous com-
bustion or a laminar combustion by injecting fuel directly
into a cylinder and by controlling the injection rate and
timing; or a gasoline engine which is provided with an
electronic throttle valve for controlling the throttle opening
(the engine load) electrically and freely.
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[0034] This engine 1 is so constructed to be electrically
controlled and therefore equipped with an electronic control
unit (E-ECI) 6 which is composed mainly of a microcom-
puter. This electronic control unit 6 is constructed to control
at least the output of the engine 1. As data for this control,
there are inputted to the electronic control unit 6 a demanded
drive quantity including an output speed (or an engine
speed) Ne and an accelerator depression or opening 6.

[0035] Inshort, the demanded drive quantity is a signal for
increasing/decreasing the output of the engine 1. The
demanded drive quantity include: an operation amount sig-
nal of an acceleration/deceleration unit 7 such as an accel-
erator pedal to be operated by a driver; a signal obtained by
processing the operation amount signal electrically; and a
demanded drive signal coming from a (not-shown) cruise
control system for keeping the vehicle speed at a set value
when the engine 1 is provided with an electronic throttle
valve.

[0036] On the other hand, the speed changing mechanism
2 is constructed to include a fluid coupling unit 8, a gear
speed-change mechanism 9 and a continuously variable
transmission (CVT) 10. The fluid coupling unit 8 is a device
for transmitting a torque between an input side member and
an output side member through a fluid such as working oil,
and is exemplified by a torque converter adopted in an
ordinary vehicle. The fluid coupling unit 8 is also equipped
with a lock-up clutch 11. This lock-up clutch 11 is con-
structed to couple the input side member and the output side
member directly by mechanical means such as a frictional
disc and is equipped with a damper 12 made of an elastic
member such as a coil spring for damping shocks. When the
fluid coupling unit 8 is provided to drive the engine 1
continuously even while the vehicle is stopped, an automatic
clutch to be automatically interrupted on the basis of states
of the vehicle can be employed in place of the fluid coupling
unit 8.

[0037] The fluid coupling unit 8 is connected at its input
member to an output member of the engine 1 and at its
output member to an input member of the gear speed-change
mechanism 9. This gear speed-change mechanism 9 is
equipped with a plurality of gears and is constructed to
change the gear ratio, i.e., the ratio between the speeds of the
input member and the output member appropriately and to
rotate the output member in the opposite direction to the
input member by changing torque transmission passages
defined by these gears. As this gear speed-change mecha-
nism 9, there can be adopted a mechanism using a single-
pinion type planetary gear mechanism, a double-pinion type
planetary gear mechanism or a Ravignaux type planetary
gear mechanism, or a mechanism which is constructed to
selectively connect pairs of gears always meshing with each
other to the output member and the input member by means
of a synchronously connecting mechanism (i.e., a synchro-
nizer).

[0038] Here, this gear speed-change mechanism 9 is pro-
vided for compensating it that the range of the gear ratio to
be set by the continuously variable transmission 10, as will
be described, is narrow, that the continuously variable
transmission 10 lacks the so-called “reverse function” to
rotate its output side member in the opposite direction to its
input side member, or that the continuously variable trans-
mission 10 has its power transmission efficiency dropped in
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the region of a predetermined gear ratio. When the gear ratio
to be set by the continuously variable transmission 10 can
satisfy the demand for the vehicle, therefore, a mechanism
having only the reverse function may be adopted as the gear
speed-change mechanism 9.

[0039] The continuously variable transmission 10, as
shown in FIG. 6, is a mechanism capable of steplessly (or
continuously) changing the ratio between the speeds of its
input side and output side members, i.e., the gear ratio, and
can be exemplified by the aforementioned belt-type or
toroidal type.

[0040] The control of the individual states of application/
release and slipping half-application (half-engagement) of
the lock-up clutch 11 in the transmission mechanism 2, the
control of the gear ratio in the gear speed-change mechanism
9, and the control of the gear ratio in the continuously
variable transmission 10 are basically made on the basis of
the running state of the vehicle. For this control, there is
provided an electronic control unit (T-ECU) 13 which is also
composed mainly of a microcomputer.

[0041] This electronic control unit 13 is so connected to
the aforementioned electronic control unit 6 for the engine
as to perform data communication, and receives data such as
the vehicle speed V or the output shaft speed No of the
transmission mechanism 2 as its control data. There is
further provided a shift unit 14 for bringing the transmission
mechanism 2 selectively into the individual states: a stop
state (Parking); a backward state (Reverse); a neutral state
(Neutral); an automatic forward state (Drive: D) or an
automatic speed-change mode for automatically setting the
gear ratio according to the running state of the vehicle; and
a manual state (Manual: M) or a manual speed-change mode
for setting the shifting state manually. This shift unit 14 is
electrically connected with the electronic control unit 13.

[0042] The aforementioned engine 1 acts as the prime
mover for the entire vehicle, and therefore its output power
is consumed not only for driving the vehicle but also for
energizing the accessories. These accessories include an air
conditioner, an oil pump for the power steering system, an
alternator and/or a defogger for windows (although none of
them is shown). There is also provided an electronic control
unit (ACC-ECU) 15 for controlling those accessories. This
electronic control unit 15 is so connected with the electronic
control unit 6 for the engine as to perform data communi-
cation.

[0043] The control system according to the invention is
basically constructed to control the engine 1 and the con-
tinuously variable transmission 10 on the basis of a
demanded drive quantity and a running state of the vehicle
and to make corrections for the idle run or corrections based
on the accessory loads. FIG. 1 is a block diagram showing
the controls of the engine speed, the engine torque and their
corrections. As shown in first Block B1, a target driving
force F is determined on the basis of the demanded drive
quantity such as an accelerator opening 0 and a vehicle
speed V. Here, the vehicle speed V may be replaced by speed
of another suitable rotary member which is in a one-to-one
relation with the vehicle speed V, such as the output shaft
speed No of the speed changing mechanism 2.

[0044] The target driving force F, as based on those
accelerator opening 6 and vehicle speed V, is determined on



US 2001/0021683 Al

the basis of a pre-prepared map. Specifically, the relation
between the vehicle speed V and the target driving force F
is mapped in advance by using the accelerator opening 6 as
a parameter. In this case, the target driving force F is
determined to reflect the characteristics of a target vehicle.

[0045] As shown in Block B2, a target output P is then
determined on the basis of the target driving force F and the
vehicle speed V or a detected value corresponding thereto.
Specifically, this target output P can be calculated as a
product of the target driving force F and the vehicle speed
V.

[0046] The target output P thus determined is employed on
one hand (in Block B3) to determine a target output speed
Net of the engine 1. Specifically, the engine speed for
minimizing the fuel economy for a predetermined output can
be foreseen for each engine 1 so that it can be prepared as
a map (or a target engine speed table). In Block B3,
therefore, the target engine speed Net is determined on the
basis of the target output P and the target engine speed table.
On the basis of this target engine speed Net and an actual
engine speed Ne at that time, the gear ratio is determined (in
Block B4) by shift control means. Then, the continuously
variable transmission 10 is controlled for that gear ratio.

[0047] On the basis of the target output P, on the other
hand, a target engine torque To is determined (in Block B5).
Specifically, the target output P is divided by the actual
engine speed Ne at that time to determine the target engine
torque To (To=30 P/m-Ne). The engine 1 is so controlled (in
Block B6) by engine torque control means that an actual
engine torque outputted by the engine 1 may be the target
engine torque To.

[0048] Here, by corrected engine torque control means
shown in Block B7, the target engine torque To is corrected
with the idle load and the accessory load, and the engine
torque control means determines load such as throttle open-
ing or fuel injection rate on the basis of a corrected target
engine torque To and controls the engine 1 on the basis of
a determined load. This idle load correction is a control
similar to a correction control which is performed in an
ordinary engine of the prior art. When engine water tem-
perature is low at the end of the start of the engine 1, for
example, the air intake rate or the fuel injection rate is
corrected to increase and thereafter gradually reduced as the
engine water temperature rises. The accessory load correc-
tion is made, on the other hand, to keep the idling speed at
a target value by increasing the air intake rate or the fuel
injection rate on the basis of data coming from the electronic
control unit 15 for the accessories in response to load for
driving the accessories such as the air conditioner or the oil
pump of the power steering system. These controls are
executed while being followed by the feedback control of
the air intake rate or the fuel injection rate, as based on the
engine speed, and the learning control for changing the
reference control quantity when the feedback control quan-
tity exceed a predetermined threshold value.

[0049] The torque actually outputted by the engine 1 due
to the controls of the engine torque control means and the
corrected engine torque control means, as described above,
is a torque which is corrected on the basis of the engine
water temperature and the accessory load at the time of
idling. The load such as the throttle opening or the fuel
injection rate of the engine 1 is so controlled as to equalize
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the output torque to the corrected torque. Therefore, the idle
run is kept so proper as to equalize the idling speed to the
target value.

[0050] As has been described hereinbefore, the control
system according to the invention is constructed such that
the engine load such as the throttle opening is controlled to
generate an output torque based on the demanded drive
quantity and such that the engine speed is controlled by the
continuously variable transmission 10 to minimize the fuel
consumption based on the demanded drive quantity. These
controls are illustrated in a diagram of FIG. 2. During the
running, the engine speed is controlled according to the
optimum running line, as indicated by a solid line. When the
engine torque is corrected in the aforementioned manner,
therefore, the engine torque is corrected to increase. When
a running point based on the demanded drive quantity is in
the running state, as indicated by point A in FIG. 2,
therefore, the running state is shifted to a state indicated by
point B, because the corrected engine torque by the idle load
correction or the accessory load correction is added. In other
words, the running state deviates from the optimum running
line on which the fuel consumption is minimized, so that the
fuel economy becomes lower although the idle run can be
properly executed. Here will be described a control for
eliminating such problem.

[0051] This control is exemplified in FIG. 3 and is made
such that the target output P for determining the target
engine speed Net in the control system shown in FIG. 1 is
corrected with an accessory load output Paux. Specifically,
there is calculated (in Block B8) the accessory load output
Paux necessary for driving the accessory such as the air
conditioner. On the other hand, the target output P based on
the demanded driving force is calculated as indicated in
Block B2, and a target output P2 corrected with the acces-
sory load is calculated (in Block B9) by adding the accessory
load output Paux to that target output P. On the basis of the
target output P2 thus corrected, the target engine speed Net
is determined (in Block B3). The remaining controls are
similar to those shown in FIG. 1.

[0052] In the example shown in FIG. 3, therefore, an
engine speed proper for the corrected target output P2, that
is, an engine speed for the minimum fuel consumption is
employed as the target engine speed Net so that the gear ratio
of the continuously variable transmission 10 is controlled to
achieve that target engine speed Net. On the other hand, the
engine output torque is controlled to a torque which is the
sum of the target output torque determined on the basis of
the demanded drive quantity and the corrected torque cor-
rected with the idle load and the accessory load.

[0053] This will be described with reference to FIG. 2.
When a running point determined on the basis of the
accelerator opening 0 and the vehicle speed V is indicated by
point A, the target output P is corrected with the accessory
load, and the target engine speed Net is determined on the
basis of the corrected target output P2. Then, the target
engine speed Net has a value Net2, as indicated in FIG. 2.
The running point, as determined both by the target engine
torque To determined on the basis of the accelerator opening
0 and the vehicle speed V, i.e., the target engine torque To
before corrected and by the target engine speed Net2 deter-
mined on the basis of the corrected target output P2, is
indicated by point C in FIG. 2. The running state at point C
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is located on the constant output line of the uncorrected
target output P. In the example shown in FIG. 3, the
corrected torque, as corrected with the idle load and the
accessory load, is added to that output torque so that the
running state to be actually set is located at point D on the
constant output line of the corrected target output P2 and on
the optimum running line for the minimum fuel consump-
tion. Even in the case of the corrections of the idle load and
the accessory load, more specifically, the engine 1 can be run
on the optimum running line of the minimum fuel consump-
tion, so that the fuel economy can be improved according to
the control example shown in FIG. 3.

[0054] Here, the engine load such as the accelerator open-
ing at the time of running of the vehicle is a load incorpo-
rating the idle load or the accessory load added to the load
based on the demanded drive quantity such as the accelera-
tor opening. As a result, the vehicle is driven in a manner
deviating from the optimum running line on which the fuel
consumption is minimized if the corrected torque is merely
added to the target engine torque, as has been described with
reference to FIG. 1. On the other hand, the idle load such as
the air intake rate (e.g., the throttle opening or the opening
of the idle speed control valve) for keeping the idle run or
the fuel injection rate is set at first to a relatively high value
so as to ensure the rotation of the engine 1, and thereafter
gradually lowered by performing a learning control at the
actual idle run. Usually, a considerably high load estimating
the reliability of the rotations of the engine 1 is set as the idle
load which is employed when the power source such as the
battery is disconnected so that the data stored by the learning
control are lost or when the vehicle first runs. When the
vehicle is driven before the learning control in the idle run
is not sufficiently executed after the battery was exchanged,
therefore, an initially high value is held as the idle load. As
a result, the run is continued in a high-load state in which the
air intake rate or the fuel injection rate is relatively high, so
that the fuel economy may be possibly degraded.

[0055] In order to avoid this disadvantage, the control
system of the invention can be constructed in the following
manner. When the idling speed is to be controlled by a
throttle valve (e.g., the electronic throttle valve), for
example, the opening (or the idle load) set to keep the idle
run is restricted to a predetermined value while the vehicle
is running. A flow chart for explaining this control example
is shown in FIG. 4. In this example, the engine torque is
controlled with the throttle opening. In FIG. 4, the target
driving force F is first determined (at Step S1) on the basis
of the demanded drive quantity, e.g., the accelerator opening
0 and the vehicle speed V. This is similar to the control of
Block B1, as shown in FIGS. 1 and 3. Next, the target
output P is determined (at Step S2) on the basis of the target
driving force F and the vehicle speed V. This is similar to the
control of Block B2, as shown in FIGS. 1 and 3. Moreover,
the target engine torque To is calculated (at Step S3) on the
basis of the target output P and the engine speed Ne. This is
similar to the control of Block B5, as shown in FIGS. 1 and
3.

[0056] Then, it is decided (at Step S4) whether or not an
ISC-demanded throttle opening TAisc based on the idle
speed control (ISC) is lower than a predetermined reference
value a. This ISC-demanded throttle opening TAisc is the
sum of a corrected opening degree corrected with the water
temperature and a basic opening degree set at that time. This
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basic opening degree is either an initial value set at first or
a value corrected from the initial value by the learning
control. Moreover, the reference value a employed at Step
S4 is such a value as predetermined by adding a safety value
to a standard throttle opening TAn in the idle speed control.

[0057] When the battery is once removed or when the idle
run is not sufficiently made thereafter, the basic opening
degree is either an initial value TAi in the idle speed control
or a value reduced slightly from the initial value TAi by the
learning control, so that the ISC-demanded throttle opening
TAisc has a large value. In this case, therefore, the ISC-
demanded throttle opening TAisc exceeds the reference
value a so that the answer of Step S4 is negative.

[0058] While the vehicle is running, the engine speed is
considerably high, and the accelerator pedal is depressed
when the driving force is required. Therefore, the rotation of
the engine 1 can be kept even if the throttle opening by the
idle speed control is not especially enlarged. When the
answer of Step S4 is negative because the ISC-demanded
throttle opening TAisc exceeds the reference value a., there-
fore, an upper limit TAnl of the standard throttle opening
TAn in the idle speed control is adopted and added to the
throttle opening which is determined on the basis of the
target engine torque To and the engine speed Ne, to deter-
mine a demanded torque throttle opening TArq (at Step S5).
Here, the upper limit TAn1 is a predetermined value smaller
than the aforementioned reference value o.

[0059] When the answer of Step S4 is YES because the
ISC-demanded throttle opening TAisc is smaller than the
reference value o, on the contrary, the standard throttle
opening TAn in the idle speed control is added to the throttle
opening which is determined on the basis of the target
engine torque To and the engine speed Ne, to determine the
demanded torque throttle opening TArq (at Step S6). More-
over, the opening of the throttle valve is controlled (at Step
S7) so as to achieve the demanded torque throttle opening
TArq determined at Step S§ or Step S6.

[0060] The running state in the case where the control
shown in FIG. 4 is made will be described with reference to
the fuel consumption rate diagram illustrated in FIG. 5.
When the target engine speed Net and the target engine
torque To are determined on the basis of the accelerator
opening 0 and the vehicle speed V and when the engine 1 is
controlled by adding the standard throttle opening TAi
thereto in the idle speed control, the running point during the
run substantially follows the optimum running line for the
minimum fuel consumption so that the running state has the
best fuel economy. When the initial value TAi is adopted as
the ISC-demanded throttle opening TAisc, on the contrary,
the running point seriously deviates from the optimum
running line to a higher torque side, as indicated by a broken
line in FIG. 5. By making the control of Step S5 of FIG. 4,
however, the throttle opening to be added by the idle speed
control is suppressed to the standard throttle opening TAn so
that the deviation from the optimum running line is slight, as
indicated by a single-dotted line in FIG. 5. By the construc-
tion to make the control shown in FIG. 4, therefore, it is
possible to keep the idle run proper and to improve the fuel
economy during the running.

[0061] Here will be briefly described the relation of the
specific example thus far described and the invention. The
functional means of Block B2 in FIGS. 1 and 3 corresponds
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to the target output calculating means in the invention; the
functional means of Block B3 corresponds to the target
output speed calculating means in the invention; the func-
tional means of Block B3 corresponds to the gear ratio
control means in the invention; the functional means of
Block BS corresponds to the target output torque calculating
means in the invention; and the functional means of Block
B6 corresponds to the load control means in the invention.
In addition, the functional means of Block B7 shown in
FIGS. 1 and 3 corresponds to the correction means in the
invention.

[0062] On the other hand, the functional means of Blocks
B8 and B9 and Block B3 shown in FIG. 3 correspond to the
target speed correction means in the invention. Moreover,
the functional means of Step S5 shown in FIG. 4 corre-
sponds to the correction means in the invention.

[0063] Here, the example shown in FIG. 1 is constructed
to correct the target engine torque by adding a corrected
torque, as corrected with the idle load or the accessory load,
to the target engine torque To determined on the basis of the
demanded drive quantity. However, the invention should not
be limited to that construction but may be modified such that
the target output P is corrected with a corrected output based
on the idle load correction or the accessory load correction.
This correction of the output can be made by calculating the
corrected output from the idle load torque or the accessory
load torque, and the functional means for this output cor-
rection corresponds to the correction means in the invention.
When the target output is thus corrected, the target engine
speed Net can be determined on the basis of the corrected
target output, to control the gear ratio of the continuously
variable transmission 10. Thus, the engine 1 can be con-
trolled along the optimum running line for the minimum fuel
consumption.

[0064] In the invention, the target driving force F may also
be corrected on the basis of the idle load correction or the
accessory load correction. This correction of the driving
force can be made by calculating the corrected driving force
from the idle load torque or the accessory load torque, and
the functional means for this driving force correction cor-
responds to the correction means in the invention. When the
target driving force is thus corrected, the gear ratio of the
continuously variable transmission 10 can be controlled by
determining the target output and the target engine speed Net
on the basis of the corrected target driving force, so that the
engine 1 can be controlled along the optimum running line
for the minimum fuel consumption.

[0065] Moreover, the example shown in FIGS. 4 and 5 is
constructed to restrict the throttle opening. In short, it is
sufficient to suppress a serious deviation of the running point
of the prime mover from the desirable running state in
accordance with the correction. Therefore, the invention
may also be constructed to restrict the correction of the
target driving force, the target output or the target output
torque. On the other hand, the restriction may be made in
short by using the known values, which should not be
limited to those specified in the specific examples. More-
over, the invention can be applied to a control system of not
only the vehicle mounting only an internal combustion
engine as the prime mover but also another type of vehicle
such as a hybrid car mounting another prime mover such as
an electric motor solely or in combination.
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[0066] Here will be synthetically described the advantages
to be obtained by the invention. According to the invention,
the target output torque of the prime mover is determined on
the basis of the target driving force, and the load of the prime
mover is so corrected that the output torque for keeping the
idle run of the prime mover may be added to that target
output torque. Therefore, the prime mover can be controlled
while reflecting not only the target driving force but also the
load necessary for the idle run. As a result, the idle run can
be kept proper.

[0067] According to the invention, on the other hand, the
target output torque, as determined on the basis of the target
driving force, is corrected by the corrected output torque for
keeping the idle run, and the load of the prime mover is
controlled on the basis of the corrected target output torque,
so that the idle run can be kept proper.

[0068] According to the invention, moreover, the target
output speed, as determined on the basis of the target driving
force, is corrected on the basis of the accessory load. When
the output torque is corrected for keeping the idle run,
therefore, the output speed of the prime mover is corrected
accordingly, so that the prime mover can be driven with
minimum fuel consumption by utilizing the continuously
variable transmission effectively.

[0069] According to the invention, still moreover, the
target output speed of the prime mover incorporates the
accessory load output so that it can be optimized even in the
present of the accessory load.

[0070] According to the invention, furthermore, the target
output providing a basis for determining the target output
speed of the prime mover contains the corrected output for
the idle run, so that the output speed of the prime mover can
become proper for keeping the idle run to effect the drive
with minimum fuel consumption.

[0071] According to the invention, on the other hand, the
target driving force is corrected with the corrected driving
force necessary for the idle run so that the target output
speed and the target output torque of the prime mover are
determined on the basis of the target driving force corrected.
Therefore, the controls of the output torque and the output
speed incorporating the load for keeping the idle run can be
executed to keep the idle run proper and to effect the drive
with minimum fuel consumption.

[0072] According to the invention, furthermore, the cor-
rections for the target output torque, the target output speed,
the target output and the target driving force are restricted,
if over a predetermined value. As a result, the prime mover
can be prevented from being driven in a manner deviating
from the desirable state, thereby preventing the fuel
economy lowering.

What is claimed is:

1. A control system for a vehicle provided with a con-
tinuously variable transmission, which has target output
calculating means for determining a target output of a prime
mover for achieving a target driving force, on the basis of
said target driving force; target output speed calculating
means for determining a target output speed on the basis of
said target output; gear ratio control means for controlling a
gear ratio of said continuously variable transmission so that
an output speed of said prime mover may be said target
output speed; target output torque calculating means for
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determining a target output torque of said prime mover for
achieving said target driving force, on the basis of said target
driving force; and load control means for controlling a load
of said prime mover on the basis of said target output torque,
comprising:

correction means for correcting a control quantity to
control the load of said prime mover so that the output
torque of said prime mover may have a sum of said
target output torque and an output torque for keeping
the idle run of said prime mover.

2. A control system according to claim 1,

wherein said correction means includes means for deter-
mining a corrected output torque for keeping the idle
run of said prime mover and correcting said target
output torque on the basis of said corrected output
torque.
3. A control system according to claim 2, further com-
prising:

target speed correction means for correcting said target
output speed on the basis of an accessory load.
4. A control system according to claim 3,

wherein said target speed correction means includes
means for determining an accessory load output for
said accessory load and correcting said target output
speed on the basis of said accessory load output.

5. A control system according to claim 1,

wherein said correction means includes means for deter-
mining a corrected output for keeping the idle run of
said prime mover and correcting said target output on
the basis of said corrected output.

6. A control system according to claim 1,

wherein said correction means includes means for deter-
mining a corrected driving force for keeping the idle
run of said prime mover and correcting said target
driving force on the basis of said corrected driving
force.
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7. A control system according to claim 1,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.

8. A control system according to claim 2,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.

9. A control system according to claim 3,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.

10. A control system according to claim 4,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.

11. A control system according to claim 5,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.

12. A control system according to claim 6,

wherein said correction means includes means for chang-
ing a corrected value for correcting said control quan-
tity into a smaller value when said corrected value
exceeds a predetermined value during the running of
the vehicle.



