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(57) ABSTRACT 
A method and apparatus for controlling a continuously 
variable transmission of a motor vehicle includes a control 
ler that controls the Speed ratio of the continuously variable 
transmission in accordance with a predetermined shift con 
dition. The method and apparatus perform shift control in a 
Specific manner during an operation of an anti-lock brake 
System, for example, by Smoothing at least one of the 
rotational Speed of the input shaft and the rotational Speed of 
the output shaft, reducing a rate of change in the Speed ratio 
during downshifting, restricting upshifting of the CVT, 
increasing an amount of hydraulic oil delivered from an oil 
pump, and/or increasing belt clamping force. 
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METHOD AND APPARATUS TO CONTROL 
CONTINUOUSLY WARIABLE TRANSMISSION OF 

MOTOR WEHICLE 

INCORPORATION BY REFERENCE 

0001. The disclosure of Japanese Patent Application No. 
2000-151301 filed on May 23, 2000, including the specifi 
cation, drawings and abstract, is incorporated herein by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of Invention 
0003. The invention relates to a method and apparatus to 
control a continuously variable transmission of a motor 
vehicle, and more particularly to the control of the continu 
ously variable transmission during an operation of an anti 
lock brake System. 
0004 2. Description of Related Art 
0005 Motor vehicles having a continuously variable 
transmission (CVT), a shift control device, and an anti-lock 
brake system (ABS) are known. The continuously variable 
transmission is disposed in a power transmission path 
between a drive power Source for running the vehicle and 
drive wheels. This type of transmission is capable of con 
tinuously varying the speed ratio (i.e., input-shaft rotational 
Speed/output-shaft rotational speed), which is the ratio of the 
Speed of rotation of an input shaft on the power Source side 
to the speed of rotation of an output shaft on the drive wheel 
side. The above-indicated shift control device is operable to 
control the Speed ratio of the continuously variable trans 
mission in accordance with predetermined shift conditions. 
The anti-lock brake system (ABS) is operable to control the 
braking force So as to avoid locking of the drive wheels 
during braking. An example of Such vehicles is disclosed in 
Japanese laid-open Patent Publication No. 6-156121. In the 
vehicle disclosed in this publication, the shift control is 
performed during the operation of the ABS, based on an 
estimated vehicle body Speed, instead of the vehicle Speed 
that corresponds to the wheel Speed, or the Speed of rotation 
of the output Shaft, So that a vehicle operator or driver is leSS 
likely to feel bumping of the vehicle (or shift shocks) that 
would be caused by fluctuations in the speed ratio of the 
continuously variable transmission due to changes in the 
wheel speed caused by the ABS. 
0006. However, since the estimated vehicle body speed is 
calculated by the ABS, the number of communication lines 
between the ABS and the control apparatus of the CVT is 
increased, and the control apparatus, which employs a CPU, 
or the like, having the function of communicating with the 
ABS, tends to be complicated and be available at an 
increased cost. 

0007 Even though the above arrangement can reduce or 
SuppreSS fluctuations in the Speed ratio of the continuously 
variable transmission during the operation of the ABS, there 
is still a problem of slipping of a belt of the belt-and-pulley 
type CVT in which the power is transmitted by use of 
frictional force. More specifically, as the Speed of rotation of 
the output shaft (or wheel speed) changes, the inertia torque 
of a power Source for running the vehicle acts on the 
continuously variable transmission, thus causing Slipping of 
the transmission belt of the CVT. In view of this problems, 
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it has been proposed, for example in Japanese laid-open 
Patent Publication No. 11-44359, to increase a belt clamping 
force or pressure for an increase in the frictional force 
between the belt and pulleys in order to prevent the afore 
mentioned belt slippage. However, in the known continu 
ously variable transmission in which shift control and 
clamping force control are performed by using hydraulic oil, 
Sufficiently large belt clamping force may not be generated 
when the hydraulic oil is consumed for a shifting operation 
of the continuously variable transmission. In the case where 
a mechanical oil pump driven by the power Source for 
running the vehicle is used to generate a hydraulic pressure, 
for example, if the Speed of rotation of the pump and the 
amount of oil delivered from the pump are reduced with a 
reduction in the vehicle Speed, a Sufficiently large amount of 
the hydraulic oil and Sufficiently large belt clamping force 
may not be provided. In order to avoid Such shortage of the 
hydraulic oil, it may be considerable to reduce the rate of 
change in the Speed ratio of the continuously variable 
transmission. In this case, however, the Speed ratio may not 
be returned to a predetermined ratio at which the vehicle is 
to be stopped, which ratio is normally equal to the maximum 
Speed ratio, before the vehicle Stops. 

SUMMARY OF THE INVENTION 

0008. It is therefore an object of the invention to provide 
a method and an apparatus for controlling a continuously 
variable transmission, which reduces fluctuations in the 
Speed ratio of the transmission during an operation of an 
ABS, thereby to avoid bumping of the vehicle, without using 
an estimated vehicle body speed, while further reliably 
avoiding Slipping of a transmission belt due to variations in 
the inertia torque during the operation of the ABS. 
0009. To accomplish the above and/or other objects, one 
aspect of the invention provides a method and an apparatus 
for controlling a continuously variable transmission of a 
motor Vehicle that is provided in a power transmission path 
between a power Source that runs the vehicle and at least one 
drive wheel, in which a Speed ratio of the transmission, 
which is a ratio of a rotational Speed of an input shaft on the 
Side of the power Source to a rotational Speed of an output 
shaft on the side of the drive wheel(s), can be continuously 
varied. The method and apparatus include a controller that: 
(a) controls the Speed ratio of the continuously variable 
transmission in accordance with a predetermined shift con 
dition, and (b) Smoothes at least one of the rotational Speed 
of the input shaft and the rotational Speed of the output shaft 
for use in control of the Speed ratio, during an operation of 
an anti-lock brake System for controlling braking force to 
prevent the drive wheel from locking during a braking 
operation. 
0010. In the method and apparatus constructed as 
described above, fluctuations in the Speed ratio of the 
continuously variable transmission due to increases and 
decreases in the output-shaft rotational Speed during the 
operation of the ABS are Suppressed or reduced, So that the 
vehicle is less likely to suffer from bumping (shift shocks) 
due to the changes in the Speed ratio. Furthermore, Since at 
least one of the input-shaft speed NIN and the output-shaft 
speed NOUT are smoothed for the shift control, the control 
apparatus can be easily constructed at a reduced cost, as 
compared with the case where shift control is performed 
based on an estimated vehicle body Speed that is determined 
by the ABS, or the like. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0.011 The foregoing and/or further objects, features and 
advantages of the invention will become apparent from the 
following description of preferred embodiments with refer 
ence to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 
0012 FIG. 1 is a schematic diagram of a vehicular drive 
apparatus to which the invention is applied; 
0013 FIG. 2 is a block diagram showing a control 
System of a continuously variable transmission in the 
vehicular drive apparatus of FIG. 1; 
0.014 FIG. 3 is a block diagram showing the functions of 
a CVT controller as shown in FIG. 2; 
0.015 FIG. 4 is a circuit diagram illustrating an example 
of a shift control circuit in the control system of FIG. 2; 
0016 FIG. 5 is a circuit diagram illustrating an example 
of a belt clamping force control circuit in the control System 
of FIG. 2; 
0017 FIG. 6 is a graph indicating an example of a 
required hydraulic pressure map that is used to determine a 
required hydraulic pressure during belt clamping force con 
trol performed by a clamping force control unit shown in 
FIG. 3; 
0.018 FIG. 7 is a graph indicating an example of a shift 
map that is used to determine a target rotational speed NINT 
during shift control performed by a shift control unit shown 
in FIG. 3; 
0019 FIG. 8 is a flowchart illustrating the content of 
Signal processing performed by an ABS-related correcting 
unit shown in FIG. 3; 
0020 FIG. 9 is a flowchart further illustrating the content 
of the restricting step of S4 in FIG. 8; and 
0021 FIG. 10 is a time chart indicating changes of 
various parameters related to control of the continuously 
variable transmission during an operation of an anti-lock 
brake system (ABS). 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0022. A preferred embodiment of the invention will be 
hereinafter described with reference to the accompanying 
drawings. 

0023 FIG. 1 is a schematic diagram showing a vehicular 
drive apparatus 10 to which the invention is applied. The 
vehicular drive apparatus 10 is of the transversely-mounted 
type, and is Suitably employed in FF (front-engine and 
front-drive) type vehicles. The vehicular drive apparatus 10 
has an internal combustion engine 12 that is used as a power 
Source for running the vehicle. The output of the engine 12 
is transmitted to a differential gear Set 22 via a torque 
converter 14, a forward/reverse-drive Switching device 16, a 
belt-type continuously variable transmission (CVT) 18, and 
a Speed reducing gear train 20, and then distributed to 
right-hand and left-hand side drive wheels 24R 24L. 
0024. The torque converter 14 has a pump impeller 14p 
connected to a crankshaft of the engine 12, and a turbine 
runner 14t connected to the forward/reverse-drive Switching 
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device 16 via a turbine shaft 34. The torque converter 14 
utilizes a fluid for transmitting power from the engine 12 to 
the Switching device 16. A lockup clutch 26 is provided 
between the pump impeller 14p and the turbine runner 14t, 
and is capable of coupling the impeller 14p directly with the 
turbine 14t so that the impeller 14p and the turbine 14t can 
rotate together as a unit. The pump impeller 14p is provided 
with a mechanical oil pump 28 that generates hydraulic 
preSSures for controlling the Speed ratio of the continuously 
variable transmission 18, for producing belt clamping force 
for clamping or gripping a transmission belt 48 of the 
transmission 18, and for Supplying a lubricant to various 
portions of the apparatus 10. 
0025 The forward/reverse-drive Switching device 16 
generally consists of a double-pinion-type planetary gear Set 
or device. The Switching device 16 includes a Sun gear 16S 
to which the turbine shaft 34 of the torque converter 14 is 
connected, a carrier 16c to which an input shaft 36 of the 
continuously variable transmission 18 is connected, and a 
ring gear 16r. When a clutch 38 disposed between the carrier 
16c and the Sun gear 16S is engaged, the forward/reverse 
drive Switching device 16 is rotated as a unit with the turbine 
shaft 34 being directly coupled with the input shaft 36, so 
that forward driving force is transmitted to the drive wheels 
24R, 24L. When a brake 40 disposed between the ring gear 
16r and a housing is engaged and the clutch 38 is released, 
the input shaft 36 is rotated in a direction opposite to the 
rotating direction of the turbine shaft 34, so that reverse 
driving force is transmitted to the drive wheels 24R, 24L to 
run the vehicle in a reverse direction. 

0026. The continuously variable transmission 18 has an 
input-side variable pulley 42 which is provided on the input 
shaft 36 and whose effective diameter is variable, an output 
side variable pulley 46 which is provided on an output shaft 
44 and whose effective diameter is variable, and a transmis 
sion belt 48 that is wound around the variable pulleys 42, 46. 
In the continuously variable transmission 18, power is 
transmitted by utilizing friction between the transmission 
belt 48 and the variable pulleys 42, 46. Each variable pulley 
42, 46 has a V-shaped groove whose width is variable, and 
is provided with a hydraulic cylinder. A shift control circuit 
50 as shown in FIG. 2 is provided for controlling the 
hydraulic pressure in the hydraulic cylinder of the input-side 
variable pulley 42, thereby to change the V-groove width of 
each variable pulley 42, 46 and change the diameter (effec 
tive diameter) of each pulley at which the transmission belt 
engages with the pulley. With this arrangement, the Speed 
ratio Y (i.e., the speed of rotation of the input shaft NIN/the 
speed of rotation of the output shaft NOUT) can be con 
tinuously varied. 

0027 FIG. 4 shows an example of the shift control 
circuit 50. The shift control circuit 50 has a Solenoid valve 
52 and a flow control valve 54 for upshifts in which the 
speed ratio T is reduced, and a solenoid valve 56 and a flow 
control valve 58 for downshifts in which the speed ratio Y is 
increased. When a CVT controller 80 as shown in FIG. 2 
controls the upshift Solenoid valve 52 of the shift control 
circuit 50 with a controlled duty ratio, the Solenoid valve 52 
reduces a modulator pressure PM to a suitable control 
preSSure Pvt, and generates the control pressure Pvt to the 
flow control valve 54. Then, a line pressure PL that has been 
regulated in accordance with the control pressure Pvt in the 
flow control valve 54 is supplied via a supply passage 60 to 
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the hydraulic cylinder of the input-side variable pulley 42, so 
that the V-groove width of the input-side variable pulley 42 
is reduced, and the speed ratio Y is reduced. When the CVT 
controller 80 controls the downshift Solenoid valve 56 with 
a controlled duty ratio, the Solenoid valve 56 reduces the 
modulator pressure PM to a Suitable control pressure P, 
and generates the control pressure Pv to the flow control 
valve 58. As a result, a drain port 58d is opened in accor 
dance with the control pressure P, So that hydraulic oil is 
drained at a certain flow rate from the input-side variable 
pulley 42 through a discharge passage 62. As a result, the 
V-groove width is increased, and the Speed ratio Y is 
increased. Even when the Speed ratio Y is almost constant, 
and no hydraulic oil needs to be Supplied to the input-side 
variable pulley 42, the flow control valve 54 communicates 
a line oil passage 64 with the Supply passage 60 with a 
predetermined flow cross-sectional area, So that a Suitable 
hydraulic pressure is applied to the variable pulley 42 in 
order to prevent the Speed ratio from changing due to oil 
leakage. 
0028. The hydraulic pressure in the hydraulic cylinder of 
the output-side variable pulley 46 is regulated under control 
of a clamping force control circuit 70 as shown in FIG. 5 so 
that the transmission belt 48 will not slip. FIG. 5 shows an 
example of the clamping force control circuit 70. A hydrau 
lic oil that is pumped from an oil tank 72 by the oil pump 28 
is Supplied to a linear Solenoid valve 74, and is also Supplied 
to the hydraulic cylinder of the output-side variable pulley 
46 via a clamping force control valve 76. When the CVT 
controller 80 continuously controls current that energizes the 
linear Solenoid valve 74, the linear Solenoid valve 74 con 
tinuously regulates the pressure of hydraulic oil Supplied 
from the oil pump 28, and generates a resulting control 
pressure Ps to the clamping force control valve 76. As the 
control pressure PS increases, a hydraulic pressure P of 
hydraulic oil that is Supplied from the clamping force control 
valve 76 to the hydraulic cylinder of the output-side variable 
pulley 46 increases in accordance with the control pressure 
Ps, So as to increase the belt clamping force, i.e., the 
frictional force between the transmission belt 48 and the 
variable pulleys 42, 46. 
0029. The above-described clamping force control circuit 
70 further includes a cutback valve 78. When the cutback 
valve 78 is ON, the control pressure Ps is supplied to a 
feedback chamber 74a of the Solenoid valve 74. When the 
cutback valve 78 is OFF, the Supply of the control pressure 
Ps is discontinued, and the feedback chamber 74a is exposed 
to the atmosphere. In this manner, the control pressure Ps, 
and consequently the hydraulic pressure P, is Switched to 
a lower level (i.e., is reduced or cut back) when the cutback 
valve 78 is ON, as compared with the case where the cutback 
valve 78 is OFF. The cutback valve 78 is Switched ON in 
response to a Signal pressure PN Supplied from a Solenoid 
valve (not shown) when the lockup clutch 26 of the torque 
converter 14 is ON (engaged). 
0030) The CVT controller 80 shown in FIG.2 includes a 
microcomputer. By processing Signals in accordance with 
programs pre-stored in a ROM while utilizing the temporary 
storage function of a RAM, the CVT controller 80 performs 
shift control and clamping force control on the continuously 
variable transmission 18. The CVT controller 80 receives, 
from an ABS (anti-lock brake system) 82, information as to 
whether the ABS 82 is in operation. The CVT controller 80 
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is also Supplied with Signals indicating a shift position Ps 
of a shift lever, an amount of operation of an accelerator 
pedal 0A, an engine Speed NE, a speed NOUT (corre 
sponding to the vehicle speed V) of rotation of the output 
shaft 44, a speed NIN of rotation of the input shaft 36, an oil 
temperature T of the hydraulic circuit, a hydraulic pressure 
P of the output-Side variable pulley 46, etc., which are 
respectively received from a shift position Sensor 83, an 
accelerator position Sensor 84, an engine Speed Sensor 86, an 
output-shaft speed sensor 88, an input-shaftspeed sensor 90, 
an oil temperature Sensor 92, a hydraulic pressure Sensor 94, 
etc. 

0031 When a brake fluid pressure is generated by depres 
Sion of a brake pedal So that braking force is applied to 
wheels including the drive wheels 24R, 24L, the ABS 82 
detects the Speed of rotation of each wheel and determines 
whether the wheel is slipping. If any of the wheels are 
slipping, the ABS 82 forcibly reduces a brake fluid pressure 
applied to the wheel So as to prevent the wheel from locking. 
Thus, the ABS 82 increases and reduces the brake fluid 
preSSure in a controlled manner So as to realize highest 
possible braking performance. A vehicle driver or operator 
is adapted to manipulate the shift lever So as to Select one of 
a plurality of shift positions Ps, which include a Drange for 
forward drive, an R range for reverse drive, an N range for 
cutting off power transmission, and a Prange for parking, for 
example. When the shift lever is operated to the Drange, the 
brake 40 of the forward/reverse-drive Switching device 16 is 
disengaged or released and the clutch 38 of the device 16 is 
engaged. When the shift lever is operated to the R range, the 
clutch 38 is released and the brake 40 is engaged. When the 
shift lever is operated to the N range or the Prange, both the 
clutch 38 and the brake 40 are released, so that power 
transmission is cut off or disconnected. When the Prange is 
Selected, rotation of the drive wheels 24R, 24L is mechani 
cally inhibited by a mechanical parking lock mechanism. 
0032. As shown in FIG. 3, the CVT controller 80 func 
tionally includes a shift control unit 100, a clamping force 
control unit 102, and an ABS-related correcting unit 104. 
The shift control unit 100 calculates a target input-side 
(input-shaft) rotational speed NINT with reference to a shift 
map that is predetermined by using, as parameters, the 
accelerator operating amount 6Ac indicating an output 
required by the vehicle operator or driver, and the vehicle 
speed V (corresponding to the speed NOUT of the output 
shaft 44) as indicated in FIG. 7. In accordance with a 
deviation of an actual input-shaft speed NIN from the target 
input-shaft speed NINT, the shift control unit 100 controls 
the speed ratio of the continuously variable transmission 18 
so that the actual input-shaft speed NIN becomes equal to 
the target input-shaft speed NINT. More specifically, by 
feedback-controlling the Solenoid valves 52, 56 of the shift 
control circuit 50, the shift control unit 100 controls the 
Supply and discharge of hydraulic oil to and from the 
hydraulic cylinder of the input-side variable pulley 42. As is 
understood from the map of FIG. 7 that represent shift 
conditions, the target input-shaft Speed NINT is Set So as to 
provide a larger Speed ratio Y as the vehicle Speed V is lower 
and the accelerator operating amount 6Ac is larger. Fur 
thermore, Since the vehicle Speed V corresponds to the 
output-shaft rotational speed NOUT, the target speed NINT, 
which is a target value of the speed of rotation NIN of the 
input shaft, corresponds to a target Speed ratio, which is 
determined within a range between a minimum speed ratio 
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Yi and a maximum speed ratio Ya of the continuously 
variable transmission 18. The aforementioned shift map is 
pre-stored in a map storage device (ROM or the like) 106 of 
the CVT controller 80. In this embodiment, the shift control 
unit 100 and the shift control circuit 50 provide a shift 
control device according to the invention. 
0033. The clamping force control unit 102 controls the 
belt clamping force of the continuously variable transmis 
Sion 18, more Specifically, regulates the hydraulic pressure 
P. in the hydraulic cylinder of the output-side variable pulley 
46, by controlling current for energizing the Solenoid valve 
74 of the clamping force control circuit 70 in accordance 
with a predetermined map as shown in FIG. 6. This map 
indicates a required hydraulic pressure (corresponding to 
required belt clamping pressure) that is predetermined by 
using, as parameters, the Speed ratio Y and the accelerator 
operating amount 6Ac corresponding to the transferred 
torque, So that the transmission belt will not slip. The 
required hydraulic pressure, or the required belt clamping 
pressure P, is basically represented by an expression (1) 
below, using input torque TN, a friction coefficient u, a belt 
engagement diameter R of the input-side variable pulley 42, 
and a pulley area A. The input torque TN and the belt 
engagement diameter R correspond to the accelerator oper 
ating amount 0A and the Speed ratio Y, respectively. The 
required hydraulic pressure map as indicated in FIG. 6 is 
determined based on the expression (1). In the expression 
(1), C. is a constant that is determined in View of a safety 
factor that involves a control error, or the like, and is equal 
to a value greater than 1.0. The required hydraulic pressure 
map as indicated in FIG. 6 represents clamping force control 
conditions, and is pre-stored in the map Storage device 106 
of the CVT controller 80 as in the case of the shift map. 
Instead of the accelerator operating amount 0, the 
throttle opening or the torque of the engine 12 may be used. 
In this embodiment, the clamping force control unit 102 and 
the clamping force control circuit 70 provide the clamping 
force device according to the invention. 

0034). During the operation of the ABS 82, the ABS 
related correcting unit 104 corrects the shift control per 
formed by the shift control unit 100, the belt clamping force 
control performed by the clamping force control unit 102, 
and an engine output control performed by an engine ECU 
(electronic control unit) 108. More specifically, the ABS 
related correcting unit 104 performs Signal processing in 
accordance with a flowchart shown in FIG. 8. 

0035) The flowchart of FIG. 8 is executed cyclically at 
predetermined time intervals. In Step S1, it is determined 
whether the ABS 82 is operating, namely, whether a wheel 
is in a certain slipping State and control for increasing or 
decreasing the hydraulic brake pressure is being performed, 
based on information received from the ABS 82. If the ABS 
82 is not in operation (“NO” is obtained in step S1), the 
routine immediately ends. If the ABS 82 is operating 
(“YES” is obtained in step S1), the process proceeds to step 
S2 and Subsequent Steps. In Step S2, a process of Smoothing 
the output-shaft rotational speed NOUT received from the 
output-shaft speed sensor 88 is performed. In step S3, a 
process of smoothing the input-shaft rotational speed NIN 
received from the input shaft speed sensor 90 is performed. 
For example, the Smoothing process may be performed by 
calculating a moving average of the input-shaft or output 
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shaft speed over a fixed or predetermined interval of time or 
over a fixed number of Samples. Thus, the Smoothing 
process is performed by obtaining moving averages of the 
output values of the input-shaft and output-shaft speed 
sensors 88, 90, so as to reduce fluctuations in the output 
values of these speed sensors. The shift control unit 100 
performs shift control by using the Smoothed output-shaft 
Speed and the Smoothed input-Shaft Speed. This arrangement 
reduces or Suppresses fluctuations (hunting) in the Speed 
ratio Y of the continuously variable transmission 18, which 
would otherwise be caused by increases and decreases of the 
output-shaft rotational speed NOUT during the operation of 
the ABS 82. Consequently, the continuously variable trans 
mission 18 is able to change the Speed ratio with improved 
stability. 
0036). In step S4, the rate of change in the speed ratio Y in 
a downshift direction, namely, in Such a direction as to 
increase the Speed ratio Y, is restricted according to a 
flowchart as shown in FIG. 9, so as to suppress or reduce 
fluctuation (hunting) in the speed ratio Y of the continuously 
variable transmission 18, which would otherwise be caused 
by increases and decreases of the output-shaft speed NOUT 
during the operation of the ABS 82. When hydraulic oil is 
drained from the input-side variable pulley 42 via the 
discharge passage 62 and the flow control valve 58 during a 
downshift operation, hydraulic oil is also drained from the 
line oil passage 64 connected to the Supply passage 60 via 
the flow control valve 54, whereby an increased amount of 
hydraulic oil tends to be consumed. In this embodiment, 
however, the degree of opening of the flow control valve 58, 
in other words, the rate of change in the Speed ratio during 
downshifting, is restricted as described above, So that the 
amount of consumption of hydraulic oil in the line oil 
passage 64 is reduced, thus assuring a Sufficiently high 
hydraulic preSSure to be applied to the input-side variable 
pulley 42. 

0037. In step S4-1 of FIG. 9, it is determined whether the 
shift position Ps, detected by the shift position sensor 83 is 
the N range. If the shift position Psi is the N range, the 
process proceeds to Step S4-2. If the shift position Psi is not 
the N range, the proceSS proceeds to Step S4-4. In Step S4-2, 
it is determined whether the duty ratio QSC of the downshift 
Solenoid valve 56 controlled by the shift control unit 100 is 
greater than a predetermined upper limit value QABSN. If 
QSC>OABSN, an upper guard is provided by controlling 
the duty ratio QSC to be equal to QSABSN in step S4-3. If 
QSC's QABSN, the routine of FIG. 9 immediately ends. 
The duty ratio QSC is determined in accordance with a 
difference between the target rotational speed NINT and the 
actual input shaft rotational Speed NIN, by using a prede 
termined arithmetic expression of feedback control. The 
duty ratio QSC is a physical quantity that corresponds to the 
degree of opening of the flow control valve 58, namely, the 
rate of change of the Speed ratio during downshifting. While 
the shift position is the N range, the transmission path is 
disconnected, and the inertia of the engine 12, the torque 
converter 14, or the like, does not affect the operation of the 
continuously variable transmission 18. Therefore, when the 
shift position is the N range, the upper limit value QABSN 
is set to 100%, so that downshift is quickly accomplished 
without any Substantial restriction. 
0038 Conversely, if the shift position Psi is not the N 
range, more Specifically, if the shift position Psi is the D 
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range or the R range, it is determined in Step S4-4 whether 
the duty ratio QSC of the Solenoid valve 56 is greater than 
a predetermined upper limit value QABS. If QSC>OABS, 
an upper guard is provided by controlling the duty ratio QSC 
to be equal to QABS in step S4-5. If QSC's QABS, the 
routine immediately ends. When the shift position Psis the 
D range or the R range, the power transmission path is 
connected, and the inertia of the engine 12, the torque 
converter 14, or the like, affects the operation of the con 
tinuously variable transmission 18. Therefore, the upper 
limit value QABS is set to a suitable value, for example, 
60%, so that no belt slippage and no shift shock will occur 
due to the inertia during shifting of the transmission 18. 
Thus, the duty ratio QSC, which is equivalent to the rate of 
change in the Speed ratio, is limited. If the upper limit value 
QABS is excessively small, the speed ratio Y cannot be 
returned to a predetermined vehicle-stop speed ratio (which 
is normally equal to the maximum speed ratio Y) by the 
time the vehicle Stops. Therefore, the upper limit value 
QABS is Set to a value that is as large as possible within a 
range in which belt Slippage due to a reduced hydraulic 
preSSure can be prevented. 
0039) Referring back to FIG. 8, the control process 
proceeds to Step S5 in which the rate of change in the Speed 
ratio Y in an upshift direction, that is, in Such a direction as 
to decrease the Speed ratio Y, is restricted. While the output 
shaft rotational speed NOUT is increased or decreased 
during the operation of the ABS 82, a conventional CVT 
could be shifted up upon an increase in the output-shaft 
rotational speed NOUT. During deceleration of the vehicle, 
however, there is basically no need to shift up the transmis 
sion 18 as is apparent from the shift map as indicated in FIG. 
7. Therefore, in this embodiment, upshifting is substantially 
inhibited by setting the duty ratio of the upshift Solenoid 
valve 52 controlled by the shift control unit 100 to 0%, or by 
Setting the feedback gain to “0”, for example. As a result, 
fluctuations (hunting) of the speed ratio Y of the continuously 
variable transmission 18 due to increases and decreases in 
the output shaft rotational speed NOUT during the operation 
of the ABS 82 is reduced or suppressed. 
0040. During coasting of the vehicle with the accelerator 
operating amount 0A being 0%, a fuel cut is performed by 
the engine ECU 108 so that fuel stops being supplied to the 
engine 12. In step S6 of FIG. 8, the fuel cut is immediately 
cancelled, and Supply of fuel to the engine 12 is re-started So 
that the engine 12 can rotate by itself (i.e., the engine 12 is 
driven by use of the fuel). When the ABS is in operation, the 
vehicle is normally running in a coasting State, and a fuel cut 
is performed if the vehicle Speed is equal to or higher than 
a predetermined speed. In step S7, the engine ECU 108 
operates to increase the degree of opening of an idle Speed 
control valve (ISC valve) to be greater than normal so that 
the idle Speed established when the accelerator operating 
amount 0A is 0% is increased to be greater than a normal 
value. As a result, the amount of oil delivered from the oil 
pump 28 is increased So as to SuppreSS a reduction in the 
hydraulic pressure during a shifting operation. In this man 
ner, it becomes possible to ensure a hydraulic pressure 
needed for Securely clamping the transmission belt, without 
considerably reducing the rate of change in the Speed ratio 
during downshifting in Step S4. This makes it possible to 
achieve both good performance in providing a hydraulic 
preSSure for Securely gripping or clamping the belt, and good 
performance in returning the Speed ratio Y to the vehicle-stop 
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speed ratio before the vehicle stops. If the engine 12 is of the 
electronic throttle type, the opening of an electronic throttle 
Valve may be controlled to be large So as to increase the idle 
Speed. 
0041. In step S8, the belt clamping force controlled by the 
clamping force control unit 102, namely, the hydraulic 
preSSure P of the hydraulic cylinder of the output-side 
variable pulley 46, is increased by a predetermined rate or a 
predetermined value. This makes it possible to more reliably 
prevent the belt from Slipping during shifting due to the 
inertia of the engine 12, the torque converter 14, etc. 
0042. In the time chart of FIG. 10, solid lines indicate 
tendencies of changes of various parameters occurring when 
the above-described correction control is performed by the 
ABS-related correcting unit 104, and broken lines indicate 
tendencies of changes of the parameters occurring when the 
correction control is not performed. Furthermore, a one-dot 
chain line in the graph related to the output-shaft speed 
NOUT represents the vehicle body speed. 
0043. According to this embodiment, when the ABS 82 is 
in operation, both the output-shaft rotational speed NOUT 
and the input shaft-rotational speed NIN are subjected to 
Smoothing processes (e.g., a method of moving average) in 
steps S2 and S3 during the shift control of the continuously 
variable transmission 18 performed by the shift control unit 
100. Therefore, fluctuations or variations in the speed ratio 
Y of the continuously variable transmission 18 due to 
increases and decreases in the output-shaft speed NOUT 
during the operation of the ABS 82 are Suppressed or 
reduced, so that the vehicle is less likely to suffer from 
bumping (shift shocks) due to the changes in the speed ratio. 
Since the input-shaft speed NIN and the output-shaft speed 
NOUT are smoothed for the shift control, the control appa 
ratus can be more easily constructed at a reduced cost, as 
compared with the case where shift control is performed 
based on an estimated vehicle body Speed that is determined 
by the ABS 82, or the like. 
0044) Furthermore, during the operation of the ABS 82, 
upshift of the continuously variable transmission 18 by the 
shift control unit 100 is inhibited in step S5. Therefore, 
fluctuations in the Speed ratio Y of the continuously variable 
transmission 18 due to increases and decreases in the output 
shaft rotational speed NOUT during the operation of the 
ABS 82 are reduced, so that the vehicle is less likely to suffer 
from bumping (shift shocks) due to the changes in the Speed 
ratio. Still further, since the vehicle is being decelerated 
during the operation of the ABS 82, upshifting is basically 
unnecessary, and can be inhibited without causing any 
problem during the operation of the ABS 82. 
0045 Still further, during the operation of the ABS 82, 
the belt clamping force controlled by the clamping force 
control unit 102 is increased in step S8. This suitably 
prevents the transmission belt 48 from slipping which would 
be caused by the inertia torque of the engine 12, the torque 
converter 14, etc. due to increases and decreases in the 
output-shaft speed NOUT during the operation of the ABS 
82, in particular, the inertia torque applied in the reverse 
direction by the drive wheels 24R, 24L that are rotated in 
accordance with the vehicle body Speed when the braking 
force is reduced. 

0046. Furthermore, during the operation of the ABS 82, 
the continuously variable transmission 18 is rapidly or 
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Suddenly shifted down in accordance with a rapid decelera 
tion of the vehicle. When hydraulic oil is drained from the 
input-Side variable pulley 42 Via the discharge passage 62 
and the flow control valve 58 during downshifting, hydraulic 
oil is also drained from the line oil passage 64 that com 
municates with the Supply passage 60 via the flow control 
valve 54 with a predetermined flow cross-sectional area, 
resulting in an increased amount of consumption of hydrau 
lic oil. In the illustrated embodiment, however, the idle 
Speed is increased So as to increase the amount of hydraulic 
oil delivered from the oil pump 28 in step S7, So that the 
transmission belt is prevented from Slipping due to a reduc 
tion in the hydraulic pressure that would be caused by 
Shortage of the hydraulic oil Supplied. In this embodiment, 
in particular, the amount of hydraulic oil delivered from the 
oil pump 28 can be increased simply by increasing the idle 
Speed of the engine 12 without requiring complicated con 
trol. 

0047. Furthermore, during the operation of the ABS 82, 
the rate of change in the Speed ratio during downshifting is 
reduced in Step S4. Therefore, fluctuations in the Speed ratio 
Y of the continuously variable transmission 18 due to 
increases and decreases in the output Shaft rotational Speed 
NOUT during the operation of the ABS 82 are reduced, so 
that the vehicle is less likely to suffer from bumping (shift 
Shocks) due to the changes in the Speed ratio. Furthermore, 
Since the amount of hydraulic oil consumed for a shift action 
is reduced, belt Slippage due to shortage of the hydraulic oil 
is suitably prevented. Since the amount of hydraulic oil 
delivered from the oil pump 28 is increased according to the 
illustrated embodiment, there is no need to greatly restrict 
the rate of change in the Speed ratio during downshifting in 
order to avoid hydraulic oil shortage. Hence, the hydraulic 
oil shortage can be avoided without affecting the perfor 
mance in returning the belt to the position corresponding to 
the predetermined vehicle-stop speed ratio before the 
vehicle Stops. 
0.048 When the shift position is the N range in which the 
power transmission path is disconnected, the inertia on the 
input Side is Small, and almost no shift shock and no belt 
Slippage will occur even if the transmission is shifted down 
at a normal rate. In the illustrated embodiment, when the N 
range is Selected, the transmission is shifted down at a 
normal rate of change in the Speed ratio without Substan 
tially restricting the rate of change in the Speed ratio, So that 
the Speed ratio Y of the continuously variable transmission 
18 can be promptly returned to the vehicle-stop speed ratio. 

0049. In the illustrated embodiment, it is determined 
whether the power transmission path is connected (the D 
range or the R range) or disconnected (the N range) only in 
the process of Step S4 for restricting the rate of change in the 
Speed ratio during downshifting in Step S4, and the rate of 
change in the Speed ratio is restricted only when the power 
transmission path is connected. However, the invention is 
not limited to this embodiment. Namely, while the power 
transmission path is being disconnected, the inertia of the 
engine 12, the torque converter 14, or the like, does not 
affect a shifting action, and therefore shift shock or belt 
Slippage is unlikely to occur due to the inertia. According to 
the invention, therefore, all of steps S2 to S8 other than step 
S4 may be modified Such that each Step includes a Sub-Step 
of determining whether the power transmission path is 
connected (the D range or the R range) or is disconnected 
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(the N range), and Such that the control of each step is 
performed only when the power transmission path is con 
nected. 

0050 AS in the illustrated embodiment, the invention is 
applicable to a continuously variable transmission of a 
belt-and-pulley type including (a) an input-side variable 
pulley and an output-side variable pulley whose respective 
effective diameters are variable, and (b) a transmission belt 
that is wound around the variable pulleys to effect power 
transmission by using frictional force. The invention, how 
ever, is equally applicable to other types of continuously 
variable transmissions, Such as a toroidal type continuously 
variable transmission. Preferably, the control of frictional 
force, Such as belt clamping force, and the control of the 
Speed ratio of the transmission are performed by hydrauli 
cally controlling a hydraulic cylinder or cylinders. 

0051. The power source for driving the vehicle may be 
Selected from various power Sources, including internal 
combustion engines, Such as gasoline engines and diesel 
engines, that operate through combustion of fuel, and elec 
tric motors that operate with electric energy. The power 
Source may include both an internal combustion engine and 
an electric motor. 

0052 The shift control device for controlling the speed 
ratio of the continuously variable transmission may operate 
in various manners. For example, the shift control device 
determines a target Speed ratio based on a shift condition, 
and controls the transmission So that an actual Speed ratio 
becomes equal to the target Speed ratio. In another example, 
the shift control device determines a target input-side rota 
tion Speed based on a vehicle Speed, an output-side rotation 
Speed, etc., and controls the transmission in a feedback 
fashion So that an actual input-side rotation Speed becomes 
equal to the target input-side rotation Speed. Since the target 
input-Side rotation Speed corresponds to the target Speed 
ratio, it is not always necessary to obtain or determine the 
target Speed ratio itself. 

0053. The aforementioned shift condition is set or estab 
lished in the form of an arithmetic expression, a map or the 
like, which uses, as parameters, various driving States Such 
as an output requirement (e.g., an accelerator operating 
amount) made by a vehicle driver, and a vehicle speed 
(corresponding to an output-shaft rotation speed). It is not 
necessary to automatically control the Speed ratio. In other 
words, the Speed ratio may be changed as desired through a 
manual operation performed by the driver or vehicle opera 
tor, under a certain condition, for example, that the vehicle 
is running at or above a predetermined vehicle Speed. 

0054 The anti-lock brake system of the illustrated 
embodiment is constructed to control a braking oil preSSure 
So as to prevent a wheel from locking when a braking 
member, Such as a brake pedal, is operated and a braking 
force in the form of a hydraulic pressure is applied from a 
wheel cylinder to the wheel. However, the anti-lock brake 
System is not limited to this type, but may be Selected from 
various other types, Such as an anti-lock brake System that 
uses a generator for producing a braking force. 

0055 According to the present invention, at least one of 
the input-shaft rotational Speed and the output-shaft rota 
tional Speed for use in the control of the Speed ratio is/are 
Subjected to the Smoothing process. For example, when a 
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target input-Shaft rotational Speed is calculated based on an 
actual output-Shaft rotational Speed according to predeter 
mined shift conditions (Such as a map), and feedback control 
is performed So that an actual input-shaft rotational Speed 
becomes equal to the target rotational Speed, the Speed ratio 
is controlled depending upon both the input-shaft rotational 
Speed and the output-shaft rotational Speed, and therefore 
both of the input-Shaft and output-shaft Speeds may be 
smoothed. Although both of the input-shaft and output-shaft 
rotational Speeds may be Subjected to Smoothing processes, 
it is preferable to Smooth the output-shaft rotational Speed 
that is actually varied (i.e., increased and decreased) by the 
anti-lock brake System. The Smoothing process may be 
performed by calculating a moving average of the input 
shaft or output-shaft Speed over a fixed or predetermined 
interval of time or over a fixed number of samples. 
0056 According to the invention, an upshift of the con 
tinuously variable transmission is restricted during an opera 
tion of an anti-lock brake system. While an upshift of the 
transmission may be completely inhibited, it is also possible 
to merely provide an upper guard or upper limit to an upshift 
width (i.e., an amount of change in the speed ratio) or to a 
rate of change in the Speed ratio. 

0057. In the shift control device of the invention in which 
the Speed ratio of the transmission is controlled by changing 
a groove width of, for example, the input-Side variable 
pulley, hydraulic oil is drained from the input-Side variable 
pulley So as to increase the groove width of this pulley 
during a downshift, but this operation itself does not result 
in a Significant increase in the amount of consumption of the 
hydraulic fluid. In the case where the hydraulic oil is 
Supplied to and discharged from the input-Side variable 
pulley through different paths (i.e., a Supply path and a 
discharge path) during an upshift and a downshift, respec 
tively, and a certain amount of hydraulic oils is constantly 
Supplied to the Supply path So as to avoid changes in the 
Speed ratio due to oil leakage, the hydraulic oil is drained 
from the Supply path as well as the variable pulley during a 
downshift, resulting in an increase in the amount of con 
Sumption of the hydraulic oil during the downshift. The 
invention is favorable applicable to the CVT having this type 
of shift control device. Namely, the amount of hydraulic oil 
from an oil pump is preferably increased according to the 
invention when the vehicle is rapidly decelerated and the 
amount of consumption of the hydraulic oil is increased in 
a downshift operation. 

0.058 While the oil pump consists of a mechanically 
operated pump that is driven and rotated by the internal 
combustion engine in the illustrated embodiment, it is poS 
Sible to employ an electrically-operated oil pump that is 
controlled independently of the operation of the power 
Source for running the vehicle. In this case, the amount of 
hydraulic oil delivered from the pump is controlled to at 
least Sufficient amount So as to Save the amount of con 
Sumption of electric energy. 

0059) The problem of the shortage of the hydraulic oil 
upon rapid deceleration as described above does not occur 
when the oil pump rotates at a high Speed and delivers a 
Sufficiently large amount of hydraulic oil. Accordingly, the 
amount of the hydraulic oil delivered from the oil pump may 
be increased under a certain condition, for example, only 
when the speed of rotation of the oil pump (which is equal 
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to that of the engine in the illustrated embodiment) is equal 
to or lower than a predetermined value. 
0060. The belt clamping force or pressure may be con 
trolled based on clamping force control conditions (in the 
form of a map or an arithmetic operation, for example), 
using, as parameters, an output requirement by a driver, Such 
as an accelerator operating amount (corresponding to trans 
ferred torque), and various vehicle operating States, Such as 
the engine output and the Speed ratio. 
0061 While the amount of hydraulic oil delivered from 
the oil pump is increased during an operation of an anti-lock 
brake System in the illustrated embodiment, the amount of 
delivered hydraulic oil may also be increased in other 
Situations in which the transmission belt may slip due to 
Shortage of the hydraulic oil. For example, the amount of 
hydraulic oil delivered from the oil pump may be increased 
when a certain physical quantity relating to braking force, 
more specifically, a force applied to a brake pedal (which 
represents a desired braking force) or a hydraulic pressure 
applied to a brake System, exceeds a predetermined value 
during a rapid deceleration of the vehicle. 
0062. In order to restrict the rate of change in the speed 
ratio of the continuously variable transmission during the 
operation of the anti-lock brake System, a predetermined 
guard (limit value) may be provided to put a certain limit to 
the duty ratio of the solenoid valve for controlling the flow 
rate of the hydraulic oil during a shift operation. In this case, 
the limit value is determined So that the Speed ratio can be 
returned to a vehicle-stop speed ratio (which is normally the 
maximum speed ratio) by the time the vehicle stops. Also, 
the limit value may be changed depending upon an operating 
condition, Such as an input-shaft rotational Speed, as a 
parameter. Namely, the rate of change in the Speed ratio may 
be restricted only by a Small degree when the input-shaft 
rotational Speed is high, Since no problem resides in the 
amount of consumption of hydraulic oil from the oil pump. 
0063. According to the invention, the rate of change in 
the Speed ratio of the continuously variable transmission 
may be restricted by a Smaller degree when power trans 
mission between the power Source and the drive wheels is 
cut off, as compared with when power transmission is 
transmitted between the power Source and the drive wheels. 
In this connection, the power transmission may be cut off 
between the power Source and the continuously variable 
transmission, or may be cut off between the continuously 
variable transmission and the drive wheels. Also, the above 
indicated Smaller degree encompasses the case where no 
restriction is put on the rate of change in the Speed ratio of 
the transmission, namely, the case where the Speed ratio of 
the transmission is normally controlled. 
0064. In the illustrated embodiment, the controller 80 
(shown in FIG. 2) is implemented as a microcomputer. It 
will be appreciated by those skilled in the art that the 
controller can be implemented using a single Special purpose 
integrated circuit (e.g., ASIC) having a main or central 
processor Section for Overall, System-level control, and 
Separate Sections dedicated to performing various different 
Specific computations, functions and other processes under 
control of the central processor Section. The controller can 
be a plurality of Separate dedicated or programmable inte 
grated or other electronic circuits or devices (e.g., hardwired 
electronic or logic circuits Such as discrete element circuits, 
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or programmable logic devices such as PLDS, PLAS, PALS 
or the like). The controller can be implemented using a 
Suitably programmed general purpose computer, e.g., a 
microprocessor, microcontroller or other processor device 
(CPU or MPU), either alone or in conjunction with one or 
more peripheral (e.g., integrated circuit) data and signal 
processing devices. In general, any device or assembly of 
devices on which a finite State machine capable of imple 
menting the procedures described herein can be used as the 
controller. A distributed processing architecture can be used 
for maximum data/signal processing capability and Speed. 

0065 While the invention has been described with ref 
erence to preferred embodiments thereof, it is to be under 
stood that the invention is not limited to the preferred 
embodiments or constructions. To the contrary, the invention 
is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the 
preferred embodiments are shown in various combinations 
and configurations, which are exemplary, other combina 
tions and configurations, including more, leSS or only a 
Single element, are also within the Spirit and Scope of the 
invention. 

What is claimed is: 
1. An apparatus for controlling a continuously variable 

transmission of a motor Vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a speed ratio 
of the transmission can be continuously varied, and wherein 
the speed ratio is defined as a ratio of a rotational speed of 
an input shaft on a side of the power Source to a rotational 
Speed of an output shaft on a Side of the at least one drive 
wheel, the apparatus comprises: 

a controller that: 

controls the Speed ratio of the continuously variable 
transmission in accordance with a predetermined 
shift condition; and 

Smoothes at least one of the rotational Speed of the 
input shaft and the rotational Speed of the output 
shaft for use in control of the speed ratio by the 
controller, during an operation of an anti-lock brake 
System that controls a braking force to prevent the at 
least one drive wheel from locking during a braking 
operation. 

2. The apparatus according to claim 1, wherein the 
controller restricts an upshift of the continuously variable 
transmission during the operation of the anti-lock brake 
System. 

3. The apparatus according to claim 1, wherein: 
the continuously variable transmission is a belt-and-pull 

ley type and comprises a pair of pulleys and a trans 
mission belt that is wound around the pulleys, and the 
transmission belt transmits power between the power 
Source and the at least one drive wheel by using a 
frictional force; 

the controller controls a belt clamping force by hydrau 
lically operating at least one of the pulleys to clamp the 
transmission belt; and 

the controller increases the belt clamping force during the 
operation of the anti-lock brake System. 
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4. The apparatus according to claim 1, wherein the 
controller reduces a rate of change in the Speed ratio of the 
transmission by restricting a shift Speed during the operation 
of the anti-lock brake System. 

5. The apparatus according to claim 4, wherein the rate of 
change in the Speed ratio of the continuously variable 
transmission is restricted by a Smaller degree when power 
transmission between the power Source and the at least one 
drive wheel is cut off, as compared with when power 
transmission is transmitted between the power Source and 
the at least one drive wheel. 

6. The apparatus according to claim 1, wherein: 

the continuously variable transmission is of a belt-and 
pulley type and comprises a pair of pulleys and a 
transmission belt that is wound around the pulleys, and 
the transmission belt transmits power between the 
power Source and the at least one drive wheel by using 
a frictional force; and 

the controller: 

controls the Speed ratio of the continuously variable 
transmission by hydraulically changing a groove 
width of each of the pulleys, 

controls a belt clamping force by hydraulically oper 
ating at least one of the pulleys to clamp the trans 
mission belt; and 

increases an amount of a hydraulic oil delivered from 
an oil pump when the vehicle is rapidly decelerated, 
and wherein the oil pump generates a hydraulic 
preSSure for controlling the Speed ratio of the con 
tinuously variable transmission and the belt clamp 
ing force. 

7. The apparatus according to claim 6, wherein: 

the power Source comprises an internal combustion 
engine that generates a driving force by utilizing com 
bustion of a fuel; 

the oil pump comprises a mechanically-operated pump 
that is driven and rotated by the internal combustion 
engine; and 

the controller increases the amount of the hydraulic oil 
delivered from the oil pump by increasing an idle 
Speed of the internal combustion engine. 

8. The apparatus according to claim 6, wherein the 
controller increases the amount of the hydraulic oil delivered 
from the oil pump when the vehicle is rapidly decelerated 
and the anti-lock brake System is in operation. 

9. The apparatus according to claim 2, wherein: 

the continuously variable transmission is of a belt-and 
pulley type and comprises a pair of pulleys and a 
transmission belt that is wound around the pulleys, and 
the transmission belt transmits power between the 
power Source and the at least one drive wheel by using 
a frictional force; and 

the controller: 

controls the Speed ratio of the continuously variable 
transmission by hydraulically changing a groove 
width of each of the pulleys, 
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controls a belt clamping force by hydraulically oper 
ating at least one of the pulleys to clamp the trans 
mission belt; and 

increases an amount of a hydraulic oil delivered from 
an oil pump when the vehicle is rapidly decelerated, 
and wherein the oil pump generates a hydraulic 
preSSure for controlling the Speed ratio of the con 
tinuously variable transmission and the belt clamp 
ing force. 

10. The apparatus according to claim 2, wherein: 
the continuously variable transmission is a belt-and-pull 

ley type and comprises a pair of pulleys and a trans 
mission belt that is wound around the pulleys, and the 
transmission belt transmits power between the power 
Source and the at least one drive wheel by using a 
frictional force; and 

the controller controls a belt clamping force by hydrau 
lically operating at least one of the pulleys to clamp the 
transmission belt; and 

the controller increases the belt clamping force during the 
operation of the anti-lock brake System. 

11. The apparatus according to claim 2, wherein the 
controller reduces a rate of change in the Speed ratio of the 
continuously variable transmission by restricting a shift 
Speed during the operation of the anti-lock brake System. 

12. The apparatus according to claim 3, wherein the 
controller reduces a rate of change in the Speed ratio of the 
continuously variable transmission by restricting a shift 
Speed during the operation of the anti-lock brake System. 

13. The apparatus according to claim 6, wherein the 
controller increases the belt clamping force during the 
operation of the anti-lock brake System. 

14. The apparatus according to claim 6, wherein the 
controller reduces a rate of change in the Speed ratio of the 
continuously variable transmission by restricting a shift 
Speed during the operation of the anti-lock brake System. 

15. The apparatus according to claim 9, wherein the 
controller increases the belt clamping force during the 
operation of the anti-lock brake System. 

16. The apparatus according to claim 9, wherein the 
controller reduces a rate of change in the Speed ratio of the 
transmission by restricting a shift Speed during the operation 
of the anti-lock brake System. 

17. An apparatus for controlling a continuously variable 
transmission of a motor Vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a speed ratio 
of the transmission can be continuously varied, and wherein 
the Speed ratio is defined as a ratio of a rotational Speed of 
an input shaft on a side of the power Source to a rotational 
Speed of an output shaft on a Side of the at least one drive 
wheel, the apparatus comprises: 

a controller that: 

controls the Speed ratio of the continuously variable 
transmission in accordance with a predetermined 
shift condition; and 

restricts an upshift of the continuously variable trans 
mission, during an operation of an anti-lock brake 
System that controls a braking force to prevent the at 
least one drive wheel from locking during a braking 
operation. 
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18. An apparatus for controlling a continuously variable 
transmission of a motor vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a Speed ratio 
of the continuously variable transmission can be continu 
ously varied, and wherein the Speed ratio is defined as a ratio 
of a rotational Speed of an input shaft on a side of the power 
Source to a rotational Speed of an output shaft on a Side of 
the at least one drive wheel, the continuously variable 
transmission comprises a pair of pulleys and a transmission 
belt that is wound around the pulleys, the transmission belt 
transmits power between the power Source and the at least 
one drive wheel by using a frictional force, the apparatus 
comprises: 

a controller that: 

controls the Speed ratio of the transmission by hydrau 
lically changing a groove width of each of the 
pulleys, 

controls a belt clamping force by hydraulically oper 
ating at least one of the pulleys to clamp the trans 
mission belt; and 

increases an amount of a hydraulic oil delivered from 
an oil pump when the vehicle is rapidly decelerated 
and wherein the oil pump generates a hydraulic 
preSSure to control the Speed ratio of the transmission 
and to control the belt clamping force. 

19. The apparatus according to claim 18, wherein the 
controller increases the amount of the hydraulic oil delivered 
to the oil pump when an anti-lock brake System is in 
operation. 

20. The apparatus according to claim 18, wherein: 
the power Source comprises an internal combustion 

engine that generates a driving force by utilizing com 
bustion of a fuel; 

the oil pump comprises a mechanically-operated pump 
that is driven and rotated by the internal combustion 
engine; and 

the controller increases the amount of the hydraulic oil 
delivered from the oil pump by increasing an idle Speed 
of the internal combustion engine. 

21. The apparatus according to claim 20, wherein the 
controller increases the amount of the hydraulic oil delivered 
to the oil pump when an anti-lock brake System is in 
operation. 

22. A method for controlling a continuously variable 
transmission of a motor vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a Speed ratio 
of the transmission can be continuously varied, and wherein 
the Speed ratio is defined as a ratio of a rotational Speed of 
an input shaft on a side of the power Source to a rotational 
Speed of an output shaft on a side of the at least one drive 
wheel, the method comprises: 

controlling the Speed ratio of the continuously variable 
transmission in accordance with a predetermined shift 
condition; and 

Smoothing at least one of the rotational Speed of the input 
shaft and the rotational Speed of the output shaft for use 
in control of the Speed ratio by the controller, during an 
operation of an anti-lock brake System that controls a 
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braking force to prevent the at least one drive wheel 
from locking during a braking operation. 

23. The method according to claim 22, wherein the 
continuously variable transmission is a belt-and-pulley type 
and comprises a pair of pulleys and a transmission belt that 
is wound around the pulleys, and the transmission belt 
transmits power between the power Source and the at least 
one drive wheel by using a frictional force, and wherein the 
method further comprises: 

controlling a belt clamping force by hydraulically oper 
ating at least one of the pulleys to clamp the transmis 
Sion belt; and 

increasing the belt clamping force during the operation of 
the anti-lock brake System. 

24. A method for controlling a continuously variable 
transmission of a motor Vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a speed ratio 
of the transmission can be continuously varied, and wherein 
the Speed ratio is defined as a ratio of a rotational Speed of 
an input shaft on a side of the power Source to a rotational 
Speed of an output shaft on a Side of the at least one drive 
wheel, the method apparatus comprises: 

controlling the Speed ratio of the continuously variable 
transmission in accordance with a predetermined shift 
condition; and 

restricting an upshift of the continuously variable trans 
mission, during an operation of an anti-lock brake 
System that controls a braking force to prevent the at 
least one drive wheel from locking during a braking 
operation. 

25. A method for controlling a continuously variable 
transmission of a motor Vehicle that is provided in a power 
transmission path between a power Source that runs the 
vehicle and at least one drive wheel, wherein a speed ratio 
of the continuously variable transmission can be continu 
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ously varied, and wherein the Speed ratio is defined as a ratio 
of a rotational Speed of an input shaft on a side of the power 
Source to a rotational Speed of an output shaft on a Side of 
the at least one drive wheel, the continuously variable 
transmission comprises a pair of pulleys and a transmission 
belt that is wound around the pulleys, the transmission belt 
transmits power between the power Source and the at least 
one drive wheel by using a frictional force, the method 
comprises: 

controlling the Speed ratio of the transmission by hydrau 
lically changing a groove width of each of the pulleys, 

controlling a belt clamping force by hydraulically oper 
ating at least one of the pulleys to clamp the transmis 
Sion belt; and 

increasing an amount of a hydraulic oil delivered from an 
oil pump when the vehicle is rapidly decelerated and 
wherein the oil pump generates a hydraulic preSSure to 
control the Speed ratio of the transmission and to 
control the belt clamping force. 

26. The method according to claim 25, wherein: 
the power Source comprises an internal combustion 

engine that generates a driving force by utilizing com 
bustion of a fuel; 

the oil pump comprises a mechanically-operated pump 
that is driven and rotated by the internal combustion 
engine; and 

the method further comprises: 
increasing the amount of the hydraulic oil delivered 

from the oil pump by increasing an idle Speed of the 
internal combustion engine. 

27. The method according to claim 26, wherein the 
amount of the hydraulic oil delivered to the oil pump is 
increased when an anti-lock brake System is in operation. 
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