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Description

TECHNICAL FIELD

[0001] The present invention relates to a device and a method for controlling a belt type continuously variable trans-
mission to perform a belt slip control in which a belt wound around pulleys is slipped at a predetermined slip rate.

BACKGROUND ART

[0002] A known belt type continuously variable transmission controller is configured to perform a belt slip control in
which an actual secondary hydraulic pressure is reduced from one during a normal control to slip a belt wound around
pulleys at a predetermined slip rate by controlling the actual secondary hydraulic pressure on the basis of a multiplier
of an oscillation component included in the actual secondary hydraulic pressure and an oscillation component included
in an actual gear ratio. This eliminates the necessity for directly detecting the belt slip rate and thereby facilitates the
belt slip control (see Patent Document 1, for example).

Prior Art Document

Patent Document

[0003] Patent Document 1: WO 2009/007450 A2 (PCT/EP2008/059092)

Summary of the Invention

Problems to be Solved by the Invention

[0004] However, in such a conventional belt type continuously variable transmission controller, a method for setting
an oscillation amplitude of the secondary hydraulic pressure during the belt slip control has not been mentioned; therefore
the following problem occurs.
[0005] In a case of oscillating the secondary hydraulic pressure, and performing the belt slip control on the basis of
the oscillation component included in the actual secondary hydraulic pressure and the oscillation component included
in the actual gear ratio, it is necessary to set the oscillation amplitude of the secondary hydraulic pressure sufficiently
enough to extract the oscillation component from the actual gear ratio. On the other hand, in a case of obtaining an
effect of energy saving such as improvement of fuel efficiency by the slip control, a reduction margin of the secondary
hydraulic pressure becomes an effect margin; therefore it is necessary to set the oscillation amplitude to a small value
that is capable of reducing the actual secondary hydraulic pressure to the limit (determined by the slip rate, a lowest
pressure, a lowest transmission torque capacity, or the like). And if the oscillation amplitude of the secondary hydraulic
pressure increases, vehicle vibration occurs and driving performance of a vehicle is deteriorated; therefore it is necessary
to set the oscillation amplitude so as not to generate vehicle vibration by the belt slip control.
[0006] Therefore, during the belt slip control, in a case where the oscillation amplitude is given to the secondary
hydraulic pressure at a constant value, if the oscillation amplitude is set at a large value, it is possible to ensure detection
performance of a belt slip state by extracting the oscillation component from the actual gear ratio; however, sufficient
improvement of the effect of energy saving is not achieved, and vehicle vibration by the belt slip control occurs and the
driving performance is deteriorated. And if the oscillation amplitude is set at a small value, the improvement of the effect
of energy saving is achieved and vehicle vibration does not occur, however it is not possible to ensure the detection
performance of the belt slip by the extracting the oscillation component from the actual gear ratio. That is, there is a
trade-off relationship between the improvement of the effect of energy saving, an occurrence of vehicle vibration by the
belt slip control, and ensuring the detection performance of the belt slip state.
[0007] In view of solving the above problem, the present invention aims to provide a control device and method for a
belt type continuously variable transmission, which can achieve the improvement of the effect of energy saving, suppress
an occurrence of vehicle vibration by the belt slip control, and ensure the detection performance of the belt slip state
together, by setting the oscillation amplitude corresponding to a gear ratio where the belt slip control is performed
[0008] According to the present invention said object is solved by a control device for a belt type continuously variable
transmission having the features of independent claim 1. Moreover, said object is also solved by a control method for
a belt type continuously variable transmission the features of independent claim 8. Preferred embodiments are laid down
in the dependent claims.
[0009] Thus, a control device for a belt type continuously variable transmission according to the present invention
includes a primary pulley for receiving an input from a drive source, a secondary pulley for providing an output to a drive
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wheel, and a belt wound around the primary pulley and the secondary pulley, to control a gear ratio determined by a
ratio of the diameter of the pulleys where the belt is wound around by controlling a primary hydraulic pressure to the
primary pulley and a secondary hydraulic pressure to the secondary pulley.
[0010] The device further comprises a belt slip control means configured to oscillate the secondary hydraulic pressure
and monitor a phase difference between an oscillation component included in an actual secondary hydraulic pressure
and an oscillation component included in an actual gear ratio to estimate a belt slip condition, and control the actual
secondary hydraulic pressure to decrease on the basis of the estimation to maintain a predetermined belt slip state, and
an oscillation amplitude setting means configured to set an oscillation amplitude of the secondary hydraulic pressure
small when the gear ratio is a high gear ratio compared with when the gear ratio is a low gear ratio in a case of oscillating
the secondary hydraulic pressure by the belt slip control.

Effects of the Invention

[0011] Thus, according to the control device for the belt type continuously variable transmission, in a case of oscillating
the secondary hydraulic pressure by the belt slip control, in the oscillation amplitude setting means, the oscillation of the
secondary hydraulic pressure is set small when in the high gear ratio compared with when in the low gear ratio.
[0012] That is, in a case of being focused on a high-low change of the gear ratio, with respect to the same oscillation
amplitude of the secondary hydraulic pressure, as the gear ratio is on a side of the high gear ratio, sensitivity of a primary
thrust is high, in other words, it has been discovered that the sensitivity of gear ratio variation is high and oscillation of
the gear ratio tends to occur. This means that the detection performance of the belt slip state by extracting the oscillation
component from the secondary hydraulic pressure can be ensured, in a case where the gear ratio is on the side of the
high gear ratio, even if the oscillation amplitude of the secondary hydraulic pressure is set at a small value. And by
setting the oscillation amplitude of the secondary hydraulic pressure at the small value when the gear ratio is at the high
gear ratio, the occurrence of vehicle vibration by the belt slip control is prevented, and the improvement of the effect of
energy saving can be achieved. And when the gear ratio is at the low gear ratio, the oscillation amplitude of the secondary
hydraulic pressure is set at a large value compared with when being at the high gear ratio; however, aiming at a limit
range of the detection performance of the belt slip state with respect to the gear ratio during the belt slip control makes
it possible to achieve the effect of energy saving of a maximum range.
[0013] As a result, by setting the oscillation amplitude corresponding to the gear ratio where the belt slip control is
performed, it is possible to achieve the improvement of the effect of energy saving, suppress the occurrence of vehicle
vibration by the belt slip control, and ensure the detection performance of the belt slip state.

Brief Description of the Drawings

[0014]

FIG. 1 shows the entire system of a drive system and a control system of a vehicle incorporating a belt type
continuously variable transmission applied with a control device and method according to a first embodiment.
FIG. 2 is a perspective view of the belt type continuously variable transmission mechanism applied with the control
device and method according to the first embodiment.
FIG. 3 is a perspective view of a part of a belt of the belt type continuously variable transmission mechanism applied
with the control device and method according to the first embodiment.
FIG. 4 is a control block diagram of the line pressure control and secondary hydraulic pressure control (normal
control/belt slip control) executed by a CVT control unit 8 according to the first embodiment.
FIG. 5 is a basic flowchart for a switching process between the normal control and the belt slip control (= BSC) over
the secondary hydraulic pressure executed by the CVT control unit 8 according to the first embodiment.
FIG. 6 is a flowchart for the entire belt slip control process executed by the CVT control unit 8 according to the first
embodiment.
FIG. 7 is a flowchart for the torque limit process of the belt slip control process executed by the CVT control unit 8
according to the first embodiment.
FIG. 8 is a flowchart for the secondary hydraulic pressure oscillation and correction process of the belt slip control
process executed by the CVT control unit 8 according to the first embodiment.
FIG. 9 is a flowchart for a returning process from the belt slip control to the normal control executed by the CVT
control unit 8 according to the first embodiment.
FIG. 10 is a flowchart for the torque limit process of the returning process to the normal control executed by the
CVT control unit 8 according to the first embodiment.
FIG. 11 is a flowchart for a gear ratio changing speed limit process that sets a limit on the number of a target primary
revolution speed of the returning process to the normal control executed by the CVT control unit 8 according to the
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first embodiment.
FIG. 12 is a timing chart of the respective characteristics of a BSC operation flag, SEC pressure F/B inhibition flag,
accelerator opening, vehicle speed, engine torque, Ratio, SEC hydraulic pressure, SEC_SOL current correction
amount, and phase difference between SEC pressure oscillation and Ratio oscillation in a traveling scene during a
control shift from the normal control, belt slip control, returning control to the normal control.
FIG. 13 is a timing chart of the respective characteristics of driver request torque, torque limit amount, torque capacity,
and actual torque to explain a torque limit operation by torque delay applied in the returning control from the belt
slip control to the normal control according to the first embodiment
FIG. 14 is a timing chart of the respective characteristics of engine torque by torque delay and primary revolution
increase rate, target primary revolution speed, inertia torque, and drive shaft torque applied in the returning control
according to the first embodiment.
FIG. 15 is a timing chart of contrast characteristics of the secondary hydraulic pressure in the belt slip control when
the oscillation amplitude is large and when the oscillation amplitude is small according to the first embodiment.
FIG. 16 is a characteristic diagram of a change of the primary thrust with respect to the gear ratio of the primary
pulley that manages changing gear and a change of the secondary thrust with respect to the gear ratio of the primary
pulley that manages the torque capacity in the belt type continuously variable transmission according to the first
embodiment.
FIG. 17 is a characteristic diagram of a change of balance thrust ratio (= primary thrust/ secondary thrust) with
respect to the gear ratio in the belt type continuously variable transmission according to the first embodiment.
FIG. 18 is a characteristic diagram of a change of longitudinal G when the gear ratio is different with respect to the
oscillation amplitude in the belt type continuously variable transmission according to the first embodiment.
FIG. 19 is an oscillation amplitude characteristic diagram showing a way of determining the oscillation amplitude by
the gear ratio, lowest possible pressure, and vehicle vibration in the belt slip control according to the first embodiment.
FIG. 20 is a flowchart of a secondary hydraulic pressure oscillation and correction process of the belt sip control
process performed in the CVT control unit 8 according to the second embodiment.
FIG. 21 is a diagram of an example of an oscillation amplitude map referred to in a case of setting the oscillation
amplitude in a secondary hydraulic pressure oscillation process in the second embodiment.

Embodiments of Description

[0015] Hereinafter, the best mode to carry out the control device and method for a belt type continuously variable
transmission will be described using a first embodiment and a second embodiment with reference to the accompanying
drawings.

First Embodiment

[0016] First, the structure of the device is described. FIG. 1 shows the entire system of a drive system and a control
system of a vehicle incorporating a belt type continuously variable transmission applied with a control device and method
according to the first embodiment. FIG. 2 is a perspective view of the belt type continuously variable transmission
mechanism applied with the control device and method according to the first embodiment. FIG. 3 is a perspective view
of a part of a belt of a belt type continuously variable transmission mechanism applied with the control device and method
according to the first embodiment. In the following the system structures are described with reference to FIGs. 1 to 3.
[0017] In FIG. 1 the drive system of a vehicle incorporating a belt type continuously variable transmission comprises
an engine 1, a torque converter 2, a forward/backward drive switch mechanism 3, a belt type continuously variable
transmission mechanism 4, a final reduction mechanism 5 and drive wheels 6, 6.
[0018] The output torque of the engine 1 is controllable by an engine control signal supplied from the exterior in addition
to by a driver’s acceleration operation. The engine 1 includes an output torque control actuator 10 to control the output
torque by a throttle valve opening/closing operation, a fuel cut operation and the like.
[0019] The torque converter 2 is a startup element with a torque increasing function and includes a lockup clutch 20
that is capable of directly connecting an engine output shaft 11 (= torque converter input shaft) and a torque converter
output shaft 21 when the torque increasing function is not needed. The torque converter 2 includes a turbine runner 23
connected with the engine output shaft 11 via a converter housing 22, a pump impeller 24 connected with the torque
converter output shaft 21, and a stator 26 provided via a one-way clutch 25.
[0020] The forward/backward drive switch mechanism 3 switches a revolution direction input to the belt type contin-
uously variable transmission mechanism 4 between a normal revolution direction during forward traveling and a reverse
revolution direction during backward traveling. The forward/backward switch mechanism 3 includes a double pinion
planetary gear 30, a forward clutch 31, and a backward brake 32. A sun gear of the double pinion planetary gear 30 is
connected with the torque converter output shaft 21 and a carrier thereof is connected with a transmission input shaft
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40. The forward clutch 31 is fastened during a forward traveling to directly connect the sun gear of the double pinion
planetary gear 30 with the carrier. The backward brake 32 is fastened during a backward traveling to fix a ring gear of
the double pinion planetary gear 30 to the case.
[0021] The belt type continuously variable transmission mechanism 4 has a continuously variable transmission function
to steplessly change the gear ratio by changing a belt contact diameter. The gear ratio is a ratio of the input revolution
speed of the transmission input shaft 40 and the output revolution speed of the transmission output shaft 41. The belt
type continuously variable transmission mechanism 4 includes a primary pulley 42, a secondary pulley 43, and a belt
44. The primary pulley 42 is made up of a fixed pulley 42a and a slide pulley 42b. The slide pulley 42b is slid by primary
hydraulic pressure introduced into a primary hydraulic pressure chamber 45. The secondary pulley 43 is made up of a
fixed pulley 43a and a slide pulley 43b. The slide pulley 43b is slid by primary hydraulic pressure introduced into a
secondary hydraulic pressure chamber 46. The belt 44 as shown in FIG. 2 is wound around V-form sheave faces 42c,
42d of the primary pulley 42 and V-form sheave faces 43c, 43d of the secondary pulley 43. In FIG. 3 the belt 44 is formed
of two laminated rings 44a, 44a of which a large number of rings are layered from inside to outside as well as a large
number of elements 44b of press-cut plates placed between the two laminated rings 44a, 44a and connected with each
other in a ring-form. The elements 44b each includes, at both sides, flank faces 44c, 44c to contact with the sheave
faces 42c, 42d of the primary pulley 42 and the sheave faces 43c, 43d of the secondary pulley 43.
[0022] The final reduction mechanism 5 decelerates the transmission output revolution from the transmission output
shaft 41 of the belt type continuously variable transmission mechanism 4 and provides a differential function thereto to
transmit it to the right and left drive wheels 6, 6. The final reduction mechanism 5 is interposed among the transmission
output shaft 41, an idler shaft 50, right and left drive shafts 51, 51, and includes a first gear 52, a second gear 53, a third
gear 54, and a fourth gear 55 with a deceleration function and a gear differential gear 56 with a differential function.
[0023] The control system of the belt type continuously variable transmission comprises a transmission hydraulic
pressure control unit 7 and a CVT control unit 8, was shown in FIG. 1.
[0024] The transmission hydraulic pressure control unit 7 is a hydraulic pressure control unit to produce primary
hydraulic pressure introduced into the primary hydraulic pressure chamber 45 and secondary hydraulic pressure intro-
duced into the secondary hydraulic pressure chamber 46. The transmission hydraulic pressure control unit 7 comprises
an oil pump 70, a regulator valve 71, a line pressure solenoid 72, a transmission control valve 73, a decompression
valve 74, a secondary hydraulic pressure solenoid 75, a servo link 76, a transmission command valve 77, and a step
motor 78.
[0025] The regulator valve 71 uses discharged pressure from the oil pump 70 as a pressure source to adjust line
pressure PL. The regulator valve 71 includes the line pressure solenoid 72 to adjust the pressure of oil from the oil pump
70 to a predetermined line pressure PL in response to a command from the CVT control unit 8.
[0026] The transmission control valve 73 uses the line pressure PL produced by the regulator valve 71 as a pressure
source to adjust the primary hydraulic pressure introduced into the primary hydraulic pressure chamber 45. A spool 73a
of the transmission control valve 73 is connected with the servo link 76 constituting a mechanical feedback mechanism
and the transmission command valve 77 connected with one end of the servo link 76 is driven by the step motor 78 so
that the transmission command valve 77 receives feedback of a slide position (actual pulley ratio) from the slide pulley
42b of the primary pulley 42 connected with the other end of the servo link 76. That is, when changing gear, when the
step motor 78 is driven in response to a command from the CVT control unit 8, the spool 73a of the transmission control
valve 73 is changed in position to supply/discharge the line pressure PL to/from the primary hydraulic pressure chamber
45 to adjust the primary hydraulic pressure to acquire a target gear ratio commanded at the drive position of the step
motor 78. Upon completion of changing gear, the spool 73a is held at a closed position in response to a displacement
of the servo link 76.
[0027] The decompression valve 74 uses the line pressure PL produced by the regulator valve 71 as a pressure source
to adjust the secondary hydraulic pressure introduced into the secondary hydraulic pressure chamber 46 by decom-
pression. The decompression valve 74 comprises the secondary hydraulic pressure solenoid 75 to decompress the line
pressure PL to a command secondary hydraulic pressure in accordance with a command from the CVT control unit 8.
[0028] The CVT control unit 8 is configured to perform various controls such as a gear ratio control to output to the
step motor 78 a control command to acquire a target gear ratio in accordance with vehicle speed, throttle opening level
and the like, a line pressure control to output to the line pressure solenoid 72 a control command to acquire a target line
pressure in accordance with the throttle opening level or the like, a secondary hydraulic pressure control to output to
the secondary hydraulic pressure solenoid 75 a control command to acquire a target secondary pulley thrust in accordance
with transmission input torque or the like, a forward and backward switch control to control the fastening and release of
the forward clutch 31 and backward brake 32, and a lockup control to control fastening and release of the lockup clutch
20. The CVT control unit 8 receives various sensor information and switch information from a primary revolution sensor
80, a secondary revolution sensor 81, a secondary hydraulic pressure sensor 82, an oil temperature sensor 83, an
inhibitor switch 84, a brake switch 85, an accelerator opening sensor 86, and other sensors and switches 87. Further,
it receives torque information from an engine control unit 88 and outputs a torque request to the engine control unit 88.
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[0029] FIG. 4 is a control block diagram of the line pressure control and secondary hydraulic pressure control (normal
control/belt slip control) executed by the CVT control unit 8 according to the first embodiment.
[0030] The hydraulic pressure control system of the CVT control unit 8 in the first embodiment comprises a basic
hydraulic pressure calculator 90, a line pressure controller 91, a secondary hydraulic pressure controller 92, a sine wave
oscillation controller 93 (oscillation amplitude setting means), and a secondary hydraulic pressure corrector 94, as shown
in FIG. 4.
[0031] The basic hydraulic pressure calculator 90 includes an input torque calculator 90a to calculate transmission
input torque on the basis of the torque information (engine speed, fuel injection time and the like) from the engine control
unit 88 (FIG. 1), a basic secondary thrust calculator 90b to calculate a basic secondary thrust (belt clamp force necessary
for the secondary pulley 43) from the transmission input torque obtained by the input torque calculator 90a, a required
transmission thrust difference calculator 90c to calculate a thrust difference required for changing gear (a difference in
belt clamp force between the primary and secondary pulleys 42, 43), a corrector 90d to correct the calculated basic
secondary thrust on the basis of the required thrust difference for changing gear, and a secondary hydraulic pressure
converter 90e to convert the corrected secondary thrust to a target secondary hydraulic pressure. It further includes a
basic primary thrust calculator 90f to calculate a basic primary thrust (belt clamp force required for the primary pulley
42) from the transmission input torque calculated by the input torque calculator 90a, a corrector 90g to correct the
calculated basic primary thrust on the basis of the required thrust difference for changing gear calculated by the required
transmission thrust difference calculator 90c, and a primary hydraulic pressure converter 90h to convert the corrected
primary thrust to a target primary hydraulic pressure.
[0032] The line pressure controller 91 includes a target line pressure determiner 91a to compare the target primary
hydraulic pressure output from the primary hydraulic pressure converter 90h with the command secondary hydraulic
pressure output from the secondary hydraulic pressure controller 92, and set the target line pressure to the target primary
hydraulic pressure when the target primary hydraulic pressure ≥ the command secondary hydraulic pressure and set
the target line pressure to the secondary hydraulic pressure when the target primary hydraulic pressure < the command
secondary hydraulic pressure, and a hydraulic pressure-current converter 91b to convert the target line pressure deter-
mined by the target line pressure determiner 91 a to a current value applied to the solenoid and output a command
current value converted to the line pressure solenoid 72 of the regulator valve 71.
[0033] In the normal control the secondary hydraulic pressure controller 92 performs the feedback control (PI control)
using the actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 to acquire a
command secondary hydraulic pressure, while in the belt slip control it performs open control without using the actual
secondary hydraulic pressure to acquire the command secondary hydraulic pressure. It includes a low pass filter 92a
through which the target secondary hydraulic pressure from the secondary hydraulic pressure converter 90e is filtered,
a deviation calculator 92b to calculate a deviation between the actual secondary hydraulic pressure and the target
secondary hydraulic pressure, a zero deviation setter 92c to set the deviation to zero, a deviation switch 92d to selectively
switch between the calculated deviation and zero deviation, and an integrated gain determiner 92e to determine an
integrated gain from oil temperature. Further, it includes a multiplier 92f to multiply the integrated gain from the integrated
gain determiner 92e and the deviation from the deviation switch 92d, an integrator 92g to integrate an FB integration
control amount from the multiplier 92f, an adder 92h to add the integrated FB integration control amount to the target
secondary hydraulic pressure from the secondary hydraulic pressure converter 90e, and a limiter 92i to set upper and
lower limits to the added value to obtain the command secondary hydraulic pressure (referred to as basic secondary
hydraulic pressure in the belt slip control). Further, it includes an oscillation adder 92j to add a sine wave oscillation
command to the basic secondary hydraulic pressure in the belt slip control, a hydraulic pressure corrector 92k to correct
the oscillated basic secondary hydraulic pressure by a secondary hydraulic pressure correction amount to the command
secondary hydraulic pressure, and a hydraulic pressure-current converter 92m to convert the command secondary
hydraulic pressure into a current value applied to the solenoid to output a command current value converted to the
secondary hydraulic pressure solenoid 75. Note that the deviation switch 92d is configured to select the calculated
deviation when a BSC operation flag is 0 (during the normal control) and select the zero deviation when the BSC operation
flag is 1 (during the belt slip control).
[0034] The sine wave oscillation controller 93 includes a sine wave oscillator 93a to decide an oscillation frequency
and an oscillation amplitude suitable for the belt slip control and apply sine wave hydraulic pressure oscillation in ac-
cordance with the decided frequency and amplitude, a zero oscillation setter 93b to apply no sine wave hydraulic pressure
oscillation, and an oscillation switch 93c to selectively switch between the hydraulic pressure oscillation and zero oscil-
lation. Note that the oscillation switch 93c is configured to select the zero oscillation when the BSC operation flag is 0
(during the normal control) and select the sine wave hydraulic pressure oscillation when the BSC operation flag is 1
(during the belt slip control). Here, the oscillation amplitude, on the basis of a later-described point of view, in the gear
ratio range where the belt slip control is performed, is set to an optimum value that is capable of achieving an improvement
of fuel efficiency performance and ensuring detection performance of a belt slip rate.
[0035] The secondary hydraulic pressure corrector 94 includes an actual gear ratio calculator 94a to calculate an
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actual gear ratio Ratio from a ratio of the primary revolution speed Npri of the primary revolution sensor 80 and the
secondary revolution speed Nsec of the secondary revolution sensor 81, a first bandpass filter 94b to extract an oscillation
component from a signal representing the actual secondary hydraulic pressure Psec obtained with the secondary hy-
draulic pressure sensor 82, and a second bandpass filter 94c to extract an oscillation component from the calculated
data by the actual gear ratio calculator 94a. It further includes a multiplier 94d to multiply the oscillation components
extracted by both bandpass filters 94b, 94c, a low pass filter 94e to extract phase difference information from the
multiplication result, a secondary hydraulic pressure correction amount determiner 94f to determine a secondary hydraulic
pressure correction amount on the basis of the phase difference information from the low pass filter 94e, a zero correction
amount setter 94g to set the secondary hydraulic pressure correction amount to zero, and a correction amount switch
94h to selectively switch between the secondary hydraulic pressure correction amount and the zero correction amount.
Note that the correction amount switch 94h is configured to select the zero correction amount when the BSC operation
flag is 0 (during the normal control) and select the secondary hydraulic pressure correction amount when the BSC
operation flag is 1 (during the belt slip control).
[0036] FIG. 5 is a basic flowchart for a switching process between the normal control and the belt slip control (= BSC)
over the secondary hydraulic pressure executed by the CVT control unit 8 according to the first embodiment. In the
following the respective steps in FIG. 5 are described.
[0037] In step S1 following a startup by turning-on of the key, the determination on non-BSC permission in step S2 or
normal control returning process in step S5, the belt type continuously variable transmission mechanism 4 is normally
controlled, and then the flow proceeds to step S2. During the normal control, the BSC operation flag is set to zero, and
a secondary pressure F/B inhibition flag is set to zero.
[0038] In step S2 following the normal control in step S1, a determination is made on whether or not all of the following
BSC permission conditions are satisfied. If the result is YES (all the BSC permission conditions satisfied), the flow
proceeds to step S3, and the belt slip control (BSC) is performed. If the result is NO (any of the BSC permission conditions
unsatisfied), the flow returns to step S1, and the normal control is continued. An example of the BSC permission conditions
is as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. |command torque change rate| < predetermined value
b. |command gear ratio change rate| < predetermined value

(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.
This condition (2) is, for example, determined on the basis of the torque information (estimated engine torque) from
the engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range
position and the like.
(3) The permitted conditions in the above (1) (2) are continued for a predetermined length of time.
In step S2, whether or not the above conditions (1), (2), (3) are all satisfied is determined.

[0039] In step S3 following the BSC permission determination in step S2 or the BSC continuation determination in
step S4, the belt slip control (FIG. 6 to FIG. 8) is performed to reduce an input to the belt 44 of the belt type continuously
variable transmission mechanism 4 and maintain the belt 44 in an appropriate slip state without slippage. Then, the flow
proceeds to step S4. During the belt slip control the operation flag is set to 1, and the secondary pressure F/B inhibition
flag is set to 1.
[0040] In step S4 following the belt slip control in step S3, a determination is made on whether or not all of the following
BSC continuation conditions are satisfied. If the result is YES (all the BSC continuation conditions satisfied), the flow
returns to step S3, and the belt slip control (BSC) is continued. If the result is NO (any of the BSC continuation conditions
unsatisfied), the flow proceeds to step S5, and the normal control returning process is performed. An example of the
BSC continuation conditions is as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. |command torque change rate| < predetermined value
b. |command gear ratio change rate| < predetermined value
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(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.

[0041] This condition (2) is, for example, determined on the basis of the torque information (estimated engine torque)
from the engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range
position and the like. Whether or not the above conditions (1), (2) are both satisfied is determined. That is, a difference
between the BSC permission conditions and the BSC continuation conditions is in that the BSC continuation conditions
exclude the continuation condition (3) of the BSC permission conditions.
[0042] In step S5 following a determination that any of the BSC continuation conditions is unsatisfied, the normal
control returning process (FIG. 9 to FIG. 11) is performed to prevent the belt 4 from slipping when the belt slip control
is returned to the normal control. Upon completion of the process, the flow returns to step S1 and shifts to the normal
control.
[0043] FIG. 6 is a flowchart for the entire belt slip control process executed by the CVT control unit 8 according to the
first embodiment. FIG. 7 is a flowchart for the torque limit process of the belt slip control process executed by the CVT
control unit 8 according to the first embodiment. FIG. 8 is a flowchart for the secondary hydraulic pressure oscillation
and correction process of the belt slip control process executed by the CVT control unit 8 according to the first embodiment.
[0044] First, as is apparent from FIG. 6, during the belt slip control in which the BSC permission determination and
the BSC continuation determination are continued, a feedback control inhibition process (step S31) in which the command
secondary hydraulic pressure is obtained using the actual secondary hydraulic pressure, a torque limit process (step
S32) as a preparation for returning to the normal control, and a secondary hydraulic pressure oscillation and correction
process (step S33) for the belt slip control are concurrently performed.
[0045] In step S31 during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the feedback control under which the command secondary hydraulic pressure is obtained
using the actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 is inhibited.
[0046] That is, for obtaining the command secondary hydraulic pressure, the feedback control during the normal control
is inhibited and switched to the open control of the belt slip control using the zero deviation. Then, when the belt slip
control is shifted to the normal control, the feedback control returns again.
[0047] In step S32 during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the torque limit process in FIG. 7 is performed.
[0048] That is, in step S321 of the flowchart in FIG. 7 a "torque limit request from the belt slip control" is defined to be
the driver request torque.
[0049] In step S33 during the belt slip control in which the BSC permission determination and the BSC continuation
determination are continued, the secondary hydraulic pressure is oscillated and corrected in FIG. 8. In the following the
steps of the flowchart in FIG. 8 are described.
[0050] In step S331 the command secondary hydraulic pressure is oscillated. That is, the sine wave hydraulic pressure
with predetermined amplitude and predetermined frequency is superposed on the command secondary hydraulic pres-
sure. The flow proceeds to step S332.
[0051] In step S332 following the oscillation of the command secondary hydraulic pressure in step S331, the actual
secondary hydraulic pressure is detected with the secondary hydraulic pressure sensor 82 to detect the actual gear ratio
by calculation based on information on the revolution speed from the primary revolution sensor 80 and the secondary
revolution sensor 81. The flow proceeds to step S333.
[0052] In step S333 following the detection of the actual secondary hydraulic pressure and the actual gear ratio in
step S332, the actual secondary hydraulic pressure and the actual gear ratio are each subjected to the bandpass filter
process to extract their respective oscillation components (sine wave) and multiply them. Then, the multiplied value is
subjected to the low pass filter process and converted to a value expressed by oscillation amplitude and a phase difference
θ (cosine wave) between the oscillation of the actual secondary hydraulic pressure and that of the actual gear ratio. The
flow proceeds to step S334. Herein, where A is the oscillation amplitude of the actual secondary hydraulic pressure and
B is the oscillation amplitude of the actual gear ratio, the oscillation of the actual secondary hydraulic pressure is expressed
by the formula (1): Asinωt. The oscillation of the actual speed-change ratio is expressed by the formula (2): Bsin (ωt+θ).
The formulas (1) and (2) are multiplied, and using the following product sum formula (3): 

the following formula (4): 
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is obtained. In the formula (4), (1/2)ABcos(2ωt+θ) as the double component of the oscillation frequency is reduced
through the low pass filter so that the formula (4) becomes the following formula (5): 

Thus, it can be expressed by the formula of the oscillation amplitude A, B and the phase difference θ between the
oscillation of the actual secondary hydraulic pressure and that of the actual gear ratio.
[0053] In step S334 following the calculation of the phase difference θ between the oscillation of the actual secondary
hydraulic pressure and that of the actual gear ratio in step S333, a determination is made on whether or not the phase
difference θ is such that 0 ≤ phase difference θ < predetermined value at 1 (micro slip range). If the result is YES (0 ≤
phase difference θ < predetermined value at 1), the flow proceeds to step S335, while if the result is NO (predetermined
value at 1 ≤ phase difference θ), the flow proceeds to step S336.
[0054] In step S335 following the determination that the 0 ≤ phase difference θ < predetermined value at 1 (micro slip
range) in step S334, the secondary hydraulic pressure correction amount is set to -ΔPsec. The flow proceeds to step S339.
[0055] In step S336 following the determination that the predetermined value at 1 ≤ phase difference θ in step S334,
a determination is made on whether or not the phase difference θ is such that predetermined value at 1 ≤ phase difference
θ < predetermined value at 2 (target slip range). At the result being YES (predetermined value at 1 ≤ phase difference
θ < predetermined value at 2), the flow proceeds to step S337 while at the result being NO (predetermined value at 2 ≤
phase difference θ), the flow proceeds to step S338.
[0056] In step S337 following the determination on predetermined value at 1 ≤ phase difference θ < predetermined
value at 2 (target slip range) in step S336, the secondary hydraulic pressure correction amount is set to zero and the
flow proceeds to step S339.
[0057] In step S338 following the determination on predetermined value at 2 ≤ phase difference θ (micro/macro slip
transition range) in step S336, the secondary hydraulic pressure correction amount is set to +ΔPsec and the flow proceeds
to step S339.
[0058] In step S339 following the setting of the secondary hydraulic pressure correction amounts in steps S335, S337,
S338, the command secondary hydraulic pressure is set to the value of the basic secondary hydraulic pressure +
secondary hydraulic pressure correction amount. Then, the flow proceeds to END.
[0059] FIG. 9 is a flowchart for a returning process from the belt slip control to the normal control executed by the CVT
control unit 8 according to the first embodiment. FIG. 10 is a flowchart for the torque limit process of the returning process
to the normal control executed by the CVT control unit 8 according to the first embodiment. FIG. 11 is a flowchart for a
gear ratio changing speed limit process that sets a limit to the target primary revolution speed of the returning process
to the normal control executed by the CVT control unit 8 according to the first embodiment.
[0060] First, as is apparent from FIG. 9, while the normal control is returned from the belt slip control from the BSC
continuation termination to the start of the normal control, a feedback control returning process (step S51) in which the
command secondary hydraulic pressure is obtained using the actual secondary hydraulic pressure, a torque limit process
(step S52) as a preparation for returning to the normal control, an oscillation and correction secondary hydraulic pressure
resetting process (step S53) for the belt slip control, and a changing gear restricting process (step S54) in which the
changing gear speed is restricted are concurrently performed.
[0061] In step S51, while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the feedback control in which the command secondary hydraulic pressure is obtained
using the actual secondary hydraulic pressure detected by the secondary hydraulic pressure sensor 82 is returned.
[0062] In step S52 while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the torque limit process as a preparation for returning to the normal control in FIG. 10
is performed.
[0063] In step S53 while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the secondary hydraulic pressure oscillation and correction in FIG. 8 is reset to wait
for the normal control.
[0064] In step S54 while the normal control is returned from the belt slip control from the BSC continuation termination
to the start of the normal control, the changing gear restricting process in FIG. 11 in which the changing gear speed is
restricted is performed.
[0065] In the following the steps of the flowchart showing the torque limit process in FIG. 10 are described. The key
point of this torque limit process is to switch the controls on the basis of a magnitude relationship among the three values
of driver request torque, torque limit request from the BSC, and torque capacity (calculated torque capacity). Herein,
the driver request torque refers to an engine torque requested by a driver, and torque limit request from the BSC refers
to torque limit amount shown in the phases (2), (3) in FIG. 13. Torque capacity is generally an allowable designed torque
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capacity and set to a value higher than the driver request torque by a margin with mechanical variation of the belt type
continuously variable transmission mechanism 4 taken into consideration, for the purpose of preventing belt slip. Herein,
the actual torque capacity is controlled under the secondary hydraulic pressure control. Further, the calculated torque
capacity refers to a torque capacity during the BSC (phase (2) in FIG. 13) and the returning process (phase (3) in FIG.
13). The calculated torque capacity is specifically a value based on or calculated from the actual secondary hydraulic
pressure and the actual gear ratio (torque capacity of one of the two pulleys 42, 43 to which engine torque is input, that
is, the primary pulley 42).
[0066] In step S521 a determination is made on whether or not the driver request torque is larger than the torque limit
request from the BSC. If the result is YES, the flow proceeds to step S522, while if the result is NO, the flow proceeds
to step S525.
[0067] In step S522 following the determination that the driver request torque is larger than the torque limit request
from the BSC in step S521, a determination is made on whether or not the calculated torque capacity is larger than the
torque limit request from the BSC. If the result is YES, the flow proceeds to step S523, while if the result is NO, the flow
proceeds to step S524.
[0068] In step S523 following the determination that the calculated torque capacity > the torque limit request from the
BSC in step S522, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) +ΔT and the calculated allowable torque capacity. The flow proceeds to RETURN.
[0069] In step S524 following the determination that the calculated torque capacity ≤ the torque limit request from the
BSC in step S522, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) and the driver request torque. The flow proceeds to RETURN.
[0070] In step S525 following the determination that the driver request torque ≤ the torque limit request from the BSC
in step S521, a determination is made on whether or not the calculated torque capacity is larger than the torque limit
request from the BSC. If the result is YES, the flow proceeds to step S527, while if the result is NO, the flow proceeds
to step S526.
[0071] In step S526 following the determination that the calculated torque capacity ≤ the torque limit request from the
BSC in step S525, the torque limit request from the BSC is set to a smaller one of the torque limit request from the BSC
(previous value) and the driver request torque. The flow proceeds to RETURN.
[0072] In step S527 following the determination that the calculated torque capacity > the torque limit request from the
BSC in step S525, the torque limit request from the BSC is cancelled. The flow proceeds to END.
[0073] In the following the steps of the flowchart showing the gear ratio changing speed limit process that sets a limit
to the target primary revolution speed in FIG. 11 are described.
[0074] In step S541 a target inertia torque is calculated from the engine torque. The flow proceeds to step S542.
[0075] In step S542 following the calculation of the target inertia torque in step S541, a target primary revolution change
rate is calculated from the target inertia torque. Then, the flow proceeds to step S543.
[0076] In step S543 following the calculation of the target primary revolution change rate in step S542, a limited target
primary revolution speed not exceeding the target primary revolution change rate is calculated, and the flow proceeds
to step S544.
[0077] In step S544 following the calculation of the limited target primary revolution change rate in step S543, changing
gear control is performed on the basis of the limited target primary revolution speed, and the flow proceeds to step S545.
[0078] In step S545 following the changing gear control in step S544, a determination is made on whether or not the
changing gear control based on the limited target primary revolution speed is completed or the actual primary revolution
speed has reached the limited target primary revolution speed. If the result is YES (completion of changing gear control),
the flow ends, while if the result is NO (in the middle of changing gear control), the flow returns to step S541.
[0079] Next, the operation of the control device and method for the belt type continuously variable transmission mech-
anism 4 according to the first embodiment is described. It will be divided into five parts; namely, BSC permission and
continuation determining operations, belt slip control operation (BSC operation), torque limit operation in returning control
from BSC to normal control, primary revolution increase rate limit operation in returning control from BSC to normal
control, and setting operation of oscillation amplitude of secondary hydraulic pressure during BSC.

[BSC Permission and Continuation Determining Operations]

[0080] At a start of the vehicle’s running, the operation proceeds to step S2 from step S1 in the flowchart in FIG. 5.
Unless all the BSC permission determining conditions are satisfied in step S2, the flow from step S1 to step S2 is repeated
to continue the normal control. That is, the satisfaction of all the BSC permission determining conditions in step S2 is
defined to be BSC control starting condition.
[0081] The BSC permission conditions in the first embodiment are as follows:

(1) The transmitted torque capacity of the belt type continuously variable transmission mechanism 4 is stable (a
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change rate of the transmitted torque capacity is small).
This condition (1) is determined by satisfaction of the following two conditions, for example.

a. |command torque change rate| < predetermined value
b. |command gear ratio change rate| < predetermined value

(2) The estimated accuracy of the input torque to the primary pulley 42 is within a reliable range.
This condition (2) is for example determined on the basis of the torque information (estimated engine torque) from
the engine control unit 88, the lockup state of the torque converter 2, the operation state of a brake pedal, a range
position and the like.
(3) The permitted conditions in the above (1) (2) are continued for a predetermined length of time.
In step S2, whether or not the above conditions (1), (2), (3) are all satisfied is determined.

[0082] Thus, the belt slip control is allowed to start if the transmission torque capacity of the belt type continuously
variable transmission mechanism 4 continues to be stable and the estimated accuracy of the input torque to the primary
pulley 42 is continuously within a reliable range for a predetermined length of time during the normal control.
[0083] As above, the belt slip control is permitted to start upon the satisfaction of all the BSC permission conditions
so that it is able to start the belt slip control in a preferable range with an assured high control precision.
[0084] After the BSC permission is determined in step S2, in step S3 the belt slip control is performed to reduce an
input to the belt 44 of the belt type continuously variable transmission mechanism 4 and maintain the belt 44 in an
appropriate slip state without slippage. Then, in step S4 following the belt slip control in step S3, a determination is made
on whether or not all of the BSC continuation conditions are satisfied. As long as all of the BSC continuation conditions
are satisfied, the flow from step S3 to step S4 is repeated to continue the belt slip control (BSC).
[0085] Here, the BSC continuation conditions are the BSC permission conditions (1), (2) and exclude the continuation
condition for a predetermined length of time (3) of the BSC permission conditions.
[0086] Because of this, it is made possible to prevent continuation of the belt slip control with unsecured control
precision since the belt slip control is immediately stopped and returned to the normal control if one of the conditions
(1), (2) is unsatisfied during the belt slip control.

[Belt Slip Control Operation (BSC Operation)]

[0087] At the start of the belt slip control, the secondary hydraulic pressure is set to a value to acquire the clamp force
not to cause belt slippage with an estimated safety factor so that the condition that the phase difference θ is lower than
the predetermined value at 1 is satisfied. In the flowchart in FIG. 8 the flow from step S331 → step S332 → step S333
→ step S334 → step S335 to step S339 is repeated and every time the flow is repeated, the command secondary
hydraulic pressure is decreased in response to the correction by -ΔPsec. Then, until the phase difference θ at 1 or more
reaches the predetermined value at 2, the flow proceeds from step S331→ step S332→ step S333→ step S334→ step
S336→ step S337 to step S339 in FIG. 8 to maintain the command secondary hydraulic pressure. At the phase difference
θ being the predetermined value at 2 or more, the flow proceeds from step S331→ step S332→ step S333→ step S334→
step S336→ step S338 to step S339 to increase the command secondary hydraulic pressure in response to the correction
by +ΔPsec.
[0088] Under the belt slip control the slip rate is maintained so that the phase difference θ falls within the range of the
predetermined values from 1 or more to less than 2 .
[0089] The belt slip control is described with reference to the timing chart in FIG. 12. At time t1, the above BSC
permission conditions (1), (2) are satisfied and continued (BSC permission condition (3)). After reaching time t2, from
time t2 to time t3, at least one of the above BSC continuation conditions (1), (2) becomes unsatisfied, and the BSC
operation flag and SEC pressure F/B inhibiting flag (secondary pressure feedback inhibiting flag) are set for the belt slip
control. A little before time t3 the accelerator is pressed, so that at least one of the BSC continuation conditions becomes
unsatisfied and the control to return to the normal control is performed from time t3 to time t4. After time t4, the normal
control is performed.
[0090] Thus, as is apparent from the accelerator opening characteristic, vehicle speed characteristic, and engine
torque characteristic as well as the solenoid current correction amount characteristic of the secondary hydraulic pressure
solenoid 75 during steady running determination indicated by the arrow C in FIG. 12, under the belt slip control the phase
difference θ between the oscillation components of the_secondary hydraulic pressure due to the oscillation and the gear
ratio is monitored to increase or decrease the current value. Note that the secondary hydraulic pressure solenoid 75 is
normally open (always open) and decreases the secondary hydraulic pressure along with a rise of the current value.
[0091] The actual gear ratio is maintained to be virtually constant by the belt slip control, although it oscillates with
small amplitude as shown in the actual gear ratio characteristic (Ratio) in FIG. 12. The phase difference θ, as shown in
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the phase difference characteristics of the SEC pressure oscillation and Ratio oscillation in FIG. 12, gradually increases
with time from time t2 when the slip rate is approximately zero, and reaches a target value (target slip rate). The secondary
hydraulic pressure as shown in the SEC hydraulic pressure characteristic in FIG. 12 decreases with time from time t2
when the safety factor is secured, as indicated by the arrow G, and reaches a value of the designed minimum pressure
added with hydraulic pressure oscillation amplitude in the end which is in the hydraulic pressure level with a margin to
the actual minimal pressure. While the belt slip control continues for a long time, the actual secondary hydraulic pressure
is maintained in the range of the designed minimum pressure plus hydraulic pressure oscillation amplitude to maintain
the target value of the phase difference θ (of slip rate).
[0092] Thus, a decrease in the secondary hydraulic pressure by the belt slip control results in reducing the belt friction
acting on the belt 44 and reducing the drive load on the belt type continuously variable transmission mechanism 4 by
the reduction in the belt friction. As a result, it is possible to improve the practical fuel efficiency of the engine 1 without
affecting the travelling performance during the belt slip control based on the BSC permission determination.

[Torque limit operation in Returning Control from BSC to Normal Control]

[0093] During the belt slip control while the BSC permission and continuation determinations are continued, the torque
limit process in step S321 in FIG. 7 is performed by setting the torque limit request from the belt slip control as the driver
request torque in step S321 in FIG. 7. In the following the torque limit operation for retuning to the normal control is
described with reference to FIG. 10 and FIG. 13.
[0094] The engine control unit 88 has a torque limit amount as an engine torque control upper limit, and controls the
actual torque of the engine 1 not to exceed the torque limit amount. This torque limit amount is determined according
to various requests. For example, the input torque upper limit to the belt type continuously variable transmission mech-
anism 4 during the normal control (phase (1) in FIG. 13) is set to the torque limit request during the normal control, and
the CVT control unit 8 sends the torque limit request during the normal control to the engine control unit 88. The engine
control unit 88 selects the minimum one of torque limit requests from various controllers as the torque limit amount.
[0095] Specifically, at time t5 the phase (1) of the normal control is shifted into the belt slip control, and the torque limit
request from the BSC is sent to the engine control unit 88 in the phase (2) as shown in the torque limit amount characteristic
in FIG. 13. However, the torque limit request from the BSC during the BSC (phase (2) in FIG. 13) is for preparation in
advance for the torque limiting in FIG. 10 and does not virtually function as a torque limit during the BSC (phase (2) in
FIG. 13).
[0096] Then, at time t6 the BSC continuation is aborted and shifted into the control to return to the normal control. At
time t6 a torque limit request is issued because of the driver request torque > torque limit request from the BSC and the
calculated torque capacity ≤ torque limit request from the BSC. Therefore, the flow from step S521→ step S522→ step
S524 to RETURN in the flowchart in FIG. 10 is repeated to maintain the torque limit request from the BSC (precious
value) in step S524.
[0097] Thereafter, at time t7 the driver request torque > torque limit request from the BSC and the calculated torque
capacity > torque limit request from the BSC. The flow from step S521→ step S522→ step S523 to RETURN in the
flowchart in FIG. 10 is repeated. In step S523, the torque limit request from the BSC is (previous value + ΔT), and a
characteristic is shown such that the torque limit request from the BSC gradually rises. Along with this rising gradient,
the actual torque gradually rises.
[0098] Due to the rise of the torque limit request from the BSC since time t7, at time t8 the driver request torque ≤
torque limit request from the BSC and the calculated torque capacity > torque limit request from the BSC. The flow
proceeds from step S521→ step S525→ step S527 to END in the flowchart in FIG. 10. In step S527 the torque limit from
the BSC is cancelled.
[0099] In this example the flow skips step S526 which is executed when the accelerator is manipulated as stepped
on or returned (released) for a short period of time. Specifically, step S526 is skipped when the belt slip control is
cancelled by stepping-on the accelerator and the accelerator is released as soon as the returning control starts.
[0100] That is, in the belt slip control, control to actively slip the belt in an allowable slip range is performed, therefore
a belt clamp force is in a low state compared with that in the normal control. When returning from the belt slip control to
the normal control, if input torque to the belt type continuously variable transmission mechanism 4 is changed in the
increasing direction, the input torque exceeds the belt clamp force, and there is a possibility that an excessive belt slip
occurs.
[0101] On the other hand, in transition from the belt slip control to the normal control, during the period of time t6 to
time t7 in FIG. 13, the input torque to the belt type continuously variable transmission mechanism 4 is suppressed not
to become excessively large with respect to the belt clamp force, while a belt clamp force at the end of the belt slip
control is restored to a level at the normal control, by limiting the changing speed of the input torque that changes in the
increasing direction and suppressing the increase of the input torque so as to maintain the actual torque at the end of
the belt slip control.
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[0102] Owing to the torque limit control for limiting the changing speed of the input torque to the belt type continuously
variable transmission mechanism 4 in returning from the belt slip control to the normal control, it is possible to prevent
the input torque to the belt type continuously variable transmission mechanism 4 from becoming excessively large
relative to the belt clamp force and prevent the belt 44 from slipping.
[0103] In particular, in the first embodiment, since the torque limit control that maintains the input torque to the belt
type continuously variable transmission mechanism 4 at the end of the belt slip control is performed, although it is a
simple torque limit control, it is possible to reliably suppress the input torque to the belt type continuously variable
transmission mechanism 4 not to become excessively large with respect to the belt clamp force.

[Primary Revolution Increase Rate Limit Operation in Returning Control from BSC to Normal Control]

[0104] During the returning control from the belt slip control to the normal control, as described above, if the torque
limit control is performed to change the gear ratio at normal changing speed in a state where the changing speed of the
input torque to the belt type continuously variable transmission mechanism 4 is suppressed, the decrease of the input
torque based on a change of revolution inertia appears prominently, and therefore an unnecessary feeling of deceleration
(pull shock) may be experienced by a driver. Accordingly, the changing speed of the gear ratio is limited along with
limiting the changing speed of the input torque of the belt type continuously variable transmission mechanism 4.
[0105] That is, when the BSC continuation is aborted and entered in the returning control to the normal control, the
flow from step S541→ step S542→ step S543→ step S544 to step S545 in the flowchart in FIG. 10 is repeated until
changing gear ends. That is, in step S541, a target inertia torque is calculated from the engine torque. In the following
step S542, a target primary revolution change rate is calculated from the target inertia torque. And an inertia torque to
be reduced is set, and based on this limited target inertia torque, in step S543, the limited target primary revolution speed
not exceeding an unlimited target primary revolution change rate (gradient) is calculated. And in step S544, the changing
gear control is performed on the basis of the limited target primary revolution speed. Thus, the changing gear control is
performed based on the limited target primary revolution speed, so that when comparing a target gear ratio that is finally
produced, regarding a characteristic of the target gear ratio, a change gradient of the limited target gear ratio is moderate
compared with the unlimited target gear ratio.
[0106] The returning control operation by torque delay and a primary revolution increase rate limiter adopted to the
first embodiment is explained based on a timing chart illustrated in FIG. 12.
[0107] Firstly, an engine torque characteristic is explained. As for the engine torque in a range from the end of the
BSC to returning to the normal control, a characteristic in which the driver request torque rises in a stepwise manner is
shown. As for the engine torque by an actual torque response in the normal control where the torque limit control is not
performed, a characteristic in which the torque rises soon after the BSC ends is shown. On the other hand, as for the
engine torque in the first embodiment, as illustrated in the actual torque response after a torque down by the BSC, a
characteristic in which the torque is maintained for a while from the end of the BSC, and then the torque rises tardily is
shown.
[0108] Next, a target gear ratio characteristic and an inertia torque characteristic are explained. As for a target primary
revolution speed characteristic in the range from the end of the BSC to returning to the normal control, an attainment
target characteristic is given by a step characteristic at the end of the BSC, and as for a target primary revolution speed
characteristic in the normal control where the primary revolution increase rate limit control is not performed, a characteristic
in which the target primary revolution speed rises at a large gradient soon after the end of the BSC is shown. On the
other hand, as for a target primary revolution speed characteristic according to the first embodiment, a characteristic in
which the target primary revolution speed rises gradually at a moderate gradient compared with the normal control is
shown. The inertia torque characteristic in the normal control falls drastically from the end of the BSC, and an inertia
torque characteristic according to the first embodiment falls gently between the end of the BSC and the time of returning
to the normal.
[0109] Finally, a drive shaft torque characteristic and the inertia torque characteristic are explained. As for the drive
shaft torque characteristic when the torque delay and the primary revolution speed increase rate limit control are not
performed (normal control), as illustrated by a characteristic E in FIG. 14, a peak of the inertia torque is large, and a
response of the engine torque is also quick, therefore a characteristic in which after the beginning of changing gear, the
torque falls to some degree compared with that before the beginning of changing gear, and then the torque rises is
shown. When such a drive shaft torque characteristic is shown, a shock due to changing gear does not occur.
[0110] As for a drive shaft torque characteristic when the torque delay is performed but the primary revolution increase
rate limit control is not performed, as illustrated by a characteristic D in FIG. 14, an inertia torque characteristic which is
the same as the normal time is maintained and a late input of the engine torque occurs by the torque delay, so that a
characteristic having a drop d in which after the beginning of changing gear, the torque falls sharply compared with that
before the beginning of changing gear, and then the torque rises is shown. If such a drive shaft torque change occurs,
a driver feels a shock and this leads to deterioration of running performance and comfort.
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[0111] On the other hand, as for a drive shaft torque characteristic according to the first embodiment 1 where the
torque delay and the primary revolution increase rate limit control are performed together, as illustrated by a characteristic
F in FIG. 14, if an input of the engine torque is late by the torque delay, a peak of the inertia torque can be lowered by
the primary revolution increase rate limit control, and therefore a characteristic in which after the beginning of changing
gear, the torque falls to some degree compared with that before the beginning of changing gear, and then the torque
rises is shown. That is, if the torque delay and the primary revolution increase rate limit control are performed at the
same time, it is found that a shock can be suppressed.
[0112] As described above, during the returning control from the belt slip control to the normal control, along with
performing the torque limit control, control to put a limit to a change rate of the primary revolution is performed, so that
a revolution inertia change at the beginning of changing gear is lowered, and falling of the drive shaft torque is suppressed
compared with that before the beginning of changing gear. As a result, an unnecessary shock (feeling of deceleration)
experienced by a driver can be prevented.

[Setting Operation of Oscillation Amplitude of Secondary Hydraulic Pressure during BSC]

[0113] Since the gear ratio range where the belt slip control is permitted is a limited narrow range, oscillation amplitude
of the secondary hydraulic pressure during the belt slip control according to the first embodiment is previously set to an
optimum value that is capable of achieving an improvement of fuel efficiency in a control permitted gear ratio range,
suppression of an occurrence of vehicle vibration by the belt slip control, and ensuring detection performance of the belt
slip rate, and is given at a fixed value to the system. Hereinafter, an idea that led to a way of setting a value of the
oscillation amplitude of the secondary hydraulic pressure is explained.
[0114] Firstly, in a case of controlling the secondary hydraulic pressure in the normal control, hydraulic pressure control
is performed in consideration of a safety factor K and a lowest possible pressure. The safety factor K is used as an index
with respect to a belt slippage (belt slip) of a belt clamp force applied to the belt 44, and is calculated by a known
expression, for example. 

Here,

Pout: secondary hydraulic pressure
B: centrifugal hydraulic pressure coefficient of secondary hydraulic pressure chamber 46
V: vehicle speed
Sout: received pressure area of secondary hydraulic pressure chamber 46
W: spring load of secondary hydraulic pressure chamber 46
T: transmitted torque
A: sheave angle of primary pulley 42 and secondary pulley 43
D: diameter of primary pulley 42 where belt 44 is wound around
m: friction coefficient between secondary pulley 43 and belt 44

[0115] If the safety factor K is below K=1.0, a slippage occurs between the secondary pulley 43 and the belt 44. On
the other hand, as the safety factor K becomes larger than K=1.0, the clamp force applied to the belt 44 becomes
excessive, and durability of the belt 44 decreases, and belt friction increases. Therefore, generally, due to tolerance
having the belt 44, the friction coefficient m has variations, however the safety factor K is set to be within a range of
K=1.2 to 1.5, for example. The lowest possible pressure is set based on elements of a hydraulic pressure control system
included in each vehicle.
[0116] As illustrated in FIG. 15, under the condition of exceeding the lowest possible pressure, generally, the command
secondary hydraulic pressure in the normal control is calculated on the assumption that the safety factor K is 1.3, and
is hydraulic pressure that is necessary to make the safety factor K to be 1.3.
[0117] As described above, the belt slip control reduces the secondary hydraulic pressure that is hydraulic pressure
to obtain a clamp force without the belt slippage to estimate the safety factor K, and decreases the belt friction that is
equivalent to a reduced amount of the secondary hydraulic pressure. As a result, fuel efficiency is achieved. Therefore,
as illustrated in FIG. 15, if oscillation amplitude superposed on the secondary hydraulic pressure increases, an average
value of pulley hydraulic pressure becomes high, and hydraulic pressure can not be sufficiently reduced, and a margin
of a fuel efficiency effect reduces. And there is a possibility that vehicle vibration occurs due to the belt slip control.
However, if the oscillation amplitude superposed on the secondary hydraulic pressure reduces, the average value of
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pulley hydraulic pressure becomes low, and hydraulic pressure can be sufficiently reduced, and the margin of the fuel
efficiency effect increases. That is, characteristics illustrated in FIG. 15 express that as the oscillation amplitude super-
posed on the secondary hydraulic pressure is set to a smallest possible value, the margin of the fuel efficiency effect
due to the belt slip control becomes large.
[0118] Next, a case where the oscillation amplitude is given at a constant value without consideration of the gear ratio
is explained.
[0119] As in the first embodiment, a belt slip control is performed based on a belt slip state presumed by oscillating
the secondary hydraulic pressure, and monitoring a phase difference between the oscillation components included in
actual secondary hydraulic pressure and the actual gear ratio. In this case, when the oscillation amplitude is a small
value, the oscillation component is included in the actual secondary hydraulic pressure, however in a case where a belt
contact diameter of a pulley is not reached to be changed, it is a state where the oscillation component can not be
extracted from the actual gear ratio calculated by the calculation of the revolution speed ratio. And if the detection
performance of the belt slip state is not ensured, the belt slip control itself is not established, and accordingly it is
necessary to set the oscillation amplitude to be a value large enough to extract the oscillation component from the actual
gear ratio. Therefore, if the oscillation amplitude is set to the value large enough to extract the oscillation component
from the actual gear ratio in the entire gear ratio range, a margin of a decrease of the secondary hydraulic pressure is
limited (see FIG. 15), and an improvement of sufficient fuel efficiency that the belt slip control is aiming for is not expected.
[0120] On the other hand, in the first embodiment, in a case of oscillating the secondary hydraulic pressure in the belt
slip control, the oscillation amplitude of the secondary hydraulic pressure is set to a small value, as the gear ratio is on
the side of the high gear ratio. Therefore, by a variable setting of the oscillation amplitude corresponding to the gear
ratio where the belt slip control is performed, it is possible to achieve the improvement of the effect of the fuel efficiency,
suppress of the occurrence of vehicle vibration by the belt slip control, and ensure the detection performance of the belt
slip rate. Hereinafter, the reason will be explained.
[0121] Firstly, the invertors and so on of the present invention focused on the high-low change of the gear ratio. In
this case, with respect to the same oscillation amplitude of the secondary hydraulic pressure, as the gear ratio is on the
side of the high gear ratio, the sensitivity of the primary thrust is high, in other words, it has been discovered that sensitivity
of gear ratio variation is high and oscillation of the gear ratio tends to occur.
[0122] That is, FIG. 16 is a characteristic diagram illustrating a change of the primary thrust with respect to the gear
ratio and a change of the secondary thrust with respect to the gear ratio. Regarding a characteristic of the primary thrust
with respect to the gear ratio, the primary pulley 42 manages changing gear, therefore the primary thrust is small on a
side of a low gear ratio where a belt contact diameter is small, and the primary thrust becomes large on a side of a high
gear ratio where the belt contact diameter is large. On the other hand, regarding a characteristic of the secondary thrust
with respect to the gear ratio, the secondary pulley 43 manages the torque capacity, therefore the secondary thrust is
large on the side of the low gear ratio where the belt contact diameter is large, and the primary thrust is small on the
side of the high gear ratio where the belt contact diameter is small.
[0123] Accordingly, if the characteristics in FIG. 16 are illustrated by balance thrust ratio (= primary thrust/ secondary
thrust) that is a ratio of the primary thrust to the secondary thrust, as illustrated in FIG. 17, a characteristic that when the
gear ratio is at the highest, the balance thrust ratio becomes the highest, and as the gear ratio changes on the side of
the low gear ratio, the balance thrust ratio lowers, and when the gear ratio is at the lowest, the balance thrust ratio
becomes the lowest is shown. Thus, when the gear ratio is at the highest, the balance thrust ratio becomes the highest,
which means with respect to the same oscillation amplitude to the secondary hydraulic pressure, as the gear ratio is on
the side of the high gear ratio, the change of the primary thrust is large, and the sensitivity of the gear ratio variation is
high, that is, the oscillation of the gear ratio tends to occur.
[0124] This means that, in a case where the gear ratio is on the side of the high gear ratio, if the oscillation amplitude
of the secondary hydraulic pressure is set to a small value, it is possible to ensure the detection performance of the belt
slip state by extracting the oscillation component from the actual gear ratio. And in a case where the gear ratio is on the
high gear ratio, by setting the oscillation amplitude of the secondary hydraulic pressure to a small value, it is possible
to achieve practical fuel efficiency, in a case of being applied in an engine vehicle as in the first embodiment. And by
the variable setting of the oscillation amplitude corresponding to the gear ratio, as illustrated by a lower limit oscillation
amplitude value characteristic L in FIG. 19, as the gear ratio becomes on the side of the low gear ratio, the oscillation
amplitude of the secondary hydraulic pressure is set to a large value, however by aiming for a marginal field of the
detection performance of the belt slip state with respect to the gear ratio in the belt slip control, it is possible to achieve
the effect of energy saving of the maximum range.
[0125] Next, based on FIG. 19, a method for determining the oscillation amplitude in the belt slip control will be explained.
[0126] In the first embodiment, the oscillation amplitude is determined on the basis of the gear ratio, the lowest possible
pressure, and the vehicle vibration.
[0127] Firstly, when the oscillation amplitude is set to a value large enough to extract the oscillation component from
the actual gear ratio in the entire gear ratio range from the lowest to the highest, the oscillation of the gear ratio appears.
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With respect to the oscillation of the gear ratio, the transmission input revolution changes and vehicle oscillation occurs
due to longitudinal acceleration (= longitudinal G), and passenger comfort deteriorates. Therefore, as illustrated in FIG.
18, a limit value of the oscillation amplitude that does not have an influence of the vehicle vibration occurring by the
oscillation of the gear ratio based on the oscillation of the secondary hydraulic pressure on a passenger is needed to
be a NG (no-good) threshold value of the longitudinal G. At the same time, for setting the oscillation amplitude, exceeding
the lowest possible pressure is conditional, as illustrated on the left of FIG. 19, therefore it is not possible to set a value
to be a large oscillation amplitude so as to enter a range that is a lower pressure range than the lowest possible pressure.
Therefore, a smaller value of values of the oscillation amplitude determined by the vehicle vibration and the value of the
oscillation amplitude determined by the lowest possible pressure is taken as an upper limit oscillation amplitude value
MAX, as illustrated in FIG. 19, and the oscillation amplitude of the secondary hydraulic pressure is limited to a value
that is less than or equal to the upper limit oscillation amplitude value MAX. In the first embodiment, as illustrated in FIG.
19, since the value of the oscillation amplitude determined by the lowest possible pressure is small, the gear ratio to
which the belt slip control is applied by the upper limit oscillation amplitude value MAX does not include the lowest range,
and has a gear ratio limit. Therefore, the upper limit oscillation amplitude value MAX that is a maximum value of the
oscillation amplitude is set to a value that satisfies a condition of the lowest possible pressure and can maintain passenger
comfort. And as illustrated in FIG. 19, a lower limit oscillation amplitude value MIN that is a minimum value of the oscillation
amplitude is set to a value small enough to extract the oscillation component from the actual gear ratio when the gear
ratio is at the highest.
[0128] As illustrated by a dotted range in FIG. 19, a line connecting an intersection point PMAX of the upper limit
oscillation amplitude value MAX and the gear ratio limit and an intersection point PMIN of the lower limit oscillation
amplitude value MIN and the highest gear ratio, that is, a set of a limit value of the oscillation amplitude where the
oscillation component based on the oscillation of the secondary hydraulic pressure is included in the actual gear ratio
and a limit value of the oscillation amplitude that becomes small as the gear ratio is on the side of the high gear ratio,
is taken as a lower limit oscillation amplitude value characteristic L. Therefore, a range surrounded by the lower limit
oscillation amplitude value characteristic L, a line by the upper limit oscillation amplitude value MAX, and a line by the
highest gear ratio is taken as an OK range of the oscillation amplitude of the secondary hydraulic pressure.
[0129] However, in the OK range of the oscillation amplitude of the secondary hydraulic pressure, in particular, on the
side of the high gear ratio, a part in which the oscillation amplitude becomes larger than necessary is included. Therefore,
a characteristic in which an oscillation amplitude allowance margin is added to the lower limit oscillation amplitude value
characteristic L is taken as an upper limit oscillation amplitude value characteristic H, and an allowable range of the
oscillation amplitude of the secondary hydraulic pressure is set to a range surrounded by the lower limit oscillation
amplitude value characteristic L, the upper limit oscillation amplitude value characteristic H, the line by the highest gear
ratio, and the upper limit oscillation amplitude value MAX, as illustrated by a dotted + hatching range in FIG. 19.
[0130] Therefore, in a case of setting the oscillation amplitude in the belt slip control, a value based on the gear ratio
in which the belt slip control is applied with values within a range of the allowable range of the oscillation amplitude of
the secondary hydraulic pressure illustrated in FIG. 19 is set. Accordingly, in the gear ratio range between the gear ratio
limit and the highest gear ratio, it is possible to set an appropriate value that achieves the effect of the fuel efficiency,
suppresses the occurrence of the vehicle vibration by the belt slip control, and ensures the detection performance of
the belt slip state.
[0131] Next, effects will be explained.
[0132] According to the control device and the control method of the belt type continuously variable transmission
mechanism 4, it is possible to obtain the following effects.

(1) The control device for the belt type continuously variable transmission mechanism 4, including the primary pulley
42 for receiving an input from a drive source (engine 1), the secondary pulley 43 for providing an output to the drive
wheels 6, 6, and the belt 44 wound around the primary pulley 42 and the secondary pulley 43, to control a gear ratio
determined by a ratio of the diameter of the pulleys where the belt is wound around by controlling a primary hydraulic
pressure to the primary pulley 42 and a secondary hydraulic pressure to the secondary pulley 43, the control device
further comprises a belt slip control means (FIG. 8) configured to oscillate the secondary hydraulic pressure and
monitor a phase difference θ between an oscillation component included in an actual secondary hydraulic pressure
and an oscillation component included in an actual gear ratio to estimate a belt slip state, and control the actual
secondary hydraulic pressure to decrease on the basis of the estimation to ensure a predetermined belt slip state,
and an oscillation amplitude setting means (sine wave oscillator 93a) that sets oscillation amplitude of the oscillation
amplitude small when the gear ratio is the high gear ratio compared with when the gear ratio is the low gear ratio,
in a case of oscillating the secondary hydraulic pressure in the belt slip control.
Therefore, it is possible to provide the control device of the belt type continuously variable transmission mechanism
4 that achieves the improvement of the effect of energy saving (effect of practical fuel efficiency), suppresses the
occurrence of the vehicle vibration by the belt slip control, and ensures the detection performance of the belt slip
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state by setting the oscillation amplitude corresponding to the gear ratio where the belt slip control is performed.
(2) The oscillation amplitude setting means (sine wave oscillator 93a) sets the oscillation amplitude of the secondary
hydraulic pressure small as the gear ratio goes toward the high gear ratio from the low gear ratio in a case of
oscillating the secondary hydraulic pressure in the belt slip control.
Therefore, it is possible to precisely correspond to a change of the gear ratio where the belt slip control is performed
and set to an appropriate oscillation amplitude.
(3) The oscillation amplitude setting means (sine wave oscillator 93a) sets the oscillation amplitude of the secondary
hydraulic pressure to a value that is more than or equal to a lower limit oscillation amplitude value characteristic L,
when a set of a limit value of the oscillation amplitude where the oscillation component based on the oscillation of
the secondary hydraulic pressure is included in the actual gear ratio and a limit value of the oscillation amplitude
that becomes small as the gear ratio is on the side of the high gear ratio is taken as the lower limit oscillation
amplitude value characteristic L.
Therefore, during the belt slip control, it is possible to reliably ensure the detection performance of the belt slip state
and achieve the improvement of the effect of energy saving (effect of practical fuel efficiency).
(4) The oscillation amplitude setting means (sine wave oscillator 93a) sets the oscillation amplitude of the secondary
hydraulic pressure to a value that is less than or equal to the upper limit oscillation amplitude value MAX, when a
limit value of the oscillation amplitude that does not have the influence of the vehicle vibration occurring by oscillation
of the gear ratio based on the oscillation of the secondary hydraulic pressure on a passenger is taken as the upper
limit oscillation amplitude value MAX.
Therefore, during the belt slip control, it is possible to prevent the vehicle vibration that causes an uncomfortable
feeling, and ensure passenger comfort.
(5) The oscillation amplitude setting means (sine wave oscillator 93a) takes a characteristic in which an oscillation
amplitude allowance margin is added to the lower limit oscillation amplitude value characteristic L as an upper limit
oscillation amplitude value characteristic H, and sets the oscillation amplitude of the secondary hydraulic pressure
to a value corresponding to the gear ratio of a value within a range of the range surrounded by the lower limit
oscillation amplitude value characteristic L, the upper limit oscillation amplitude value characteristic H, the line by
the highest gear ratio, and the line by the upper oscillation amplitude value MAX.
Therefore, it is possible to achieve the improvement of the effect of energy saving (effect of practical fuel efficiency),
ensure the detection performance of the belt slip state, and prevent of the vehicle vibration for maintaining passenger
comfort by setting of the oscillation amplitude corresponding to the gear ratio where the belt slip control is performed.
(6) A control method for a belt type continuously variable transmission mechanism 4 by a belt slip control in which
a belt slip state among the primary pulley 42, secondary pulley 43, and belt 44 is controlled with a hydraulic pressure,
the method comprising the steps of oscillating the hydraulic pressure to control the hydraulic pressure on the basis
of a multiplication value of an oscillation component included in an actual hydraulic pressure and an oscillation
component of an actual gear ratio, and setting the oscillation amplitude of the hydraulic pressure small when the
gear ratio is the high gear ratio compared with when the gear ratio is the low gear ratio, in a case of oscillating the
hydraulic pressure.
Therefore, it is possible to provide the control method of the belt type continuously variable transmission mechanism
4 that achieves the improvement of the effect of energy saving (effect of practical fuel efficiency), suppresses the
occurrence of vehicle vibration by the belt slip control, and ensures the detection performance of the belt slip state
by setting the oscillation amplitude corresponding to the gear ratio where the belt slip control is performed.
(7) In the belt slip control, the belt slip state is estimated by monitoring a phase difference calculated from the
multiplication value, to control the hydraulic pressure on the basis of the estimation to maintain a predetermined
belt slip state.
Thus, it is possible to stably maintain a predetermined belt slip state during the belt slip control by accurately knowing
a change in the belt slip state by monitoring the phase difference correlated with the belt slip state. As a result, under
the belt slip control by which the belt friction is stably reduced, it is possible to realize a targeted effect of energy
saving (effect of practical fuel efficiency).

Second Embodiment

[0133] A second embodiment is an example of making an oscillation amplitude map corresponding to the gear ratio,
and setting the oscillation amplitude by following a change of the gear ratio during the belt slip control.
[0134] Firstly, a structure will be explained.
[0135] FIG. 20 is a flowchart for an oscillation and correction process of the secondary hydraulic pressure of a belt
slip control process executed by the CVT control unit 8 according to the second embodiment. FIG. 21 is a diagram
illustrating an example of the oscillation amplitude map referred to in a case where the oscillation amplitude is set in an
oscillation process of the secondary hydraulic pressure in the second embodiment. Hereinafter, each step of FIG. 20
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will be explained. Each step of step S431 to step S439 corresponds to each step of step S331 to step S339 of FIG. 8,
therefore the explanation is omitted.
[0136] In step S440, calculation is performed in a changing gear controller, and a command gear ratio used for the
changing gear control is read, and the flow proceeds to step S441.
[0137] In step S441, following the reading of the command gear ratio in step 440, on the basis of gear ratio information
and the oscillation amplitude map (see FIG. 21), the oscillation amplitude is set by following the change of the gear ratio,
and then the flow proceeds to step S431.
[0138] Here, in the oscillation amplitude map, as illustrated in FIG. 21, two characteristics which are a solid line
characteristic (corresponding to upper limit oscillation amplitude value characteristic H illustrated in FIG. 19) having a
relationship in which the oscillation amplitude is small as the gear ratio is on the side of high gear ratio, and a dashed-
dotted line characteristic (corresponding to lower limit oscillation amplitude value characteristic L illustrated in FIG. 19)
having a relationship in which the oscillation amplitude is small as the gear ratio is on the side of high gear ratio are set.
And at the beginning of the belt slip control, the solid line characteristic is selected.
[0139] In step S442, following the calculation of the command secondary hydraulic pressure in step S439, by reduction
correction of the secondary hydraulic pressure by the belt slip control, a determination is made as to whether or not a
minimum pressure of the oscillated secondary hydraulic pressure becomes less than the lowest possible pressure, and
in a case of YES (actual secondary hydraulic pressure < lowest possible pressure), the flow proceeds to step S443, and
in a case of NO (actual secondary hydraulic pressure ≥ lowest possible pressure), the flow proceeds to END.
[0140] In step S443, following the determination that actual secondary hydraulic pressure < lowest possible pressure
in step S442, a determination is made as to whether or not the characteristic that is selected in the oscillation amplitude
map at the moment is the solid line characteristic, and in a case of YES (solid line characteristic), the flow proceeds to
step S444, and in a case of NO (dashed-dotted line characteristic), the flow proceeds to END.
[0141] In step S444, following the determination of selecting the solid line characteristic in step S443, the characteristic
selected in the oscillation amplitude map is changed to the dashed-dotted line characteristic from the solid line charac-
teristic, and the flow proceeds to END.
[0142] Since other structures except FIG. 8 of FIGs. 1 to 10 are the same as in the first embodiment, illustrations and
explanations are omitted.
[0143] Next, functions will be explained.
[0144] In the second embodiment, the oscillation amplitude map (FIG. 21) in accordance with the gear ratio is made,
and during the belt slip control, the oscillation amplitude is set with reference to the oscillation amplitude map. Hereinafter,
based on FIGs. 20 and 21, a setting function of the oscillation amplitude during the belt slip control will be explained.

[Setting Function Of Added Oscillation Amplitude During Belt Slip Control]

[0145] At the beginning of the belt slip control, and when the condition where the phase difference θ is less than a
predetermined value at 1 is satisfied, in the flowchart in FIG. 6, the flow from step S440 → step S441 → step S431 →
step S432 → step S433 → step S434 → step S435→ step S439→ step S442→ END is repeated. That is, the added
oscillation amplitude is set by the command gear ratio at the beginning of the belt slip control, or the command gear
ratio that changes after the gear and the solid line characteristic of the oscillation amplitude map in FIG. 21, and every
time the flow is repeated, the secondary hydraulic pressure lowers in response to the correction by -ΔPsec.
[0146] By repeating the reduction correction of the command secondary hydraulic pressure, when the actual secondary
hydraulic pressure becomes less than the lowest possible pressure, from step S439 in FIG. 20, the flow proceeds to
step S442→ step S443→ step S444→ END, and a characteristic for setting the oscillation amplitude is changed to the
dashed dotted line characteristic from the previous solid line characteristic, and from the beginning of a next control
operation until the end of the belt slip control, the oscillation amplitude is set by the command gear ratio at the time and
the dashed-dotted line characteristic of the oscillation amplitude map in FIG. 21.
[0147] When the phase difference θ becomes equal to or more than the predetermined value at 1, until the phase
difference θ becomes a predetermined value at 2, in the flowchart in FIG. 20, the flow proceeds from step S440→ step
S441→ step S431→ step S432→ step S433→ step S434→ step S436 →step S437→ step S439→ step S442 to END,
and the command secondary hydraulic pressure is maintained. And when the phase difference θ becomes equal to or
more than the predetermined value at 2, in the flowchart in FIG. 20, the flow proceeds from step S440→ step S441→
step S431→ step S432→ step S433→ step S434→ step S436→ step S438→ step S439→ step S442 to END, and the
secondary hydraulic pressure rises in response to the correction by +ΔPsec. That is, in the belt slip control, the slip rate
is maintained so that the phase difference θ is within the range of the predetermined values from 1 or more to less than 2 .
[0148] The oscillation amplitude in the belt slip control is set by following the change of the command gear ratio, if any
one of the two characteristics in the oscillation amplitude map is selected.
[0149] Therefore, when a range of the gear ratio where the belt slip control is permitted is large, by setting the oscillation
amplitude by following the change of the command gear ratio in the permitted range, a value of the oscillation amplitude
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becomes an appropriate value corresponding to the command gear ratio, and it is possible to expect a further improvement
of the effect of the fuel efficiency, compared with the first embodiment where the oscillation amplitude is given at the
predetermined constant value.
[0150] In the setting of the oscillation amplitude in the belt slip control, the solid line characteristic (upper limit oscillation
amplitude value characteristic H illustrated in FIG. 19) in the oscillation amplitude map is selected, until the actual
secondary hydraulic pressure falls below the lowest possible pressure from the beginning of the control. And when the
actual secondary hydraulic pressure falls below the lowest possible pressure, the dashed-dotted line characteristic (lower
limit oscillation amplitude value characteristic L illustrated in FIG. 19) is selected. That is, at the same gear ratio i, as
illustrated in FIG. 21, when the upper limit oscillation amplitude value characteristic H is selected, the oscillation amplitude
becomes an oscillation amplitude Wh, and when the lower limit oscillation amplitude value characteristic L is selected,
the oscillation amplitude becomes an oscillation amplitude Wl, which is smaller than the oscillation amplitude Wh by
only an oscillation amplitude difference ΔW.
[0151] Therefore, until the actual secondary hydraulic pressure falls below the lowest possible pressure from the
beginning of the control, with respect to the minimum oscillation amplitude that extracts the oscillation component from
the actual gear ratio, the setting of the oscillation amplitude by a slightly large value is established, and it is possible to
reliably meet the request for the detection performance of the belt slip state in a range of the beginning of the control.
And when the actual secondary hydraulic pressure falls below the lowest possible pressure, the setting of the oscillation
amplitude by a minimum level that extracts the oscillation component from the actual gear ratio is established, and in
particular, it is possible to meet the request for the improvement of the fuel efficiency in a case where the belt slip control
continues for a long time.
[0152] Other functions are the same as in the first embodiment, therefore the explanation is omitted.
[0153] Next, effects will be explained.
[0154] In the control device of the belt type continuously variable transmission mechanism 4 according to the second
embodiment, in addition to the effects (1) to (7) of the first embodiment, it is possible to obtain the following effects.

(8) the oscillation amplitude setting means (FIG. 20) sets the oscillation amplitude map (FIG. 21) having the rela-
tionship in which the oscillation amplitude is small as the gear ratio is on the side of high gear ratio, and the belt slip
control means (FIG. 20) sets the oscillation amplitude by following the change of the gear ratio based on the gear
ratio information and the oscillation amplitude map, during the belt slip control.
Therefore, a value of the oscillation amplitude becomes an appropriate value corresponding to the command gear
ratio, and it is possible to improve the effect of energy saving (fuel efficiency) compared with the first embodiment.
(9) The oscillation amplitude setting means (FIG. 20) sets the oscillation amplitude map (FIG. 21) to the upper limit
oscillation amplitude value characteristic H in which the amplitude allowance margin is added to the lower limit
oscillation amplitude value characteristic L, and the belt slip control means (FIG. 20), by performing the control to
reduce the actual secondary hydraulic pressure during the belt slip control, when the actual secondary hydraulic
pressure that oscillates by a set oscillation amplitude falls below the lowest possible pressure in the hydraulic
pressure control system, changes the set oscillation amplitude to a small value as a limit that is a lower limit amplitude
value in the gear ratio at the time.

[0155] Therefore, during the belt slip control, it is possible to reliably meet the request for the detection performance
of the belt slip control state in the range of the beginning of the control, and meet the request for the improvement of the
effect of the energy saving (request for improvement of fuel efficiency) in the control continuation range.
[0156] Although the control device and method for the belt type continuously variable transmission according to the
present invention have been described in terms of the exemplary first embodiment and second embodiment, they are
not limited thereto. It should be appreciated that design variations or additions may be made without departing from the
scope of the present invention as defined by the following claims.
[0157] The first and second embodiments have described an example where the oscillation amplitude is set gradually
small, as the gear ratio goes toward the high gear ratio. However, between the low gear ratio and the high gear ratio to
which the belt slip control is applied, the oscillation amplitude can be also set small in a stepwise manner.
[0158] The first embodiment has described an example where a hydraulic pressure circuit of a single pressure-adjusting
type controlled by a step motor is used for the transmission hydraulic pressure control unit 7. However, another single
pressure-adjusting type or a dual pressure-adjusting type transmission hydraulic pressure control unit can be also used.
[0159] The first embodiment has described an example where only the secondary hydraulic pressure is oscillated.
However, for example, the primary hydraulic pressure together with the secondary hydraulic pressure can be concurrently
oscillated in the same phase by a direct acting control system. Alternatively, the primary hydraulic pressure together
with the secondary hydraulic pressure can be oscillated in the same phase by oscillating the line pressure.
[0160] The first embodiment has described an example of an oscillation means where the command secondary hy-
draulic pressure is given proper oscillation components. Alternatively, solenoid current values can be given proper



EP 2 426 378 B1

20

5

10

15

20

25

30

35

40

45

50

55

oscillation components.
[0161] The first embodiment has described an example where the input torque at the end of the belt slip control is
maintained for only a predetermined time as the torque limit control in the returning control. However, for example, as
the torque limit control, a minimal torque rise can be permitted.
[0162] The first embodiment has described an example of putting a limit to the change rate of the target primary
revolution speed, as the limit control of the changing speed of the speed-change ratio in the returning control. However,
as the limit control of the changing speed of the gear ratio, a limit can be put to a changing gear time constant, the gear
ratio at the end of the belt slip control can be maintained for only the predetermined time, and those methods can be
combined.
[0163] The second embodiment has described an example of changing a set oscillation amplitude to a small value as
a limit that is the lower limit amplitude value in the gear ratio at the time, when the actual secondary hydraulic pressure
oscillated by the set oscillation amplitude falls below the lowest possible pressure in the hydraulic pressure control
system, by performing the control to reduce the actual secondary hydraulic pressure during the belt slip control, as the
belt slip control means. However, instead of the lowest possible pressure in the hydraulic pressure, and using the
transmitted torque capacity by the belt, the set oscillation amplitude can be changed to a small value as a limit that is a
lower limit oscillation amplitude value in the gear ratio at the time, when the transmitted torque capacity falls below lowest
possible transmitted torque capacity. The second embodiment has described an example of changing in two steps, in
a case of changing to a small value. However, changing can be performed in a large number of steps equal to or more
than three steps, or steplessly performed.
[0164] The first embodiment has described an application example of an engine vehicle incorporating a belt type
continuously variable transmission. The present invention is also applicable to a hybrid vehicle incorporating a belt type
continuously variable transmission, an electric vehicle incorporating a belt type continuously variable transmission and
the like. In short it is applicable to any vehicle incorporating a belt type continuously variable transmission which performs
a hydraulic pressure transmission control.

Reference Signs List

[0165]

1 engine
2 torque converter
3 forward/backward drive switch mechanism
4 belt type continuously variable transmission mechanism
40 transmission input shaft
41 transmission output shaft
42 primar y pulley
43 secondar y pulley
44 belt
45 primar y hydraulic pressure chamber
46 secondar y hydraulic pressure chamber
5 final reduction mechanism
6, 6 drive whe el
7 transmission hydraulic pressure control unit
70 oil pump
71 regulator valve
72 line pressure solenoid
73 transmission control valve
74 decompression valve
75 secondary hydraulic pressure solenoid
76 servo link
77 transmission command valve
78 step motor
8 CVT control unit
80 primary revolution sensor
81 secondary revolution sensor
82 secondary hydraulic pressure sensor
83 oil temperature sensor
84 inhibitor switch
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85 brake switch
86 accelerator opening sensor
87 other sensors and switches
88 engine control unit
90 basic hydraulic pressure calculator
91 line pressure controller
92 secondary hydraulic pressure controller
93 sine wave oscillation controller (oscillation setting means)
94 secondary hydraulic pressure corrector

Claims

1. A control device for a belt type continuously variable transmission, comprising a primary pulley (42) for receiving
an input from a drive source (1), a secondary pulley (43) for providing an output to a drive wheel (6), and a belt (44)
wound around the primary pulley (42) and the secondary pulley (43), to control a gear ratio determined by a ratio
of a diameter of the pulleys where the belt (44) is wound around by controlling a primary hydraulic pressure to the
primary pulley (42) and a secondary hydraulic pressure to the secondary pulley (43), characterized in that the
device further comprising:

a belt slip control means configured to oscillate the secondary hydraulic pressure and monitor a phase difference
between an oscillation component included in an actual secondary hydraulic pressure and an oscillation com-
ponent included in an actual gear ratio to estimate a belt slip state, and control the actual secondary hydraulic
pressure to decrease on the basis of the estimation to maintain a predetermined belt slip state; and
an oscillation amplitude setting means (93) configured to set an oscillation amplitude of the secondary hydraulic
pressure small when the gear ratio is a high gear ratio compared with when the gear ratio is a low gear ratio,
in a case of oscillating the secondary hydraulic pressure in the belt slip control.

2. The control device for a belt type continuously variable transmission according to claim 1, wherein the oscillation
amplitude setting means (93) is configured to set the oscillation amplitude of the secondary hydraulic pressure small
as the gear ratio goes toward the high gear ratio from the low gear ratio, in a case of oscillating the secondary
hydraulic pressure in the belt slip control.

3. The control device for a belt type continuously variable transmission according to claim 1 or claim 2, wherein the
oscillation amplitude setting means (93) is configured to set the oscillation amplitude of the secondary hydraulic
pressure to a value equal to or more than a lower limit oscillation amplitude value characteristic (L), when an oscillation
component based on an oscillation of the secondary hydraulic pressure is a limit value of an oscillation amplitude
included in the actual gear ratio, and a set of limit values of the oscillation amplitude that become small as the gear
ratio is on a side of the high gear ratio is taken as the lower limit oscillation amplitude value characteristic (L).

4. The control device for a belt type continuously variable transmission according to claim 1 or claim 2, wherein the
oscillation amplitude setting means (93) sets the oscillation amplitude of the secondary hydraulic pressure to a value
less than or equal to an upper limit oscillation amplitude value (MAX), when a limit value of an oscillation amplitude
that does not have an influence of a vehicle vibration occurring by an oscillation of the gear ratio based on the
oscillation of the secondary hydraulic pressure on a passenger is taken as the upper limit oscillation amplitude value
(MAX).

5. The control device for a belt type continuously variable transmission according to claim 3 or claim 4, wherein the
oscillation amplitude setting means (93) takes a characteristic where an oscillation amplitude allowance margin is
added to the lower limit oscillation amplitude value characteristic (L) as an upper limit oscillation amplitude value
characteristic (H), and sets the oscillation amplitude of the secondary hydraulic pressure to a value corresponding
to the gear ratio of a value within a range of a range surrounded by the lower limit oscillation amplitude value
characteristic (L), the upper limit oscillation amplitude value characteristic (H), a line by a highest gear ratio, and a
line by the upper limit oscillation amplitude.

6. The control device for a belt type continuously variable transmission according to claim 1 or claim 2, wherein the
oscillation amplitude setting means (93) sets an oscillation amplitude map having a relationship in which the oscillation
amplitude is small as the gear ratio is on the side of the high gear ratio, and the belt slip control means sets the
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oscillation amplitude by following a change of the gear ratio based on gear ratio information and the oscillation
amplitude map during the belt slip control.

7. The control device for a belt type continuously variable transmission according to claim 3, wherein the oscillation
amplitude setting means (93) sets an oscillation amplitude map having a relationship in which the oscillation amplitude
is small as the gear ratio is on the side of the high gear ratio, and sets the oscillation amplitude map to an upper
limit oscillation amplitude value characteristic (H) where the oscillation amplitude allowance margin is added to the
lower limit oscillation amplitude value characteristic (L), and the belt slip control means sets a set oscillation amplitude
to a small value that is a lower limit oscillation amplitude value in a gear ratio at the time as a limit, by setting the
oscillation amplitude by following a change of the gear ratio based on gear ratio information and the oscillation
amplitude map and performing control to reduce the actual secondary hydraulic pressure during the belt slip control,
when the actual secondary hydraulic pressure oscillated by the set oscillation amplitude falls below a lowest possible
pressure in a hydraulic pressure control system.

8. A control method for a belt type continuously variable transmission by a belt slip control in which a belt slip state
among a primary pulley (42), a secondary pulley (43), and a belt (44) is controlled with a hydraulic pressure, char-
acterized in that the method comprising the steps of:

oscillating the hydraulic pressure to control the hydraulic pressure on the basis of a phase difference of an
oscillation component included in an actual hydraulic pressure and an oscillation component of an actual gear
ratio; and
setting the oscillation amplitude small when the gear ratio is a high gear ratio compared with when the gear
ratio is a low gear ratio, in a case of oscillating the hydraulic pressure.

9. The control method for a belt type continuously variable transmission by a belt slip control according to claim 8, the
method comprising the step of:

calculating the phase difference based on a multiplication value of an oscillation component included in an
actual hydraulic pressure and an oscillation component of an actual gear ratio.

10. The control method for a belt type continuously variable transmission by a belt slip control according to claim 9, the
method comprising the step of:

estimating the belt slip state by monitoring the calculated phase difference; and
controlling the hydraulic pressure to maintain a predetermined belt slip state based on the estimated belt slip state.

Patentansprüche

1. Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe, das umfasst:

eine primäre Riemenscheibe (42), zum Aufnehmen einer Eingabe von einer Antriebsquelle (1), einer sekundären
Riemenscheibe (43), um eine Ausgabe an ein Antriebsrad (6) vorzusehen, und einen Riemen (44), gewickelt
um die primäre Riemenscheibe (42) und die sekundäre Riemenscheibe (43), um ein Übersetzungsverhältnis,
bestimmt durch ein Verhältnis eines Durchmessers der Riemenscheiben, um welche der Riemen (44) gewickelt
ist, zu steuern, durch Steuerung eines primären Hydraulikdrucks zu der primären Riemenscheibe (42) und eines
sekundären Hydraulikdrucks zu der sekundären Riemenscheibe (43), dadurch gekennzeichnet, dass die
Vorrichtung weiterhin umfasst:

eine Riemen-Schlupf-Steuereinrichtung, konfiguriert um den sekundären Hydraulikdruck zu oszillieren und
einen Phasen-Unterschied zwischen einer Oszillations-Komponente, die in einem momentanen sekundä-
ren Hydraulikdruck beinhaltet ist, und einer Oszillations-Komponente, die in einem momentanen Überset-
zungsverhältnis beinhaltet ist, zu Überwachen, um einen Riemen-Schlupf-Zustand abzuschätzen, und um
den momentanen sekundären Hydraulikdruck dahingehend zu steuern, dass dieser auf der Basis der Ab-
schätzung abfällt, um einen vorgegebenen Riemen-Schlupf-Zustand aufrechtzuerhalten; und eine Oszilla-
tions-Amplituden-Setzeinrichtung (93), die konfiguriert ist, um eine Oszillations-Amplitude des sekundären
Hydraulikdrucks klein zu setzen, wenn das Übersetzungsverhältnis ein hohes Übersetzungsverhältnis ist,
im Vergleich mit dem, wenn das Übersetzungsverhältnis ein niedriges Übersetzungsverhältnis ist, in einem
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Fall von Oszillation des sekundären Hydraulikdrucks in der Riemen-Schlupf-Steuerung.

2. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 1, wobei die Oszil-
lations-Amplituden-Setzeinrichtung (93) konfiguriert ist, um die Oszillations-Amplitude des zweiten Hydraulikdrucks
klein zu setzen, wenn das Übersetzungsverhältnis zu dem hohen Übersetzungsverhältnis von dem niedrigen Über-
setzungsverhältnis fortschreitet, in einem Fall von Oszillation des zweiten Hydraulikdrucks in der Riemen-Schlupf-
Steuerung.

3. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 1 oder 2, wobei die
Oszillations-Amplituden-Setzeinrichtung (93) konfiguriert ist, um die Oszillations-Amplitude des zweiten Hydraulik-
drucks auf einen Wert gleich oder mehr als eine untere Grenz-Oszillations-Ampritudenwert-Charakteristik (L) zu
setzen, wenn eine Oszillations-Komponente basierend auf einer Oszillation des sekundären Hydraulikdrucks ein
Grenzwert einer Oszillations-Amplitude ist, die in dem momentanen Übersetzungsverhältnis beinhaltet ist, und ein
Setzen von Grenzwerten der Oszillations-Amplitude, die kleiner werden, wenn das Übersetzungsverhältnis auf einer
Seite des höheren Übersetzungsverhältnis ist, genommen als die untere Grenz-Oszillations-Amplitudenwert-Cha-
rakteristik (L).

4. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 1 oder 2, wobei die
Oszillations-Amplituden-Setzeinrichtung (93) die Oszillations-Amplitude des sekundären Hydraulikdrucks auf einen
Wert niedriger als oder gleich zu einem oberen Grenz-Oszillations-Amplitudenwert (MAX) setzt, wenn ein Grenzwert
einer Oszillations-Amplitude, der keinen Einfluss auf eine Fahrzeugvibration hat, die bei einer Oszillation des Über-
setzungsverhältnisses auf Grundlage der Oszillation des zweiten sekundären Hydraulikdrucks auf einen Passagier
auftreten, als der obere Grenz-Oszillations-Amplitudenwert (MAX) genommen ist.

5. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 3 oder 4, wobei die
Oszillations-Amplituden-Setzeinrichtung (93) eine Charakteristik nimmt, wenn eine Oszillations-Amplituden-Gestat-
tungs-Marge zu der unteren Grenz-Oszillations-Amplitudenwert-Charakteristik (L) als eine obere Grenz-Oszillations-
Amplitudenwert-Charakteristik (H) addiert ist, und setzt die Oszillations-Amplitude des sekundären Hydraulikdrucks
auf einen Wert, entsprechend zu dem Übersetzungsverhältnis eines Werts in einem Bereich, eines Bereichs, um-
geben von der unteren Grenz-Oszillations-Amplitudenwert-Charakteristik (L), der oberen Grenz-Oszillations-Amp-
litudenwert-Charakteristik (H), einer Linie durch eines höchsten Übersetzungsverhältnisses und einer Linie durch
die obere Grenz-Oszillations-Amplitude.

6. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 1 oder 2, wobei die
Oszillations-Amplituden-Setzeinrichtung (93) ein Oszillations-Amplituden-Kennfeld setzt, das eine Beziehung hat,
in der die Oszillations-Amplitude klein ist, wenn das Übersetzungsverhältnis auf der Seite des hohen Übersetzungs-
verhältnisses ist, und die Riemen-Schlupf-Steuereinrichtung setzt die Oszillations-Amplitude durch Nachfolgen einer
Änderung des Übersetzungsverhältnisses auf Grundlage einer Übersetzungsverhältnisinformation und des Oszil-
lations-Amplituden-Kennfelds während der Riemen-Schlupf-Steuerung.

7. Die Steuervorrichtung für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe gemäß Anspruch 3, wobei die Oszil-
lations-Amplituden-Setzeinrichtung (93) ein Oszillations-Amplituden-Kennfeld setzt, das eine Beziehung hat, in dem
die Oszillations-Amplitude klein ist, wenn das Übersetzungsverhältnis auf der Seite des hohen Übersetzungsver-
hältnisses ist, und das Oszillations-Amplituden-Kennfeld zu einer oberen Grenz-Oszillations-Amplitudenwert-Cha-
rakteristik (H) setzt, in der die Oszillations-Amplituden-Gestattungs-Marge zu der unteren Grenz-Oszillations-Am-
plitudenwert-Charakteristik (L) addiert ist, und die Riemen-Schlupf-Steuereinrichtung setzt eine Setz-Oszillations-
Amplitude auf einen kleinen Wert, der ein unterer Grenz-Oszillations-Amplitudenwert ist, in einem Übersetzungs-
verhältnis zu diesem Zeitpunkt als eine Grenze, durch Setzen der Oszillations-Amplitude durch Folgen einer Ände-
rung des Übersetzungsverhältnisses auf Grundlage einer Übersetzungsverhältnisinformation und des Oszillations-
Amplituden-Kennfelds und Durchführen einer Steuerung, um den aktuellen sekundären Hydraulikdruck während
der Riemen-Schlupf-Steuerung zu reduzieren, wenn der momentane sekundäre Hydraulikdruck, der durch die ge-
setzte Oszillations-Amplitude oszilliert, unter einen untersten möglichen Druck in einem Hydraulikdruck-Steuersys-
tem fällt.

8. Ein Steuerverfahren für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe durch eine Riemen-Schlupf-Steuerung,
in der ein Riemen-Schlupf-Zustand, um eine primäre Riemenscheibe (42), eine sekundäre Riemenscheibe (43) und
einem Riemen (44), mit einem Hydraulikdruck gesteuert ist, dadurch gekennzeichnet, dass das Verfahren die
Schritte umfasst:
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Oszillieren des Hydraulikdrucks, um den Hydraulikdruck auf der Grundlage einer Phasendifferenz einer Oszil-
lations-Komponente, die in einem aktuellen Hydraulikdruck und einer Oszillations-Komponente eines momen-
tanen Übersetzungsverhältnisses beinhaltet ist, zu steuern; und
Setzen der Oszillations-Amplitude klein, wenn das Übersetzungsverhältnis ein hohes Übersetzungsverhältnis
ist, im Vergleich mit wenn das Übersetzungsverhältnis ein niedriges Übersetzungsverhältnis ist, in einem Fall
von Oszillation des Hydraulikdrucks.

9. Das Steuerverfahren für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe durch eine Riemen-Schlupf-Steuerung
gemäß Anspruch 8, das Verfahren umfasst die Schritte von:

Kalkulieren der Phasendifferenz aufgrund eines Multiplikationswerts einer Oszillations-Komponente, die in einen
momentanen Hydraulikdruck und einer Oszillations-Komponente eines momentanen Übersetzungsverhältnis-
ses beinhaltet ist.

10. Das Steuerverfahren für ein Riemen-Typ-Kontinuierlich-Variables-Getriebe durch eine Riemen-Schlupf-Steuerung
gemäß Anspruch 9, das Verfahren umfasst die Schritte von:

Abschätzen des Riemen-Schlupf-Zustands durch Überwachen der berechneten Phasendifferenz; und Steuern
des Hydraulikdrucks, um einen vorgegebenen Riemen-Schlupf-Zustand aufgrund des abgeschätzten Riemen-
Schlupf-Zustands aufrechtzuerhalten.

Revendications

1. Dispositif de commande pour une transmission à variation continue du type à courroie comprenant une poulie
primaire (42) pour recevoir une entrée d’une source d’entraînement (1), une poulie secondaire (43) pour fournir une
sortie à une roue d’entraînement (6) et une courroie (44) enroulée autour de la poulie primaire (42) et de la poulie
secondaire (43), pour commander un rapport d’engrenage déterminé par le rapport du diamètre des poulies autour
desquelles la courroie (44) est enroulée en commandant une pression hydraulique primaire à la poulie primaire (42)
et une pression hydraulique secondaire à la poulie secondaire (43), caractérisé en ce que le dispositif comprend
en outre :

un moyen de commande de patinage de courroie configuré pour faire osciller la seconde pression hydraulique
et pour surveiller la différence de phase entre une composante d’oscillation incluse dans une pression hydrau-
lique secondaire réelle et une composante d’oscillation incluse dans un rapport d’engrenage réel afin d’estimer
un état de patinage de la courroie, et pour commander la diminution de la pression hydraulique secondaire
réelle en se basant sur l’estimation pour maintenir un état de patinage de courroie prédéterminé ; et
un moyen de réglage d’amplitude d’oscillation (93) configuré pour régler l’amplitude d’oscillation de la pression
hydraulique secondaire à une valeur faible lorsque le rapport d’engrenage est un rapport d’engrenage élevé
par rapport au cas où le rapport d’engrenage est un rapport d’engrenage faible, dans le cas d’oscillation de la
pression hydraulique secondaire dans la commande de patinage de courroie.

2. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 1,
dans lequel le moyen de réglage d’amplitude d’oscillation (93) est configuré pour régler l’amplitude d’oscillation de
la pression hydraulique secondaire à une valeur faible lorsque le rapport d’engrenage passe du rapport d’engrenage
faible au rapport d’engrenage élevé, dans le cas d’oscillation de la pression hydraulique secondaire dans la com-
mande de patinage de courroie.

3. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 1 ou
la revendication 2, dans lequel le moyen de réglage d’amplitude d’oscillation (93) est configuré pour régler l’amplitude
d’oscillation de la pression hydraulique secondaire à une valeur supérieure ou égale à une caractéristique de valeur
d’amplitude d’oscillation limite inférieure (L), lorsqu’une composante d’oscillation basée sur une oscillation de la
pression hydraulique secondaire est une valeur limite d’une amplitude d’oscillation incluse dans le rapport d’engre-
nage réel, et un ensemble de valeurs limites de l’amplitude d’oscillation diminuant à mesure que le rapport d’en-
grenage se trouve du côté du rapport d’engrenage élevé est considéré comme caractéristique de valeur d’amplitude
d’oscillation limite inférieure (L).

4. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 1 ou
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la revendication 2, dans lequel le moyen de réglage d’amplitude d’oscillation (93) règle l’amplitude d’oscillation de
la pression hydraulique secondaire à une valeur inférieure ou égale à une valeur d’amplitude d’oscillation limite
supérieure (MAX), lorsque la valeur limite de l’amplitude d’oscillation n’ayant pas d’influence sur les vibrations d’un
véhicule apparaissant en raison d’une oscillation du rapport d’engrenage basé sur l’oscillation de la pression hy-
draulique secondaire sur un passager est considérée comme valeur d’amplitude d’oscillation limite supérieure (MAX).

5. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 3 ou
la revendication 4, dans lequel le moyen de réglage d’amplitude d’oscillation (93) prend une caractéristique lorsqu’une
marge de tolérance d’amplitude d’oscillation est ajoutée à la caractéristique de valeur d’amplitude d’oscillation limite
inférieure (L) en tant que caractéristique de valeur d’amplitude d’oscillation limite supérieure (H), et règle l’amplitude
d’oscillation de la pression hydraulique secondaire à une valeur correspondant au rapport d’engrenage d’une valeur
située dans une plage encadrée par la caractéristique de valeur d’amplitude d’oscillation limite inférieure (L), la
caractéristique de valeur d’amplitude d’oscillation limite supérieure (H), une droite passant par le rapport d’engrenage
le plus haut et une droite passant par l’amplitude d’oscillation limite supérieure.

6. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 1 ou
la revendication 2, dans lequel le moyen de réglage d’amplitude d’oscillation (93) règle une carte d’amplitude
d’oscillation présentant une relation dans laquelle l’amplitude d’oscillation est faible lorsque le rapport d’engrenage
se trouve du côté du rapport d’engrenage élevé, et le moyen de commande de patinage de courroie règle l’amplitude
d’oscillation en suivant la variation du rapport d’engrenage sur la base d’informations de rapport d’engrenage et la
carte d’amplitude d’oscillation pendant la commande de patinage de courroie.

7. Dispositif de commande pour une transmission à variation continue du type à courroie selon la revendication 3,
dans lequel le moyen de réglage d’amplitude d’oscillation (93) règle une carte d’amplitude d’oscillation présentant
une relation dans laquelle l’amplitude d’oscillation est faible lorsque le rapport d’engrenage se trouve du côté du
rapport d’engrenage élevé, et règle la carte d’amplitude d’oscillation à une caractéristique de valeur d’amplitude
d’oscillation limite supérieure (H) lorsque la marge de tolérance d’amplitude d’oscillation est ajoutée à la caracté-
ristique de valeur d’amplitude d’oscillation limite inférieure (L), et le moyen de commande de patinage de courroie
règle une amplitude d’oscillation de réglage à une valeur faible qui est une valeur d’amplitude d’oscillation limite
inférieure dans un rapport d’engrenage à ce moment en tant que limite, en réglant l’amplitude d’oscillation en suivant
la variation du rapport d’engrenage sur la base des informations de rapport d’engrenage et la carte d’amplitude
d’oscillation et en effectuant une commande pour diminuer la pression hydraulique secondaire réelle pendant la
commande de patinage de courroie, lorsque la pression hydraulique secondaire réelle que l’amplitude d’oscillation
réglée fait osciller diminue au-dessous d’une pression possible la plus basse dans un système de commande de
pression hydraulique.

8. Procédé de commande pour une transmission à variation continue du type à courroie au moyen d’une commande
de patinage de courroie dans lequel un état de patinage de courroie parmi une poulie primaire (42), une poulie
secondaire (43) et une courroie (44) est commandé avec une pression hydraulique, caractérisé en ce que le
procédé comprend les étapes consistant à :

faire osciller la pression hydraulique pour commander la pression hydraulique en se basant sur la différence
de phase d’une composante d’oscillation incluse dans une pression hydraulique réelle et d’une composante
d’oscillation d’un rapport d’engrenage réel ; et
régler à une faible valeur l’amplitude d’oscillation lorsque le rapport d’engrenage est un rapport d’engrenage
élevé par rapport au cas où le rapport d’engrenage est un rapport d’engrenage faible, dans le cas de l’oscillation
de la pression hydraulique.

9. Procédé de commande pour une transmission à variation continue du type à courroie au moyen d’une commande
de patinage de courroie selon la revendication 8, le procédé comprenant les étapes consistant à :

calculer la différence de phase entre une valeur de multiplication d’une composante d’oscillation incluse dans
une pression hydraulique réelle et une composante d’oscillation d’un rapport d’engrenage réel.

10. Procédé de commande pour une transmission à variation continue du type à courroie au moyen d’une commande
de patinage de courroie selon la revendication 9, le procédé comprenant les étapes consistant à :

estimer l’état de patinage de la courroie en surveillant la différence de phase calculée ; et
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commander la pression hydraulique pour maintenir un état de patinage de courroie prédéterminé en se basant
sur l’état de patinage de courroie estimé.
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