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The invention provides a shift control apparatus of a continu 
ously variable transmission, which includes a feedback con 
trol portion which executes feedback control that brings an 
actual speed ratio close or equal to a target speed ratio, and a 
normal operation determining portion which determines 
whether the shift control apparatus is operating normally 
based on a difference between the actual speed ratio and the 
target speed ratio, and an amount of change in the actual speed 
ratio and an amount of change in the target speed ratio during 
a predetermined interval. 

34 

24R 

  



Patent Application Publication Dec. 24, 2009 Sheet 1 of 8 US 2009/0319144 A1 

8 
BELT-TYPE CONTINUOUSLY 
VARIABLE TRANSMISSION 
(CONTINUOUSLY WARIABLE 22 
TRANSMITTING PORTION) 

24L 24R 

C1 - B1 

CLUTCH BRAKE 

O: APPLIED 

  

    

    

  



Patent Application Publication Dec. 24, 2009 Sheet 2 of 8 US 2009/0319144 A1 

F I G. 3 

50 

52 ENGINESEED NE 76 
SE THROTTLE 

54 TURBINE SPEED NT ACTUATOR 
SENSOR 78 

NFUSHAN SE FUEL INJECTION 56 ROTATION SPEED NI DEVICE 
SENSOR 80 

58-UVEHSESEEED V St IGNITION DEVICE SENSOR 

THROTTLE 6th 
60 SENSOR 22 

O 

ES5 COOLANT T., 35 
62 TEMPERATURE Iws: 5 SENSOR U 

CVT FLUID 1 OO 
64 TEMPERATURE Tovt 

SENSOR ST HYDRAULIC 
- a- - - - - CONTROL 

68-y SB CIRCUIT 
ACCEERAIOR A 66 OPERATION CC 
AMOUNT SENSOR 

SWITCH 

72 LEVER POSITION Ps 
SENSOR 

l --- O -- - 

  



Patent Application Publication Dec. 24, 2009 Sheet 3 of 8 US 2009/031.9144 A1 

101 

! ?t 
94 PM as 

al, r 90 -92 98 s 102 42c 
s s 100 figgsheave 

-1 2-() is Po 



Patent Application Publication Dec. 24, 2009 Sheet 4 of 8 US 2009/031.9144 A1 

F I G. 5 

VEHICLE SPEED V 

  



Patent Application Publication Dec. 24, 2009 Sheet 5 of 8 US 2009/0319144 A1 

F I G. 6 
172 

START POINT 160 
SETTING MEANS 

SHIFT POSITION 
END POINT DETERMINING 

SETTING MEANS 

MOVING AMOUNT APPLY 162 
CALCULATING MEANS CONTROLLING 

MEANS 

178 MEANS 

TARGET MOVING 154 
AMOUNT BELT SOUEEZLNG 

DETERMINING MEANS FORCE SETTING 

170 MEANs 
NORMAL OPERATION 156 
DETERMINING MEANS 

152 BELTSQUEEZING 
58 

FORCE ENGINE OUTPUT 
SHIFT CONTROLLING CONTROLLING CONTROLLING 

MEANS MEANS MEANS 

ST SB SE 
SA 

HYDRAULIC 
101 CONTROL CIRCUIT 

FORWARD 
CONTINUOUSLY REVERSE 

VARIABLE 
TRANSMISSION APPARATUS 

(CVT) 
18 

16 14 

TORGUE 
SWITCHING CONVERTE |ENGINE 

12 

  

  

  

  

  

  

  



Patent Application Publication Dec. 24, 2009 Sheet 6 of 8 US 2009/0319144 A1 

F I. G. 7 

SPEED RATIO Y 

  



Patent Application Publication Dec. 24, 2009 Sheet 7 of 8 US 2009/031.9144 A1 

F I G. 8 

IS A { ACTUAL 
SPEED RATIO { B 2 

START AND END POINTS 
BEEN ESTABLISHED 

ESTABLISH START POINT 

ESTABLISHEND POINT 

S END 
POINT REACHED 2 

YES 

CALCULATE AMOUNT 
OF CHANGE 

SA 
IS AMOUNT 

OF CHANGE IN TARGET 
SPEED RATIO X D 

MAKE DETERMINATION 
REGARDING NORMAL OPERATION 

RETURN 

  

    

    

  

    

  

  

  

  

  



Patent Application Publication Dec. 24, 2009 Sheet 8 of 8 US 2009/031.9144 A1 

F I G. 9 

e: DIFFERENCE (= r * - Y) 
A Y : AMOUNT OF CHANGE IN ACTUAL 

SPEED RATIO (= r -r) 
A Y * : AMOUNT OF CHANGE IN TARGET 

SPEED RATIO (= r * - r *) 
max: MAXIMUM SPEED RATIO 

Y min: MINIMUM SPEED RATIO 

  



US 2009/031.9144 A1 

SHIFT CONTROL APPARATUS OFA 
CONTINUOUSLY VARIABLE 

TRANSMISSION AND METHOD OF 
DETERMINING WHETHER SHIFT 

CONTROL APPARATUS IS OPERATING 
NORMALLY 

INCORPORATION BY REFERENCE 

0001. The disclosure of Japanese Patent Application No. 
2008-161276 filed on Jun. 20, 2008, including the specifica 
tion, drawings and abstract is incorporated herein by refer 
ence in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates to a shift control apparatus of 
a continuously variable transmission (CVT) that continu 
ously (i.e., steplessly) changes speed ratios. More particu 
larly, the invention relates to a shift control apparatus that 
determines whether that shift control apparatus is operating 
normally, as well as to a method of determining whether a 
shift control apparatus is operating normally. 
0004 2. Description of the Related Art 
0005. A vehicle is known which has a continuously vari 
able transmission that continuously changes speed ratios pro 
vided in a power transmitting path between an engine and 
driving wheels. In this continuously variable transmission, 
the actual speed ratio calculated based on the input shaft 
rotational speed and the output shaft rotational speed of the 
continuously variable transmission is normally shift-con 
trolled to a target speed ratio determined based on the vehicle 
speed and accelerator operation amount, for example. Shift 
ing in the continuously variable transmission is normally 
performed by a hydraulic control circuit in the continuously 
variable transmission. However, if a solenoid valve or the like 
arranged in the hydraulic control circuit fails, shift control is 
unable to be performed normally. Therefore, it is desirable to 
determine whether shift control will be performed normally. 
0006 Thus, Japanese Patent Application Publication No. 
8-233083 (JP-A-8-233083) describes technology which cal 
culates an absolute value of the difference between a target 
speed ratio of a continuously variable transmission (a toroi 
dal-type continuously variable transmission) and the actual 
speed ratio of the continuously variable transmission, and 
determines that the continuously variable transmission is 
operating normally if the change in the absolute value of that 
difference is small. Also, Japanese Patent Application Publi 
cation No. 8-127261 (JP-A-8-127261) describes technology 
that determines whether shift control is normal based on 
whether a difference between a target speed ratio and an 
actual speed ratio continues to exceed a set value for a pre 
determined period of time. 
0007. In addition to a shift control solenoid valve, a plu 

rality of other valves, such as linear solenoid valves which 
control the line pressure, i.e., the base pressure, are also 
provided in the hydraulic control circuit in JP-A-8-233038 
and JP-A-8-127261 and the like. For example, if a linear 
solenoid valve that controls the line pressure fails, sufficient 
line pressure will no longer be able to be supplied to the 
various valves in the hydraulic control circuit. As a result, the 
difference between the actual speed ratio and the target speed 
ratio will increase so it will be determined that shift control 
will not be able to be performed normally. That is, even if the 
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shift control solenoid valve is operating normally, it will be 
determined that an abnormally has occurred in the shift con 
trol apparatus. In this way, because it will be determined that 
shift control is abnormal due to the failure of another part, 
even if the shift control solenoid valve is operating normally, 
it is not possible to accurately determine whether the shift 
control Solenoid valve is operating normally by only the 
determination based on that difference. 

SUMMARY OF THE INVENTION 

0008. This invention thus provides a shift control appara 
tus of a continuously variable transmission that changes gear 
ratios continuously (i.e., steplessly), which can accurately 
determine whether the shift control apparatus is operating 
normally, as well as a method for determining whether a shift 
control apparatus of a continuously variable transmission that 
changes gear ratios continuously (i.e., Steplessly) is operating 
normally. 
0009. A first aspect of the invention relates to a shift con 
trol apparatus of a continuously variable transmission. The 
shift control apparatus includes a feedback control portion 
which executes feedback control that brings an actual speed 
ratio close or equal to a target speed ratio, and a normal 
operation determining portion which determines whether the 
shift control apparatus is operating normally based on a dif 
ference between the actual speed ratio and the target speed 
ratio, and an amount of change in the actual speed ratio and an 
amount of change in the target speed ratio during a predeter 
mined interval. 
0010 Providing the normal operation determining means 
that determines whether the shift control apparatus is operat 
ing normally based on the difference between the actual speed 
ratio and the target speed ratio, as well as the amounts of 
change in those speed ratios during a predetermined interval, 
makes it possible to accurately determine whether shift con 
trol Solenoid valves are operating normally. That is, the reli 
ability of that determination is improved because the deter 
mination is made based on the amounts of change as well as 
the difference. 
0011. A second aspect of the invention relates to a method 
of determining whether a shift control apparatus of a continu 
ously variable transmission is operating normally. This 
method includes executing feedback control that brings an 
actual speed ratio close or equal to a target speed ratio, and 
determining whether the shift control apparatus is operating 
normally based on a difference between the actual speed ratio 
and the target speed ratio, and an amount of change in the 
actual speed ratio and an amount of change in the target speed 
ratio during a predetermined interval. 
0012. A third aspect of the invention relates to a method of 
determining whether a shift control apparatus of a continu 
ously variable transmission is operating normally. This 
method includes executing feedback control that brings an 
actual speed ratio close or equal to a target speed ratio, cal 
culating a difference between the actual speed ratio and the 
target speed ratio, calculating an amount of change in the 
actual speed ratio and an amount of change in the target speed 
ratio during a predetermined interval, and determining that 
the shift control apparatus is operating normally when i) the 
difference is equal to or less than a predetermined-value, and 
ii) the difference between the amount of change in the actual 
speed ratio and the amount of change in the target speed ratio 
is equal to or less than a first predetermined value, or the ratio 
of the amount of change in the actual speed ratio to the 
amount of change in the target speed ratio is within a second 
predetermined value. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The foregoing and further objects, features and 
advantages of the invention will become apparent from the 
following description of preferred embodiments with refer 
ence to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 
0014 FIG. 1 is a skeleton view of a vehicular power trans 
mitting device according to an example embodiment of the 
invention; 
0015 FIG. 2 is a clutch and brake application chart show 
ing the operating states of the vehicular power transmitting 
device in FIG. 1; 
0016 FIG. 3 is a block line diagram showing the main 
portions of a control system provided in a vehicle for control 
ling the vehicular power transmitting device and the like in 
FIG. 1: 
0017 FIG. 4 is a simplified diagram of part of a hydraulic 
control circuit that Supplies hydraulic fluid to an input side 
hydraulic cylinder and an output side hydraulic cylinder, 
0018 FIG. 5 is a graph showing one example of a shift 
map used when obtaining a target input rotational speed in 
shift control of a continuously variable transmission in FIG. 
1; 
0019 FIG. 6 is a functional block line diagram showing 
the main control functions of an electronic control apparatus 
shown in FIG. 3; 
0020 FIG. 7 is a graph showing one example of a neces 
sary hydraulic pressure map for obtaining the necessary 
hydraulic pressure for a speed ratio and the like in Squeezing 
force control of the continuously variable transmission in 
FIG. 1: 
0021 FIG. 8 is a flowchart illustrating the main portion of 
a control operation of the electronic control apparatus, i.e., a 
control operation that makes it possible to accurately deter 
mine whether shift control in a belt-type continuously vari 
able transmission is normal; and 
0022 FIG. 9 is a graph showing the relationship between 

i) a target speed ratio and the actual speed ratio and ii) time, 
when the belt-type continuously variable transmission is 
upshifted. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT 

0023. In the following description and the accompanying 
drawings, the present invention will be described in more 
detail in terms of an example embodiment. 
0024 FIG. 1 is a skeleton view of a vehicular power trans 
mitting device 10 according to one example embodiment of 
the invention. This vehicular power transmitting device 10 is 
a transverse mounted automatic transmission which is pref 
erably employed in a FF (front engine-front drive) vehicle, 
and includes an engine 12 that serves as the power source for 
running. Output from the engine 12, which is an internal 
combustion engine in this example embodiment, is transmit 
ted from a crankshaft of the engine 12 to a final reduction gear 
22 via a torque converter 14 that serves as a fluid power 
transmitting device, a forward-reverse Switching apparatus 
16, an input shaft 36, a belt-type continuously variable trans 
mission (hereinafter simply referred to as “belt-type CVT) 
18, an output shaft 44, and reduction gears 20. From the final 
reduction gear 22, the output it is distributed to left and right 
driving wheels 24L and 24R. Incidentally, the belt-type CVT 
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18 in this example embodiment may correspond to a continu 
ously variable transmission of the invention. 
0025. The torque converter 14 includes a pump impeller 
14p that is connected to the crankshaft of the engine 12, and 
a turbine runner 14t that is connected to the forward-reverse 
switching apparatus 16 via a turbine shaft 34. The torque 
converter 14 transmits power through fluid. Also, a lock-up 
clutch 26 is provided between the pump impeller14p and the 
turbine runner 14t. This lock-up clutch 26 is switched 
between being applied and released by Switching the Supply 
of hydraulic pressure to an apply side fluid chamber and a 
release side fluid chamber using a switching valve or the like 
in a hydraulic control apparatus, not shown. When the lock 
up clutch 26 is completely applied, the pump impeller 14p 
and the turbine runner 14t rotate together as a single unit. A 
mechanical oil pump 28 that generates hydraulic pressure for 
controlling a shift in the belt-type CVT 18, generating belt 
Squeezing force, and Supplying lubrication oil to various parts 
is provided with the pump impeller 14p. 
0026. The forward-reverse switching apparatus 16 mainly 
includes a double-pinion type planetary gear set in which the 
turbine shaft 34 of the torque converter 14 is integrally con 
nected to a sun gear 16s and the input shaft 36 of the belt-type 
CVT 18 is integrally connected to a carrier 16c. Meanwhile, 
the carrier 16c and the sun gear 16s may be selectively con 
nected via a forward clutch C1, and a ring gear 16r may be 
selectively fixed to a housing by a reverse brake B1. The 
forward clutch C1 and the reverse brake B1 are both hydraulic 
friction apply devices that are frictionally applied by hydrau 
lic cylinders. As shown in FIG.2, when the forward clutch C1 
is applied and the reverse brake B1 is released, the forward 
reverse Switching apparatus 16 rotates as a single unit, 
thereby establishing a forward power transmitting path Such 
that forward rotation is transmitted to the belt-type CVT 18 
without a reduction in rotational speed. On the other hand, 
when the reverse brake B1 is applied and the forward clutch 
C1 is released, the forward-reverse switching apparatus 16 
establishes a reverse power transmitting path in which the 
input shaft 36 rotates in the direction opposite that of the 
turbine shaft 34 such that reverse rotation is transmitted to the 
belt-type CVT 18. Also, when both the forward clutch C1 and 
the reverse brake B1 are released, the forward-reverse switch 
ing apparatus 16 is in a neutral state (i.e., in a disconnected 
state) in which the transmission of power is interrupted. 
(0027. The belt-type CVT 18 includes an input side vari 
able pulley 42 with a variable effective radius that is provided 
on the input shaft 36 and functions as an input side member, 
an output side variable pulley 46 with a variable effective 
radius that is provided on the output shaft 44 and functions as 
an output side member, and a drive belt 48 that is wound 
around the variable pulleys 42 and 46 and functions as a 
power transmitting member that is in frictional contact with 
the variable pulleys 42 and 46. Power is transmitted via the 
frictional force between the drive belt 48 and the variable 
pulleys 42 and 46. The input side variable pulley 42 includes 
a fixed sheave 42a, a movable sheave 42b, and an input side 
hydraulic cylinder 42c. The fixed sheave 42a is fixed to the 
input shaft 36. The movable sheave 42b is provided on the 
input shaft 36 in such a manner that it is able to move in the 
axial direction of the input shaft 36 but unable to rotate 
relative to the input shaft36. The inputside hydraulic cylinder 
42c applies thrust to the movable sheave 42b, thereby chang 
ing a V groove width between the fixed sheave 42a and the 
movable sheave 42b. Similarly, the outputside variable pulley 
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46 includes a fixed sheave 46a, a movable sheave 46b, and an 
output side hydraulic cylinder 46C. The fixed sheave 46a is 
fixed to the output shaft 44. The movable sheave 46b is 
provided on the output shaft 44 in such a manner that it is able 
to move in the axial direction of the output shaft 44 but unable 
to rotate relative to the output shaft 44. The output side 
hydraulic cylinder 46c applies thrust to the movable sheave 
46b, thereby changing a V groove width between the fixed 
sheave 46a and the movable sheave 46b. The winding radius 
(i.e., the effective radius) of the drive belt 48 can be changed 
by changing the V groove widths of the variable pulleys 42 
and 46, which is done by controlling the hydraulic pressure in 
the inputside hydraulic cylinder 42c of the inputside variably 
pulley 42. As a result, the speed ratio Y (input shaft rotational 
speed Nin/output shaft rotational speed Nout) can be changed 
continuously (i.e., in a non-stepped manner). Meanwhile, the 
Squeezing force that Squeezes the drive belt 48 is changed by 
controlling the hydraulic pressure in the outputside hydraulic 
cylinder 46c of the output side variable pulley 46. Also, the 
drive belt 48 is made of many metal pieces that are sand 
wiched between two (left and right) steel bands each of which 
is composed of several layers of thin steel bands. 
0028 FIG. 3 is a block line diagram showing the main 
portions of a control system provided in a vehicle for control 
ling the vehicular power transmitting device 10 and the like in 
FIG.1. An electronic control apparatus 50 which may corre 
spond to a shift control apparatus of the invention includes a 
so-called microcomputer that has a CPU, RAM, ROM, and an 
input/output interface and the like, for example. The CPU 
executes various controls, such as output control of the engine 
12, shift control of the belt-type CVT 18, belt squeezing force 
control, and torque capacity control of the lock-up clutch 26 
and the like, by signal processing according to programs 
stored in the ROM beforehand while using the temporary 
storage function of the RAM. The. CPU may also be divided 
for engine control and hydraulic pressure control of the con 
tinuously variable transmission 18 and the lock-up clutch 26 
and the like when necessary. 
0029. Various signals are supplied to the electronic control 
apparatus 50. Some of these signals include a signal indica 
tive of the crankshaft rotational angle (position) ACR () and 
the crankshaft rotational speed that corresponds to the speed 
of the engine 12 (i.e., the engine speed) N. detected by an 
engine speed sensor 52, a signal indicative of the rotational 
speed (i.e., turbine speed) N of the turbine shaft 34 detected 
by a turbine speed sensor 54, a signal indicative of the rota 
tional speed (i.e., input shaft rotational speed) Nin of the input 
shaft 36, which is the input speed of the continuously variable 
transmission 18, detected by an input shaft rotational speed 
sensor 56, a signal indicative of the rotational speed (i.e., 
output shaft rotational speed) Nout of the output shaft 44, 
which is the output speed of the continuously variable trans 
mission 18, i.e., the vehicle speed V that corresponds to the 
output shaft rotational speed Nout, detected by a vehicle 
speed sensor (i.e., an output shaft rotational speed sensor) 58, 
and a signal indicative of the opening amount 0 of an 
electronic throttle valve provided in an intake conduit of the 
engine 12, which is detected by a throttle sensor 60. Other 
signals Supplied to the electronic control apparatus 50 
include, for example, a signal indicative of the coolant tem 
perature T of the engine 12 detected by a coolant tempera 
ture sensor 62, a signal indicative of the fluid temperature 
Tina hydraulic circuit of the continuously variable trans 
mission 18 and the like detected by a CVT fluid temperature 
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sensor 64, a signal indicative of the accelerator operation 
amount Acc, which is the operation amount of an accelerator 
pedal 68, detected by an accelerator operation amount sensor 
66, a signal indicative of whether a foot brake which is a 
service brake is being operated, which is detected by a foot 
brake switch 70, and a signal indicative of the lever position 
(operating position) Psi of a shift lever 77 detected by a lever 
position sensor 72. 
0030 The electronic control apparatus 50 also outputs 
various signals, including engine output control command 
signals S. for controlling the output of the engine 12, Such as 
a throttle signal that controls a throttle actuator 76 for con 
trolling the opening and closing of the electronic throttle 
valve, an injection signal for controlling the quantity of fuel to 
be injected from a fuel injection device 78, and an ignition 
timing signal for controlling the ignition timing of the engine 
12 by an ignition device 80, for example. The electronic 
control apparatus 50 also outputs various signals to a hydrau 
lic control circuit 101, including i) shift control command 
signals Sfor changing the speed ratio Y of the belt-type CVT 
18, Such as a command signal for driving a shift control 
solenoid valve DS1 and a shift control solenoid valve DS2 
that control the flowrate of hydraulic fluid to the driving side 
hydraulic cylinder 42c, and ii) Squeezing force control com 
mand signals S. for adjusting the Squeezing force applied to 
the drive belt 48, Such as a command signal for driving a linear 
solenoid valve SLS that regulates the belt squeezing force 
control pressure Pd and a command signal for driving a linear 
solenoid valve SLT and a linear solenoid valve SLS that 
control the line pressure PL. 
0031. The shift lever 74 is arranged near the driver's seat, 
for example, and is manually operated into one offive sequen 
tial lever positions, i.e., P. R. N. D., and L. 
0032. The P (Parking) position (range) is a park position 
for interrupting the power transmitting path of the vehicular 
power transmitting device 10, i.e., placing the vehicular 
power transmitting device 10 in a neutral state in which the 
transmission of power is interrupted and the output shaft 44 is 
mechanically prevented from rotating (i.e., locked) by a 
mechanical parking lock mechanism. The R (Reverse) posi 
tion is a reverse running position for making the output shaft 
44 rotate in the reverse direction. The N (Neutral) position is 
a neutral position for placing the vehicular powertransmitting 
device 10 in a neutral state in which the transmission of power 
is interrupted. The D (Drive) position is a forward running 
position that executes shift control by establishing an auto 
matic shift mode in a shift range within which shifting is 
possible by the belt-type CVT 18. The L (Low) position is an 
engine brake position in which a strong engine brake is 
applied. In this way, the P and N positions are non-driving 
positions which place the power transmitting pathin a neutral 
state and are selected when the driver does not wish to drive 
the vehicle forward or backward, while the R, D, and L 
positions are driving positions which place the power trans 
mitting path in a power transmittable state in which power is 
able to be transmitted along the power transmitting path and 
are selected when the driver wishes to drive the vehicle for 
ward or backward. 
0033 FIG. 4 is a simplified diagram of part of the hydrau 
lic control circuit 101 that supplies hydraulic fluid to the input 
side hydraulic cylinder 42c and the output side hydraulic 
cylinder 46c. As shown in FIG.4, hydraulic fluid is drawn up 
through a strainer 82 from an oil pan 81 by an oil pump 28 
which increases the hydraulic pressure before Supplying the 
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hydraulic fluid to a fluid passage 86. The hydraulic pressure in 
the fluid passage 86, i.e., the discharge pressure of the oil 
pump 28, is regulated to line pressure PL by a pressure regu 
lating valve 88 that is controlled based on a signal pressure 
Ps, output from the solenoid valve SLT. The hydraulic fluid 
at this line pressure PL is supplied to a fluid passage 90 that 
branches off from the fluid passage 86. The pressure of the 
hydraulic fluid supplied to the fluid passage 90 is regulated by 
a pressure regulating valve 92 provided in the fluid passage 
90. The pressure regulating valve 92 is controlled based on a 
signal pressure Psis output from a belt Squeezing control 
solenoid valve SLS with the line pressure PL as the base 
pressure, and the pressure-regulated hydraulic fluid is Sup 
plied to the outputside hydraulic cylinder 46c. In this way, the 
belt squeezing force applied to the drive belt 48 that is wound 
around the input side variable pulley 42 and the output side 
variable pulley 46 is adjusted by adjusting the hydraulic pres 
sure Pd (i.e., the belt squeezing force control pressure Pd) 
applied to the output side hydraulic cylinder 46c (see FIG. 1). 
0034. Meanwhile, hydraulic fluid supplied from the fluid 
passage 86 to a fluid passage 94 is Supplied to a speed ratio 
control valve 96. This speed ratio control valve 96 selectively 
allows and interrupts communication between an output port 
102 of the input side hydraulic cylinder 42c of the input side 
variable pulley 42 and a line pressure supply port 98 and a 
drain port 100 using the shift control side solenoid valves DS1 
and DS2. For example, when the shift control solenoid valve 
DS1 is on, the line pressure supply port 98 is communicated 
with the output port 102 such that line pressure PL is supplied 
to the input side hydraulic cylinder 42c. On the other hand, 
when the shift control solenoid valve DS2 is on, the output 
port 102 is communicated with the drain port 100 such that 
hydraulic fluid is discharged from the input side hydraulic 
cylinder 42c. In this way, the winding radius of the drive belt 
48 that is wound around the input side variable pulley 42 can 
be appropriately changed by controlling the Supply and dis 
charge of hydraulic fluid to and from the inputside hydraulic 
cylinder 42c, such that the speed ratio of the belt-type CVT 18 
changes continuously (i.e., is a non-stepped manner). Also, 
the line pressure PL in this example embodiment is controlled 
by the pressure regulating valve 88 via the solenoid valve 
SLT, and the belt squeezing force control pressure Pd MPa) 
supplied to the pressure chamber of the output side hydraulic 
cylinder 46c is controlled by the pressure regulating valve 92 
via the belt Squeezing pressure control Solenoid valve SLS, so 
the line pressure PL and the belt squeezing force control 
pressure Pd are able to be controlled independently of one 
another. Modulator pressure P is the base pressure of both 
control pressure P.s which is the output pressure of the 
solenoid valve DS1 that is duty controlled by the electronic 
control apparatus 50, and control pressure P.s which is the 
output pressure of the solenoid valve DS2 that is duty con 
trolled by the electronic control apparatus 50. This modulator 
pressure P is regulated to a constant pressure by a modulator 
valve, not shown. Incidentally, various Solenoid valves pro 
vided in the hydraulic control circuit 101 are appropriately 
controlled by the electronic control apparatus 50 based on 
various data Supplied by the vehicle speed sensor and the 
accelerator operation amount sensor and the like, not shown. 
0035. A shift map which shows the relationship between 
the vehicle speed V and a target input shaft rotational speed 
Nint which is a target input rotational speed of the continu 
ously variable transmission 18, with the accelerator operation 
amount Acc as the parameter, as shown in FIG. 5, for 

Dec. 24, 2009 

example, is obtained through testing in order achieve both 
drivability and fuel efficiency in the vehicle, and stored in 
advance. The target input shaft rotational speed Nint of the 
input shaft 36, which is a predetermined rotating member, is 
set based on the state of the vehicle which is indicated by the 
actual vehicle speed V and the accelerator operation amount 
Acc from that relationship (i.e., the shift map). The belt-type 
CVT 18 is shifted using feedback control, i.e., the speed ratio 
Y is changed in a continuous (i.e., non-stepped) manner using 
feedback control by changing the V groove widths of the 
variable pulleys 42 and 46, which is done by Supplying or 
discharging hydraulic fluid to or from the driving side hydrau 
lic cylinder 42c, according to the difference ANin (Nint 
Nin) between the set target input shaft rotational speed Nint 
and the actual input shaft rotational speed Nin (hereinafter 
referred to as the “actual input shaft rotational speed Nin' 
when there may be confusion between it and the target input 
shaft rotational speed Nint), so that the actual input shaft 
rotational speed Nincomes to match the set target input shaft 
rotational speed Nint. 
0036. The map shown in FIG. 5 corresponds to shift con 
ditions, and may alternatively be, for example, an operational 
expression or the like obtained throughtesting with the accel 
erator operation amount Acc and the vehicle speed V or the 
like as parameters. In this map, the target input shaft rota 
tional speed Nint is set Such that the speed ratio Y increases as 
the vehicle speed V decreases and the accelerator operation 
amount Acc increases (i.e., such that the sped ratio Y is larger 
at a lower vehicle speed and with a greater accelerator opera 
tion amount Acc). Also, the vehicle speed V corresponds to 
the output shaft rotational speed Nout so the target input shaft 
rotational speed Nint, which is the target value for the input 
shaft rotational speed Nin, corresponds to a target speed ratio 
Y*(Nint/Nout) and is set within a range between a minimum 
speed ratio Ymin and a maximum speed ratio ymax of the 
continuously variable transmission 18. 
0037. However, the target input shaft rotational speed Nint 
may be set as it is as the target value of the input shaft 
rotational speed Nin, but preferably, a basic target input shaft 
rotational speed Nint bc, which is a value obtained after 
processing the target input shaft rotational speed Nint accord 
ing to the running state, e.g., while accelerating, decelerating 
(i.e., coasting), in the middle of shifting or the like, is set, and 
a transitional target input shaft rotational speed Nint trs, 
which is a final target value of the input shaft rotational speed 
Nin, is set based on that basic target input shaft rotational 
speed Nint bc. Accordingly, in this case, the continuously 
variable transmission 18 is shifted using feedback control 
according to the difference ANint trs (Nint trs-Nin) 
between that transitional target input shaft rotational speed 
Nint trs and the actual input shaft rotational speed Nin, so 
that the actual input shaft rotational speed Nincomes to match 
the transitional target input shaft rotational speed Nint trs. 
0038 FIG. 6 is a functional block line diagram showing 
the main control functions of the electronic control apparatus 
50. Shift controlling means 152 in FIG. 6 sequentially sets the 
target input shaft rotational speed Nint corresponding to the 
target speed ratio Y (Nint/Nout) based on the state of the 
vehicle as indicated by the actual vehicle speed V and the 
accelerator operation amount Acc, according to a shift map 
(shift conditions) stored in advance, such as that shown in 
FIG. 5, for example. 
0039. Then, the shift controlling means 152 shifts the con 
tinuously variable transmission 18 by executing feedback 
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control that controls the winding radius (i.e., the effective 
radius) of the drive belt 48 on the driving side pulley 42 so that 
the actual speed ratio Y (Nin/Nout) of the continuously vari 
able transmission 18 approaches the target speed ratio Y. 
When described focusing on the actual input shaft rotational 
speed Nin, the shift controlling means 152 shifts the continu 
ously variable transmission 18 using feedback control 
according to the difference ANin (Nint-Nin) between the 
actual input shaft rotational speed Nin and the set target input 
shaft rotational speed Nint, so that the actual input shaft 
rotational speed Nin comes to match the set target input shaft 
rotational speed Nint, i.e., to eliminate the difference ANin. 
That is, the shift controlling means 152 shifts the continu 
ously variable transmission 18 by controlling the Supply and 
discharge of hydraulic fluid to and from the driving side 
hydraulic cylinder (i.e., the driving side hydraulic actuator) 
42c. More specifically, the shift controlling means 152 out 
puts a shift control command signal (hydraulic pressure com 
mand) S to the hydraulic control circuit 101. This shift con 
trol command signal S changes the V groove widths of the 
variable pulleys 42 and 46 by executing feedback control that 
controls the flowrate Q of hydraulic fluid to the driving 
side hydraulic cylinder 42c, so as to continuously (i.e., step 
lessly) change the speed ratio Y. Here, in this feedback con 
trol, the flowrate Q of the hydraulic fluid to the driving 
side hydraulic cylinder 42c corresponds to the change rate in 
the speed ratio Y during a shift (i.e., the shift speed), and is 
determined by the control method which is set in advance. 
0040 Belt squeezing force setting means 154 sets a belt 
Squeezing force Pd* from a belt Squeezing force map Such as 
that shown in FIG. 7, for example, which is obtained in 
advance through testing and stored. The belt Squeezing force 
Pd* is set based on the vehicle state as indicated by the actual 
accelerator operation amount Acc and the actual speed ratio y 
(=Nin/Nout) calculated by the electronic control apparatus 50 
based on the actual input shaft rotational speed Nin and the 
actual output shaft rotational speed Nout. That is, the belt 
Squeezing force setting means 154 sets the belt Squeezing 
pressure Pd of the outputside hydraulic cylinder 46c in order 
to obtain the belt squeezing force Pd*. Incidentally, when the 
vehicle speed V is equal to or less than a minimum vehicle 
speed at which the speed ratio can be detected, the actual 
speed ratio Y is unable to be calculated. Therefore, in this case, 
for example, the belt Squeezing force setting means 154 sets 
the belt squeezing force Pd* and the belt squeezing pressure 
Pd presuming that that actual speed ratio Y is the maximum 
speed ratio ymax. 
0041 Belt squeezing force controlling means 156 adjusts 
the belt squeezing pressure Pd so that the drive belt 48 does 
not slip. More specifically, the belt Squeezing force control 
ling means 156 increases or decreases the belt Squeezing 
force Pd* by outputting a squeezing force control command 
signal S that adjusts the belt Squeezing pressure Pd of the 
driven side hydraulic cylinder 46c to the hydraulic control 
circuit 101 to obtain the belt squeezing force Pd* set by the 
belt Squeezing force setting means 154. 
0042. The hydraulic control circuit 101 controls the 
amount of hydraulic fluid supplied to and discharged from the 
driving side hydraulic cylinder 42c by operating the shift 
control solenoid valves DS1 and DS2 so that the belt-type 
CVT 18 shifts according to the shift control command signal 
S. The hydraulic control circuit 101 also adjusts the belt 
Squeezing pressure Pd by operating the linear Solenoid valve 
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SLS so that the belt squeezing force Pd increases or decreases 
according to the squeezing force control command signal S. 
0043. Engine output controlling means 158 outputs 
engine output control command signals S. Such as a throttle 
signal, an injection signal, or an ignition timing signal, to the 
throttle actuator 76, the fuel injection device 78, or the igni 
tion device 80, respectively, in order to control the output of 
the engine 12. For example, the engine output controlling 
means 158 controls the engine torque TE by outputting a 
throttle signal that opens or closes the electronic throttle valve 
to the throttle actuator 76 in order to realize a throttle opening 
amount 0, according to the accelerator operation amount 
Acc 
0044 Shift position determining means 160 determines 
the current lever position Ps, as well as the operating history 
of the shift lever 74 based on the lever position Ps, i.e., based 
on an ON signal for each lever position Ps. For example, the 
shift position shifting means 160 makes a N->D shift deter 
mination, a N->R shift determination, a D position determi 
nation, a N position determination, or a R position determi 
nation or the like based on the lever position Ps. 
0045. When the shift position determining means 160 
determines that a N->D shift or a N->R shift has been per 
formed, apply controlling means 162 outputs a shift com 
mand signal S to the hydraulic control circuit 101. This shift 
command signal S causes control pressure Ps, for gradu 
ally increasing the apply pressure in order to control the 
forward clutch C1 or the reverse brake B1 throughout the 
transition to the applied state so as to suppress shift shock to 
be output, as well as causes signal pressure Psis to be output 
in order to regulate the line pressure PL. For example, the 
apply controlling means 162 outputs an apply transitional 
pressure command pressure to the hydraulic control circuit 
101 as a command signal for duty controlling the linear Sole 
noid valve SLT. 
0046 Normal operation determining means 170 deter 
mines whether shift control of the belt-type CVT 18 will be 
performed normally. More specifically, the normal operation 
determining means 170 determines whether the shift control 
solenoid valves DS1 and DS2 used in shift control are oper 
ating normally. Normally this determination can easily be 
made based on how close the speed ratio Y comes to the 
minimum speed ratio Ymin and the like, for example. How 
ever, if the linear solenoid valve SLS or the linear solenoid 
valve SLT or the like fails, the speed ratio Y will be unable to 
reach the minimum speed ratio Ymin. Therefore, with the 
method described above, it is not possible to determine 
whether the shift control solenoid valves DS1 and DS2 are 
operating normally. There is also a method by which the 
determination can be made based on the difference between 
the target speed ratio and the actual speed ratio, but the deter 
mination may be erroneous using only this difference if there 
is an electrical failure or the like. Therefore, the normal opera 
tion determining means 170 makes the determination based 
on how closely the actual speed ratio Y follows the target 
speed ratio y during a shift in the belt-type CVT 18. More 
specifically, the normal operation determining means 170 
determines whether the shift control solenoid valves DS1 and 
DS2 are operating normally based on the difference e 
between the target speed ratio Y and the actual speed ratio y 
during a shift, and the amounts of change Ay and AY in the 
target speed ratio Y and the actual speed ratio Y during a shift. 
0047. This normal operation determining means 170 is 
appropriately applied to a continuously variable transmission 
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Such as a belt-type continuously variable transmission that 
changes speed ratios continuously (i.e., steplessly) by chang 
ing the belt winding radius, or a toroidal-type continuously 
variable transmission that changes speed ratios continuously 
(i.e., steplessly) by changing the points of contact between 
input and output discs and power rollers. 
0048. The normal operation determining means 170 first 
sets a predetermined interval for measuring the amounts of 
change in the target speed ratio Y and the actual speed ratio 
Y during a shift. Start point setting means 172 then sets the 
start point of that interval. The start point setting means first 
determines whether the actual speed ratio Y is within a prede 
termined speed ratio range (between A and B). Here, this 
predetermined speed ratio range (between A and B) is set so 
that it does not include the maximum speed ratio ymax or the 
minimum speed ratio Ymin. This enables the determination 
regarding normal operation to be made unaffected by other 
parts such as the linear solenoid valve SLS and the linear 
solenoid valve SLT. Next, if it is determined that the actual 
speed ratio Y is within the predetermined speed ratio range, 
the start point setting means 172 calculates a difference e 
(Y*-Y) between the target speed ratio Y and the actual speed 
ratio y, and determines whether the calculated difference e is 
equal to or less than a predetermined value C. If it is deter 
mined that the actual speed ratio Y is within the predetermined 
speed ratio range and the difference e is equal to or less than 
the predetermined value C, the start point setting means 172 
sets the actual speed ratio Y at that time as the start point. 
Incidentally, the predetermined value C is a value that is 
obtained in advance either empirically or theoretically, and is 
set to a low value such that the start point is set while the target 
speed ratio Y and the actual speed ratio Y are substantially 
equal. 
0049. Once the actual speed ratio Y, which is the start 
point, has been set by the start point setting means 172, an end 
point of the interval for measuring the amounts of change is 
set by end point setting means 174. As the end point, for 
example, the end point setting means 174 sets i) a constant 
value y set as the end point in advance, ii) an actual speed 
ratio Y that is set according to the actual speed ratio Y which 
is the start point set by the start point setting means 172, or iii) 
an actual speed ratio Y after a predetermined period of time 
(t) has passed after the start point is set. Also, the end point 
starting means 174 determines whether the actual speed ratio 
Y has reached the speed ratio y set as the end point. 
0050 Moving amount calculating means 176 calculates 
the amounts of change in the target speed ratio y and the 
actual speed ratio Y. The amount of change Ay in the target 
speed ratio Y is defined by the difference AY (Y-y*) 
between the target speed ratio Y* when the start point is set 
and the target speed ratio y when the end point is set. Also, 
the amount of change AY in the actual speed ratio Y is defined 
by the difference AY (Y-Y) between the actual speed ratio 
Y when the start point is set and the actual speed ratio Y when 
the end point is set. 
0051 Target moving amount determining means 178 
determines whether the amount of change Ay in the target 
speed ratio y calculated by the moving amount calculating 
means 176 is greater than a predetermined value D. Here, the 
predetermined value D is set in advance either empirically or 
theoretically, and is set such that that the determination 
regarding normal operation that is based on the amount of 
change will be sufficiently reliable. For example, if the deter 
mination regarding normal operation is made when the 
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amount of change Ay in the target speed ratio Y is small, the 
reliability of that determination will be low. Therefore, con 
trol is performed so that a determination regarding normal 
operation will not be made when the amount of change Ay is 
less than the predetermined value D. 
0.052 The normal operation determining means 170 com 
pares the amount of change AY in the target speed ratio y 
with the amount of change AY of the actual speed ratio y 
calculated by the moving amount calculating means 176. If 
the amounts of change are almost the same, the normal opera 
tion determining means 170 determines that the shift control 
solenoid valves DS1 and DS2 are operating normally. More 
specifically, for example, the normal operation determining 
means 170 calculates the difference f(=Ay-Ay) between the 
amounts of change and determines that the shift control sole 
noid valves DS1 and DS2 are operating normally when that 
difference f is a value equal to or less than a predetermined 
value close to zero. Alternatively, the normal operation deter 
mining means 170 calculates the ratio g (=Ay*/AY) of the 
amounts of change and determines that the shift control sole 
noid valves DS1 and DS2 are operating normally when that 
ratio g is a value equal to or less than a predetermined value 
close to 1.0. That is, the normal operation determining means 
170 determines that the shift control solenoid valves DS1 and 
DS2 are operating normally when the difference e (Y-Y) is 
equal to or less than a predetermined value and the amounts of 
change (AY and AY) in a predetermined interval are substan 
tially equal. 
0053 FIG. 8 is a flowchart illustrating the main portion of 
a control operation of the electronic control apparatus 50, i.e., 
a control operation for determining whether shift control in 
the belt-type CVT 18 is normal. The routine in the flowchart 
is repeatedly executed in extremely short cycle times on the 
order to several milliseconds or several tens of milliseconds, 
for example. 
0054 First in step SA1 which corresponds to the start 
point setting means 172, the electronic control apparatus 50 
determines whether the actual speed ratio Y is within a prede 
termined speed ratio range (between A and B) that has been 
set in advance. If the determination in step SA1 is no, it is 
determined that it is not possible to determine whether shift 
control is normal so this cycle of the routine ends. If, on the 
other hand, the determination in step SA1 is yes, then in SA2 
which corresponds to the start point setting means 172, the 
electronic control apparatus 50 calculates the difference e 
(=y*-Y) between the target speed ratio Y and the actual speed 
ratio Y, and determines whether that difference e is equal to or 
less than a predetermined value C.If the determination in Step 
SA2 is no, i.e., if it is determined that the difference e is 
greater than the predetermined value C, then it is determined 
that it is not possible to determine whether shift control is 
normal so this cycle of the routine ends. 
0055. If, on the other hand, the determination in step SA2 

is yes, then in step SA3 which corresponds to the start point 
setting means 172 and the end point setting means 174, the 
electronic control apparatus 50 determines whether the start 
point and end point have already been set. If the determina 
tion in step SA3 is no, then the electronic control apparatus 50 
sets the start point in step SA4 which corresponds to the start 
point setting means 172. FIG. 9 is a graph showing the rela 
tionship between i) the target speed ratio y and the actual 
speed ratio Y and ii) time, when the belt-type CVT 18 is 
upshifted, for example. Here, the parabola shown by the solid 
line represents the target speed ratio y and the parabola 
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shown by the alternate long and short dash line represents the 
actual speed ratio Y. In FIG. 9, the start point is the actual 
speed ratio Y at time t1, for example. Therefore, the actual 
speed ratio Y at time t1 is within the predetermined speed 
ratio range (between A and B) and the difference eat time t1 
is equal to or less than the predetermined value C. 
0056. Then in step SA5 which corresponds to the end 
point setting means 174, the electronic control apparatus 50 
sets the end point. As described above, the end point is i) an 
actual speed ratio Y set in advance, ii) an actual speed ratio y 
set according to the actual speed ratio Y at the start point, or 
iii) an actual speed ratio Y after a predetermined period of 
time (t) has passed after the start point is set. Once the start 
point and the end point have been set in steps SA4 and SA5, 
respectively, or the determination in step SA3 is yes, the 
electronic control apparatus 50 determines in step SA6, 
which corresponds to the end point setting means 174, 
whether the actual speed ratio Y has reached the actual speed 
ratio y which is the end point. If the determination in step 
SA6 is no, the process returns to step SA1 and the steps are 
repeated. Incidentally, the start point and the end point set in 
steps SA4 and SA5, respectively, are stored and used in the 
next cycle of the routine. That is, the determination in step 
SA3 the next time the routine is executed will be yes. 
0057. If the determination in step SA6 is yes, then in step 
SA7 which corresponds to the moving amount calculating 
means 176, the electronic control apparatus 50 calculates the 
amount of change Ay in the target speed ratio Y and the 
amount of change AY in the speed ratio Y. Then in step SA8 
which corresponds to the target moving amount determining 
means 178, the electronic control apparatus 50 determines 
whether the amount of change Ay in the target speed ratio y 
is greater than the predetermined value D. If the determina 
tion in step SA8 is no, it is determined that even if a determi 
nation regarding normal operation was made, it would not be 
sufficiently reliable so this cycle of the routine ends. If, on the 
other hand, the determination in step SA8 is yes, then the 
electronic control apparatus 50 determines in step SA9, 
which corresponds to the normal operation determining 
means 170, whether the shift control solenoid valves DS1 and 
DS2 are operating normally, based on the amount of change 
AY in the target speed ratio Y and the amount of change AY 
in the actual speed ratio Y. Incidentally, the amount of change 
AY in the target speed ratio Y is the difference Ay between 
the target speed ratio Y at the start point (at time t1) and the 
target speed ratio Y at the end point (at time t2) in FIG. 9. 
Also, the amount of change AY in the target speed ratio Y is the 
difference AY between the target speed ratio Y at the start 
point and the target speed ratio Y at the end point in FIG. 9. 
The determination regarding normal operation is made by 
calculating the difference f between these amounts of change 
or the ratio g of these amounts of change, for example. If the 
difference f is equal to or less than a predetermined value, or 
if the ratio g is near 1.0, for example, it is determined that the 
shift control solenoid valves DS1 and DS2 are operating 
normally. If, on the other hand, the difference f is greater than 
the predetermined value or if the ratio g is not close to 1.0, it 
is determined that the shift control solenoid valves DS1 and 
DS2 are not operating normally. 
0058 As described above, according to this example 
embodiment, the normal operation determining means 170 is 
provided which determines whether the shift control solenoid 
valves are operating normally based on the difference e 
between the actual speed ratio Y and the target speed ratio Y, 
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and the amounts of change (AY and AY) in the target speed 
ratio Y and the actual speed ratio Y during the predetermined 
interval (i.e., between the start point and the end point). 
Therefore, it is possible to accurately determine whether the 
shift control Solenoid valves are operating normally. That is, 
in this example embodiment, the reliability of that determi 
nation is improved because the determination is made based 
on the amounts of change (AY and AY) as well as the differ 
CCC. C. 

0059 Also, according to the example embodiment, the 
normal operation determining means 170 determines that the 
shift control solenoid valves DS1 and DS2 are operating 
normally when the differencee between the actual speed ratio 
Y and the target speed ratio Y is equal to or less than the 
predetermined value C and the amount of change AY in the 
actual speed ratio Y and the amount of change Ay in the target 
speed ratio Y in the predetermined interval are substantially 
equal. As a result, it is possible to accurately determine 
whether the shift control solenoid valves DS1 and DS2 are 
operating normally. 
0060 Also, according to this example embodiment, the 
normal operation determining means 170 is operated within a 
speed ratio range that does not include the minimum speed 
ratio Yminand the maximum speed ratioymax of the belt-type 
CVT18. As a result, the determination can be made generally 
unaffected by devices other than the shift control solenoid 
valves. 
0061 Also, according to this example embodiment, the 
amount of change AY in the actual speed ratio Y and the 
amount of change AY in the target speed ratio Y are mea 
sured when the difference e between the actual speed ratio Y 
and the target speed ratio y is equal to or less than the 
predetermined value C, so the reliability of the determination 
regarding normal operation based on the amounts of change 
(AY and Ay) improves. 
0062. While an example embodiment of the invention has 
been described in detail with reference to the drawings, it is to 
be understood that the invention may also be carried out in 
other modes. 
0063 For example, in the example embodiment described 
above, differences e are sequentially determined when the 
actual speed ratio Y changes from the start point to the end 
point, but differences e do not necessarily have to be sequen 
tially determined. For example, only the difference e at the 
start point may be determined. 
0064. Also, in the example embodiment described above, 
the current cycle of the routine ends when the difference e 
exceeds the predetermined value. However, it is conceivable 
that the difference e may temporarily increase due to some 
sort of change in the vehicle so the control may be such that 
the current cycle of the routine ends when the difference has 
remained above a predetermined value for a predetermined 
period of time which has been set in advance. 
0065. Also, in the example embodiment described above, 
the continuously variable transmission 18 is a continuously 
variable transmission that continuously changes speed ratios 
by controlling the winding radius of the belt. However, the 
invention may also be applied to another kind of continuously 
variable transmission Such as a toroidal-type continuously 
variable transmission, for example. 
0066. Also, in the example embodiment described above, 
an internal combustion engine Such as a gasoline engine 
(petrol) or a diesel engine or the like is widely used as the 
engine 12 which serves as the power source for running. In 
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addition, an electric motor or the like may also be used 
together with the engine 12, as a secondary or auxiliary power 
Source for running. Alternatively, it is also possible to use only 
an electric motor as the power Source for running. 
0067. In the present invention, the normal operation deter 
mining means may determine that the shift control apparatus 
is operating normally when the difference between the actual 
speed ratio and the target speed ratio is equal to or less than a 
predetermined value, and the amount of change in the actual 
speed ratio and the amount of change in the target speed ratio 
during the predetermined interval are substantially equal. 
0068 According to the present invention, the normal 
operation determining means determines that the shift control 
apparatus is operating normally when the difference between 
the actual speed ratio and the target speed ratio is equal to or 
less than a predetermined value, and the amount of change in 
the actual speed ratio and the amount of change in the target 
speed ratio during the predetermined interval are Substan 
tially equal. Therefore, it is possible to accurately determine 
whether shift control solenoid valves are operating normally. 
0069. In the present invention, the normal operation deter 
mining means may make the determination when the actual 
speed ratio is within a speed ratio range that does not include 
a maximum speed ratio and a minimum speed ratio of a 
continuously variable transmitting portion of the continu 
ously variable transmission. 
0070 According to the present invention, the normal 
operation determining means makes the determination within 
a speed ratio range that does not include the maximum speed 
ratio and the minimum speed ratio of the continuously vari 
able transmitting portion of the continuously variable trans 
mission. Therefore, the determination can be made generally 
unaffected by devices other than shift control solenoid valves. 
0071. In the present invention, the amount of change in the 
actual speed ratio and the amount of change in the target 
speed ratio may be measured when the difference between the 
actual speed ratio and the target speed ratio is equal to or less 
than a predetermined value. 
0072 According to the present invention, the amount of 
change in the actual speed ratio and the amount of change in 
the target speed ratio are measured when the difference 
between the actual speed ratio and the target speed ratio is 
equal to or less than a predetermined value. As a result, the 
reliability of the determination based on the amounts of 
change improves. 
0073. While the invention has been described with refer 
ence to example embodiments thereof, it is to be understood 
that the invention is not limited to the described embodiments 
or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In 
addition, while the various elements of the example embodi 
ments are shown in various combinations and configurations, 
other combinations and configurations, including more, less 
or only a single element, are also within the scope of the 
invention. 

What is claimed is: 
1. A shift control apparatus of a continuously variable 

transmission, comprising: 
a feedback control portion which executes feedback con 

trol that brings an actual speed ratio close or equal to a 
target speed ratio; and 

a normal operation determining portion which determines 
whether the shift control apparatus is operating normally 
based on a difference between the actual speed ratio and 
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the target speed ratio, and an amount of change in the 
actual speed ratio and an amount of change in the target 
speed ratio during a predetermined interval. 

2. The shift control apparatus according to claim 1, wherein 
the normal operation determining portion determines that the 
shift control apparatus is operating normally when the differ 
ence between the actual speed ratio and the target speed ratio 
is equal to or less than a predetermined value, and the amount 
of change in the actual speed ratio and the amount of change 
in the target speed ratio during the predetermined interval are 
Substantially equal. 

3. The shift control apparatus according to claim 2, wherein 
the normal operation determining portion makes the determi 
nation when the amount of change in the target speed ratio is 
greater than a predetermined amount of change. 

4. The shift control apparatus according to claim 1, wherein 
the normal operation determining portion determines that the 
shift control apparatus is operating normally wheni) a differ 
ence between the amount of change in the actual speed ratio 
and the amount of change in the target speed ratio during the 
predetermined interval is equal to or less than a first prede 
termined value, or ii) the ratio of the amount of change in the 
actual speed ratio to the amount of change in the target speed 
ratio during the predetermined interval is within a second 
predetermined value. 

5. The shift control apparatus according to claim 4, wherein 
the normal operation determining portion makes the determi 
nation when the amount of change in the target speed ratio is 
greater than a predetermined amount of change. 

6. The shift control apparatus according to claim 2, wherein 
the normal operation determining portion makes the determi 
nation when the actual speed ratio is within a speed ratio 
range that does not include a maximum speed ratio and a 
minimum speed ratio of a continuously variable transmitting 
portion of the continuously variable transmission. 

7. The shift control apparatus according to claim 6, wherein 
the normal operation determining portion does not make the 
determination when the actual speed ratio is outside of the 
speed ratio range. 

8. The shift control apparatus according to claim 4, wherein 
the normal operation determining portion makes the determi 
nation when the actual speed ratio is within a speed ratio 
range that does not include a maximum speed ratio and a 
minimum speed ratio of a continuously variable transmitting 
portion of the continuously variable transmission. 

9. The shift control apparatus according to claim8, wherein 
the normal operation determining portion does not make the 
determination when the actual speed ratio is outside of the 
speed ratio range. 

10. The shift control apparatus according to claim 6. 
wherein the amount of change in the actual speed ratio and the 
amount of change in the target speed ratio are measured when 
the difference between the actual speed ratio and the target 
speed ratio is equal to or less than a predetermined value. 

11. The shift control apparatus according to claim 8. 
wherein the amount of change in the actual speed ratio and the 
amount of change in the target speed ratio are measured when 
the difference between the actual speed ratio and the target 
speed ratio is equal to or less than a predetermined value. 

12. The shift control apparatus according to claim 6. 
wherein the amount of change in the actual speed ratio and the 
amount of change in the target speed ratio are measured when 
the period of time during which the difference between the 
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actual speed ratio and the target speed ratio is greater than a 
predetermined value is within a predetermined period of time. 

13. The shift control apparatus according to claim 8, 
wherein the amount of change in the actual speed ratio and the 
amount of change in the target speed ratio are measured when 
the period of time during which the difference between the 
actual speed ratio and the target speed ratio is greater than a 
predetermined value is within a predetermined period of time. 

14. The shift control apparatus according to claim 1, 
wherein the difference between the actual speed ratio and the 
target speed ratio is determined when the actual speed ratio is 
at a predetermined start point or when the actual speed ratio 
changes from a predetermined start point to a predetermined 
end point. 

15. A method of determining whether a shift control appa 
ratus of a continuously variable transmission is operating 
normally, comprising: 

executing feedback control that brings an actual speed ratio 
close or equal to a target speed ratio; and 

determining whether the shift control apparatus is operat 
ing normally based on a difference between the actual 
speed ratio and the target speed ratio, and an amount of 
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change in the actual speed ratio and an amount of change 
in the target speed ratio during a predetermined interval. 

16. A method of determining whether a shift control appa 
ratus of a continuously variable transmission is operating 
normally, comprising: 

executing feedback control that brings an actual speed ratio 
close or equal to a target speed ratio: 

calculating a difference between the actual speed ratio and 
the target speed ratio: 

calculating an amount of change in the actual speed ratio 
and an amount of change in the target speed ratio during 
a predetermined interval; and 

determining that the shift control apparatus is operating 
normally when i) the difference is equal to or less than a 
predetermined value, and ii) the difference between the 
amount of change in the actual speed ratio and the 
amount of change in the target speed ratio is equal to or 
less than a first predetermined value, or the ratio of the 
amount of change in the actual speed ratio to the amount 
of change in the target speed ratio is within a second 
predetermined value. 
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