
(19) United States 
US 20100075799A1 

(12) Patent Application Publication (10) Pub. No.: US 2010/0075799 A1 
SUZUKI et al. (43) Pub. Date: Mar. 25, 2010 

(54) CONTINUOUSLY VARIABLE (30) Foreign Application Priority Data 
TRANSMISSION AND CONTROL METHOD 
THEREOF Sep. 25, 2008 (JP) ................................. 2008-245752 

(75) Inventors: Hideaki SUZUKI, Yokohama-shi Publication Classification 
(JP); Ryousuke NONOMURA, 
Kawasaki-shi (JP); Hiroyasu 
TANAKA, Atsugi-shi (JP); 
Takuichiro INOUE, Fujisawa-shi 
(JP); Mamiko INOUE, Tokyo (JP) 

Correspondence Address: 

(51) Int. Cl. 
FI6H 5.5/52 (2006.01) 
FI6H 6L/662 (2006.01) 

(52) U.S. Cl. ............................................. 477/44; 474/11 

(57) ABSTRACT 

FOLEY AND LARDNER LLP When a through speed ratio, which is an overall speed ratio of 
SUTESOO a variator and a subtransmission mechanism, varies from a 
3OOOK STREET NW larger speed ratio than a mode Switch speed ratio to a smaller 
WASHINGTON, DC 20007 (US) speed ratio than the mode Switch speed ratio, a gear position 

of the Subtransmission mechanism is changed from a first 
(73) Assignee: UATCO Ltd gear position to a second gear position. The mode Switch 

speed ratio is set at a through speed ratio obtained when the 
(21) Appl. No.: 12/558,139 speed ratio of the variator is a Highest speed ratio and the gear 

position of the Subtransmission mechanism is the first gear 
(22) Filed: Sep. 11, 2009 position. 

45 

PRND 
TRANSMISSION 
CONTROLLER 

WSP 

11 

HYDRAULC 
CONTROL 
CIRCUIT 

3 2 41 

t 
R ENGINE   

  



Patent Application Publication Mar. 25, 2010 Sheet 1. Of 7 US 2010/0075799 A1 

12 45 
-it 

C PRND 
TRANSMISSION TWO 
CONTROLLER 3 2 41 1 

Npri 

N 
23a 42 N ENGINE 

VSP 20 4 23 N 
% 

32 30 2 HYDRAULIC III.E.24 
CONTROL 33 
CIRCUIT II. 29 31 N 

H. H. 10 I- - PN 

(6) 2 - d 
22 % 

FIG. 1 

  



Patent Application Publication Mar. 25, 2010 Sheet 2 of 7 US 2010/0075799 A1 

123 TRANSMISSION 12 
CONTROLLER 

41 - THROITLEOPENING SENSORTVO 121 

42-ROIATIONSPEED SENSORNP CPU 
U 43- VEHICLESPEED SENSOR VSP NT 

122 44-NOTEMPERATURE SENSOR 

45 NHIBITOR SWITCH STORAGE 
DEVICE 

11 N. HYDRAULIC CONTROCIRCUIT OUTPUT 
SHIFT /F 

CONTROL 
SIGNAL 

124 

FIG. 2 

125 



Patent Application Publication Mar. 25, 2010 Sheet 3 of 7 US 2010/0075799 A1 

INPUTTORQUE 
INTO SUBTRANSMSSION 

MECHANISM 
LARGE 

SMALL 

LARGE 1.0 SMALL 
(LOW) VARATORSPEED RATO (HIGH) 

VRatio 

FIG. 3 



Patent Application Publication Mar. 25, 2010 Sheet 4 of 7 US 2010/0075799 A1 

LOWSPEED 
MODERATIO 

LOW SPEED RANGE 
PRIMARY MODE LOWEST 

ROTATION SPEED LINE 
Npri 

HGH 

HIGH SPEED FULL 
MODE LOWEST LOADLINE MODE SWITCHLINE 

LINE (SUBTRANSMISSION 
NMMECHANISM 12 SHIFTLINE) s AS N 

SN N. LOW SPEED MODE 
X HIGHEST LINE 

HIGH SPEED MODE 
(Q BREGION NYX. RATIORANGE 

A. NY PARTAL LINE 
(TVO = 4.18) 

GHSPEED MODE 
HIGHESTLINE 

COASTING LINE 

O 

O VEHICLE SPEED VSP HIGH 

FIG. 4 

  

  



Patent Application Publication Mar. 25, 2010 Sheet 5 of 7 US 2010/0075799 A1 

S1 

READ Npri, VSP, TVO 

S2 
CALCULATE THROUGH 
SPEED RATO Ratio 

S3 
CALCULATE TARGET THROUGH 

SPEEDRATIODRatio 

S4 CROSSED mRatio? 
(SPEEDRATIOLARGESIDE 

-> SMALL SIDE) 
NO mRatio: MODE SWITCHSPEED RATO 

CROSSED mRatio? 
(SPEEDRATIOSMALLSIDE 

-> LARGESIDE) 

CALCULATE TARGET WARATOR 
SPEEDRATIO WDRatio 

CALCULATE TARGET WARIATOR 
SPEEDRATIO WDRatio 

CALCULATE TARGET WARATOR 
SPEEDRATIO WDRatio 

SET WARATORSHIFTCHARACTERISTICS 
FORMODE SWITCH 

SUBTRANSMISSION 
MECHANISM 2-1 SHIFT + 
VARATOR RETURN SHIFT 

SET WARIATORSHIFTCHARACTERISTICS 
FORMODE SWITCH VARATOR NORMAL SHIFT 

SUBTRANSMISSION 
MECHANISM 1-2 SHIFT + 
VARATOR RETURN SHIFT 

RETURN FIG. 5 

  

    

  

  

  

  

      

  

  

  

  

  

  



Patent Application Publication Mar. 25, 2010 Sheet 6 of 7 US 2010/0075799 A1 

LOW SPEED MODE SWITCH LINE 
PRIMARY MODE LOWEST HIGH SPEED (SUBTRANSMISSION 

ROTATION SPEED LINE MODE LOWEST SHIFT MECHANISM 1-2 
Npri LINE SHIFTLINE) 

HIGH N 
LOW SPEED 

Q MODE HIGHEST 
D LINE 

A Egy BREGON 
A cy PARTAL LINE 

X(t1) S CREON (TVO48) Y(2-3 S (t2~t3) HIGH SPEED 
S MODE HIGHEST 
& LINE & 

O 2 
O HIGH VEHICLE SPEED VSP 

FIG. 6 



Patent Application Publication Mar. 25, 2010 Sheet 7 of 7 US 2010/0075799 A1 

LARGE MODE SWITCH 
t f : 

The SEED MODESWITCHSPEED 
atO RATOmrao 

LARGE N -u : 
t SUBTRANSMISSION FRSSPEEP 

MECHANISM : 
SPEED RATIO SECOND SPEED 

LOWESTSPEEDRATIO 
LARGE 

t - - - - - - - - - - - - - - - - - - - - - k ... -- . . . . : : 

VARATORSPEEDRATIO : 
VRatio HIGHEST SPEED 

RATIO | 
: 

HIGH "- im. 
PRIMARY I 

ROTATION SPEED 
Npri 

HIGH 
t 

VEHICLE SPEED 
VSP 

FIG. 7 



US 2010/0075799 A1 

CONTINUOUSLY VARIABLE 
TRANSMISSION AND CONTROL METHOD 

THEREOF 

FIELD OF THE INVENTION 

0001. This invention relates to a continuously variable 
transmission having a continuously variable transmission 
mechanism and a subtransmission mechanism. 

BACKGROUND OF THE INVENTION 

0002. A belt type continuously variable transmission (to 
be referred to as a “CVT hereafter) comprises a pair of 
pulleys having a variable groove width and a belt wrapped 
around the pulleys, and is capable of varying a speed ratio 
continuously by modifying the respective groove widths of 
the pulleys. In a vehicle installed with a CVT, an engine can 
be used in a more efficient operating condition than in a 
vehicle having a conventional stepped transmission, and 
therefore improvements in a power performance and a fuel 
consumption performance of the vehicle can be expected. 
0003) To improve the power performance and fuel con 
sumption performance of a vehicle installed with a CVT 
further, a speed ratio range (to be referred to as a “ratio range' 
hereafter) of the CVT is preferably enlarged. By enlarging the 
ratio range of the CVT, speed ratios on a large speed ratio side 
can be used during startup and acceleration, thereby further 
improving the power performance of the vehicle, and speed 
ratios on a small speed ratio side can be used during high 
speed travel, thereby further improving the fuel consumption 
performance of the vehicle. 
0004 To enlarge the ratio range of the CVT, a pulley 
diameter may be increased, but with this method, the CVT 
increases in size and weight, which is undesirable. 
0005. Therefore, in JP60-37455A and JP61-241561A, a 
two-forward speed Subtransmission mechanism is provided 
in series with the CVT to the front or rear thereof, and by 
changing a gear position of the Subtransmission mechanism 
in accordance with the operating conditions of the vehicle, a 
wide ratio range is realized without increasing the size of the 
CVT. 

SUMMARY OF THE INVENTION 

0006. In the above-described transmission combining a 
CVT and a Subtransmission mechanism, a problem arises 
with respect to the conditions under which the gear position of 
the Subtransmission mechanism is changed. 
0007. On this point, in JP60-37455A, the gear position of 
the Subtransmission mechanism is changed on the basis of a 
vehicle speed and a throttle opening in accordance with a 
predetermined shift pattern. Further, in JP61-241561A, the 
gear position of the Subtransmission mechanism is changed 
when a condition for alleviating shift shock in the subtrans 
mission mechanism is established. 
0008 According to the condition for changing the gear 
position of the Subtransmission mechanism described in 
JP61-241561A, shift shock can be reduced in the subtrans 
mission mechanism. However, in JP61-241561A, the gear 
position of the Subtransmission mechanism is not changed 
when the vehicle speed is low or the throttle opening is large, 
and therefore change of the gear position of the Subtransmis 
sion mechanism is limited excessively, meaning that it may be 
impossible to achieve the original object of providing the 
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Subtransmission mechanism, i.e. improving the power per 
formance and fuel consumption performance, Sufficiently. 
0009. An object of this invention is to suppress shift shock 
in a Subtransmission mechanism while maintaining favorable 
power performance and fuel consumption performance. 
0010. According to an aspect of the present invention, a 
continuously variable transmission installed in a vehicle is 
provided. The transmission comprises a continuously vari 
able transmission mechanism (to be referred to hereafter as a 
“variator) which modifies a speed ratio continuously, a sub 
transmission mechanism provided to the rear of and in series 
with the variator and including, as forward gear positions, a 
first gear position and a second gear position having a smaller 
speed ratio than the first gear position; and a shift control unit 
which modifies a through speed ratio, which is an overall 
speed ratio of the variator and the Subtransmission mecha 
nism, by modifying the speed ratio of the variator and chang 
ing the gear position of the Subtransmission mechanism on a 
basis of an operating condition of the vehicle. 
0011. The through speed ratio when the speed ratio of the 
variator is a Highest speed ratio and the gear position of the 
Subtransmission mechanism is the first gear position is set as 
a mode switch speed ratio. When the through speed ratio 
varies from a larger speed ratio than the mode Switch speed 
ratio to a smaller speed ratio than the mode Switch speed ratio, 
the shift control unit changes the gear position of the Sub 
transmission mechanism from the first gear position to the 
second gear position. 
0012. According to another aspect of the present inven 
tion, a control method for a continuously variable transmis 
sion installed in a vehicle and including a continuously vari 
able transmission mechanism (to be referred to hereafter as a 
“variator) which modifies a speed ratio continuously and a 
Subtransmission mechanism provided to the rear of and in 
series with the variator and including, as forward gear posi 
tions, a first gear position and a second gear position having a 
Smaller speed ratio than the first gear position, is provided. 
The control method comprises a shift control step for modi 
fying a through speed ratio, which is an overall speed ratio of 
the variator and the Subtransmission mechanism, by modify 
ing the speed ratio of the variator and changing the gear 
position of the Subtransmission mechanism on a basis of an 
operating condition of the vehicle. 
0013 The through speed ratio when the speed ratio of the 
variator is a Highest speed ratio and the gear position of the 
Subtransmission mechanism is the first gear position is set as 
a mode switch speed ratio. When the through speed ratio 
varies from a larger speed ratio than the mode Switch speed 
ratio to a smaller speed ratio than the mode Switch speed ratio, 
the shift control step changes the gear position of the Sub 
transmission mechanism from the first gear position to the 
second gear position. 
0014. According to these aspects of the invention, the gear 
position of the Subtransmission mechanism is changed from 
the first gear position to the second gear position when the 
speed ratio of the variator is the Highest speed ratio. When the 
speed ratio of the variator is the Highest speed ratio, torque 
input into the Subtransmission mechanism via the variator is 
at a minimum under the torque that is input into the variator at 
the time, and therefore shift shock in the subtransmission 
mechanism can be Suppressed effectively. 
0015. Further, when the through speed ratio varies across 
the mode Switch speed ratio, the gear position of the Subtrans 
mission mechanism is changed, and therefore change of the 
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gear position of the Subtransmission mechanism is not limited 
excessively. As a result, the favorable operating performance 
and fuel consumption performance that are obtained by pro 
viding the Subtransmission mechanism can be enjoyed. 
0016 Embodiments and advantages of this invention will 
be described in detail below with reference to the attached 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a schematic constitutional diagram of a 
vehicle installed with a continuously variable transmission 
according to an embodiment of this invention. 
0018 FIG. 2 is a view showing the interior constitution of 
a transmission controller. 
0019 FIG. 3 is a view showing an example of a relation 
ship between a speed ratio of a variator and an input torque 
input into a Subtransmission mechanism. 
0020 FIG. 4 is a view showing an example of a shift map 
of the transmission. 
0021 FIG. 5 is a flowchart showing the content of a shift 
control program executed by the transmission controller. 
0022 FIG. 6 is a view showing the manner in which an 
operating point of the transmission moves during vehicle 
acceleration. 
0023 FIG. 7 is a timing chart showing the manner in 
which various parameters of the transmission vary during 
vehicle acceleration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024. An embodiment of this invention will be described 
below with reference to the attached drawings. It should be 
noted that in the following description, a “speed ratio of a 
certain transmission mechanism is a value obtained by divid 
ing an input rotation speed of the transmission mechanism by 
an output rotation speed of the transmission mechanism. Fur 
ther, a “Lowest speed ratio denotes a maximum speed ratio 
of the transmission mechanism, and a "Highest speed ratio” 
denotes a minimum speed ratio of the transmission mecha 
nism. 
0025 FIG. 1 is a schematic constitutional diagram of a 
vehicle installed with a continuously variable transmission 
according to an embodiment of this invention. The vehicle 
has an engine 1 as a power Source. Output rotation of the 
engine 1 is transmitted to a drive wheel 7 via a torque con 
Verter having a lockup clutch 2, a first gear train 3, a continu 
ously variable transmission (to be referred to simply as a 
“transmission 4” hereafter), a second gear train 5, and a final 
reduction gear 6. The second gear train 5 is provided with a 
parking mechanism 8 which locks an output shaft of the 
transmission 4 mechanically so that the output shaft is inca 
pable of rotation during parking. 
0026. The vehicle is further provided with an oil pump 10 
which is driven using a part of the power of the engine 1, a 
hydraulic control circuit 1 1 which regulates an oil pressure 
from the oil pump 10 and supplies the regulated oil pressure 
to various sites of the transmission 4, and a transmission 
controller 12 which controls the hydraulic control circuit 11. 
0027. To describe the respective constitutions, the trans 
mission 4 includes a belt type continuously variable transmis 
sion mechanism (to be referred to as a “variator 20” hereaf 
ter), and a subtransmission mechanism 30 provided to the rear 
of and in series with the variator 20. The term “provided to the 
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rear of means that the subtransmission mechanism 30 is 
provided further toward the drive wheel 7 side than the varia 
tor 20 on a power transmission path extending from the 
engine 1 to the drive wheel 7. Further, the term “provided in 
series' means that the variator 20 and the subtransmission 
mechanism 30 are provided in series on this power transmis 
sion path. The subtransmission mechanism 30 may be 
directly connected to an output shaft of the variator 20, as in 
this example, or via another transmission mechanism or 
power transmission mechanism (for example, a gear train). 
0028. The variator 20 includes a primary pulley 21, a 
secondary pulley 22, and a V belt 23 wrapped around the 
pulleys 21, 22. The pulleys 21, 22 respectively include a fixed 
conical plate, a movable conical plate that is disposed relative 
to the fixed conical plate such that respective sheave surfaces 
thereof oppose each other and forms aV groove with the fixed 
conical plate, and a hydraulic cylinder 23a, 23b that is pro 
vided on a back surface of the movable conical plate and 
displaces the movable conical plate in an axial direction. 
When an oil pressure supplied to the hydraulic cylinder 23a, 
23b is varied, the width of the V groove varies, leading to 
variation in a contact radius between the V belt 23 and the 
pulley 21, 22, and as a result, a speed ratio VRatio of the 
variator 20 varies continuously. 
0029. The subtransmission mechanism 30 is a two-for 
ward speed, one-reverse speed transmission mechanism. The 
Subtransmission mechanism 30 includes a Ravigneaux plan 
etary gear mechanism 31 coupling the carriers of two plan 
etary gears, and a plurality of frictional engagement elements 
(a Low brake 32, a High clutch 33, and a Rev brake 34) 
connected to a plurality of rotary elements constituting the 
Ravigneaux planetary gear mechanism 31 to modify the rota 
tion states thereof. The gear position of the Subtransmission 
mechanism 30 is changed by adjusting the oil pressure Sup 
plied to the respective frictional engagement elements 32 to 
34. Such that the engagement/disengagement states of the 
respective frictional engagement elements 32 to 34 are modi 
fied. For example, by engaging the Low brake 32 and disen 
gaging the High clutch 33 and Rev brake 34, the gear position 
of the subtransmission mechanism 30 is set in a first speed. By 
engaging the High clutch 33 and disengaging the Low brake 
32 and Rev brake 34, the gear position of the subtransmission 
mechanism 30 is set in a second speed having a smaller speed 
ratio than the first speed. By engaging the Rev brake 34 and 
disengaging the Low brake 32 and the High clutch 33, the 
gear position of the Subtransmission mechanism 30 is set in 
reverse. It should be noted that in the following description, a 
state in which the gear position of the Subtransmission 
mechanism 30 is in the first speed will be expressed as “the 
transmission 4 is in a low speed mode, and a state in which 
the gear position of the Subtransmission mechanism 30 is in 
the second speed will be expressed as “the transmission 4 is in 
a high speed mode'. 
0030. As shown in FIG. 2, the transmission controller 12 is 
constituted by a CPU 121, a storage device 122 including a 
RAM and a ROM, an input interface 123, an output interface 
124, and a bus 125 connecting these components to each 
other. 

0031. An output signal from a throttle opening sensor 41 
that detects an opening of a throttle valve of the engine 1 (to 
be referred to as a “throttle opening TVO’ hereafter), an 
output signal from a rotation speed sensor 42 that detects an 
input rotation speed of the transmission 4 (the rotation speed 
of the primary pulley 21, to be referred to hereafter as a 
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“primary rotation speed Npri’), an output signal from a 
vehicle speed sensor 43 that detects a traveling speed of the 
vehicle (to be referred to hereafter as a “vehicle speedVSP), 
an output signal from an oil temperature sensor 44 that detects 
an oil temperature of the transmission 4, an output signal from 
an inhibitor switch 45 that detects a position of a select lever, 
and so on are input into the input interface 123. 
0032. The storage device 122 stores a shift control pro 
gram for the transmission 4 and a shift map (FIG. 4) used by 
the shift control program. The CPU 121 reads and executes 
the shift control program Stored in the storage device 122, 
generates a shift control signal by implementing various types 
of calculation processing on the various signals input via the 
input interface 123, and outputs the generated shift control 
signal to the hydraulic control circuit 11 via the output inter 
face 124. Various values used in the calculation processing 
executed by the CPU 121 and calculation results thereof are 
stored in the storage device 122 as appropriate. 
0033. The hydraulic control circuit 11 is constituted by a 
plurality of flow passages and a plurality of hydraulic control 
valves. The hydraulic control circuit 11 controls the plurality 
of hydraulic control valves on the basis of the shift control 
signal from the transmission controller 12 to Switch an oil 
pressure Supply path, and prepares a required oil pressure 
from the oil pressure generated by the oil pump 10, which is 
then Supplied to various sites of the transmission 4. As a 
result, the speed ratio vRatio of the variator 20 is modified and 
the gear position of the Subtransmission mechanism 30 is 
changed, whereby a shift is performed in the transmission 4. 
0034 FIG. 3 is a table showing an example of a relation 
ship between the speed ratio vRatio of the variator 20 and 
input torque input into the Subtransmission mechanism 30 
when the speed ratio vRatio of the variator 20 is varied, on the 
condition that an input torque input into the variator 20 is 
constant. As shown in the figure, the input torque input into 
the Subtransmission mechanism 30 decreases as the speed 
ratio VRatio of the variator 20 shifts further to the small speed 
ratio side, and reaches a minimum when the speed ratio 
VRatio of the variator 20 corresponds to the Highest speed 
ratio. This means that by changing the gear position of the 
subtransmission mechanism 30 when the speed ratio vRatio 
of the variator 20 is the Highest speed ratio, shift shock in the 
Subtransmission mechanism 30 is suppressed. 
0035 Hence, the transmission controller 12 shifts the gear 
position of the subtransmission mechanism 30 from the first 
speed to the second speed when the speed ratio of the variator 
20 is the Highest speed ratio. The specific content of this shift 
control will be described below. 
0036 FIG. 4 shows an example of the shift map stored in 
the storage device 122 of the transmission controller 12. 
0037. On the shift map, an operating point of the transmis 
sion 4 is determined on the basis of the vehicle speedVSP and 
the primary rotation speed Npri. An incline of a line linking 
the operating point of the transmission 4 and a Zero point in 
the lower left corner of the shift map indicates the speed ratio 
of the transmission 4 (an overall speed ratio obtained by 
multiplying the speed ratio of the Subtransmission mecha 
nism 30 with the speed ratio vRatio of the variator 20, to be 
referred to hereafter as a “through speed ratio Ratio'). On this 
shift map, similarly to a shift map of a conventional belt type 
continuously variable transmission, a shift line is set at each 
throttle opening TVO, and a shift is performed in the trans 
mission 4 according to a shift line selected in accordance with 
the throttle opening TVO. For ease of understanding, FIG. 4 
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shows only a full load line (a shift line used when the throttle 
opening TVO=8/8), a partial line (a shift line used when the 
throttle opening TVO=4/8), and a coasting line (a shift line 
used when the throttle opening TVO=0). 
0038. When the transmission 4 is in the low speed mode, 
the transmission 4 can be shifted between a low speed mode 
Lowest line, which is obtained by maximizing the speed ratio 
VRatio of the variator 20, and a low speed mode Highest line, 
which is obtained by minimizing the speed ratio vRatio of the 
variator 20. In the low speed mode, the operating point of the 
transmission 4 moves within an A region and a B region. 
When the transmission 4 is in the high speed mode, the 
transmission 4 can be shifted between a high speed mode 
Lowest line, which is obtained by maximizing the speed ratio 
VRatio of the variator 20, and a high speed mode Highest line, 
which is obtained by minimizing the speed ratio vRatio of the 
variator 20. In the high speed mode, the operating point of the 
transmission 4 moves within the B region and a C region. 
0039. The speed ratios of the respective gear positions of 
the Subtransmission mechanism 30 are set Such that a speed 
ratio corresponding to the low speed mode Highest line (low 
speed mode Highest speed ratio) is Smaller than a speed ratio 
corresponding to the high speed mode Lowest line (high 
speed mode Lowest speed ratio). In so doing, a low speed 
moderatio range, which is the through speed ratio Ratio range 
of the transmission 4 in the low speed mode, and a high speed 
moderatio range, which is the through speed ratio Ratio range 
of the transmission 4 in the high speed mode, partially overlap 
such that when the operating point of the transmission 4 is in 
the B region, which is sandwiched between the high speed 
mode Lowest line and the low speed mode Highest line, the 
transmission 4 can select either the low speed mode or the 
high speed mode. 
0040. Further, on the shift map, a mode switch line on 
which a shift is performed in the Subtransmission mechanism 
30 (a 1-2 shift line of the subtransmission mechanism 30) is 
set to overlap the low speed mode Highest line. A through 
speed ratio corresponding to the mode Switch line (to be 
referred to hereafter as a “mode switch speed ratio mRatio’) 
is set at an equal value to the low speed mode Highest speed 
ratio. When the operating point of the transmission 4 crosses 
the mode switch line, or in other words when the through 
speed ratio Ratio of the transmission 4 varies across the mode 
switch speed ratio mRatio, the transmission controller 12 
performs mode switch control. In the mode switch control, 
the transmission controller 12 performs a shift in the sub 
transmission mechanism 30 and modifies the speed ratio VRa 
tio of the variator 20 in an opposite direction to the variation 
direction of the speed ratio of the Subtransmission mechanism 
3O. 

0041 More specifically, when the through speed ratio 
Ratio of the transmission 4 shifts from being larger than the 
mode switch speed ratio mRatio to being smaller than the 
mode Switch speed ratio mRatio, the transmission controller 
12 changes the gear position of the Subtransmission mecha 
nism 30 from the first speed to the second speed (subtrans 
mission mechanism 1-2 shift) and modifies the speed ratio 
VRatio of the variator 20 to the large speed ratio side. Con 
versely, when the through speed ratio Ratio of the transmis 
sion 4 shifts from being smaller than the mode switch speed 
ratio mRatio to being larger than the mode Switch speed ratio 
mRatio, the transmission controller 12 changes the gear posi 
tion of the subtransmission mechanism 30 from the second 
speed to the first speed (subtransmission mechanism 2-1 
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shift) and modifies the speed ratio vRatio of the variator 20 to 
the Small speed ratio side. During a mode Switch, the speed 
ratio vRatio of the variator 20 is varied in an opposite direc 
tion to the speed ratio variation of the Subtransmission mecha 
nism 30 in order to Suppress an unpleasant feeling experi 
enced by a driver due to input rotation variation generated by 
a Sudden change in the through speed ratio Ratio of the 
transmission 4. 
0042 FIG. 5 shows an example of the shift control pro 
gram stored in the storage device 122 of the transmission 
controller 12. The specific content of the shift control 
executed by the transmission controller 12 will now be 
described with reference to FIG. 5. 
0043. In a step S1, the transmission controller 12 reads the 
primary rotation speed Npri, vehicle speed VSP and throttle 
opening TVO. 
0044. In a step S2, the transmission controller 12 calcu 
lates the through speed ratio Ratio (current value) of the 
transmission 4 on the basis of the primary rotation speed Npri, 
the vehicle speedVSP, and a reduction ratio fRatio of the final 
reduction gear 6. 
0045. In a step S3, the transmission controller 12 refers to 
the shift map (FIG. 4) stored in the storage device 122 on the 
basis of the primary rotation speed Npri and vehicle speed 
VSP to calculate a target through speed ratio DRatio (target 
value), or in other words the speed ratio to be attained by the 
transmission 4 next, on the basis of the current primary rota 
tion speed Npri, vehicle speed VSP, and throttle opening 
TVO 

0046. In steps S4 and S5, the transmission controller 12 
determines whether or not the through speed ratio Ratio has 
crossed the mode switch speed ratio mRatio. This determina 
tion is made by comparing the through speed ratio Ratio and 
a previous value thereof (a value calculated in the step S2 
during the previous execution of the processing shown in 
FIG. 5) with the mode switch speed ratio mRatio. 
0047. When the through speed ratio Ratio has crossed the 
mode Switch speed ratio mRatio from the large speed ratio 
side to the Small speed ratio side, the processing advances 
from the step S4 to a step S6, and when the through speed ratio 
Ratio has crossed the mode switch speed ratio mRatio from 
the Small speed ratio side to the large speed ratio side, the 
processing advances from the step S5 to a step S9. Further, 
when the through speed ratio Ratio has not crossed the mode 
Switch speed ratio mRatio, the processing advances from the 
step S5 to a step S12. 
0048. In steps S6 to S8, the transmission controller 12 
changes the gear position of the Subtransmission mechanism 
30 from the first speed to the second speed and modifies the 
speed ratio VRatio of the variator 20 to the large speed ratio 
side (Subtransmission mechanism 1-2 shift and variator 
return shift). 
0049. In the step S6, the transmission controller 12 calcu 
lates a target variator speed ratio VDRatio (target value), or in 
other words the speed ratio to be attained by the variator 20 
following completion of the mode switch, on the basis of the 
target through speed ratio DRatio calculated in the step S3 
and the second-speed speed ratio (post-shift speed ratio) of 
the subtransmission mechanism 30. 
0050. In the step S7, the transmission controller 12 sets 
shift characteristics (shift speed, increase? decrease tendency 
of shift speed, and so on) of the variator 20 during the mode 
Switch on the basis of a target shift time t12 for a gear position 
shift in the subtransmission mechanism 30 from the first 
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speed to the second speed and a deviation between the speed 
ratio VRatio (current value) and the target variator speed ratio 
VDRatio of the variator 20 such that when the shift in the 
Subtransmission mechanism 30 is complete, the speed ratio 
VRatio of the variator 20 corresponds to the target variator 
speed ratio VDRatio. The target shift time t12 of the subtrans 
mission mechanism 30 may take a fixed value or may be 
modified in accordance with the vehicle speedVSP, an engine 
torque, and an input torque input into the Subtransmission 
mechanism 30. The speed ratio vRatio of the variator 20 is 
calculated on the basis of the through speed ratio Ratio cal 
culated in the step S1 and the speed ratio of the current gear 
position (first speed) of the subtransmission mechanism 30. 
0051. In the step S8, the transmission controller 12 begins 
the 1-2 shift in the subtransmission mechanism 30 and the 
return shift in the variator 20. As a result, the gear position of 
the subtransmission mechanism 30 is changed from the first 
speed to the second speed and the speed ratio vRatio of the 
variator 20 is modified to the large speed ratio side. By shift 
ing the variator 20 in accordance with the shift characteristics 
set in the step S7, the shift in the variator 20 is completed at 
Substantially the same time as the shift in the Subtransmission 
mechanism 30. 

0.052 Meanwhile, in steps S9 to S11, the transmission 
controller 12 changes the gear position of the Subtransmission 
mechanism 30 from the second speed to the first speed and 
modifies the speed ratio vRatio of the variator 20 to the small 
speed ratio side (Subtransmission mechanism 2-1 shift and 
variator return shift). 
0053. In the step S9, the transmission controller 12 calcu 
lates the target variator speed ratio VDRatio (target value), or 
in other words the speed ratio to be attained by the variator 20 
following completion of the mode switch, on the basis of the 
target through speed ratio DRatio calculated in the step S3 
and the first-speed speed ratio (post-shift speed ratio) of the 
Subtransmission mechanism 30. 

0054. In the step S10, the transmission controller 12 sets 
the shift characteristics (shift speed, increase/decrease ten 
dency of shift speed, and so on) of the variator 20 during the 
mode switch on the basis of a target shift time t21 for a gear 
position shift in the subtransmission mechanism 30 from the 
second speed to the first speed and the deviation between the 
speed ratio VRatio (current value) and the target variator 
speed ratio VDRatio of the variator 20 such that when the shift 
in the Subtransmission mechanism 30 is complete, the speed 
ratio VRatio of the variator 20 corresponds to the target varia 
tor speed ratio VIDRatio. The target shift time t21 of the 
Subtransmission mechanism 30 may take a fixed value or may 
be modified in accordance with the vehicle speed VSP, the 
engine torque, and the input torque input into the Subtrans 
mission mechanism30. The speed ratio vRatio of the variator 
20 is calculated on the basis of the through speed ratio Ratio 
calculated in the step S1 and the speed ratio of the current gear 
position (second speed) of the Subtransmission mechanism 
3O. 

0055. In the step S1, the transmission controller 12 begins 
the 2-1 shift in the subtransmission mechanism 30 and the 
return shift in the variator 20. As a result, the gear position of 
the Subtransmission mechanism 30 is changed from the sec 
ond speed to the first speed and the speed ratio VRatio of the 
variator 20 is modified to the small speed ratio side. By 
shifting the variator 20 in accordance with the shift charac 
teristics set in the step S10, the shift in the variator 20 is 
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completed at substantially the same time as the shift in the 
Subtransmission mechanism 30. 
0056. On the other hand, in steps S12 to S13, the transmis 
sion controller 12 performs a shift (normal shift) in the varia 
tor 20 alone without changing the gear position of the Sub 
transmission mechanism 30. 
0057. In the step S12, the transmission controller 12 cal 
culates the target variator speed ratio VDRatio (target value) 
on the basis of the target through speed ratio DRatio calcu 
lated in the step S3 and the speed ratio of the current gear 
position of the subtransmission mechanism 30. 
0058. In the step S13, the transmission controller 12 per 
forms a shift in the variator 20 such that the speed ratio vRatio 
of the variator 20 (current value) varies to the target variator 
speed ratio VIDRatio with a desired shift characteristic (for 
example, a first order lag response). 
0059 Next, actions and effects obtained by performing the 
above shift control will be described. 
0060 FIG. 6 is a view showing the manner in which the 
operating point of the transmission 4 moves over the shift map 
when the vehicle accelerates in a partial load state (here, 
throttle opening 4/8). FIG. 7 is a timing chart showing the 
manner in which the through speed ratio Ratio, the Subtrans 
mission mechanism speed ratio, the speed ratio VRatio of the 
variator 20, the primary rotation speed Npri, and the vehicle 
speed VSP vary during this acceleration. 
0061. When the driver depresses an accelerator pedal from 
a stationary state (vehicle speedVSP-0), the vehicle begins to 
accelerate. During startup, the transmission 4 is in the low 
speed mode, the speed ratio vRatio of the variator 20 is the 
Lowest speed ratio, and the gear position of the Subtransmis 
sion mechanism 30 is the first speed. 
0062. During acceleration, the operating point of the 
transmission 4 moves along the shift lines set in advance on 
the shift map for each throttle opening TVO. In this example, 
the throttle opening TVO is set at 4/8, and therefore the 
operating point of the transmission 4 moves along the partial 
line, as shown by the thick arrow in FIG. 6. 
0063. When the operating point of the transmission 4 
reaches a point X in FIG. 6 at a time t1, a shift to the small 
speed ratio side of the transmission 4 begins. This shift is 
performed by modifying the speed ratio vRatio of the variator 
20 to the small speed ratio side. 
0064. When the operating point of the transmission 4 
reaches the mode switch line at a time t2, or in other words 
when the through speed ratio Ratio of the transmission 4 
reaches the mode switch speed ratio mRatio (a point Yin FIG. 
6), mode switch control for switching the mode of the trans 
mission 4 from the low speed mode to the high speed mode is 
begun. 
0065. The mode switch control is performed from the time 
t2 to a time t3. As shown in FIG.7, in the mode switch control, 
the gear position of the Subtransmission mechanism 30 is 
changed from the first speed to the second speed and the speed 
ratio vRatio of the variator 20 is modified to the large speed 
ratio side. 
0066. At the time t3, the mode switch control is completed 
and the gear position of the Subtransmission mechanism 30 
reaches the second speed. Subsequent shifts in the transmis 
sion 4 are performed by modifying the speed ratio vRatio of 
the variator 20 to the small speed ratio side. 
0067 Focusing on the speed ratio vRatio of the variator 
20, at the time t2, the speed ratio vRatio of the variator 20 is 
the Highest speed ratio, and the torque input into the Subtrans 
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mission mechanism 30 via the variator 20 is at a minimum 
under the torque input into the variator 20 at the time. In this 
embodiment, change of the gear position of the Subtransmis 
sion mechanism 30 from the first speed to the second speed 
begins in this state, and therefore shift shock during a Sub 
transmission mechanism 1-2 shift can be Suppressed effec 
tively. 
0068. It should be noted that in the above embodiment, the 
gear position of the Subtransmission mechanism 30 is 
changed when the through speed ratio varies across the mode 
Switch speed ratio mRatio, and therefore change of the gear 
position of the subtransmission mechanism 30 is not limited 
excessively. As a result, the favorable operating performance 
and fuel consumption performance that are obtained by pro 
viding the Subtransmission mechanism 30 can be enjoyed. 
0069. Moreover, in the above embodiment, the speed ratio 
VRatio of the variator 20 is modified in the opposite direction 
to the variation direction of the speed ratio of the subtrans 
mission mechanism 30 during the mode switch (time t2 to t3), 
and it is therefore possible to suppress not only shift shock in 
the Subtransmission mechanism 30, but also an unpleasant 
feeling experienced by the driver due to input rotation varia 
tion generated by a Sudden change in the through speed ratio 
Ratio. 
0070 An embodiment of this invention was described 
above, but the above embodiment merely illustrates one 
example of application of the invention, and the technical 
Scope of the invention is not limited to the specific constitu 
tions of the above embodiment. 
0071. For example, in the above embodiment, the sub 
transmission mechanism 30 is a transmission mechanism 
having two positions, i.e. the first speed and the second speed, 
as forward gear positions, but the Subtransmission mecha 
nism 30 may have three or more positions as forward gear 
positions. With this constitution, similar actions and effects to 
those of the above embodiment can be achieved by applying 
the invention to control for changing the gear position of the 
Subtransmission mechanism between the first speed and sec 
ond speed and control for changing the gear position between 
the second speed and third speed. 
0072 Further, the variator 20 may use a chain instead of a 
V belt 23. The variator 20 may be other types of continuously 
transmission, for example, toroidal type continuously trans 
mission. 

0073. Further, the subtransmission mechanism 30 uses a 
Ravigneaux planetary gear mechanism, but the invention is 
not limited to this constitution. For example, the Subtransmis 
sion mechanism 30 may be formed from a combination of a 
normal planetary gear mechanism and frictional engagement 
elements or from a plurality of power transmission paths 
constituted by a plurality of gear trains having different gear 
ratios and frictional engagement elements for Switching the 
power transmission paths. 
(0074. Furthermore, the hydraulic cylinders 23a, 23b are 
provided as actuators for displacing the movable conical 
plates of the pulleys 21, 22 in the axial direction, but the 
actuator is not limited to a hydraulically driven actuator, and 
may be driven electrically. 
0075. Further, the mode switch speed ratio is set at an 
equal value to the low speed mode Highest speed ratio, but 
here, the term “equal to includes a case in which the mode 
Switch speed ratio is substantially equal to the low speed 
mode Highest speed ratio, and Such a case is included in the 
technical scope of the invention. 
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0076. This application claims priority based on Japanese 
Patent Application No. 2008-245752, filed with the Japan 
Patent Office on Sep. 25, 2008, the entire content of which is 
incorporated into this specification by reference. 
What is claimed is: 
1. A continuously variable transmission installed in a 

vehicle, comprising: 
a continuously variable transmission mechanism (to be 

referred to hereafter as a “variator”) which modifies a 
speed ratio continuously; 

a subtransmission mechanism provided to the rear of and in 
series with the variator and including, as forward gear 
positions, a first gear position and a second gear position 
having a smaller speed ratio than the first gear position; 
and 

a shift control unit which modifies a through speed ratio, 
which is an overall speed ratio of the variator and the 
Subtransmission mechanism, by modifying the speed 
ratio of the variator and changing the gear position of the 
Subtransmission mechanism on a basis of an operating 
condition of the vehicle, 

wherein the through speed ratio when the speed ratio of the 
variator is a Highest speed ratio and the gear position of 
the Subtransmission mechanism is the first gear position 
is set as a mode Switch speed ratio, and 

when the through speed ratio varies from a larger speed 
ratio than the mode Switch speed ratio to a smaller speed 
ratio than the mode switch speed ratio, the shift control 
unit changes the gear position of the subtransmission 
mechanism from the first gear position to the second 
gear position. 

2. The continuously variable transmission as defined in 
claim 1, wherein, when changing the gear position of the 
Subtransmission mechanism from the first gear position to the 
second gear position, the shift control unit modify the speed 
ratio of the variator to a large speed ratio side. 

3. A continuously variable transmission installed in a 
vehicle, comprising: 

a continuously variable transmission mechanism (to be 
referred to hereafter as a “variator”) which modifies a 
speed ratio continuously; 

a subtransmission mechanism provided to the rear of and in 
series with the variator and including, as forward gear 
positions, a first gear position and a second gear position 
having a smaller speed ratio than the first gear position; 
and 

shift control means for modifying a through speed ratio, 
which is an overall speed ratio of the variator and the 
Subtransmission mechanism, by modifying the speed 
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ratio of the variator and changing the gear position of the 
Subtransmission mechanism on a basis of an operating 
condition of the vehicle, 

wherein the through speed ratio when the speed ratio of the 
variator is a Highest speed ratio and the gear position of 
the Subtransmission mechanism is the first gear position 
is set as a mode Switch speed ratio, and 

when the through speed ratio varies from a larger speed 
ratio than the mode Switch speed ratio to a smaller speed 
ratio than the mode switch speed ratio, the shift control 
means changes the gear position of the Subtransmission 
mechanism from the first gear position to the second 
gear position. 

4. The continuously variable transmission as defined in 
claim 3, wherein, when changing the gear position of the 
Subtransmission mechanism from the first gear position to the 
second gear position, the shift control means modify the 
speed ratio of the variator to a large speed ratio side. 

5. A control method for a continuously variable transmis 
sion installed in a vehicle and including a continuously vari 
able transmission mechanism (to be referred to hereafter as a 
“variator) which modifies a speed ratio continuously and a 
Subtransmission mechanism provided to the rear of and in 
series with the variator and including, as forward gear posi 
tions, a first gear position and a second gear position having a 
Smaller speed ratio than the first gear position; the control 
method comprising: 

a shift control step for modifying a through speed ratio, 
which is an overall speed ratio of the variator and the 
subtransmission mechanism, by modifying the speed 
ratio of the variator and changing the gear position of the 
Subtransmission mechanism on a basis of an operating 
condition of the vehicle, 

wherein the through speed ratio when the speed ratio of the 
variator is a Highest speed ratio and the gear position of 
the Subtransmission mechanism is the first gear position 
is set as a mode Switch speed ratio, and 

when the through speed ratio varies from a larger speed 
ratio than the mode Switch speed ratio to a smaller speed 
ratio than the mode switch speed ratio, the shift control 
step changes the gear position of the Subtransmission 
mechanism from the first gear position to the second 
gear position. 

6. The control method as defined in claim 5, wherein, when 
changing the gear position of the Subtransmission mechanism 
from the first gear position to the second gear position, the 
shift control step modify the speed ratio of the variator to a 
large speed ratio side. 


