
US 20010044686A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0044686A1 

Taniguchi et al. (43) Pub. Date: Nov. 22, 2001 

(54) SHIFT CONTROL SYSTEM FOR (22) Filed: May 15, 2001 
CONTINUOUSLY WARIABLE 
TRANSMISSIONS (30) Foreign Application Priority Data 

(75) Inventors: Hiroji Taniguchi, Okazaki-shi (JP); May 16, 2000 (JP)...................................... 2000-143856 
Katsumi Kono, Toyata-shi (JP); Kenji 
Matsuo, Toyata-shi (JP); Hideki Yasue, Publication Classification 
Toyata-shi (JP); Tadashi Tamura, 
Nishikamo-gun (JP); Daisuke Inoue, (51) Int. Cl. ................................................... G06F 7700 
Toyata-shi (JP); Yoshiaki Yamamoto, (52) U.S. Cl. ................................................. 701/51; 701/61 
Toyata-shi (JP); Hiroshi Morioka, 
Toyata-shi (JP); Hiroki Kondo, 
Toyata-shi (JP); Ryoji Habuchi, (57) ABSTRACT 
Okazaki-shi (JP); Yuji Hattori, 
Bisai-shi (JP 

(JP) A shift control System for a continuously variable transmis 
Correspondence Address: Sion, in which a road load on a vehicle is detected, the lower 
OBLON SPIVAK MCCLELLAND MAIER & limit Speed is Set according to the detected road load, in 
NEUSTADT PC which a target input Speed, as Set according to the running 
FOURTH FLOOR State of a vehicle, is restricted with the Set lower limit Speed, 
1755JEFFERSON DAVIS HIGHWAY and in which the gear ratio of the continuously variable 
ARLINGTON, VA 2.2202 (US) transmission is controlled So that the actual input Speed may 

be equal to the target input Speed restricted. The target input 
(73) Assignee: TOYOTA JIDOSHA KABUSHIKI Speed is restricted after the actual input Speed is more than 

KAISHA, Toyota-shi (JP) the lower limit value, when the road load is light, and Said 
target input Speed is restricted irrespective of the actual input 

21) Appl. No.: 09/854,471 Speed when the road load is heavy. pp p 

St READ N : 

WEHICLE SPE SP 
ENGINE ORUE 
INPUT SPEED : NEN 
ACCELERATOR DEPRESSION PA 
SHIFT POSION 

COMPUTE TARGET INPUT SPEED (NNTBSE) 

COMPUTE ACTUAL WEHICLE ACCELERATION 
COMPUTE FREFERENCE ACCRAON 

COMPUTE ROAD GRADENT 

NO D-B - OR 
S) - POSTION? 

ROAD GRADENT 
3 1ST REFERENCE WALU 

S7 
ROAD GRADEN 

32ND FREFERENCE WALUE S12 

Y SET FINAL TARGE SPEED (NNT) 
NNT = max (NNTBSEMINGD2) 

B - OR SD - POSITION 
D- POSITION SHIFTED 

N 

e 

O 

s 

NO 

YEs ST FINAL TARGET SPEED (NNT) 
SO NNT = max (NNTBSENINGD1) 

SET FINAL TARGET SPEED (NNT) 
NM = NNBSE 

  

  

        

    

  

  

  



Patent Application Publication Nov. 22, 2001 Sheet 1 of 4 US 2001/0044686 A1 

FIG.1 
S1 READ IN : 

VEHICLE SPEED : SPD 
ENGINE OROUE : TE 
INPUT SPEED : NIN 
ACCELERATOR DEPRESSION : PA 
SHIFT POSITION 

S2- COMPUTE TARGET INPUT SPEED (NNTBSE) 

COMPUTE ACTUAL VEHICLE ACCELERATION 
COMPUTE REFERENCE ACCELERATION 

S4 COMPUTE ROAD GRADENT 

D - B - OR NO 

SD - POSITION ? 

YES 
S6 

ROAD GRADENT 
< 1 ST REFERENCE WALUE 2 

S7 
ROAD GRADENT 

32ND REFERENCE VALUE 2 S 12 
SET FINAL TARGET SPEED (NNT) 

NINT = max (NNTBSE, NINGD2) 
B - OR SD - POSITION 

- > D - POSITION SHIFTED 

YES SET FINAL TARGET SPEED (NNT) 
NINT = max (NNTBSE, NINGD1) SKO 

SET FINAL TARGET SPEED (NNT) 
NNT = NNTBSE 

END 

  

  

      

  

    

    

  



US 2001/0044686A1 

OS ?cN SDWI 

Patent Application Publication Nov. 22, 2001 Sheet 2 of 4 

  



US 2001/0044686A1 Patent Application Publication Nov. 22, 2001 Sheet 3 of 4 

  



Patent Application Publication Nov. 22, 2001 Sheet 4 of 4 US 2001/0044686A1 

FIG.4 
  



US 2001/0044686 A1 

SHIFT CONTROL SYSTEM FOR CONTINUOUSLY 
WARIABLE TRANSMISSIONS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a control system 
for controlling Speed changes in a continuously variable 
transmission and, more particularly, to a shift control System 
for controlling a continuously variable transmission to 
restrict an input Speed. 

0003 2. Related Art 
0004. The continuously variable transmission can change 
a gear ratio continuously, as well known in the art, to Set the 
gear ratio So that a speed of a prime mover Such as an engine 
connected to the input Side of the transmission may be 
Suitable for the current running State. In the continuously 
variable transmission mounted on a vehicle employing an 
internal combustion engine (as will be abbreviated into 
“engine') as a prime mover, therefore, the gear ratio is so 
controlled as to equalize a speed of the engine to a speed 
achieved at an optimum running point for the best fuel 
economy. 

0005 If such control is executed in all running states, 
however, the driving force may be short to deteriorate the 
drivability. This is exemplified by the case in which the 
vehicle runs on an uphill. If the continuously variable 
transmission is controlled to reduce the engine Speed as the 
vehicle speed rises, the driving torque lowers. In Japanese 
Patent Laid-Open No. 7-71556, therefore, there is disclosed 
a control System for Setting a target input Speed of the 
continuously variable transmission to a larger value for a 
heavier road load of the uphill run. This control system is 
constructed Such that a lower limit value of the target input 
Speed is restricted when the road load is So heavy as 
experienced by the uphill run. 

0006. In the invention disclosed in the aforementioned 
Laid-Open, the gear ratio is So controlled, when the road 
load is heavy, as to increase the input Speed of the continu 
ously variable transmission, i.e., the engine Speed. There 
fore, the driving force is retained on the uphill to improve the 
drivability. However, the system of the prior art thus far 
described inhibits the Setting of a target input Speed on a 
lower Speed Side, as could otherwise be set for an ordinary 
run, when the road load is heavy, So that a restricted lower 
limit speed on a higher Speed Side is employed as the target 
input Speed. 

0007) If an actual input speed at the instant when the 
decision of a heavy load State for the high road load holds 
is lower than the restricted lower limit value, therefore, the 
target input Speed is Set to a lower limit value on a higher 
Speed Side by deciding the heavy load State and restricting 
the lower limit Speed accordingly. Although no accelerator 
depression is performed for augmenting the driving force, 
more Specifically, the input Speed of the continuously vari 
able transmission, i.e., the engine Speed may increase 
according to the decision of the heavy load State, and the 
driver may be given a physical discomfort, or the drivability 
may deteriorate. 
0008. In order to eliminate this disadvantage, it is con 
ceivable to make the following restriction. There may occur 
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the case in which the actual input Speed at the time of 
deciding the heavy road load State is lower than the afore 
mentioned lower limit value. In this case, the lower limit 
value of the target input Speed is restricted after the actual 
input Speed exceeds the lower limit value. In the System for 
this control, however, the actual input Speed may not exceed 
the lower limit value although the decision of the heavy load 
State is made. In this case, the input Speed is kept at a low 
value, So that the gear ratio Set by the continuously variable 
transmission is kept at a value on the high side (or on the 
higher vehicle speed Side). If a braking operation is made in 
this running State, therefore, the vehicle is stopped for a short 
time because of the heavy road load. The revolutions of the 
continuously variable transmission Stop accordingly, and it 
may be impossible to set the gear ratio on the lowest Side (on 
the lower vehicle speed side), as demanded at the starting 
time. In the belt-type continuously variable transmission, 
more Specifically, it is known that a transmission member 
Such as a belt is brought into frictional contact with a rotary 
element on the drive Side and a rotary element on the output 
Side So that the gear ratio may be changed by the changes in 
the contact positions. If the rotations of the continuously 
variable transmission Stop, the contact positions of the 
transmission member cannot be changed. At the Starting 
time, it is inevitable to employ a gear ratio Smaller than that 
on the lowest Speed Side, So that the driving force for the 
Start becomes short. 

SUMMARY OF THE INVENTION 

0009. A main object of the invention is to provide a 
control System for a continuously variable transmission, 
which can make a driving force necessary and Sufficient for 
a heavy load time and which has excellent characteristics in 
that a gear ratio for the vehicle to Stop is reliably Set to a gear 
ratio on the lowest Speed Side. 
0010. In order to achieve the above-specified object, the 
invention is characterized in that the restriction executing 
conditions, as based on the lower limit speed Set for the 
target input Speed, are changed according to the road load. 
More specifically, in a shift control System for a continu 
ously variable transmission of the invention, road load on a 
vehicle is detected, a lower limit speed according to the 
detected road load is Set, a target input Speed according to 
the running state of a vehicle is restricted with the low limit 
Speed, and gear ratio of the continuously variable transmis 
Sion is controlled So that an actual input Speed may be equal 
to the target input Speed restricted. Moreover, the shift 
control System of this invention is characterized in that the 
target input Speed is restricted on condition that the actual 
input Speed exceeds the lower limit value, when the road 
load is light, and the target input Speed is restricted irre 
Spective of the condition when the road load is heavy. 
0011. In the invention, therefore, according to the road 
load of the vehicle, the lower limit value of the target input 
Speed of the continuously variable transmission is Set, but 
the target input Speed on the basis of the lower limit value 
is restricted on the basis of the magnitude of the road load. 
When the road load at or after the time of setting the lower 
limit speed is light, more Specifically, the target input Speed 
on the basis of the lower limit value is restricted on condition 
that the actual input Speed exceeds the lower limit value. 
When the road load is light or when the actual input speed 
is less than the lower limit value, therefore, the target input 
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Speed is not restricted immediately after the lower limit 
Speed is Set. While the vehicle is running on an uphill road 
with a gentle gradient as in the case in which the road load 
is light, therefore, the Speed of the prime mover is prevented 
from being increased although no accelerator depression is 
performed. If the actual input Speed exceeds the lower limit 
Speed, on the other hand, the target input Speed is restricted 
on the basis of the lower limit value, So that the input Speed, 
i.e., the driving force Speed can be kept later at a large value 
to retain the driving force. In short, the drivability is 
improved. If the road load is heavy at the time or after a 
lower limit Speed is Set according to the road load, on the 
other hand, the target input Speed is immediately restricted 
to the lower limit value. As a result, a gear ratio of the 
continuously variable transmission is Set to that on the low 
side (or the low vehicle speed side). Even when the vehicle 
is stopped for a short time by the decelerating or braking 
operation, therefore, the gear ratio can be returned to that of 
or approximate to the lowest Speed Side. Thus, according to 
the invention, it is possible to keep both the excellent 
drivability and the returning performance of the gear ratio to 
the lowest Speed side. 

0012. According to the invention, on the other hand, the 
lower limit Speed can be changed and Set to a value 
according to the detected road load and a vehicle Speed, and 
to a value higher than the road load value under the road load 
at least in a low vehicle Speed range, when the road load is 
heavy. 

0013 With this construction, therefore, the lower limit 
Speed is set on the basis of the road load and the vehicle 
speed. When the road load is heavy and the vehicle speed is 
in the low vehicle Speed range, moreover, the lower limit 
Speed is Set to a value higher than the road load Speed under 
the road load. On an uphill road with a steep gradient, as an 
example of the heavy load, therefore, there is kept the State 
in which the actual input Speed is increased to a high value. 
Even if the vehicle is stopped for a short time in accordance 
with the braking operation, therefore, the gear ratio easily 
returns to that on the lowest Speed Side. 

0.014. In addition to the aforementioned construction, the 
shift control System of the invention may be constructed to 
further comprise shift position Selecting device for Selecting 
a shift position for an ordinary run and a brake position for 
causing a braking action by a prime mover more than the 
case in which the vehicle runs at the shift position. The 
restriction on the target input Speed can be released on 
condition that the road load is light, when a shifting opera 
tion is made from the brake position to the shift position for 
the ordinary run. 

0.015 With the construction having the heavy road load, 
therefore, even when the vehicle is stopped for a short time 
by the deceleration or by the braking operation, the gear 
ratio easily returns to that on the lowest Speed Side for the 
short time because it is relatively high. With the construction 
having the light road load, on the other hand, when the shift 
is changed from the brake position to the shift position for 
the ordinary run, that is, when the upshift is manually 
effected, there is released the restriction on the target input 
Speed based on the lower limit value. As a result, the target 
input Speed is reduced to reduce the Speed of the prime 
mover. This is the change in the gear ratio in accordance 
with the intention of the driver to change speed. In this 
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invention, therefore, it is possible to make a speed change 
according to the intention of the driver without deteriorating 
the returnability of the gear ratio to the lowest Speed Side. 
0016. The above and further objects and novel features of 
the invention will more fully appear from the following 
detailed description when the same is read with reference to 
the accompanying drawings. It is to be expressly under 
stood, however, that the drawings are for the purpose of 
illustrations only and are not intended as a definition of the 
limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 is a flow chart showing an example of the 
control to be executed by a shift control System according to 
the invention; 
0018 FIG. 2 is a diagram illustrating a lower limit speed 
for a target input speed and an input speed (or a road load 
Speed) of the case in which the vehicle runs steadily on an 
uphill road with a gradient equal to a Second reference value; 
0019 FIG. 3 is a block diagram schematically showing 
a drive system of a vehicle, to which the invention is 
directed, and a control System for the drive System; and 
0020 FIG. 4 is a diagram showing one example of a 
continuously variable transmission of the drive System Sche 
matically. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0021. The invention will be specifically described in 
connection with its embodiments. First of all, here will be 
described one example of a power transmission line of a 
vehicle, to which the invention is directed. In FIG. 3, a 
prime mover 1 is connected to a transmission mechanism 2, 
an output shaft 3 of which is connected through a differential 
4 to right and left driving wheels 5. Here, the prime mover 
1 includes a variety of prime movers to be employed in the 
vehicle, Such as an internal combustion engine, e.g., a 
gasoline engine or Diesel engine, an electric motor Such as 
a motor or a unit combining those internal combustion 
engine and electric motor. In the following description, the 
prime mover 1 is exemplified either by the so-called “direct 
injection engine' which can perform a homogeneous com 
bustion or a stratified combustion by injecting fuel directly 
into a cylinder and by controlling the injection rate and 
timing, or by the gasoline engine which is equipped with an 
electronic throttle valve capable of controlling the throttle 
opening electrically and freely. 
0022. This engine 1 is so constructed to be electrically 
controlled and therefore equipped with an electronic control 
unit (E-ECU) 6 which is composed mainly of a microcom 
puter for the electric control. This electronic control unit 6 
is constructed to control at least the output of the engine 1 
and is fed with a demanded drive quantity including an 
output speed (or an engine speed) NE and an accelerator 
depression or opening PA as data for this control. 
0023 These demanded drive quantities are, in short, 
Signals for increasing/decreasing the output of the engine 1, 
and can adopt either a operation amount Signal of an 
acceleration/deceleration unit 7 Such as an accelerator pedal 
to be operated by the driver, or a signal obtained by 
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processing the operation amount Signal electrically. In addi 
tion, there is adopted a demand drive signal which comes 
from a (not-shown) cruise control System for keeping the 
vehicle Speed at a Set value. 
0024. On the other hand, the speed changing mechanism 
2 is constructed to include a fluid coupling mechanism 8, a 
forward/backward Switching mechanism 9 and a continu 
ously variable transmission (CVT) 10. The fluid coupling 
mechanism 8 is, in Short, a device for transmitting the torque 
through a fluid or oil between an input Side member and an 
output Side member. This device is exemplified by a torque 
converter which is adopted in an ordinary vehicle. On the 
other hand, this fluid coupling mechanism 8 is provided with 
a lock-up clutch 11. This lock-up clutch 11 is constructed to 
couple the input Side member and the output Side member 
directly by mechanical means Such as friction discs, and is 
equipped with a damper 12 made of an elastic member Such 
as a shock-absorbing coil Spring. 
0.025. When the fluid coupling mechanism 8 is provided 
for driving the engine 1 continuously even while the vehicle 
is Stopped, an automatic clutch to be automatically applied/ 
released on the basis of the state of the vehicle can be 
employed in place of the aforementioned fluid coupling 
mechanism 8. 

0026. The fluid coupling mechanism 8 is connected at its 
input member to the output member of the engine 1 and at 
its output member to the input member of the forward/ 
backward Switching mechanism 9. This forward/backward 
Switching mechanism 9 is constructed of a double-pinion 
type planetary gear mechanism, for example, which is 
composed of: a Sun gear and a carrier, one of which acts as 
an input element and the other as an output element; brake 
means for fixing a ring gear Selectively; and clutch means for 
connecting any two rotary elements of three elements, that 
is, the Sun gear, the carrier and the ring gear Selectively to 
integrate the entire planetary gear mechanism. In short, the 
forward/backward Switching mechanism 9 is constructed to 
Set the forward State by applying the clutch means and to Set 
the backward State by applying the brake means. 
0027. The continuously variable transmission 10, as 
shown in FIG. 3, is a mechanism capable of varying a ratio 
between the Speed of a member on its input Side and the 
Speed of a member on its output Side, i.e., a gear ratio 
Steplessly (or continuously), and can adopt the belt-type 
continuously variable transmission or the toroidal-type con 
tinuously variable transmission. One example of the belt 
type continuously variable transmission 10 will be briefly 
described with reference to FIG. 4. This mechanism 10 is 
constructed to include: a driving pulley (or primary pulley) 
20; a driven pulley (or secondary pulley) 21; and a belt 22 
made to run on those pulleys 20 and 21. These pulleys 20 
and 21 are individually composed of Stationary sheaves 23 
and 24; movable sheaves 25 and 26 for moving toward and 
away from the Stationary sheaves 23 and 24; and hydraulic 
actuators 27 and 28 for pushing the movable sheaves 25 and 
26 toward the stationary sheaves 23 and 24. 
0028. The driving pulley 20 is mounted on an input shaft 
29, and the driven pulley 21 is mounted on an output shaft 
30 arranged in parallel with the input shaft 29. To the 
hydraulic actuator 28 in the driven pulley 21, moreover, 
there is fed an oil pressure corresponding to the demanded 
drive quantity represented by the accelerator depression PA, 
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So that the belt 22 is given a tension necessary for trans 
mitting the torque. To the hydraulic actuator 27 of the 
driving pulley 20, on the other hand, there is fed working oil 
for establishing a gear ratio to equalize the Speed of the input 
shaft 29 to the target input Speed. In Short, by changing the 
widths of grooves (i.e., gaps between the Stationary sheaves 
23 and 24 and the movable sheaves 25 and 26) in the 
individual pulleys 20 and 21, the winding radii of the belt 22 
on the individual pulleys 20 and 21 are changed to larger or 
Smaller values to execute the Speed change. 

0029. In the continuously variable transmission 10 shown 
in FIG. 4, therefore, a gear ratio on the lowest side (i.e., a 
maximum gear ratio) y is set when the winding radius of 
the belt 22 on the driving pulley 20 is minimum and the 
winding radius of the belt 22 on the driven pulley 21 is 
maximum. On the contrary, a gear ratio on the highest Side 
(i.e., a minimum gear ratio) Yi is set when the Winding 
radius of the belt 22 on the driving pulley 20 is maximum 
and the winding radius of the belt 22 on the driven pulley 21 
is minimum. Moreover, it is called the “belt return to 
establish the winding state of the belt 22 for setting the 
maximum gear ratio, and the feasibility of establishing that 
state is called the “belt returning performance” (or the “belt 
returnability”). 

0030 The controls of the individual states of the appli 
cation/release and the Slipping half-application of the lock 
up clutch 11 in the Speed changing mechanism 2 and the 
controls of the forward/backward Switching actions of the 
mechanism 9 and the gear ratio in the continuously variable 
transmission 10 are basically made on the basis of the 
running State of the vehicle. For these controls, there is 
provided an electronic control unit (T-ECU) 13 which is 
constructed mainly of a microcomputer. 

0031. This electronic control unit 13 is connected in a 
data communicating manner with the aforementioned elec 
tronic control unit 6 for the engine, and is fed with control 
data including a vehicle speed SPD, and the output speed No 
and the input Speed NIN of the Speed changing mechanism 
2. With the electronic control unit 13, there is electrically 
connected a shift unit 14 for selecting following individual 
States (or positions) for the speed changing mechanism 2: a 
Stop state (or a parking position: P), a backward State (or a 
reverse position: R); a neutral State (or a neutral position: N); 
an automatic forward State in which a gear ratio is auto 
matically Set according to running States of the vehicle and 
an ordinary run is made (or a drive position: D); the State of 
adopting a pumping loSS of the engine 1 as a braking force 
(or a brake position: B); and the State of inhibiting the Setting 
of a gear ratio on a higher Speed Side than a predetermined 
value (or a SD position). 
0032. The gear ratio of the continuously variable trans 
mission 10 is basically controlled so that the speed of the 
engine 1 i.e., the input Speed of the continuously variable 
transmission 10) may be a speed (or running state) for the 
minimum fuel consumption. When the road load is so heavy 
as experienced by an uphill run, however, the target input 
Speed is restricted to a predetermined lower limit value or 
more So that the Speed of the engine 1 may be kept at a level 
to retain the driving force. The shift control System accord 
ing to the invention is So constructed mainly of the electronic 
control unit 13 for the continuously variable transmission 10 
as to execute the controls for Setting a lower limit Speed and 
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for restricting a target input Speed to the lower limit value, 
as will be described in the following. 
0.033 FIG. 1 is a flow chart for explaining an example of 
the controls, the routine of which is repeatedly executed at 
a predetermined short time interval. First of all, the vehicle 
speed SPD, the engine torque TE, the input speed NIN, the 
accelerator depression PA and the shift position are read in 
(at Step S1). The vehicle speed SPD can be detected by a 
not-shown vehicle Speed Sensor, and the engine torque TE 
can be obtained on the basis of an intake air flow, as obtained 
by a not-shown air flow meter, and a map. Moreover, the 
input speed NIN is an input value to the continuously 
variable transmission 10 and can be detected by a not-shown 
input Speed Sensor. Still moreover, the accelerator depres 
Sion PA can be obtained by detecting a depression angle of 
the accelerator pedal or one example of the acceleration/ 
deceleration unit 7, and the shift position can be detected by 
a not-shown sensor which is disposed in the shift unit 14. 
0034) Next, on the basis of these read data, a target input 
speed (NINTBSE) is computed (at Step S2). This compu 
tation can be performed by the method known in the art, and 
the Speed of the optimum running point for the minimum 
fuel consumption is determined as a target input Speed from 
the map or the like on the basis of the demanded drive 
quantity, as indicated by the accelerator depression PA, and 
the vehicle speed SPD, or the alternative data. 
0035) In order to detect the gradient of the road surface as 
the road load on the vehicle, moreover, there are computed 
(at Step S3) the actual acceleration and reference accelera 
tion of the vehicle. The former actual acceleration can be 
computed as a change of the vehicle Speed SPD per a unit 
time. The latter reference acceleration is obtained when the 
vehicle runs on a flat road, and is Stored in advance in the 
form of a map as values according to the acceleration 
depression PA and the vehicle speed SPD, so that a value 
corresponding to an accelerator depression PA and a vehicle 
Speed SPD, as detected, are determined as a reference 
acceleration from the map. 
0036) The road gradient is computed (at Step S4) from 
the actual acceleration and the reference acceleration thus 
determined. If the road Surface is sloped, more Specifically, 
the acceleration or deceleration according to the gradient 
acts on the vehicle, So that a difference between the reference 
acceleration, as determined on the basis of the acceleration 
depression PA and the vehicle speed SPD, and the actual 
acceleration is made to take a value according to the gradient 
of the road surface. By determining the relation between the 
acceleration and the road gradient in advance, therefore, the 
road gradient is computed on the basis of a difference in the 
computed acceleration. 
0037) Still moreover, it is decided (at Step S5) what of the 
D-position, the B-position and the SD-position a selected 
shift position belongs to. This decision can be made on the 
basis of a signal which is outputted from the shift unit 14, as 
has been described hereinbefore. If the answer of Step S5 is 
affirmative because an engine bake position of the D-posi 
tion, the B-position or the SD-position is Selected, it is 
decided (at Step S6) whether or not the road gradient 
computed at Step S4 is Smaller than a first reference value. 
In short, this decision Step is one for deciding whether or not 
the road Surface is flat, So that the first reference value is Set 
to Such a Small value as to distinguish between the flat road 
and the uphill road. 
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0038 If the road surface is uphill, the answer of Step S6 
is negative. Then, it is decided (at Step S7) whether or not 
the road gradient computed at Step S4 is Smaller than a 
Second reference value. This decision Step is one for decid 
ing a gradient So that different controls may be executed 
depending on whether an uphill road is gentle or Steep. 
Therefore, the Second reference value is larger than the 
foregoing first reference value and is predetermined to a 
proper value. 

0039) If the answer of Step S7 is affirmative, the road 
Surface is uphill and has a gentle gradient. In this case, it is 
decided (at Step S8) whether or not the engine brake position 
such as the B-position or the SD-position for effecting the 
engine brake has been shifted to the D-position. This is a 
Step for deciding whether or not the change in a target input 
speed NINT is caused by the manual operation of the driver 
or by the change in the running State of the vehicle. 

0040 Still 
0041) If the answer of Step S8 is negative because the 
B-position or the SD-position is Selected, or because a time 
has elapsed after the Selection of the D-position or because 
the D-position is shifted from a shift position other than the 
brake positions Such as the N-position, it is decided (at Step 
S9) whether or not a final target input speed NINT is less 
than a first lower limit speed NINGD1. This first lower limit 
speed NINGD1 is rather more than a speed based on the 
idling of the engine 1 or a speed according to a gear ratio 
Y. on the highest speed side, as mechanically determined by 
the continuously variable transmission 10, as illustrated in 
FIG. 2. Here in the example illustrated in FIG. 2, the first 
lower limit speed NINGD1 is equal, in the low vehicle speed 
range, to a value based on the idling. In the high vehicle 
Speed range, on the other hand, the first lower limit speed 
NINGD1 is equal to a value according to the gear ratio on 
the highest vehicle Speed Side, as mechanically determined 
by the continuously variable transmission 10. 

0042. If the answer of Step S9 is affirmative, that is, if the 
final target input speed NINT is less than the first lower limit 
speed NINGD1, the final target speed NINT is set (at Step 
S10) to the target input speed NINTBSE computed at Step 
S2. After this, this routine is ended. 
0043 Specifically, the gear ratio of the continuously 
variable transmission 10 is so controlled that the input speed 
may be equal to the target input speed NINTBSE determined 
on the basis of either the accelerator depression PA and the 
vehicle speed SPD or the predetermined map. In other 
words, the target input Speed is controlled on the basis of the 
running State of the vehicle, but its lower limit speed is not 
limited to a manually Set lower limit value. As a result, the 
actual input speed NIN is not forcibly increased without any 
accelerating/decelerating operation Such as the accelerator 
depression but only by the decision result of the road 
gradient. 

0044) If the answer of Step S9 is negative, that is, if the 
final target input speed NINT is not less than the first lower 
limit speed NINGD1, on the other hand, the final target 
speed NINT is set (at Step S11) to a larger value (max 
(NINTBSE, NINGD1)) of the target input speed NINTBSE 
computed at Step S2 and the first lower limit speed 
NINGD1. After this, this routine is ended. On condition that 
the actual input speed NIN exceeds the first lower limit 
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speed NINGD1, the final target speed NINT is restricted to 
the first lower limit speed NINGD1 if the target input speed 
NINTBSE computed on the basis of the running state of the 
vehicle is less than the first lower limit speed NINGD1. 
004.5 Thus, when the gradient of the uphill road being 
traveled is gentle, that is, when the road load is relatively 
light, the road load is heavier than that of the run on the flat 
road, So that a lower limit value of the input Speed is Set. If 
the actual input Speed is less than that lower limit value, 
however, there is not restricted the target input Speed by the 
lower limit value. If the actual input Speed increases from 
the lower limit value, on the contrary, the target input Speed 
is restricted on the basis of that lower limit speed. It is, 
therefore, avoided to decide the gradient of the road Surface 
(i.e., to decide the road load) without operating the accel 
erator thereby to increase the input Speed, i.e., to cause the 
Speed change. If the actual input Speed increases more than 
the lower limit Speed Set manually, on the other hand, it is 
restricted, in the later State with the road load being not leSS 
than a predetermined value, that the target input Speed 
becomes less than the lower limit value. As a result, the 
driving force can be retained in the State of the heavy road 
load. 

0046) If the answer of Step S7 is negative because the 
road gradient is large, on the other hand, the final target 
speed NINT is set (at Step S12) to the larger value (max 
(NINTBSE, NINGD2)) of the target input speed NINTBSE 
computed at Step S2 and a Second lower limit speed 
NINGD2. After this, this routine is ended. One example of 
this second lower limit speed NINGD2 is illustrated in FIG. 
2 and is Set to a larger value than that of the aforementioned 
first lower limit speed NINGD1. On the other hand, FIG. 2 
additionally illustrates a line indicating the input speed (or 
the road load speed) of the case of a steady run on an uphill 
having the road gradient of the aforementioned Second 
reference value, and the line indicating the Second lower 
limit speed NINGD2 and the line indicating the road load 
speed intersect at a predetermined vehicle speed SPD1. In 
other words, in the vehicle Speed range lower than that 
vehicle speed SPD1, the second lower limit speed NINGD2 
is Set to a value more than the road load Speed. 
0047 According to the control at Step S12, therefore, if 
the target input speed NINTBSE computed on the basis of 
the running State of the vehicle is less than the Second lower 
limit speed NINGD2, the gear ratio is so controlled that the 
actual input Speed may be increased to the target Speed or the 
second lower limit speed NINGD2. If the target input speed 
NINTBSE computed on the basis of the running state of the 
vehicle is more than the second lower limit speed NINGD2, 
the gear ratio is So controlled that the actual input Speed may 
be equal to the input target speed NINTBSE. Therefore, the 
actual input Speed is kept more than the Second lower limit 
NINGD2, and the gear ratio is accordingly kept at a large 
value. 

0.048 Thus in the state of a large road gradient, i.e., in the 
State of a heavy road load, the vehicle is Stopped within a 
Short time period by the decelerating operation, but the Set 
gear ratio is So high that it can be changed within a short time 
to the maximum gear ratio Y on the lowest Speed Side that 
is demanded at the Starting time. In other words, the return 
ability of the belt in the continuously variable transmission 
10 is improved. Especially in the construction for the 
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controls shown in FIG. 1, the second lower limit speed 
NINGD2 in the low vehicle speed range is set to a larger 
value So that the gear ratio of the continuously variable 
transmission 10 is accordingly raised. Even if the time 
period from the low vehicle speed to the vehicle stop is 
Short, therefore, it is Sufficient for the gear ratio to return to 
the maximum value Y. So that the belt returnability is 
improved. 

0049. Here, if the answer of Step S5 in FIG. 1 is negative, 
that is, if none of the D-, B- and SD-positions is selected, the 
routine advances directly to Step S10, at which the final 
target speed NINT is set to the target value NINTBSE which 
is computed on the basis of the running State. This is because 
the driving force on the uphill need not be retained at the P-, 
R- and N-positions. 
0050. If the answer of Step S6 is affirmative because the 
vehicle is running on the flat road, on the other hand, the 
lower limit speed for the target input Speed is not restricted 
because of the light road load, So that the routine advances 
directly to Step S10. If the answer of Step S9 is affirmative 
because the shift position is changed from the brake position 
to the D-position, moreover, the lower limit speed for the 
target input Speed is not restricted, but the routine advances 
directly to Step S10, so as to give priority to the control 
mode of the gear ratio, as Selected by the driver, that is, So 
as to prevent the Speed change from being undone although 
a speed change (or an upshift) has been operated by the 
driver. 

0051. Here will be described the relations of the afore 
mentioned specific embodiment and the invention. The 
functional means of Steps S3 and S4 shown in FIG. 1 
correspond to road load detector of the invention; the 
functional means of Steps S5 to S12 correspond to lower 
limit Speed Setter and restrictor of the invention; the elec 
tronic control unit 13 for the continuously variable trans 
mission 10, as shown in FIG. 3, correspond to gear ratio 
controller of the invention; and the shift unit 14 shown in 
FIG. 3 corresponds to shift position selector of the inven 
tion. 

0052 Here, the specific embodiment has been described 
on the example in which the actual acceleration and the 
reference acceleration are used for detecting the road load. 
However, the invention should not be limited to the afore 
mentioned specific embodiment, but the detection of the 
road load may be made by Suitable means, if necessary. 
0053. In the foregoing specific embodiment, on the other 
hand, the condition that the actual input Speed is more than 
the lower limit speed is decided by deciding whether or not 
the final target input Speed is less than the lower limit value, 
that is, whether or not the final target input Speed is more 
than the lower limit value, and the target input Speed is 
restricted in addition to that decision. However, the inven 
tion should not be limited to the aforementioned specific 
embodiment. For example, it is directly decided whether or 
not the actual input Speed is more than the lower limit value. 
If it is once decided that the actual input Speed is more than 
the lower limit value, the target input Speed may be restricted 
after the decision. On the other hand, by comparing the 
demanded drive quantity Such as the accelerator depression 
for determining the target input Speed with the predeter 
mined value, it is decided whether or not the actual input 
speed is more than the lower limit value. If it is decided that 
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the demanded drive quantities are larger than the predeter 
mined value and that the actual input Speed is more than the 
lower limit value, the target input Speed may be restricted 
after the decision. 

0.054 Here will be synthetically described the advantages 
to be obtained in the invention. AS has been described 
hereinbefore, there may occur the case in which the road 
load at the time of Setting the lower limit value of the target 
input Speed is relatively low although the lower limit speed 
is Set because of a heavy road load. If the actual input Speed 
is less than the lower limit value, according to the invention, 
the restriction of the target input Speed by the lower limit 
value is executed not instantly but after the actual input 
Speed exceeds the lower limit value. Without any manipu 
lation for the acceleration or the like, therefore, the input 
Speed can be prevented from increasing, So that the driv 
ability is improved. When the road load at the time of setting 
the lower limit Speed is relatively high, on the other hand, 
the lower limit Speed of the target value is instantly restricted 
So that the gear ratio of the continuously variable transmis 
Sion is kept at a high value accordingly. Therefore, it is not 
only possible to retain the driving force but also easy to 
return the gear ratio to the maximum value on the lowest 
Speed Side for a short time period until the vehicle Stops, So 
that the belt-type continuously variable transmission can 
improve the So-called "belt returning performance'. 
0.055 According to the invention, on the other hand, the 
aforementioned lower limit Speed in the low vehicle Speed 
range is Set to a larger value than that of the road load Speed. 
Even for the short time period from the low vehicle speed to 
the Stop, therefore, the gear ratio is easily returned to the 
maximum gear ratio So that the belt-type continuously 
variable transmission can improve the So-called "belt return 
ing performance'. 

0056. There may also occur the case in which the brake 
position for restricting the gear ratio to a relatively high 
value is manually shifted to a position for the ordinary run. 
If the road load is relatively light in this case, the restriction 
on the lower limit Speed for the target input Speed is released 
according to the invention. Therefore, the gear ratio can be 
controlled while giving priority to the intention of the driver, 
to avoid the physical discomfort or the deterioration in the 
drivability. 

What is claimed is: 
1. A shift control system for a continuously variable 

transmission to control a gear ratio So that an actual input 
Speed may be equal to a target input Speed, comprising: 

road load detector for detecting a road load on a vehicle; 
lower limit Speed Setter for Setting a lower limit Speed 

according to a detected road load; 
restrictor for restricting Said target input Speed on condi 

tion that the actual input Speed is more than Said lower 
limit Speed, when said road load is light, and for 
restricting Said target input Speed irrespective of Said 
condition when Said road load is heavy; and 

gear ratio controller for controlling the gear ratio of the 
continuously variable transmission So that the actual 
input Speed may be equal to the target input Speed 
restricted. 
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2. A shift control System for a continuously variable 
transmission according to claim 1, 

wherein Said lower limit Speed Setter includes a unit for 
changing and Setting Said lower limit Speed to a value 
according to the road load detected and a vehicle Speed, 
and for Setting Said lower limit speed to a value higher 
than the road load value under the road load at least in 
a low vehicle Speed range, when Said road load is 
heavy. 

3. A shift control system for a continuously variable 
transmission according to claim 1, further comprising: 

shift position Selecting device for Selecting a shift position 
for an ordinary run and a brake position for causing a 
braking action by a prime mover more than the case in 
which the vehicle runs at Said shift position, 

wherein Said restrictor includes a unit for releasing the 
restriction on Said target input Speed on condition that 
Said road load is light, when a shift operation is made 
from said brake position to said shift position for the 
ordinary run. 

4. A shift control system for a continuously variable 
transmission according to claim 2, further comprising: 

shift position Selecting device for Selecting a shift position 
for an ordinary run and a brake position for causing a 
braking action by a prime mover more than the case in 
which the vehicle runs at Said shift position, 

wherein Said restrictor includes a unit for releasing the 
restriction on Said target input Speed on condition that 
Said road load is light, when a shift operation is made 
from said brake position to said shift position for the 
ordinary run. 

5. A shift control system for a continuously variable 
transmission according to claim 1, 

wherein Said restrictor includes a unit for Setting a restric 
tion Speed of Said target input Speed when Said road 
load is heavy, to a larger value than the restriction value 
of Said target input Speed when Said road load is light. 

6. A shift control system for a continuously variable 
transmission according to claim 1, further comprising: 

a shift mechanism capable of making an upshift manually 
for lowering the gear ratio, 

wherein Said restrictor includes a unit for releasing the 
restriction on Said target input Speed on condition that 
Said road load is light, when the upshift is manipulated. 

7. A shift control system for a continuously variable 
transmission according to claim 1, 

wherein Said road load detector includes a unit for com 
puting the road load from a reference acceleration, 
computed on the basis of a demanded drive quantity, 
and an actual acceleration detected. 

8. A shift control system for a continuously variable 
transmission according to claim 1, 

wherein Said road load detector includes a unit for com 
puting a gradient of a road from a reference accelera 
tion, as computed on the basis of the demanded drive 
quantity, and an actual acceleration detected, to decide 
that the road load is heavy, when the road gradient 
computed is larger than a predetermined reference 
value. 
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9. A shift control system for a continuously variable 
transmission according to claim 1, further comprising: 

a decider for deciding whether the condition that the 
actual input Speed is more than Said lower limit Speed 
is Satisfied, on the basis of the fact that a target value of 
the input Speed is larger than Said lower limit value. 

10. A shift control system for a continuously variable 
transmission according to claim 1, 

wherein Said lower limit Speed Setter includes means for 
Setting the lower limit Speed to a larger value of the 
target input Speed, as computed on the basis of the 
demanded drive quantity, and a predetermined lower 
limit Speed. 

11. A shift control system for a continuously variable 
transmission to control a gear ratio So that an actual input 
Speed may be equal to a target input Speed, comprising a 
controller which executes controls of 

detecting a road load on a vehicle; 
Setting a lower limit speed according to a detected road 

load; 
restricting Said target input Speed on condition that the 

actual input Speed is more than Said lower limit Speed, 
when said road load is light, and for restricting Said 
target input Speed irrespective of Said condition when 
Said road load is heavy; and 

controlling the gear ratio of the continuously variable 
transmission So that the actual input Speed may be 
equal to the target input speed restricted. 

12. A shift control system for a continuously variable 
transmission according to claim 11, further comprising: 

shift position Selecting device for Selecting a shift position 
for an ordinary run and a brake position for causing a 
braking action by a prime mover more than the case in 
which the vehicle runs at Said shift position, 

wherein the controller further executes a control for 
releasing the restriction on Said target input Speed on 
condition that Said road load is light, when a shift 
operation is made from Said brake position to Said shift 
position for the ordinary run. 

13. A shift control system for a continuously variable 
transmission according to claim 11, further comprising: 

a shift mechanism capable of making an upshift manually 
for lowering the gear ratio, 

wherein the controller further executes a control for 
releasing the restriction on Said target input Speed on 
condition that Said road load is light, when the upshift 
is manipulated. 
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14. A shift control system for a continuously variable 
transmission according to claim 11, 

wherein the controller executes judging whether the con 
dition that the actual input Speed is more than Said 
lower limit Speed is Satisfied, on the basis of the fact 
that a target value of the input Speed is larger than Said 
lower limit value. 

15. A shift control method for a continuously variable 
transmission to control a gear ratio So that an actual input 
Speed may be equal to a target input Speed, comprising Steps 
of: 

detecting a road load on a vehicle; 

Setting a lower limit speed according to a detected road 
load; 

restricting Said target input Speed on condition that the 
actual input Speed is more than Said lower limit Speed, 
when said road load is light, and for restricting Said 
target input Speed irrespective of Said condition when 
Said road load is heavy; and 

controlling the gear ratio of the continuously variable 
transmission So that the actual input Speed may be 
equal to the target input Speed restricted. 

16. A shift control method for a continuously variable 
transmission according to claim 15, further comprising: 

a step of releasing the restriction on Said target input Speed 
on condition that Said road load is light, when a shift 
operation is made from a brake position for causing a 
braking action by a prime mover to a shift position for 
causing a lower braking action than the braking action 
at the brake position. 

17. A shift control method for a continuously variable 
transmission according to claim 15, further comprising a 
Step of releasing the restriction on Said target input Speed on 
condition that Said road load is light, when the upshift is 
manually operated. 

18. A shift control system for a continuously variable 
transmission according to claim 11, further comprising a 
Step of judging whether the condition that the actual input 
Speed is more than Said lower limit Speed is Satisfied, on the 
basis of the fact that a target value of the input Speed is larger 
than said lower limit value. 


