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SHIFT CONTROL APPARATUS FOR 
VEHICLE AUTOMATIC TRANSMISSION 

[ 0001 ] This application claims priority from Japanese Pat 
ent Application No. 2019-206536 filed on Nov. 14 , 2019 , the 
disclosure of which is herein incorporated by reference in its 
entirety . 

FIELD OF THE INVENTION 

[ 0002 ] The present invention relates to a vehicle automatic 
transmission , and more particularly , to a shift control appa 
ratus for the vehicle automatic transmission that is con 
nected to an engine through a hydraulic transmission device 
having a lockup clutch . 

BACKGROUND OF THE INVENTION 

[ 0003 ] There is known a vehicle automatic transmission 
which is disposed between drive wheels and an input shaft 
connected to an engine through a hydraulic transmission 
device having a lockup clutch , and which includes first and 
second engagement devices , such that at least a first gear 
position is established with the first engagement device 
being engaged , and at least a second gear position is 
established with the second engagement device being 
engaged , and such that the vehicle automatic transmission is 
configured to transmit a drive force at a first gear ratio when 
the first gear position is established , and to transmit the drive 
force at second gear ratio lower than the first gear ratio 
when the second gear position is established ( see JP - H05 
288268A ) Further , in JP - 2019-152274A , there is proposed a 
vehicle automatic transmission which has first and second 
drive - force transmission paths provided in parallel to each 
other between drive wheels and an input shaft connected to 
an engine through a hydraulic transmission device having a 
lockup clutch , wherein the first drive - force transmission 
path is provided with a first engagement device , such that at 
least a first gear position is established with the first engage 
ment device being engaged , and at least a second gear 
position is established with the second engagement device 
being engaged , and such that the vehicle automatic trans 
mission is configured to transmit a drive force at a first gear 
ratio along the first drive - force transmission path when the 
first gear position is established , and to transmit the drive 
force at a second gear ratio lower than the first gear ratio 
along the second drive - force transmission path when the 
second gear position is established . 
[ 0004 ] In each of the above - described vehicle automatic 
transmissions which is connected to the engine through the 
hydraulic transmission device having the lockup clutch , a 
large shifting shock could be caused if the lockup clutch is 
engaged when the automatic transmission is shifted down to 
the first gear position with release of the second engagement 
device . Therefore , it is common that the lockup clutch is 
released at a certain timing when the transmission is shifted 
down to the first gear position ( see JP - H05-288268A ) . 

rotational speed is reduced due to deviation of the input 
rotational speed from a rotational speed of the engine , 
thereby making it difficult to quickly execute the shift down 
action while suppressing the shifting shock . On the other 
hand , if the shift down action is executed with the input shaft 
being connected directly with the engine by engagement of 
the lockup clutch , the shifting shock could be increased due 
to an inertia of the engine that causes , for example , drive 
force change and noise generation upon synchronization 
after completion of the shift down action , although the 
controllability of the input rotational speed might be 
increased . 
[ 0006 ] The present invention was made in view of the 
background art described above . It is therefore an object of 
the present invention to make it possible , when a shift down 
action is executed together with execution of the torque 
increase control operation during running of the vehicle in 
the driven state , to suppress the shifting shock upon syn 
chronization after completion of the shift down action while 
assuring controllability of the input rotational speed . 
[ 0007 ] The object indicated above is achieved according 
to the following aspects of the present invention . 
[ 0008 ] According to a first aspect of the invention , there is 
provided a shift control apparatus for a vehicle automatic 
transmission that is to be provided in a vehicle , the vehicle 
including , in addition to the vehicle automatic transmission , 
a hydraulic transmission device having a lockup clutch , an 
engine , an input shaft connected to the engine through the 
hydraulic transmission device , and drive wheels , wherein 
the vehicle automatic transmission is disposed between the 
input shaft and the drive wheels , and includes first and 
second engagement devices , such that at least a first gear 
position is established with the first engagement device 
being engaged , and at least a second gear position is 
established with the second engagement device being 
engaged , and such that the vehicle automatic transmission is 
configured to transmit a drive force at a first gear ratio when 
the first gear position is established , and to transmit the drive 
force at a second gear ratio lower than the first gear ratio 
when the second gear position is established , wherein the 
shift control apparatus comprises a shift - down control por 
tion configured , when a shift - down operation is executed to 
establish the first gear position by releasing the second 
engagement device , during running of the vehicle in a driven 
state with the second gear position being established with 
engagement of the second engagement device , to execute a 
torque - increase control operation for increasing a torque of 
the engine so as to increase an input rotational speed as a 
rotational speed of the input shaft through the lockup clutch 
that is placed in an engaged state , and to release the lockup 
clutch before the input rotational speed reaches a synchro 
nous speed of the first gear position . The shift control 
apparatus may further comprise an engine control portion 
and a lockup - clutch control portion , wherein the shift - down 
control portion is configured to cause the engine control 
portion to execute the torque - increase control operation , and 
wherein the shift - down control portion is configured to 
cause the lockup - clutch control portion to release the lockup 
clutch before the input rotational speed reaches the synchro 
nous speed of the first gear position . 
[ 0009 ] It is noted that the above - described running of the 
vehicle in the driven state is defined as a running of the 
vehicle in a state in which the vehicle automatic transmis 
sion is driven by rotation of the drive wheels or the engine 

SUMMARY OF THE INVENTION 

[ 0005 ] By the way , when a shift down action is to be 
executed during running of the vehicle in a driven state , it 
might be possible to quickly increase an input rotational 
speed by executing a torque - increase control operation for 
temporarily increase an engine torque . In this case , if the 
lockup clutch is released , a controllability of the input 
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is driven by rotation of the drive wheels through the vehicle 
automatic transmission . For example , an inertial running and 
a running on a downhill road correspond to the running of 
the vehicle in the driven state . It is further noted that the 
synchronous speed of the first gear position corresponds to 
a product of the first gear ratio and an output rotational speed 
of the vehicle automatic transmission that is dependent on a 
running speed of the vehicle . 
[ 0010 ] According to a second aspect of the invention , in 
the shift control apparatus according to the first aspect of the 
invention , the vehicle automatic transmission has first and 
second drive - force transmission paths provided in parallel to 
each other between the input shaft and the drive wheels , 
wherein the first drive - force transmission path is provided 
with the first engagement device , such that the drive force is 
to be transmitted along the first drive - force transmission 
path when the first gear position is established with engage 
ment of the first engagement device , and wherein the second 
drive - force transmission path is provided with the second 
engagement device , such that the drive force is to be 
transmitted along the second drive - force transmission path 
when the second gear position is established with engage 
ment of the second engagement device . 
[ 0011 ] According to a third aspect of the invention , in the 
shift control apparatus according to the second aspect of the 
invention , the first engagement device includes a mode 
switching clutch device that is switchable between a one 
way mode and a lock mode , such that the mode - switching 
clutch device is configured to transmit the drive force during 
the running of the vehicle in a driving state and to cut off 
transmission of the drive force during the running of the 
vehicle in the driven state when the mode - switching clutch 
device is placed in the one - way mode , and such that the 
mode - switching clutch device is configured to transmit the 
drive force during the running of the vehicle in the driving 
state and during the running of the vehicle in the driven state 
when the mode - switching clutch device is placed in the lock 
mode , wherein the shift - down control portion is configured 
to switch the mode - switching clutch device from the one 
way mode to the lock mode in a stage in which the input 
rotational speed has reached the synchronous speed of the 
first gear position . 
[ 0012 ] It is noted that the above - described running of the 
vehicle in the driving state is defined as a running of the 
vehicle in a state in which the drive force is transmitted to 
the drive wheels from the engine through the vehicle auto 
matic transmission , namely , the engine or the vehicle auto 
matic transmission is driving the drive wheels . 
[ 0013 ] According to a fourth aspect of the invention , in the 
shift control apparatus according to the third aspect of the 
invention , the first engagement device includes , in addition 
to the mode - switching clutch device , a first clutch that is to 
be frictionally engaged , wherein the first drive - force trans 
mission path is provided with the mode - switching clutch 
device and the first clutch , such that the first clutch is 
disposed in series with the mode - switching clutch device 
and is located between the mode - switching clutch device 
and the input shaft in the first drive - force transmission path , 
wherein the second engagement device includes a second 
clutch that is to be frictionally engaged , wherein the second 
drive - force transmission path is provided with the second 
clutch , and wherein , when the shift - down operation is 
executed to switch the vehicle automatic transmission to the 
first gear position from the second gear position that is 

established with engagement of the second clutch and 
release of the first clutch , the shift - down control portion is 
configured to release the second clutch and engage the first 
clutch , prior to execution of the torque - increase control 
operation for increasing the torque of the engine . 
[ 0014 ] According to a fifth aspect of the invention , in the 
shift control apparatus according to any one of the second 
through fourth aspects of the invention , the first drive - force 
transmission path is provided with a gear transmission 
device that is disposed in series with the first engagement 
device in the first drive - force transmission path , such that the 
drive force is to be transmitted at the first gear ratio through 
the gear transmission device along the first drive - force 
transmission path when the first gear position is established 
with engagement of the first engagement device , wherein the 
second drive - force transmission path is provided with a 
continuously - variable transmission that is disposed in series 
with the second engagement device in the second drive 
force transmission path , such that the drive force is to be 
transmitted at an arbitrary gear ratio through the continu 
ously variable transmission along the second - force trans 
mission path , the arbitrary gear ratio being at least between 
the second gear ratio and a third gear ratio that is lower than 
the second gear ratio . 
[ 0015 ] According to a sixth aspect of the invention , in the 
shift control apparatus according to any one of the first 
through fifth aspects of the invention , the shift - down control 
portion is configured to calculate a rate of change of the 
input rotational speed , and to determine a timing of output 
of a releasing command for releasing the lockup clutch , in 
accordance with a predetermined criteria , based on the 
calculated rate of change and a releasing response time that 
is a length of time from the output of the releasing command 
until the lockup clutch is actually released , the predeter 
mined criteria being determined such that the lockup clutch 
is released before the input rotational speed reaches the 
synchronous speed of the first gear position . 
[ 0016 ] According to a seventh aspect of the invention , in 
the shift control apparatus according to the sixth aspect of 
the invention , the shift - down control portion is configured to 
estimate a remaining time until the input rotational speed 
reaches the synchronous speed of the first gear position , 
based on the rate of change of the input rotational speed , and 
to determine the timing of the output of the releasing 
command for releasing the lockup clutch , by comparing the 
remaining time and the releasing response time . 
[ 0017 ] According to an eighth aspect of the invention , in 
the shift control apparatus according to any one of the first 
through seventh aspects of the invention , the shift - down 
control portion is configured , when the lockup clutch is in a 
released state during the running of the vehicle in the driven 
state with the second gear position being established , to 
determine a timing of output of an engaging command for 
engaging the lockup clutch , in accordance with a predeter 
mined criteria , based on a response time that is a length of 
time from output of a releasing command for releasing the 
second engagement device until the second engagement 
device is actually released , and a response time that is a 
length of time from the output of the engaging command for 
engaging the lockup clutch until the lockup clutch is actually 
engaged , the predetermined criteria being determined such 
that the lockup clutch is engaged after the second engage 
ment device has been released . 
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[ 0018 ] In the shift control apparatus according to the 
present invention , when the shift - down operation is 
executed to establish the first gear position during the 
running of the vehicle in the driven state with the second 
gear position being established , the input rotational speed is 
increased through the lockup clutch placed in the engaged 
state during execution of the torque - increase control opera 
tion for increasing the torque of the engine , so that a 
controllability of the input rotational speed is improved 
whereby the input rotational speed can be quickly increased 
and accordingly the shift - down operation can be appropri 
ately executed . Further , since the lockup clutch is released 
before the input rotational speed reaches the synchronous 
speed of the first gear position , it is possible to appropriately 
suppress a shifting shock caused by , for example , an engine 
inertia upon synchronization of the input rotational speed 
after execution of the shift - down operation . That is , when 
the shift - down operation is executed to establish the first 
gear position during the running of the vehicle in the driven 
state , with the input rotational speed being increased by the 
execution of the torque - increase control operation for 
increasing the torque of the engine , it is possible to assure 
the controllability of the input rotational speed by causing 
the input shaft to be connected directly to the engine , and to 
suppress the shifting shock upon the synchronization by 
casing the lockup clutch to be released before the synchro 
nization after the execution of the shift - down operation . 
[ 0019 ] In an arrangement in which the first engagement 
device provided in the first drive - force transmission path 
includes the mode - switching clutch device that is to be 
switched between the one - way mode and the lock mode , 
there is a possibility that a noise such as a contact noise 
could be generated due to an effect of the one - way mode , 
i.e. , the same effect of an one - way clutch upon the synchro 
nization ( upon completion of a shifting action ) in a case in 
which the mode - switching clutch device is switched from 
the one - way mode to the lock mode in the stage in which the 
input rotational speed has reached the synchronous speed of 
the first gear position . However , in the shift control appa 
ratus according to the third aspect of the invention , the 
lockup clutch is released before the input rotational speed 
reaches the synchronous speed of the first gear position , the 
generation of the noise such as the contact noise can be 
suppressed . Further , by placing the mode - switching clutch 
device into the lock mode in the stage in which the input 
rotational speed has reached the synchronous speed of the 
first gear position , the engine is driven depending on a 
running speed of the vehicle whereby an engine brake can be 
appropriately obtained . 
[ 0020 ] In the shift control apparatus according to the 
fourth aspect of the invention , in an arrangement in which 
the first engagement device includes the mode - switching 
clutch device and the second engagement device includes 
the second clutch , the second clutch is engaged while the 
first clutch is released when the second gear position is 
established . Therefore , when the second gear position is 
established , the mode - switching clutch device is held in a 
state in which its rotation is substantially stopped , so that a 
load applied to the engine is reduced whereby a fuel effi 
ciency is improved . Further , when the shift - down operation 
is executed from the second gear position to the first gear 
position , the second clutch is released and the first clutch is 
engaged prior to execution of the torque - increase control 
operation for increasing the torque of the engine , so that a 

rotational speed of the mode - switching clutch device is 
increased together with increase of the input rotational 
speed , whereby the shift - down operation can be smoothly 
progressed . 
[ 0021 ] In the shift control apparatus according to the sixth 
aspect of the invention , the rate of change of the input 
rotational speed is calculated , and the timing of the output of 
the releasing command for releasing the lockup clutch is 
determined , in accordance with the predetermined criteria , 
based on the calculated rate of change and the releasing 
response time of the lockup clutch , wherein the predeter 
mined criteria is determined such that the lockup clutch is 
released before the input rotational speed reaches the syn 
chronous speed of the first gear position . Owing to this 
arrangement , it is possible to release the lockup clutch at the 
timing that is suitable for suppressing the shifting shock 
upon the synchronization after the execution of the shift 
down operation , while assuring the controllability of the 
input rotational speed by the engagement of the lockup 
clutch . 
[ 0022 ] In the shift control apparatus according to the 
seventh aspect of the invention , the remaining time until the 
input rotational speed reaches the synchronous speed of the 
first gear position is estimated based on the rate of change of 
the input rotational speed , and the timing for the output of 
the releasing command for releasing the lockup clutch is 
determined by comparing the remaining time and the releas 
ing response time of the lockup clutch . Owing to this 
arrangement , it is possible to appropriately suppress the 
shifting shock upon the synchronization after the execution 
of the shift - down operation , while assuring the controllabil 
ity of the input rotational speed . 
[ 0023 ] In the shift control apparatus according to the 
eighth aspect of the invention , when the lockup clutch is in 
the released state during the running of the vehicle in the 
driven state with the second gear position being established , 
the timing of the output of the engaging command for 
engaging the lockup clutch , in accordance with the prede 
termined criteria , based on the releasing response time of the 
second engagement device and the engaging response time 
of the lockup clutch , wherein the predetermined criteria is 
determined such that the lockup clutch is engaged after the 
second engagement device has been released . Owing to this 
arrangement , the second drive - force transmission path is cut 
off upon engagement of the lockup clutch , whereby a shock 
upon the engagement of the lockup clutch can be suppressed 
while the controllability of the input rotational speed can be 
improved by the direct connection of the input shaft with the 
engine . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0024 ] FIG . 1 is a view schematically showing a construc 
tion of a drive system of a vehicle to which the present 
invention is applied , for explaining major portions of control 
functions and systems for performing various controls in the 
vehicle ; 
[ 0025 ] FIG . 2 is a view schematically showing of a 
construction of a mode - switching clutch device SOWC 
shown in FIG . 1 , wherein the view is a cross sectional view 
of a circumferential portion of the mode - switching clutch 
device SOWC , in a state in which the mode - switching clutch 
device SOWC is placed in its one - way mode ; 
[ 0026 ] FIG . 3 is a view schematically showing of the 
construction of the mode - switching clutch device SOWC 
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shown in FIG . 1 , wherein the view is a cross sectional view 
of the circumferential portion of the mode - switching clutch 
device SOWC , in a state in which the mode - switching clutch 
device SOWC is placed in its lock mode ; 
[ 0027 ] FIG . 4 is a table indicating an operation state of 
each of engagement devices included in an automatic trans 
mission show in FIG . 1 , for explaining a relationship 
between the operation state of each of the engagement 
devices and each of a plurality of ranges selected by opera 
tion of a shift lever ; 
[ 0028 ] FIG . 5 is a flow chart for specifically explaining a 
signal processing executed by a manual shift - down control 
portion shown in FIG . 1 ; and 
[ 0029 ] FIG . 6 is a time chart for explaining changes of 
operation states of respective parts when a shift - down action 
is executed in accordance with a control routine shown in the 
flow chart of FIG . 5 . 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

[ 0030 ] The present invention is applied advantageously to 
a shift control apparatus for a vehicle automatic transmission 
that has first and second drive - force transmission paths 
provided in parallel to each other between drive wheels and 
an input shaft that is connected to an engine through a 
hydraulic transmission device having a lockup clutch , 
wherein the first drive - force transmission path is provided 
with a first engagement device , such that a drive force is to 
be transmitted at least at a first gear ratio along the first 
drive - force transmission path when a first gear position is 
established with engagement of the first engagement device , 
and wherein the second drive - force transmission path is 
provided with a second engagement device , such that the 
drive force is to be transmitted at least at a second gear ratio 
lower than the first gear ratio along the second drive - force 
transmission path when a second gear position is established 
with engagement of the second engagement device . How 
ever , the provision of the first and second drive - force trans 
mission path in parallel to each other is not essential . The 
present invention is applicable also to a shift control appa 
ratus for a step - variable transmission of , for example , plan 
etary gear type and two - shaft meshing type in which a 
plurality of gear positions providing respective different gear 
ratios can be established depending on operation states ( i.e. , 
engaged / released states ) of a plurality of engagement 
devices , as long as the transmission corresponds to the 
vehicle automatic transmission in which at least the first and 
second gear positions can be established with engagements 
of the respective first and second engagement devices . 
[ 0031 ] The present invention is applied advantageously to 
an engine drive vehicle having an engine ( internal combus 
tion engine ) as a drive force source . However , the present 
invention is applicable also to a hybrid vehicle having an 
engine and an electric motor as drive force sources . It is 
widely known that the hydraulic transmission device is 
constituted by a torque converter . However , the hydraulic 
transmission device may be constituted by a fluid coupling . 
[ 0032 ] The first engagement device may be constituted by 
a frictional engagement device that is to be frictionally 
engaged by , for example , a hydraulic pressure or the like . 
However , the first engagement device may be constituted 
also by a mode - switching clutch device that is switchable 
between a one - way mode and a lock mode . The mode 
switching clutch device may include a one - way clutch which 

is engaged , for example , during running of the vehicle in the 
driving state , and a lock clutch which is provided in parallel 
to the one - way clutch and which is engaged at least during 
the running in the driven state . The lock clutch is an 
electronically - controlled clutch which is to be controlled to 
be released when the mode - switching clutch device is placed 
in the one - way mode and which is to be controlled to be 
engaged at least during the running in the driven state when 
the mode - switching clutch device is placed in the lock mode . 
It is appropriate that the lock clutch is constituted by , for 
example , a one - way clutch that is be engaged only during 
the running in the driven state . However , the lock clutch may 
be constituted by a friction clutch or a dog clutch that is to 
be engaged irrespective of whether the vehicle is running in 
the driving state or driven state . It is preferable that a first 
clutch , which is to be frictionally engaged , is provided to be 
series with the mode - switching clutch device such that the 
first clutch is located between the mode - switching clutch 
device and the input shaft . However , the provision of the 
first clutch is not essential . The second engagement device 
preferably includes a frictional engagement device that is to 
be frictionally engaged by , for example , a hydraulic pressure 
or the like . Further , each of the first and second engagement 
devices may include a brake configured to stop rotation of a 
certain rotary element . 
[ 0033 ] The first drive - force transmission path is provided 
with , for example , a gear transmission device , while the 
second drive - force transmission path is provided with , for 
example , a continuously - variable transmission . However , 
the first drive - force transmission path may be provided with 
a continuously - variable transmission that provides a high 
gear ratio when the first gear position is established , while 
the second drive - force transmission path may be provided 
with a gear transmission device that provides a low gear 
ratio when the second gear position is established . The gear 
transmission device may be a transmission device config 
ured to transmit the drive force at a constant gear ratio . 
However , the gear transmission device may be constituted 
by a step - variable transmission of planetary gear or other 
gear type , which is capable of establishing a plurality of gear 
positions providing respective different gear ratios . The 
continuously - variable transmission may be constituted by 
either a continuously variable transmission of belt , toroidal 
or other mechanical type , or a continuously variable trans 
mission of electric type . The first gear ratio of the first gear 
position or the second gear ratio of the second gear position 
may be one , so that rotation of the input shaft is transmitted 
to , for example , the output shaft , without a speed of the 
rotation being changed . 
[ 0034 ] It is preferable that the shift - down control portion 
is configured to calculate a rate of actual change of the input 
rotational speed , to estimate a remaining time until the input 
rotational speed reaches a synchronous speed of the first 
gear position , and to determine a timing of output of a 
releasing command for releasing the lockup clutch , based on 
a releasing response time of the lockup clutch , such that the 
lockup clutch is released shortly before the input rotational 
speed reaches the synchronous speed of the first gear posi 
tion . However , the releasing command for releasing the 
lockup clutch may be outputted , for example , at a point of 
time at which the input rotational speed has reached a certain 
rotational speed that is lower than the synchronous speed of 
the first gear position by a certain speed value , as long as the 
lockup clutch is released at least before the input rotational 
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speed reaches the synchronous speed of the first gear posi 
tion . The above - described certain speed value is a predeter 
mined value that is determined , for example , based on an 
amount of increase of the engine torque , such that the lockup 
clutch is reliably released before the input rotational speed 
reaches the synchronous speed of the first gear position . 
[ 0035 ] It is preferable that the shift - down control portion 
is configured , when the lockup clutch is in the released state 
during the running of the vehicle in the driven state with the 
second gear position being established , to determine a 
timing of output of an engaging command for engaging the 
lockup clutch , based on a releasing response time of the 
second engagement device and an engaging response time of 
the lockup clutch , such that the lockup clutch is engaged 
after the second engagement device has been released . 
However , the lockup clutch may be engaged even before the 
second engagement device is released . It is preferable to 
cause the lockup clutch to be engaged before the engine 
torque starts to be increased by execution of the torque 
increase control operation . In other words , it is preferable to 
execute the torque - increase control operation for the engine 
such that the engine torque starts to be increased after the 
lockup clutch has been engaged . 
[ 0036 ] A shift - down control operation , which is to be 
executed by the shift - down control portion , may be 
executed , for example , only when a manual shift - down 
operation is executed in response to a shift - down operation 
manually executed by a driver of the vehicle to request 
execution of the manual shift - down operation . However , 
also in a case in which an automatic shift - down operation is 
executed based on , for example , a running state of the 
vehicle , when the engine is forcibly driven or rotated 
depending on a running speed of the vehicle , with the first 
gear position being established , it is preferable that the 
shift - down control operation is executed in accordance with 
the present invention . That is , the present invention is 
applicable irrespective of whether the manual shift - down 
operation can be executed or not , in response to the shift 
down operation manually executed by the vehicle driver . 
[ 0037 ] The torque - increase control operation is to be 
executed to temporarily increase the engine torque so as to 
quickly increase the input rotational speed to the synchro 
nous speed of the first gear position while suppressing a 
shifting shock . Various setting values such as a value of the 
engine torque and an increased amount of the engine torque 
in the execution of the torque - increase control operation , a 
start timing and an end timing of the execution of the 
torque - increase control operation , and a duration of the 
execution of the torque - increase control operation are pre 
determined through experimentation or the like , such that 
the input rotational speed can be appropriately increased . 
However , the setting values may be learned ( corrected ) 
based on , for example , change of the input rotational speed . 

vehicle 10. As shown in FIG . 1 , the vehicle 10 includes a 
vehicle drive - force transmitting apparatus 16 ( hereinafter 
simply referred to as “ drive - force transmitting apparatus 
16 ” ) configured to transmit a drive force of an engine 12 
serving as a drive force source , to drive wheels 14. The 
engine 12 is an internal combustion engine such as gasoline 
engine and diesel engine , and is provided with an engine 
control device 42 including an electronic throttle valve , a 
fuel injection device , an ignition device and other various 
devices that are required to control an output of the engine 
12. The engine 12 is controlled by an electronic control 
apparatus 100 that will be described below . Specifically , an 
engine torque TE as an output torque of the engine 12 is 
controlled by the electronic control apparatus 100 that is 
configured to control the engine control device 42 , based on , 
for example , an acceleration operation amount Bacc as an 
amount of operation of an accelerator pedal 45 that corre 
sponds to a required drive force of the vehicle 10 required 
by a vehicle driver of the vehicle 10 . 
[ 0040 ] The drive - force transmitting apparatus 16 is dis 
posed between the engine 12 and the drive wheels 14. The 
drive - force transmitting apparatus 16 includes a non - rotary 
member in the form of a casing 18 , a hydraulically - operated 
type drive - force transmitting device , i.e. , a hydraulic trans 
mission device in the form of a known torque converter 20 
that is connected to the engine 12 , an input shaft 22 
connected to the torque converter 20 , an automatic trans 
mission 23 connected to the input shaft 22 , an output shaft 
30 connected to an output side of the automatic transmission 
23 , a counter shaft 32 , a reduction gear device 34 consisting 
of a pair of mutually meshing gears each of which is 
connected to a corresponding one of the output shaft 30 and 
the counter shaft 32 so as to be unrotatable relative to the 
corresponding one of the shafts 30 , 32 , a gear 36 connected 
to the counter shaft 32 so as to be unrotatable relative to the 
counter shaft 32 , and a differential gear device 38 connected 
to the gear 36 in a drive - force transmittable manner . The 
torque converter 20 , input shaft 22 , automatic transmission 
23 , output shaft 30 , counter shaft 32 , reduction gear device 
34 , gear 36 and differential gear device 38 are disposed 
within the casing 18. The drive - force transmitting apparatus 
16 further includes right and left axles 40 that are connected 
to the differential gear device 38. In the drive - force trans 
mitting apparatus 16 constructed as described above , the 
drive force of the engine 12 is sequentially transmitted to the 
right and left drive wheels 14 , through the torque converter 
20 , input shaft 22 , automatic transmission 23 , output shaft 
30 , reduction gear device 34 , differential gear device 38 and 
axles 40 , for example . 
[ 0041 ] The torque converter 20 includes a pump impeller 
20p connected to the engine 12 and a turbine impeller 20t 
connected to the input shaft 22 , and transmits the drive force 
of the engine 12 to the input shaft 22 through a fluid . The 
torque converter 20 is provided with a lockup clutch LU that 
can directly connect between the pump impeller 20p and the 
turbine impeller 20t , namely , between input and output 
rotary members of the torque converter 20. The lockup 
clutch LU directly connects between the pump impeller 20p 
and the turbine impeller 20t , namely , between the engine 12 
and the input shaft 22 , depending on a running state of the 
vehicle 10. For example , in a relatively high running speed 
range , the engine 12 and the input shaft 22 are directly 
connected through the lockup clutch LU . 

Embodiment 
[ 0038 ] Hereinafter , a preferred embodiment of the inven 
tion will be described in detail with reference to the accom 
panying drawings . The figures of the drawings are simplified 
or deformed as needed , and each portion is not necessarily 
precisely depicted in terms of dimension ratio , shape , etc. 
[ 0039 ] FIG . 1 is a view schematically showing a construc 
tion of a drive system of a vehicle 10 to which the present 
invention is applied , for explaining major portions of control 
functions and systems for performing various controls in the 
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[ 0042 ] The automatic transmission 23 includes a continu 
ously - variable transmission mechanism in the form of a 
known belt - type continuously - variable transmission ( CVT ) 
24 connected to the input shaft 22 , a forward / reverse switch 
ing device 26 connected to the input shaft 22 , and a gear 
transmission device in the form of a gear transmission 
mechanism 28 connected to the input shaft 22 through the 
forward / reverse switching device 26. The forward / reverse 
switching device 26 and the gear transmission mechanism 
28 are connected in series to each other , and are arranged in 
parallel with the continuously - variable transmission 24 
between the input shaft 22 and the output shaft 30. That is , 
the automatic transmission 23 has two drive - force transmis 
sion paths , i.e. , first and second drive - force transmission 
paths PT1 , PT2 that are provided in parallel to each other 
between the input shaft 22 and the output shaft 30 , such that 
the drive force of the engine 12 is to be transmitted from the 
input shaft 22 to the output shaft 30 through the forward / 
reverse switching device 26 and the gear transmission 
mechanism 28 along the first drive - force transmission path 
PT1 , and such that the drive force of the engine 12 is to be 
transmitted from the input shaft 22 to the output shaft 30 
through the continuously variable transmission 24 along the 
second drive - force transmission path PT2 . The automatic 
transmission 23 switches between the first and second 
drive - force transmission paths PT1 , PT2 , depending on the 
running state of the vehicle 10. The automatic transmission 
23 corresponds to “ vehicle automatic transmission ” recited 
in the appended claims . 
[ 0043 ] The automatic transmission 23 includes a plurality 
of engagement devices that are to be operated to establish a 
selected one of the first and second drive - force transmission 
paths PT1 , PT2 , such that the drive force of the engine 12 is 
to be transmitted along the selected one of the two drive 
force transmission paths . The engagement devices include 
engagement devices in the form of a first clutch C1 and a 
first brake B1 each of which is configured to connect and 
disconnect the first drive - force transmission path PT1 , 
namely , each of which is to be engaged to establish the first 
drive - force transmission path PT1 through which the drive 
force is to be transmitted through the gear transmission 
mechanism 28. The engagement devices further includes an 
engagement device in the form of a second clutch C2 that is 
configured to connect and disconnect the second drive - force 
transmission path PT2 , namely , that is to be engaged to 
establish the second drive - force transmission path PT2 
through which the drive force is to be transmitted through 
the continuously variable transmission 24. Each of the first 
clutch C1 , first brake B1 and second clutch C2 is a hydrau 
lically - operated frictional engagement device that is to be 
operated by a hydraulic actuator so as to be frictionally 
engaged , and is an wet frictional engagement device includ 
ing a frictional engagement plate that is to be lubricated by 
a lubricant oil . 
[ 0044 ] The forward / reverse switching device 26 , which is 
provided in the first drive - force transmission path PT1 , is 
disposed to be coaxial with the input shaft 22 , and includes 
a planetary gear device 26p of single - pinion type and the 
above - described first clutch C1 and first brake B1 . The 
planetary gear device 26p is a differential mechanism 
including three rotary elements consisting of a carrier 26c as 
an input element , a sun gear 26s as an output element and a 
ring gear 26r as a reaction element . The carrier 26c is 
connected integrally with the input shaft 22. The ring gear 

26r is selectively connected to the casing 18 through the first 
brake B1 . The sun gear 26s is connected to a small - diameter 
gear 48 that is disposed to be coaxial with the input shaft 22 
and rotatable about an axis of the input shaft 22 relative to 
the input shaft 22. Further , the carrier 26c and the sun gear 
26s are selectively connected to each other through the first 
clutch C1 . The first clutch C1 is the engagement device that 
is configured , when being engaged , to connect two of the 
three rotary elements so as to cause the planetary gear device 
26p to be rotated as a single unit . The first brake B1 is the 
engagement device that is configured , when being engaged , 
to connect the ring gear 26r as the reaction element with the 
casing 18 . 
[ 0045 ] The gear transmission mechanism 28 includes , in 
addition to the above - described small - diameter gear 48 , a 
counter shaft 50 and a large - diameter gear 52 that is dis 
posed to be coaxial with the counter shaft 50 and rotatable 
about an axis of the counter shaft 50 relative to the counter 
shaft 50. The large - diameter gear 52 meshes with the small 
diameter gear 48. The gear transmission mechanism 28 
further includes a drive gear 54 provided to be rotatable 
integrally with the counter shaft 50 , and a driven gear 56 
provided to be rotatable integrally with the output shaft 30 . 
The driven gear 56 meshes with the drive gear 54 , and has 
a diameter larger than the drive gear 54 . 
[ 0046 ] The first drive - force transmission path PT1 is pro 
vided with , in addition to the forward / reverse switching 
device 26 ( including the first clutch C1 and the first brake 
B1 ) and the gear transmission mechanism 28 , a mode 
switching clutch device SOWC serving as a first engage 
ment device , such that the drive force of the engine 12 is to 
be transmitted from the input shaft 22 to the drive wheels 14 
through the forward / reverse switching device 26 , gear trans 
mission mechanism 28 , and mode - switching clutch device 
SOWC along the first drive - force transmission path PT1 . In 
the first drive - force transmission path PT1 , the forward / 
reverse switching device 26 and the gear transmission 
mechanism 28 are arranged in series with each other in this 
order of description in a direction away from the input shaft 
22 toward the output shaft 30 , and the mode - switching 
clutch device SOWC is disposed in an intermedia portion of 
the gear transmission mechanism 28 , namely , interposed 
between the large - diameter gear 52 and the counter shaft 50 . 
The first clutch C1 serves as another first engagement device 
which is disposed in series with the mode - switching clutch 
device SOWC and which is located between the mode 
switching clutch device SOWC and the input shaft 22 in the 
first drive - force transmission path PT1 . 
[ 0047 ] The mode - switching clutch device SOWC , which 
is provided in the first drive - force transmission path PT1 , is 
switchable between a one - way mode and a lock mode , 
wherein the mode - switching clutch device SOWC is con 
figured , when being placed in the one - way mode , to transmit 
the drive force during forward running of the vehicle 10 in 
a driving state of the vehicle automatic transmission 23 and 
to cut off transmission of the drive force during the forward 
running in a driven state of the vehicle automatic transmis 
sion 23 , and is configured , when being placed in the lock 
mode , to transmit the drive force during the running in the 
driving state and also during the running in the driven state . 
The mode - switching clutch device SOWC is to be placed , by 
a mode switching portion 41 constituted by , for example , 
hydraulic cylinders and disposed to be contiguous to the 
mode - switching clutch device SOWC in an axial direction 
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forward gear 

of the counter shaft 50 ( i.e. , direction parallel to the axis of 
the counter shaft 50 ) , in a selected one of the one - way mode 
and the lock mode which is selected depending on the 
running state of the vehicle 10. For example , with the first 
clutch C1 being placed in the engaged state and with the 
mode - switching clutch device SOWC being placed in the 
one - way mode , the drive force is transmittable through the 
mode - switching clutch device SOWC along the first drive 
force transmitting path PT1 in the driving state in which the 
vehicle 10 runs in the forward direction by the drive force of 
the engine 12. That is , during the forward running of the 
vehicle 10 , the drive force of the engine 12 is transmitted to 
the drive wheels 14 along the first drive - force transmitting 
path PT1 . On the other hand , in the driven state , for example , 
during an inertia running of the vehicle 10 , rotation trans 
mitted from the drive wheels 14 is blocked by the mode 
switching clutch device SOWC . It is noted that the driving 
state is a state in which a torque applied to the input shaft 22 
takes a positive value so as to act on the input shaft 22 in a 
direction corresponding to a direction of the running of the 
vehicle 10 , namely , practically , a state in which the vehicle 
10 is driven by the drive force of the engine 12. It is further 
noted that the driven state is a state in which a torque applied 
to the input shaft 22 takes a negative value so as to act on 
the input shaft 22 in a direction opposite to the above 
described direction corresponding to the direction of the 
running of the vehicle 10 , namely , practically , a state in 
which the vehicle 10 is caused to run by an inertia with the 
input shaft 22 and the engine 12 being dragged by rotation 
transmitted from the drive wheels 14 . 

[ 0048 ] Further , in a state in which the mode - switching 
clutch device SOWC is in the lock mode with the first clutch 
C1 being in the engaged state , the drive force is enabled to 
be transmitted through the mode - switching clutch device 
SOWC in the driven state as well as in the driving state . In 
this state , the drive force of the engine 12 is transmitted to 
the drive wheels 14 along the first drive - force transmitting 
path PT1 , and , in the driven state such as the inertia running , 
the rotation transmitted from the drive wheels 14 is trans 
mitted to the engine 12 along the first drive - force transmit 
ting path PT1 whereby the engine 12 is dragged to generate 
an engine brake . Further , in a state in which the mode 
switching clutch device SOWC is in the lock mode with the 
first brake B1 being in the engaged state , the drive force of 
the engine 12 is transmitted to the drive wheels 14 through 
the mode - switching clutch device SOWC along the first 
drive - force transmitting path PT1 and acts on the drive 
wheels 14 so as to force the drive wheels 14 to be rotated in 
a direction that causes the vehicle 10 to run in the reverse 
direction . Thus , in this state , the vehicle 10 is enabled to run 
in the reverse direction with the drive force transmitted 
along the transmitting path PT1 to the drive wheels 14. The 
mode - switching clutch device SOWC has a construction that 
will be described later . 
[ 0049 ] The first drive - force transmission path PT1 is 
established with the first clutch C1 ( or the first brake B1 ) and 
the mode - switching clutch device SOWC being both 
engaged . With engagement of the first clutch C1 , a forward 
running drive - force transmission path is established . With 
the first brake B1 being engaged , a reverse - running drive 
force transmission path is established . The first drive - force 
transmission path PT1 is a drive - force transmission path 
along which the drive force of the engine 12 is to be 
transmitted from the input shaft 22 to the output shaft 30 

through the forward / reverse switching device 26 and the 
gear transmission mechanism 28. On the other hand , with 
the first clutch C1 and the first brake B1 being both released , 
the transmission of the drive force along the first drive - force 
transmission path PT1 is cut off , whereby the first drive 
force transmission path PT1 is placed in its neutral state in 
which the transmission of the drive force along the first 
drive - force transmission path PT1 is cut off . 
[ 0050 ] The gear transmission mechanism 28 is a gear 
transmission device provided in the first drive - force trans 
mission path PT1 . The first clutch C1 , which is to be placed 
in the engaged state during the forward running , is the first 
engagement device disposed in series with the gear trans 
mission device . It is also possible to interpret that the gear 
transmission mechanism 28 cooperates with the forward / 
reverse switching device 26 to constitute the gear transmis 
sion device . A forward gear ratio Ygear , which is a gear ratio 
( = input rotational speed Nin / output rotational speed Nout ) 
of the first drive - force transmission path PT1 during the 
forward running with the first clutch C1 being engaged , is 
dependent on the gear transmission mechanism 28. The first 
drive - force transmission path PT1 during the forward run 
ning is to be used when the vehicle 10 starts running . The 

ratio Ygea is the highest gear ratio during the 
forward running . That is , the forward gear ratio ygea is set 
to be a value higher than a maximum gear ratio ymax of the 
continuously - variable transmission 24 , which is the highest 
gear ratio in the second drive - force transmission path PT2 . 
The value of the forward gear ratio ygear is suitable for start 
of running of the vehicle 10. It is noted that the input 
rotational speed Nin is a rotational speed of the input shaft 
22 and that the output rotational speed Nout is a rotational 
speed of the output shaft 30 . 
[ 0051 ] The second drive - force transmission path PT2 is 
provided with the continuously - variable transmission 24 and 
the second clutch C2 , and is a drive - force transmission path 
along which the drive force of the engine 12 is to be 
transmitted from the input shaft 22 to the drive wheels 14 
through the continuously - variable transmission 24. In the 
second drive - force transmission path PT2 , the continuously 
variable transmission 24 and the second clutch C2 are 
arranged in series with each other in this order of description 
in a direction away from the input shaft 22 toward the output 
shaft 30. The continuously - variable transmission 24 
includes a primary shaft 58 provided to be coaxial with the 
input shaft 22 and connected to the input shaft 22 in a 
drive - force transmittable manner , a primary pulley 60 dis 
posed on the primary shaft 58 and having a variable effective 
diameter , a secondary shaft 62 provided to be coaxial with 
the output shaft 30 , a secondary pulley 64 disposed on the 
secondary shaft 62 and having a variable effective diameter , 
and a transfer element in the form of a transmission belt 66 
looped over or mounted on the pulleys 60 , 64. The continu 
ously variable transmission 24 is a known belt - type con 
tinuously - variable transmission in which the drive force is to 
be transmitted owing to a friction force generated between 
the transmission belt 66 and each of the pulleys 60 , 64 , and 
is configured to transmit the drive force of the engine 12 
toward the drive wheels 14. In the continuously - variable 
transmission 24 , a width of a V - shaped groove of each of the 
pulleys 60 , 64 is changed whereby the effective diameter of 
each of the pulleys 60 , 64 , namely , a diameter of a mounted 
portion of each of the pulleys 60 , 64 on which the trans 
mission belt 66 is mounted , is changed , so that a gear ratio 
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yout is changed . The width of the V - shaped groove ( effective 
diameter ) of the primary pulley 60 is changed by operation 
of a primary hydraulic actuator 60a , while the width of the 
V - shaped groove ( effective diameter ) of the secondary pul 
ley 64 is changed by operation of a secondary hydraulic 
actuator 64a . Thus , the gear ratio ycvt and a belt clamping 
force are adjusted by the operations of the primary and 
secondary hydraulic actuators 60a , 64a . 
[ 0052 ] The above - described gear ratio ycvt of the continu 
ously - variable transmission 24 corresponds to the gear ratio 
in the second drive - force transmission path PT2 . Thus , the 
drive force can be transmitted through the continuously 
variable transmission 24 along the second drive - force trans 
mission path PT2 at the gear ratio ycvt as a desired or 
arbitrary gear ratio that is changeable within a range 
between the highest gear ratio ymax ( i.e. , the lowest - speed 
gear ) and the lowest gear ratio ymin ( i.e. , the highest - speed 
gear ) . The highest gear ratio ymax may be substantially 
equal to the forward gear ratio ygear in the first drive - force 
transmission path PT1 . However , in the present embodi 
ment , the highest gear ratio ymax is set to a value lower than 
the forward gear ratio ygear . The secondary pulley 64 is 
connected to the output shaft 30 through the second clutch 
C2 that is a second engagement device provided in series 
with the continuously variable transmission 24 in the second 
drive - force transmission path PT2 . 
[ 0053 ] The output shaft 30 is disposed to be coaxial with 
the secondary shaft 62 and rotatable about an axis of the 
secondary shaft 62 relative to the secondary shaft 62. The 
second clutch C2 is disposed between the continuously 
variable transmission 24 and the drive wheels 14 , namely , 
between the secondary pulley 64 and the output shaft 30 , in 
the second drive - force transmission path PT2 , so as to 
selectively connect and disconnect a drive - force transmis 
sion path between the secondary pulley 64 and the output 
shaft 30. That is , the second drive - force transmission path 
PT2 is established with engagement of the second clutch C2 . 
When the second drive - force transmission path PT2 is 
established , the automatic transmission 23 is placed in a 
drive - force transmittable state in which the drive force of the 
engine 12 is transmittable from the input shaft 22 to the 
output shaft 30 through the continuously - variable transmis 
sion 24. On the other hand , with the second clutch C2 being 
released , the transmission of the drive force along the second 
drive - force transmission path PT2 is cut off , whereby the 
second drive - force transmission path PT2 is placed in its 
neutral state in which the transmission of the drive force 
along the second drive - force transmission path PT2 is cut 
off . 
[ 0054 ] The automatic transmission 23 , which is con 
structed as described above , is capable of establishing a gear 
running mode and a belt running mode , wherein the drive 
force of the engine 12 is to be transmitted to the output shaft 
30 along the first drive - force transmission path PT1 pro 
vided with the gear transmission mechanism 28 , when the 
gear running mode is established in the automatic transmis 
sion 23 , and wherein the drive force of the engine 12 is to 
be transmitted to the output shaft 30 along the second 
drive - force transmission path PT2 provided with the con 
tinuously - variable transmission 24 , when the belt running 
mode is established in the automatic transmission 23. In the 
gear running mode , the forward running and the reverse 
running can be made , such that , when the first clutch C1 is 
engaged with the first brake B1 and the second clutch C2 

being released , the forward running can be made irrespective 
of the mode of the mode - switching clutch device SOWC , 
and such that , when the first brake B1 is engaged with the 
first and second clutches C1 , C2 being released , the reverse 
running can be made with the mode - switching clutch device 
SOWC being placed in the lock mode . On the other hand , in 
the belt running mode , which is established when the second 
clutch C2 is engaged with the first clutch C1 and the first 
brake B1 being released , only the forward running can be 
made . 

[ 0055 ] The drive - force transmitting apparatus 16 includes 
a mechanical oil pump 44 that is connected to the pump 
impeller 20p . The oil pump 44 is to be driven or rotated by 
the engine 12 , so as to supply , to a hydraulic control unit 46 
provided in the vehicle 10 , an original pressure of working 
hydraulic pressures for controlling shifting actions in the 
continuously - variable transmission 24 , generating the belt 
clamping force in the continuously variable transmission 24 , 
controlling the operation state of each of the plurality of 
engagement devices C1 , C2 , B1 , SOWC of the automatic 
transmission 23 so as to switch between , for example , the 
released and engaged states , and controlling the operation 
state of the lockup clutch LU so as to switch between the 
released and engaged states . 
[ 0056 ] Each of FIGS . 2 and 3 is a view schematically 
showing a construction of the mode - switching clutch device 
SOWC , wherein the view is a cross sectional view of a 
circumferential portion of the mode - switching clutch device 
SOWC , and the cross sectional view is a development of a 
cylindrical plane whose center lies on an axis of the counter 
shaft 50. FIG . 2 shows a state in which the mode - switching 
clutch device SOWC is placed in the one - way mode . FIG . 3 
shows a state in which the mode - switching clutch device 
SOWC is placed in the lock mode . In each of FIGS . 2 and 
3 , a vertical direction on the drawing sheet corresponds to a 
circumferential direction of the mode - switching clutch 
device SOWC , an upward direction on the drawing sheet 
corresponds to a vehicle reverse - running direction ( i.e. , 
direction of rotation for reverse running of the vehicle 10 ) 
and a downward direction on the drawing sheet corresponds 
to a vehicle forward - running direction ( i.e. , direction of 
rotation for forward running of the vehicle 10 ) . Further , in 
each of FIGS . 2 and 3 , a horizontal direction on the drawing 
sheet corresponds to the axial direction of the counter shaft 
50 ( hereinafter , the term “ axial direction ” means the axial 
direction of the counter shaft 50 unless otherwise specified ) , 
a rightward direction on the drawing sheet corresponds to a 
direction toward the large - diameter gear 52 shown in FIG . 1 , 
and a leftward direction on the drawing sheet corresponds to 
a direction toward the drive gear 54 shown in FIG . 1 . 
[ 0057 ] The mode - switching clutch device SOWC has gen erally a disk shape , and is disposed radially outside the 
counter shaft 50 so as to be coaxial with the counter shaft 50 . 
The mode - switching clutch device SOWC includes an input 
side rotary member 68 , first and second output - side rotary 
members 70a , 70b that are disposed to be adjacent to the 
input - side rotary member 68 so as to be disposed on respec 
tive opposite sides of the input - side rotary member 68 in the 
axial direction , a plurality of first struts 72a and a plurality 
of first torsion - coil springs 73a that are interposed between 
the input - side rotary member 68 and the first output - side 
rotary member 70a in the axial direction , and a plurality of 
second struts 72b and a plurality of second torsion - coil 
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springs 73b that are interposed between the input - side rotary 
member 68 and the second output - side rotary member 70b 
in the axial direction . 
[ 0058 ] The input - side rotary member 68 has generally a 
disk shape , and is rotatable relative to the counter shaft 50 
about the axis of the counter shaft 50. The input - side rotary 
member 68 is disposed between the first and second output 
side rotary members 70a , 70b in the axial direction . The 
input - side rotary member 68 is formed integrally with the 
large - diameter gear 52 , for example , such that teeth of the 
larger - diameter gear 52 are disposed radially outside the 
input - side rotary member 68. The input - side rotary member 
68 is connected to the engine 12 , in a drive - force transmit 
table manner , through the gear transmission mechanism 28 , 
forward / reverse switching device 26 and input shaft 22 , for 
example . 
[ 0059 ] The input - side rotary member 68 has , in its axial 
end surface that is opposed to the first output - side rotary 
member 70a in the axial direction , a plurality of first 
receiving portions 76a in which the first struts 72a and the 
first torsion - coil springs 73a are received . The first receiving 
portions 76a are equi - angularly spaced apart from each other 
in a circumferential direction of the input - side rotary mem 
ber 68. Further , the input - side rotary member 68 has , in 
another axial end surface thereof that is opposed to the 
second output - side rotary member 70b in the axial direction , 
a plurality of second receiving portions 76b in which the 
second struts 72b and the second torsion - coil springs 73b are 
received . The second receiving portions 766 are equi - angu 
larly spaced apart from each other in the circumferential 
direction of the input - side rotary member 68. The first and 
second receiving portions 76a , 76b are substantially aligned 
in a radial direction of the input - side rotary member 68 , 
namely , disposed on a common circumference . 
[ 0060 ] The first output - side rotary member 70a has gen 
erally a disk - shaped , and is rotatable about the axis of the 
counter shaft 50. The first output - side rotary member 70a is 
fixed to the counter shaft 50 unrotatably relative to the 
counter shaft 50 , so as to be rotated integrally with the 
counter shaft 50. The first output - side rotary member 70a is 
connected to the drive wheels 14 , in a drive - force transmit 
table manner , through the counter shaft 50 , drive gear 54 , 
driven gear 56 , output shaft 30 and differential gear device 
38 , for example . 
[ 0061 ] The first output - side rotary member 70a has , in its 
surface that is opposed to the input - side rotary member 68 
in the axial direction , a plurality of first recessed portions 
78a each of which is recessed in a direction away from the 
input - side rotary member 68. The first recessed portions 
78a , whose number is the same as the first receiving portions 
76a , are equi - angularly spaced apart from each other in the 
circumferential direction . The first recessed portions 78a are 
substantially aligned with the first receiving portions 76a 
provided in the input - side rotary member 68 , in a radial 
direction of the first output - side rotary member 70a . That is , 
the first recessed portions 78a and the first receiving portions 
76a are disposed on a common circumference . Therefore , 
when each of the first receiving portions 76a is aligned with 
one of the first recessed portions 78a in the circumferential 
direction , namely , when a rotational position of each of the 
first receiving portions 76a coincides with that of one of the 
first recessed portions 78a , the first receiving portion 76a 
and the first recessed portion 78a are opposed to and 
adjacent with each other in the axial direction . Each of the 

first recessed portions 78a has a shape by which a longitu 
dinal end portion of any one of the first struts 72a can be 
received in the first recessed portion 78a . Further , each of the 
first recessed portions 78a has , in its circumferential end , a 
first wall surface 80a with which the longitudinal end 
portion of one of the first struts 72a is to be in contact , when 
the input - side rotary member 68 is rotated in the above 
described vehicle forward - running direction ( corresponding 
to the downward direction on the drawing sheet of each of 
FIGS . 2 and 3 ) relative to the output - side rotary members 70 , 
by the drive force of the engine 12 . 
[ 0062 ] Each of the first struts 72a is constituted by a 
plate - like member having a predetermined thickness , and is 
elongated in the circumferential direction ( corresponding to 
the vertical direction on the drawing sheet of FIGS . 2 and 3 ) , 
as shown in the cross sectional views of FIGS . 2 and 3 . 
Further , each of the first struts 72a has a predetermined 
dimension as measured in a direction perpendicular to the 
drawing sheet of FIGS . 2 and 3 . 
[ 0063 ] The longitudinal end portion of each of the first 
struts 72a is constantly forced or biased , by a corresponding 
one of the first torsion - coil springs 73a , toward the first 
output - side rotary member 70a . Further , each of the first 
struts 72a is in contact at another longitudinal end portion 
thereof with a first stepped portion 82a provided in a 
corresponding one of the first receiving portions 76a , such 
that the first strut 72a is pivotable about the other longitu 
dinal end portion thereof that is in contact with the first 
stepped portion 82a . Each of the first torsion - coil springs 
73a is interposed between a corresponding one of the first 
struts 72a and the input - side rotary member 68 , and con 
stantly forces or biases the longitudinal end portion of the 
corresponding one of the first struts 72a toward the first 
output - side rotary member 70a . 
[ 0064 ] Owing to the above - described construction , in a 
state in which the mode - switching clutch device SOWC is 
placed in either the one - way mode or the lock mode , when 
the input - side rotary member 68 receives the drive force 
which is transmitted from the engine 12 and which acts in 
the vehicle forward - running direction , each of the first struts 
72a is in contact at the longitudinal end portion with the first 
wall surface 80a of the first output - side rotary member 70a 
and is in contact at the other longitudinal end portion with 
the first stepped portion 82a of the input - side rotary member 
68 , so that the input - side rotary member 68 and the first 
output - side rotary member 70a are inhibited from being 
rotated relative to each other whereby the drive force acting 
in the vehicle forward - running direction is transmitted to the 
drive wheels 14 through the mode - switching clutch device 
SOWC . Further , in a case in which the input - side rotary 
member 68 receives the drive force which is transmitted 
from the engine 12 and which acts in the vehicle reverse 
running direction , and in a case in which the vehicle 
automatic transmission 23 is placed into the driven state 
during the forward running of the vehicle 10 , the longitu 
dinal end portion of each of the first struts 72a is separated 
from the first wall surface 80a , so that the input - side rotary 
member 68 and the first output - side rotary member 70a are 
allowed to be rotated relative to each other whereby the 
transmission of the drive force between the input - side rotary 
member 68 and the first output - side rotary member 70a is 
cut off . The above - described first struts 72a , first torsion - coil 
springs 73a , first receiving portions 76a and first recessed 
portions 78a ( each defining the first wall surface 80a ) 
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cooperate to constitute a first one - way clutch 96a that is 
configured to transmit the drive force acting in the vehicle 
forward - running direction , to the drive wheels 14 , and to cut 
off transmission of the drive force acting in the vehicle 
reverse - running direction . 
[ 0065 ] The second output - side rotary member 70b has 
generally a disk - shaped , and is rotatable about the axis of the 
counter shaft 50. The second output - side rotary member 70b 
is fixed to the counter shaft 50 unrotatably relative to the 
counter shaft 50 , so as to be rotated integrally with the 
counter shaft 50. The second output - side rotary member 70b 
is connected to the drive wheels 14 , in a drive - force trans 
mittable manner , through the counter shaft 50 , drive gear 54 , 
driven gear 56 , output shaft 30 and differential gear device 
38 , for example . 
[ 0066 ] The second output - side rotary member 706 has , in 
its surface that is opposed to the input - side rotary member 68 
in the axial direction , a plurality of second recessed portions 
78b each of which is recessed in a direction away from the 
input - side rotary member 68. The second recessed portions 
786 , whose number is the same as the second receiving 
portions 76b , are equi - angularly spaced apart from each 
other in the circumferential direction . The second recessed 
portions 786 are substantially aligned with the second 
receiving portions 76b provided in the input - side rotary 
member 68 , in a radial direction of the second output - side 
rotary member 70b . That is , the second recessed portions 
786 and the second receiving portions 76b are disposed on 
a common circumference . Therefore , when each of the 
second receiving portions 76b is aligned with one of the 
second recessed portions 786 in the circumferential direc 
tion , namely , when a rotational position of each of the 
second receiving portions 76b coincides with that of one of 
the second recessed portions 78b , the second receiving 
portion 76b and the second recessed portion 78b are opposed 
to and adjacent with each other in the axial direction . Each 
of the second recessed portions 78b has a shape by which a 
longitudinal end portion of any one of the second struts 72b 
can be received in the second recessed portion 78b . Further , 
each of the second recessed portions 78b has , in its circum 
ferential end , a second wall surface 80b with which the 
longitudinal end portion of one of the second struts 72b is to 
be in contact , in a case in which the mode - switching clutch 
device SOWC is placed in the lock mode as shown in FIG . 
3 , when the input - side rotary member 68 is rotated by the 
drive force of the engine 12 in the above - described vehicle 
reverse - running direction ( corresponding to the upward 
direction on the drawing sheet of each of FIGS . 2 and 3 ) 
relative to the output - side rotary members 70 , and when the 
vehicle automatic transmission 23 is placed into the driven 
state by , for example , an inertia running during the forward 
running of the vehicle 10 . 
[ 0067 ] Each of the second struts 72b is constituted by a 
plate - like member having a predetermined thickness , and is 
elongated in the circumferential direction ( corresponding to 
the vertical direction on the drawing sheet of FIGS . 2 and 3 ) , 
as shown in the cross sectional views of FIGS . 2 and 3 . 
Further , each of the second struts 72b has a predetermined 
dimension as measured in a direction perpendicular to the 
drawing sheet of FIGS . 2 and 3 . 
[ 0068 ] The longitudinal end portion of each of the second 
struts 72b is constantly forced or biased , by a corresponding 
one of the second torsion - coil springs 73b , toward the 
second output - side rotary member 706. Further , each of the 

second struts 72b is in contact at another longitudinal end 
portion thereof with a second stepped portion 82b provided 
in a corresponding one of the second receiving portions 76b , 
such that the second strut 72b is pivotable about the other 
longitudinal end portion thereof that is in contact with the 
second stepped portion 82b . Each of the second torsion - coil 
springs 73b is interposed between a corresponding one of 
the second struts 726 and the input - side rotary member 68 , 
and constantly forces or biases the longitudinal end portion 
of the corresponding one of the second struts 72b toward the 
second output - side rotary member 706 . 
[ 0069 ] Owing to the above - described construction , in a 
state in which the mode - switching clutch device SOWC is 
placed in the lock mode as shown in FIG . 3 , when the 
input - side rotary member 68 receives the drive force which 
is transmitted from the engine 12 and which acts in the 
vehicle reverse - running direction , each of the second struts 
72b is in contact at the longitudinal end portion with the 
second wall surface 80b of the second output - side rotary 
member 70b and is in contact at the other longitudinal end 
portion with the second stepped portion 82b of the input - side 
rotary member 68 , so that the input - side rotary member 68 
and the second output - side rotary member 70a are inhibited 
from being rotated relative to each other whereby the drive 
force acting in the vehicle reverse - running direction is 
transmitted to the drive wheels 14 through the mode 
switching clutch device SOWC . Further , even when the 
vehicle automatic transmission 23 is placed into the driven 
state during forward running of the vehicle 10 , each of the 
second struts 72b is in contact at the longitudinal end portion 
with the second wall surface 80b of the second output - side 
rotary member 70b and is in contact at the other longitudinal 
end portion with the second stepped portion 82b of the 
input - side rotary member 68 , whereby the drive force trans 
mitted from the drive wheels 14 is transmitted through the 
mode - switching clutch device SOWC toward the engine 12 . 
Still further , in a case in which the input - side rotary member 
68 receives the drive force which is transmitted from the 
engine 12 and which acts in the vehicle forward - running 
direction , the longitudinal end portion of each of the second 
struts 72b is separated from the second wall surface 80b of 
the second output - side rotary member 706 , so that the 
input - side rotary member 68 and the second output - side 
rotary member 70b are allowed to be rotated relative to each 
other whereby the transmission of the drive force between 
the input - side rotary member 68 and the second output - side 
rotary member 70b is cut off . The above - described second 
struts 72b , second torsion - coil springs 73b , second receiving 
portions 76b and second recessed portions 78b ( each defin 
ing the second wall surface 80b ) cooperate to constitute a 
second one - way clutch 96b that is configured to transmit the 
drive force acting in the vehicle reverse - running direction , to 
the drive wheels 14 , and to cut off transmission of the drive 
force acting in the vehicle forward - running direction . 
[ 0070 ] Further , the second output - side rotary member 700 
has a plurality of through - holes 88 that pass through the 
second output - side rotary member 70b in the axial direction . 
Each of the through - holes 88 is disposed in a position that 
overlaps with a corresponding one of the second recessed 
portions 78b as seen in the axial direction of the counter 
shaft 50 , so that each of the through - holes 88 is in commu 
nication at its end with a corresponding one of the second 
recessed portions 786. A cylindrical - shaped pin 90 is 
received in each of the through - holes 88 , and is slidable in 
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the through - hole 88. The pin 90 is in contact at one of its 
axially opposite ends with a pressing plate 74 that consti 
tutes a part of the mode switching portion 41 , and is in 
contact at the other of its axially opposite ends with an 
annular ring 86 that includes a plurality of portions that are 
disposed in the respective second recessed portions 78b in 
the circumferential direction . The ring 86 is fitted in a 
plurality of arcuate - shaped grooves 84 , each of which is 
provided in the second output - side rotary member 700 and 
interconnects between a corresponding adjacent pair of the 
second recessed portions 78b that are adjacent to each other 
in the circumferential direction . The ring 86 is movable 
relative to the second output - side rotary member 70b in the 
axial direction . 
[ 0071 ] The mode switching portion 41 is provided to be 
coaxial with the counter shaft 50 and disposed on an outer 
peripheral side of the counter shaft 50. The mode switching 
portion 41 is located on one of opposite sides of the second 
output - side rotary member 70b which is remote from the 
input - side rotary member 68 in the axial direction of the 
counter shaft 50 , and is located in a position adjacent to the 
second output - side rotary member 70b in the axial direction 
of the counter shaft 50. The mode switching portion 41 
includes , in addition to the above - described pressing plate 
74 , a plurality of springs ( compression coil springs ) 92 
interposed between the drive gear 54 and the pressing plate 
74 in the axial direction , and a hydraulic chamber 94 that is 
configured to receive the working fluid so as to generate a 
thrust by which the pressing plate 74 is to be moved toward 
the drive gear 54 in the axial direction . 
[ 0072 ] The pressing plate 74 has generally a disk shape , 
and is disposed to be movable relative to the counter shaft 
50 in the axial direction . The pressing plate 74 is constantly 
forced or biased by the spring 92 toward the second output 
side rotary member 70b in the axial direction . Therefore , in 
a state in which the working fluid is not supplied to the 
hydraulic chamber 94 of the mode switching portion 41 , the 
pressing plate 74 is moved , by biasing force of the spring 92 , 
toward the second output - side rotary member 70b in the 
axial direction , whereby the pressing plate 74 is in contact 
with the second output - side rotary member 70b , as shown in 
FIG . 2. In this state , the pins 90 , the ring 86 and the 
longitudinal end portion of each of the second struts 72b are 
moved toward the input - side rotary member 68 in the axial 
direction , as shown in FIG . 2 , whereby the longitudinal end 
portion of each of the second struts 72b becomes unable to 
be bought into engagement with the second wall surface 80b 
of the second recessed portions 786. Thus , the second 
one - way clutch 96b is placed in its released state in which 
the second one - way clutch 96b does not serve as the 
one - way clutch , so that the mode - switching clutch device 
SOWC is placed in the one - way mode in which only the first 
one - way clutch 96a serves as the one - way clutch . 
[ 0073 ] On the other hand , in a state in which the working 
fluid is supplied to the hydraulic chamber 94 of the mode 
switching portion 41 , the pressing member 74 is moved , 
against the biasing force of the spring 92 , toward the drive 
gear 54 in the axial direction , so as to be separated from the 
second output - side rotary member 70b . In this state , the pins 
90 , the ring 86 and the longitudinal end portion of each of 
the second struts 72b are moved , by the biasing force of the 
second torsion - coil springs 73b , toward the drive gear 54 in 
the axial direction , as shown in FIG . 3 , whereby the longi 
tudinal end portion of each of the second struts 72b becomes 

able to be bought into engagement with the second wall 
surface 80b of the second recessed portions 786. Thus , the 
second one - way clutch 96b is placed in its engaged state in 
which the second one - way clutch 96b serves as the one - way 
clutch , so that the mode - switching clutch device SOWC is 
placed in the lock mode in which both of the first one - way 
clutch 96a and the second one - way clutch 96b serves as the 
one - way clutches . 
[ 0074 ] FIG . 4 is a table indicating a relationship between 
each of a plurality of ranges of the automatic transmission 23 
selected by operation of a shift lever 98 as a shift switching 
device provided in the vehicle 10 and the operation state of 
each of the engagement devices C1 , C2 , B1 , SOWC pro 
vided in the automatic transmission 23. Each of the ranges 
of the automatic transmission 23 is a drive - force transmis 
sion state of the automatic transmission 23 , which is to be 
switched , by the electronic control apparatus 100 , in accor 
dance with a selected one of operation positions POSsh of 
the shift lever 98. The shift lever 98 can be placed in any one 
of the operation positions POSsh consisting of P position , R 
position , N position , D position and M position . When the 
shift lever 98 is placed in the P position , P range is selected 
for parking . When the shift lever 98 is placed in the R 
position , R range is selected for the reverse running . When 
the shift lever 98 is placed in the N position , N range is 
selected for cutting off the transmission of the drive force . 
When the shift lever 98 is placed in the D position , D range 
is selected for the forward running . When the shift lever 98 
is placed in the M position , M range is selected for enabling 
manual shift operations . In FIG . 4 , “ C1 ” represents the first 
clutch C1 , “ C2 ” represents the second clutch C2 , “ B1 ” 
represents the first brake B1 , and “ SOWC ” represents the 
mode - switching clutch device SOWC . Further , in FIG . 4 , 
“ O ” in the first clutch C1 , second clutch C2 or first brake B1 
indicates its engaged state , and blank in the first clutch C1 , 
second clutch C2 or first brake B1 indicates its released 
state . Still further , in FIG . 4 , “ O ” in the mode - switching 
clutch device SOWC indicates its lock mode , and blank in 
the mode - switching clutch device SOWC indicates its one 
way mode . 
[ 0075 ] For example , when the shift lever 98 is placed in 
the P position as one of the operation positions POSsh 
whereby the P range is selected , and when the shift lever 98 
is placed in the N position as one of the operation positions 
POSsh whereby the N range is selected , the first clutch C1 , 
second clutch C2 and first brake B1 are all placed in the 
released positions , as indicated in FIG . 4 , so that the first and 
second drive - force transmission paths PT1 , PT2 are both 
placed in the neutral states in which the drive force is not 
transmitted along the first and second drive - force transmis 
sion paths PT1 , PT2 . 
[ 0076 ] Further , when the shift lever 98 is placed in the R 
position as one of the operation positions POSsh whereby 
the R range is selected , the first brake B1 is placed in the 
engaged state and the mode - switching clutch device SOWC 
is placed in the lock mode , as indicated in FIG . 4. With the 
first brake B1 being placed in the engaged state , the drive 
force acting in the vehicle reverse - running direction is 
transmitted from the engine 12 to the gear transmission 
mechanism 28. In this instance , if the mode - switching clutch 
device SOWC is in the one - way mode , the drive force is 
blocked by the mode - switching clutch device SOWC so that 
reverse running cannot be made . Thus , with the mode 
switching clutch device SOWC being placed in the lock 
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mode , the drive force acting in the vehicle reverse - running 
direction is transmitted toward the output shaft 30 through 
the mode - switching clutch device SOWC so that reverse 
running can be made . When the shift lever 98 is placed in the 
R position whereby the R range is selected , the first brake B1 
is placed in the engaged state and the mode - switching clutch 
device SOWC is placed in the lock mode , so that a reverse 
gear position is established to transmit the drive force acting 
in the vehicle reverse - running direction , through the gear 
transmission mechanism 28 along the first drive - force trans 
mitting path PT1 , to the drive wheels 14 . 
[ 0077 ] When the shift lever 98 is placed in the D position 
as one of the operation positions POSsh whereby the D 
range is selected , the first clutch C1 is placed in the engaged 
state or the second clutch C2 is placed in the engaged state , 
as indicated in FIG . 4. In FIG . 4 , “ Dº ” and “ D2 ” represent 
a D1 range and a D2 range , respectively . When the shift 
lever 98 is placed in the D position so as to establish the D 
range , the first clutch C1 or the second clutch C2 is engaged . 
That is , one of the D1 range and the D2 range is selected 
depending the running state of the vehicle 10 , and the 
selected one is automatically established . The D1 range is 
established when the vehicle running speed is within a 
relatively low speed range including zero speed ( vehicle 
stop ) . The D2 range is established when the vehicle running 
speed is within a relatively high speed range including a 
middle speed range . For example , during the running of the 
vehicle 10 in the Drange with the shift lever 98 being placed 
in the drive position D , when the running state of the vehicle 
10 is changed from the low speed range to the high speed 
range , the D1 range is automatically switched to the D2 
range . 
[ 0078 ] For example , when the running state of the vehicle 
10 is in a speed range corresponding to the D1 range , the first 
clutch C1 is engaged and the second clutch C2 is released . 
In this case , the gear running mode is established whereby 
the drive force acting in the vehicle forward - running direc 
tion is transmitted from the engine 12 to the drive wheels 14 
along the first drive - force transmitting path PT1 through the 
gear transmission mechanism 28 , and a first gear position 1st 
of the forward gear ratio ygear is established . That is , a first 
gear ratio yl as the gear ratio of the first gear position 1st is 
the forward gear ratio ygear . Further , when the running state 
of the vehicle 10 is in a speed range corresponding to the D2 
range , the first clutch C1 is released and the second clutch 
C2 is engaged . In this case , the belt running mode is 
established whereby the drive force acting in the vehicle 
forward - running direction is transmitted from the engine 12 
to the drive wheels 14 along the second drive - force trans 
mitting path PT2 through the continuously variable trans 
mission 24. In the belt running mode , a second gear position 
2nd providing a second gear ratio y2 which is within a gear 
ratio range ymax - ymin ( within which the gear ratio ycvt of 
the continuously variable transmission 24 is variable ) and 
which is lower than the above - described forward gear ratio 
ygear , is established , and a shifting control operation is 
executed within a range between the second gear ratio y2 
and the lowest gear ratio ymin . Thus , when the shift lever 98 
is placed into the drive position D as one of the operation 
positions POSsh whereby the Drange is selected , one of the 
D1 range of the gear running mode and the D2 range of the 
belt running mode is established depending on the running 
state of the vehicle 10 , such that the drive force of the engine 
12 is transmitted to the drive wheels 14 along the first 

drive - force transmitting path PT1 when the D1 range is 
established , and such that drive force of the engine 12 is 
transmitted to the drive wheels 14 along the second drive 
force transmitting path PT2 when the D2 range is estab 
lished . 
[ 0079 ] When the shift lever 98 is placed in the M position 
as one of the operation positions POSsh whereby the M 
range is established , a shift - up operation or a shift - down 
operation can be executed by a manual operation made by 
the vehicle driver . That is , the M position is a manual shift 
position in which a shifting operation can be made by the 
manual operation made by the vehicle driver . For example , 
in a state in which the M range is established with the shift 
lever 98 being placed in the M position , when the vehicle 
driver executes an operation , through the shift lever 98 or an 
up / down switch ( not shown ) or the like , requesting execu 
tion of the shift - down operation , the first clutch C1 is 
engaged and the mode - switching clutch device SOWC is 
placed into the lock mode , whereby the M1 range of the gear 
running mode is established . In the MA range , the first gear 
position 1st is established , and the transmission of the drive 
force is enabled by the placement of the mode - switching 
clutch device SOWC in the lock mode both in the driving 
state and the driven state . For example , during the inertia 
running of the vehicle 10 during which the automatic 
transmission 23 is placed in the driven state in which 
rotation is transmitted from the drive wheels 14 to the 
automatic transmission 23 , in the M1 range , the rotation 
transmitted from the drive wheels 14 is transmitted through 
the mode - switching clutch device SOWC toward the engine 
12 , so that the engine 12 is dragged whereby the engine 
brake can be generated . 
[ 0080 ] Further , in the state in which the M range is 
established with the shift lever 98 being placed in the M 
position , when the vehicle driver executes an operation , 
through the shift lever 98 or the up / down switch ( not shown ) 
or the like , requesting execution of the shift - up operation , 
the second clutch C2 is engaged whereby the M2 range is 
established . In the M2 range , as in the above - described D2 
range , the belt running mode is established whereby the 
drive force of the engine 12 is to be transmitted toward the 
drive wheels 14 along the second drive - force transmission 
path PT2 . That is , in response to the operation executed by 
the vehicle driver , the shift - up operation is executed to 
establish the second gear position 2nd providing the second 
gear ratio y2 , and the shifting control operation is executed 
within the range between the second gear ratio y2 and the 
lowest gear ratio ymin . Thus , in the state in which the M 
range is established with the shift lever 98 being placed in 
the M position as one of the operation positions POSsh , it is 
possible to execute the manual shift operation for switching 
from one of the M1 range of the gear running mode and the 
M2 range of the belt running mode , to another by the manual 
operation executed by the vehicle driver , wherein the drive 
force of the engine 12 is to be transmitted toward the drive 
wheels 14 along the first drive - force transmission path PT1 
and the engine brake is generable , when the M1 range is 
established , and wherein the drive force of the engine 12 is 
to be transmitted toward the drive wheels 14 along the 
second drive - force transmission path PT2 , when the M2 
range is established . 
[ 0081 ] Referring back to FIG . 1 , the vehicle 10 is provided 
with the electronic control apparatus 100 as a controller 
including functions of a shift control apparatus for the 
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automatic transmission 23. For example , the electronic 
control apparatus 100 includes a so - called microcomputer 
incorporating a CPU , a RAM , a ROM and an input - output 
interface . The CPU performs various control operations in 
the vehicle 10 , by processing various input signals , accord 
ing to control programs stored in the ROM , while utilizing 
a temporary data storage function of the RAM . The elec 
tronic control apparatus 100 is configured to perform , for 
example , an engine control operation for controlling an 
output of the engine 12 , a shifting control operation and a 
belt - clamping - force control operation for the continuously 
variable transmission 24 , and a hydraulic - pressure control 
operation for switching the operation state of each of the 
plurality of engagement devices ( C1 , B1 , C2 , SOWC ) . The 
electronic control apparatus 100 may be constituted by two 
or more control units exclusively assigned to perform dif 
ferent control operations such as the engine control opera 
tion and the hydraulic - pressure control operation . 
[ 0082 ] The electronic control apparatus 100 receives vari 
ous input signals based on values detected by respective 
sensors provided in the vehicle 10. Specifically , the elec 
tronic control apparatus 100 receives : an output signal of an 
engine speed sensor 102 indicative of an engine rotational 
speed Ne which is a rotational speed of the engine 12 ; an 
output signal of a primary speed sensor 104 indicative of a 
primary rotational speed Npri which is a rotational speed of 
the primary shaft 58 which is equivalent to an input - shaft 
rotational speed Nin ; an output signal of a secondary speed 
sensor 106 indicative of a secondary rotational speed Nsec 
which is a rotational speed of the secondary shaft 62 ; an 
output signal of an output speed sensor 108 indicative of an 
output - shaft rotational speed Nout which is a rotational 
speed of the output shaft 30 and which corresponds to the 
running speed V of the vehicle 10 ; an output signal of an 
input speed sensor 109 indicative of an input rotational 
speed Nsowe which is a rotational speed of the input - side 
rotary member 68 of the mode - switching clutch device 
SOWC ; an output signal of an accelerator - operation amount 
sensor 110 indicative of an operation amount Bacc of the 
accelerator pedal 45 which represents an amount of accel 
erating operation made by the vehicle driver ; an output 
signal of a throttle - opening degree sensor 112 indicative of 
a throttle opening degree tap of an electronic throttle device ; 
an output signal of a shift position sensor 114 indicative of 
an operation position POSsh of the shift switching device in 
the form of the shift lever 98 provided in the vehicle 10 ; and 
an output signal of a fluid temperature sensor 116 indicative 
of a working fluid temperature THoil that is a temperature of 
a working fluid in the hydraulic control unit 46. It is noted 
that the input - shaft rotational speed Nin ( = primary rotational 
speed Npri ) is equivalent to a turbine rotational speed NT 
that is an output speed of the torque converter 20 . 
[ 0083 ] Further , the electronic control apparatus 100 gen 
erates various output signals which are supplied to various 
devices such as the engine control device 42 and the 
hydraulic control unit 46 and which include an engine 
control command signal Se for controlling the engine 12 , a 
hydraulic control command signal Scvt for performing 
hydraulic controls such as controls of the shifting action and 
the belt clamping force of the continuously variable trans 
mission 24 , a hydraulic - control command signal Scbs for 
performing hydraulic controls of operation states of the 
plurality of engagement devices C1 , C2 , B1 , SOWC and a 

hydraulic - control command signal Slu for performing 
hydraulic controls of an operation state of the lock - up clutch 
LU . 
[ 0084 ] The hydraulic control unit 46 , which receives the 
above - described hydraulic control command signals , out 
puts a C1 hydraulic pressure Pcl that is supplied to the 
hydraulic actuator of the first clutch C1 , a C2 hydraulic 
pressure Pc2 that is supplied to the hydraulic actuator of the 
second clutch C2 , a B1 hydraulic pressure Pbl that is 
supplied to the hydraulic actuator of the first brake B1 , an 
SOWC hydraulic pressure Psowc that is supplied to the 
hydraulic chamber 94 of the mode switching portion 41 of 
the mode - switching clutch device SOWC , a primary pres 
sure Ppri that is supplied to the primary hydraulic actuator 
60a of the primary pulley 60 , a secondary pressure Psec that 
is supplied to the secondary hydraulic actuator 64a of the 
secondary pulley 64 , and a lockup - clutch pressure Plu that 
is supplied for controlling the lock - up clutch LU . Each of the 
C1 hydraulic pressure Pc1 , C2 hydraulic pressure Pc2 , B1 
hydraulic pressure Pb1 , SOWC hydraulic pressure Psowe , 
primary pressure Ppri , secondary pressure Psec and lockup 
clutch pressure Plu is controlled directly or indirectly by a 
corresponding one of electromagnetic valves ( not shown ) 
provided in the hydraulic control unit 46. It is noted that the 
Ci hydraulic pressure Pcl corresponds to an engaging 
torque of the first clutch C1 , the C2 hydraulic pressure Pc2 
corresponds to an engaging torque of the second clutch C2 
and the B1 hydraulic pressure PIA corresponds to an engag 
ing toque of the first brake B1 . 
[ 0085 ] The electronic control apparatus 100 functionally 
includes an engine control portion 120 , a running - mode 
switch control portion 122 , a CVT shift control portion 126 
and a lockup - clutch control portion 128 , for executing 
various control operations in the vehicle 10 . 
[ 0086 ] The engine control portion 120 outputs the engine 
control command signal Se so as to control the throttle 
opening degree tap and a fuel injection amount , for example , 
such that the torque Te of the engine 12 is increased and 
reduced depending on the acceleration operation amount 
Bacc . The engine control portion 120 may control the engine 
12 in various manners . For example , the engine control 
portion 120 calculates the required drive force Fdem , based 
on the acceleration operation amount oacc and the running 
speed V , and determines a target engine torque TEtgt that 
provides the required drive force Fdem , so that the engine 
control portion 120 controls the engine 12 such that the 
target engine torque TEtgt is obtained . 
[ 0087 ] During the forward running in the D range or M 
range , the running - mode switch control portion 122 
executes a running - mode switch control operation for 
switching between the gear running mode using the first 
drive - force transmission path PT1 and the belt running mode 
using the second drive - force transmission path PT2 . In other 
words , the running - mode switch control portion 122 
executes a shift operation between the D1 range and the D2 
range in the Drange , and executes a shift operation between 
the M1 range and M2 range in the M range . The forward 
gear ratio Ygear of the gear running mode is the first gear 
ratio yl as the gear ratio of the first gear position 1st in the 
automatic transmission 23. Meanwhile , the highest gear 
ratio within the gear ratio range ( within which the gear ratio 
yout is variable ) during forward running of the vehicle 10 in 
the belt running mode is the second gear ratio y2 as the gear 
ratio of the second gear position 2nd in the automatic 
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transmission 23. The second gear ratio y2 may be the highest 
gear ratio ymax that is lower than the forward gear ratio 
ygear of the gear running mode . However , in the present 
embodiment , the second gear ratio y2 is a predetermined 
value which is still lower than the highest gear ratio ymax 
and which is suitable for a stepped shift - up action from the 
first gear position 1st to the second gear position 2nd . 
[ 0088 ] In the D range , the switching between the gear 
running mode ( D1 range ) and the belt running mode ( D2 
range ) is made in accordance with , for example , a shifting 
line in a shift map of a normal step - variable transmission , 
wherein the shifting line is a line representing a boundary 
between the first gear position 1st and the second gear 
position 2nd . The shift map is defined , for example , based on 
the acceleration operation amount Oacc and the vehicle 
running speed V , such that a shift - up operation from the first 
gear position 1st to the second gear position 2nd is executed , 
for example , when the acceleration operation amount Oacc is 
reduced and the running speed V is increased , and such that 
a shift - down operation from the second gear position 2nd to 
the first gear position 1st is executed , for example , when the 
acceleration operation amount Oacc is increased and the 
running speed V is reduced . That is , the gear running mode 
is established during running of the vehicle 10 at a low 
speed , for example , upon start of the running , and the belt 
running mode is established during running of the vehicle 10 
at a certain speed or higher . For example , when the shift - up 
operation is to be executed from the first gear position 1st of 
the gear running mode to the second gear position 2nd of the 
belt running mode , the hydraulic control command signal 
Scbs is outputted to execute a clutch - to - clutch shifting 
operation for releasing and engaging the first clutch C1 and 
the second clutch C2 , respectively , in a state in which the 
variable gear ratio ycvt of the continuously - variable trans 
mission 24 is set to the second gear ratio y2 . Further , when 
the shift - down operation is to be executed from the second 
gear position 2nd of the belt running mode to the first gear 
position 1st of the gear running mode , the hydraulic control 
command signal Scbs is outputted to execute a clutch - to 
clutch shifting operation for releasing and engaging the 
second clutch C2 and the first clutch C1 , respectively . In the 
D range , since the mode - switching clutch device SOWC is 
placed in the one - way mode in the D1 range of the gear 
running mode , as shown in FIG . 4 , the engine brake is not 
generated during the running of the vehicle 10 in the driven 
state with the D1 range , i.e. , the first gear position 1st being 
established . 
[ 0089 ] On the other hand , in the M range , the switching 
between the gear running mode ( M1 range ) and the belt 
running mode ( M2 range ) is made in accordance with a 
shift - up request or a shift - down request made by a manual 
shift operation executed by the vehicle driver . This mode 
switching is also executed by the normal clutch - to - clutch 
shifting operation , as in the mode switching in the D range . 
That is , when the shift - up operation is to be executed from 
the first gear position 1st of the gear running mode to the 
second gear position 2nd of the belt running mode , the 
hydraulic control command signal Scbs is outputted to 
execute the clutch - to - clutch shifting operation for releasing 
and engaging the first clutch C1 and the second clutch C2 , 
respectively , in the state in which the variable gear ratio ycvt 
of the continuously - variable transmission 24 is set to the 
second gear ratio y2 . Further , when the shift - down operation 
is to be executed from the second gear position 2nd of the 

belt running mode to the first gear position 1st of the gear 
running mode , the hydraulic control command signal Scbs is 
outputted to execute the clutch - to - clutch shifting operation 
for releasing and engaging the second clutch C2 and the first 
clutch C1 , respectively . In the M range , since the mode 
switching clutch device SOWC is placed in the lock mode 
in the M1 range of the gear running mode , as shown in FIG . 
4 , the engine 12 is forcibly rotated depending on the running 
speed V whereby the engine brake is generated during the 
running of the vehicle 10 in the driven state with the M1 
range , i.e. , the first gear position 1st being established . 
[ 0090 ] In the belt running mode in the D range and the M 
range , namely , in the D2 range or the M2 range shown in 
FIG . 4 , the CVT shift control portion 126 executes a shifting 
control operation in the continuously - variable transmission 
24. In this shifting control operation , a target input rotational 
speed Nintgt is calculated in accordance with a predeter 
mined shift map , based on operation states such as the 
acceleration operation amount Oacc and the running speed V , 
and the hydraulic control command signal Scvt is outputted 
to increase or reduce the gear ratio ycvt of the continuously 
variable transmission 24 such that an actual input rotational 
speed Nin becomes equal to the calculated target input 
rotational speed Nintgt . Specifically , the gear ratio ycvt of 
the continuously - variable transmission 24 is controlled , for 
example , such that the gear ratio ycvt is increased with 
increase of the acceleration operation amount Oacc and with 
reduction of the running speed V , namely , the input rota 
tional speed Nin is increased with increase of the accelera 
tion operation amount Oacc and with reduction of the 
running speed V , and such that the gear ratio ycvt is reduced 
with reduction of the acceleration operation amount Oacc 
and with increase of the running speed V , namely , the input 
rotational speed Nin is reduced with reduction of the accel 
eration operation amount Oacc and with increase of the 
running speed V. In this shifting control operation for the 
continuously - variable transmission 24 , the gear ratio ycut is 
controlled to be changed , basically , within the range 
between the above - described second gear ratio y2 and the 
lowest gear ratio ymin . It is noted that the lowest gear ratio 
ymin corresponds to “ third gear ratio ” recited in the 
appended claims . The CVT shift control portion 126 causes 
the gear ratio ycvt of the continuously - variable transmission 
24 to be changed in a stepless manner , for example , within 
the range between second gear ratio y2 and the lowest gear 
ratio ymin in the present embodiment . However , the CVT 
shift control portion 126 may cause the gear ratio ycvt to be 
changed in a stepped manner , too , as in a step - variable 
transmission . 
[ 0091 ] The loc p - clutch control portion 128 executes an 
engaging / releasing control operation for engaging and 
releasing the lockup clutch LU , by outputting the hydraulic 
control command signal Slu in accordance with a predeter 
mined lockup map , based on the operation states such as the 
running speed V. Specifically , the engaging / releasing control 
operation is executed , for example , such that the lockup 
clutch LU is released when the vehicle 10 is running at a low 
speed with the running speed V being not higher than a 
predetermined speed value , and the lockup clutch LU is 
engaged when the running speed V exceeds the predeter 
mined speed value . 
[ 0092 ] The running - mode switch control portion 122 
functionally includes a manual shift - down control portion 
124 configured to execute , when a shift down action is to be 
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executed in accordance with the shift - down request by the 
manual shift operation made by the vehicle driver , a control 
operation for shifting down from the M2 range to the M1 
range in the M range . The manual shift - down control portion 
124 executes a control routine including steps S1 - S9 shown 
in a flow chart of FIG . 5 , namely , executes a signal pro 
cessing in accordance with the control routine . The manual 
shift - down control portion 124 corresponds to " shift - down 
control portion ” recited in the appended claims . 
[ 0093 ] The control routine is initiated with step S1 that is 
implemented to determine whether an M2- > M1 shift - down 
request for shifting from the M2 range to the M1 range has 
been made or not , during running of the vehicle 10 in the 
driven state , namely , to determine whether the shift - down 
request for shifting from the M2 range to the M1 range has 
been made by the manual shift operation by the vehicle 
driver or not , during running of the vehicle 10 in the driven 
state at a predetermined running speed or higher , with the 
acceleration operation amount Oacc being zero ( acceleration 
OFF ) and with the second gear position 2nd ( providing the 
second gear ratio y2 in the continuously - variable transmis 
sion 24 ) being established in the M2 range ( belt running 
mode ) in which the drive force is transmitted along the 
second drive - force transmission path PT2 . When the 
M2 - M1 shift - down request has not been made , one cycle 
of execution of the control routine is terminated . When the 
M2 - M1 shift - down request has been made , step S1 is 
followed by step S2 that is implemented to output an 
engaging command for engaging the first clutch C1 and a 
releasing command for releasing the second clutch C2 , for 
executing an M2 - M1 shift - down action . Specifically , step 
S2 is implemented to output the hydraulic control command 
signal Scbs for outputting the C1 hydraulic pressure Pel and 
stopping output of the C2 hydraulic pressure Pc2 . 
[ 0094 ] FIG . 6 is a time chart for showing changes of 
operation states of respective parts when the M2 - M1 
shift - down action is executed by the manual shift - down 
control by the manual shift - down control portion 124. In 
FIG . 6 , a time point t1 is a point of time at which the 
M2 - M1 shift - down request is made whereby the C1 
hydraulic pressure Pc1 is outputted ( ON ) and the output of 
the C2 hydraulic pressure Pc2 is stopped ( OFF ) by imple 
mentation of step S2 . The C1 hydraulic pressure Pcl and the 
C2 hydraulic pressure Pc2 shown in FIG . 6 are both com 
mand values , and their actual values are changed with delay 
relative to the command values at respective rates slower 
than the command values . Regarding the other command 
values ( Psowe command value , Plu command value , engine 
torque TE command value ) that are shown in FIG . 6 , too , 
their actual values are changed with delay relative to the 
command values at respective rates lower than the command 
values . At the time point t1 , the input rotational speed Nin 
is a synchronous speed ( 2nd synchronous speed ) Nin2 in the 
second gear position 2nd , the Psowe command value for the 
SOWC hydraulic pressure Psowc is OFF ( output stop ) 
whereby the mode - switching clutch device SOWC is placed 
in the one - way mode , the engine - torque TE command value 
is an idle torque value TEid , and the Plu command value for 
the lockup - clutch pressure Plu is OFF ( output stop ) , 
whereby the lockup clutch LU is placed in the released state . 
The 2nd synchronous speed Nin2 can be represented by the 
following expression ( 1 ) using the output rotational speed 
Nout and the second gear ratio y2 . 

[ 0095 ] Step S2 is followed by step S3 that is implemented 
to determine whether a predetermined LU - engaging - com 
mand determination time LUon has elapsed or not since the 
releasing command for releasing the second clutch C2 had 
been outputted ( at the time point t1 ) . If it is determined that 
the LU - engaging - command determination time Luon has 
elapsed , step S4 is implemented to output the engaging 
command for engaging the lockup clutch LU , specifically , 
output the hydraulic control command signal Slu by which 
the lockup - clutch pressure Plu is to be outputted . The 
engaging command for engaging the lockup clutch LU is 
outputted through the lockup - clutch control portion 128 . 
The LU - engaging - command determination time Luon is 
determined based on a releasing response time tcoff of the 
second clutch C2 and an engaging response time tluon of the 
lockup clutch LU , for outputting the engaging command of 
the lockup clutch LU such that the lockup clutch LU is 
engaged after the second clutch C2 has been released . 
Specifically , as indicated in expression ( 2 ) given below , the 
LU - engaging - command determination time LUon is 
obtained by subtracting an engaging response time tluon 
from a releasing response time tcoff and then adding a 
predetermined margin time ty1 ( to a difference between the 
engaging response time tluon from and the releasing 
response time tcoff ) . The releasing response time tcoff is a 
delayed time of release of the second clutch C2 , namely , a 
length of time from the output of the releasing command 
until the second clutch C2 is actually released . The engaging 
response time tluon is a delayed time of engagement of the 
lockup clutch LU , namely , a length of time from the output 
of the engaging command until the lockup clutch LU is 
actually engaged . The LU - engaging - command determina 
tion time LUon may be set to either a constant value or a 
variable value that varies depending on the working fluid 
temperature THoil by which the releasing response time 
tcoff and the engaging response time tluon are influenced . 
The engaging command for engaging the lockup clutch LU 
after release of the second clutch C2 , is outputted upon 
satisfaction of a predetermined condition or criteria which is 
that the LU - engaging - command determination time LUon 
has elapsed since the releasing command for releasing the 
second clutch C2 had been outputted ( at the time point t1 ) . 
The elapsed time since the output of the releasing command 
for releasing the second clutch C2 can be measured by , for 
example , a timer or the like . In FIG . 6 , a time point t2 is a 
point of time at which the LU - engaging - command determi 
nation time LUon elapses and the engaging command for 
engaging the lockup clutch LU is outputted ( ON ) . 

LUon = tcoff - thuon + tyl ( 2 ) 

[ 009 ] At step S5 , a torque - increase control operation is 
executed for the engine 12. Specifically , this torque - increase 
control operation is executed to temporarily increase the 
engine torque TE so as to quickly increase the input rota 
tional speed Nin to a synchronous speed ( first - gear synchro 
nous speed ) Nint of the first gear position 1st in the M1 
range while suppressing the shifting shock . The execution of 
the torque - increase control operation is made through the 
engine control portion 120. Various setting values such as a 
value of the engine torque TE and an increased amount of 
the engine torque in the execution of the torque - increase 
control operation , a start timing and an end timing of the 
execution of the torque - increase control operation , and a 
duration of the execution of the torque - increase control Nin2 = Noutxy2 
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LU , namely , a length of time from the output of the releasing 
command until the lockup clutch LU is actually released . 
The releasing response time tluoff may be set to either a 
constant value or a variable value that varies depending on , 
for example , the working fluid temperature THoil by which 
the releasing response time tluoff is influenced . Still further , 
the rate of change ANin may be set to a constant value that 
is dependent on the engine torque TE during the execution 
of the torque - increase control operation . 

tsync = ( Ninl - Ninx ) / ANin ( 3 ) 

tsyncstluoff + ty2 

Nin1 = Noutxy1 ( 5 ) 

operation are predetermined through experimentation or the 
like , such that the input rotational speed Nin can be appro 
priately increased . However , the setting values may be 
learned ( corrected ) based on , for example , change of the 
actual input rotational speed Nin . 
[ 0097 ] In FIG . 6 , a time point t3 is a point of time at which 
an inertia phase in which the input rotational speed Nin is 
increased from the 2nd synchronous speed Nin2 by the 
execution of the torque - increase control operation , is started . 
At this point of time , the second clutch C2 is completely 
released while the first clutch C1 and the lockup clutch LU 
are completely engaged , and the input rotational speed Nin 
is gradually increased at a predetermined rate of change , 
which is substantially constant . In the torque - increase con 
trol operation for the engine 12 , the various setting values 
such as the start timing and the end timing of the execution 
of the torque - increase control operation and the increased 
amount of the engine torque TE are determined by taking 
account of , for example , a delay of response of the engine 
torque TE , such that the rotational speed Nin can be 
smoothly or gradually increased after the second clutch C2 
has been released and the first clutch C1 and the lockup 
clutch LU have been completely released . In FIG . 6 , a torque 
increasing command for increasing the engine torque TE is 
outputted after the time point t2 at which the engaging 
command for engaging the lockup clutch LU is outputted . 
However , depending on a time of the delay of response of 
the engine torque TE , the torque increasing command may 
be outputted before the time point t2 at which the engaging 
command is outputted . A time point t4 in FIG . 6 is a point 
of time at which the execution of the torque - increase control 
operation ends . 
[ 0098 ] At step S6 , a timing of output of a releasing 
command for releasing the lockup clutch LU is determined 
in accordance with a predetermined condition or criteria , 
which is determined such that the lockup clutch LU is 
released before , more specifically , shortly before the input 
rotational speed Nin reaches the synchronous speed ( first 
gear synchronous speed ) Ninl of the first gear position 1st 
in the M1 range after the shift - down operation . Described 
specifically , an actual rate ( speed ) of change ANin of the 
input rotational speed Nin is calculated , and then a remain 
ing time ( estimated value ) tsync until the input rotational 
speed Nin reaches the first - gear synchronous speed Ninl is 
consecutively calculated in accordance with expression ( 3 ) 
given below , based on the actual input rotational speed Ninx , 
first - gear synchronous speed Nin1 and rate of change ANin . 
The rate of change ANin is , for example , an amount ANin of 
change of the input rotational speed Nin within a length of 
time corresponding to an interval between successive read 
ings of the input rotational speed Nin . Then , it is determined 
whether the calculated remaining time tsync has become not 
longer than a length of time that is obtained by adding a 
margin time ty2 to the releasing response time tluoff , as 
indicated in expression ( 4 ) given below . Thus , the above 
described predetermined criteria is satisfied when the 
expression ( 4 ) is satisfied . Where the margin time ty2 is set 
to substantially zero , the lockup clutch LU can be released 
shortly before the input rotational speed Nin reaches the 
first - gear synchronous speed Nin1 . The first - gear synchro 
nous speed Nin1 can be represented by the following 
expression ( 5 ) using the output rotational speed Nout and the 
first gear ratio yl ( = ygear ) . Further , the releasing response 
time tluoff is a delayed time of release of the lockup clutch 

[ 0099 ] It is also possible to determine the timing of output 
of the releasing command for releasing the lockup clutch 
LU , depending on whether a difference between the first 
gear synchronous speed Nind and the actual input rotational 
speed Ninx has become not larger than a LU - release 
command determination value a that is predetermined such 
that the lockup clutch LU is released before the input 
rotational speed Nin reaches the first - gear synchronous 
speed Nin1 , as indicated in expression ( 6 ) given below . The 
LU - release - command determination value a may be set to a 
constant value predetermined depending on , for example , 
the releasing response time tluoff of the lockup clutch LU . 
However , the LU - release - command determination value a 
may be set to a variable value that varies depending on , for 
example , the actual rate of change ANin of the input 
rotational speed Nin and the working fluid temperature 
THoil by which the releasing response time tluoff is influ 
enced . Where the LU - release - command determination value 
a is set to the variable value dependent on the actual rate of 
change ANin , the expression ( 6 ) also may be regarded as the 
predetermined criteria that is determined based on the rate of 
change ANin and the releasing response time tluoff , in terms 
of the timing of output of the releasing command for 
releasing the lockup clutch LU . 

Ninl - Ninxsa ( 6 ) 

[ 0100 ] The step S6 is repeatedly implemented until the 
expression ( 4 ) ( or the expression ( 6 ) is satisfied . When the 
expression ( 4 ) ( or the expression ( 6 ) ) is satisfied , step S7 is 
implemented to output the releasing command for releasing 
the lockup clutch LU , specifically , output the hydraulic 
control command signal Slu by which the output of the 
lockup - clutch pressure Plu is to be stopped ( OFF ) . The 
releasing command for releasing the lockup clutch LU is 
outputted through the lockup - clutch control portion 128. In 
FIG . 6 , a time point t5 is a point of time at which the 
releasing command for releasing the lockup clutch LU is 
outputted upon satisfaction of the expression ( 4 ) ( or the 
expression ( 6 ) ) . 
[ 0101 ] Step S8 is implemented to determine whether the 
input rotational speed Nin has become close to the first - gear 
synchronous speed Ninl or not , and is repeatedly imple 
mented until the input rotational speed Nin has become close 
to the first - gear synchronous speed Ninl . When the input 
rotational speed Nin has become close to the first - gear 
synchronous speed Nind , step S9 is implemented to output 
a locking command for switching the mode - switching clutch 
device SOWC to the lock mode , specifically , output the 
hydraulic control command signal Scbs for outputting ( ON ) 
the SOWC hydraulic pressure Psowc . In the step S8 , the 
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timing of output of the locking command is determined 
depending on whether the difference between the first - gear 
synchronous speed Ninl and the actual input rotational 
speed Ninx has becomes not larger than a locking - command 
determination value B , as indicated in expression ( 7 ) given 
below , wherein the locking - command determination value ß 
is a predetermined value that is determined by taking 
account of a delayed time ( locking response time ) tsowe 
from the output of the locking command until the mode 
switching clutch device SOWC is actually switched to the 
lock mode , such that the mode - switching clutch device 
SOWC is switched to the lock mode immediately after the 
input rotational speed Nin has reached the first - gear syn 
chronous speed Ninl . Further , it is also possible to deter 
mine the timing of output of the locking command , depend 
ing on whether the above - described remaining time tsync 
has become not longer than a value obtained by subtracting 
a margin time ty3 from the locking response time tsowc , as 
indicated in expression ( 8 ) given below . Each of the expres 
sions ( 7 ) , ( 8 ) corresponds to a predetermined criteria that is 
determined depending on the locking response time tsowe 
such that the mode - switching clutch device SOWC is 
switched to the lock mode after the input rotational speed 
Nin has reached the first - gear synchronous speed Nin1 . The 
locking - command determination value ß may be set to either 
a predetermined constant value or a variable value that 
varies , for example , depending on the rate of change ANin 
of the input rotational speed Nin and the working fluid 
temperature THoil . The locking - command determination 
value ß may be set to zero ( B = 0 ) , too . The locking response 
time tsowe may be set to either a predetermined constant 
value or a variable value that varies depending on , for 
example , the working fluid temperature THoil by which the 
locking response time tsowe is influenced . In FIG . 6 , a time 
point t6 is a point of time at which the locking command for 
switching the mode - switching clutch device SOWC to the 
lock mode upon satisfaction of the expression ( 7 ) ( or the 
expression ( 8 ) ) . 

rotational speed Nin being increased by the execution of the 
torque - increase control operation for increasing the torque 
of the engine 12 , it is possible to assure the controllability of 
the input rotational speed Nin by causing the input shaft 22 
to be connected directly to the engine 12 , and to suppress the 
shifting shock upon the synchronization by casing the 
lockup clutch LU to be released before the synchronization 
after the execution of the shift - down operation . 
[ 0103 ] Further , the first engagement device provided in the 
first drive - force transmission path PT1 includes the mode 
switching clutch device SOWC that is to be switched 
between the one - way mode and the lock mode , there is a 
possibility that a noise such as a contact noise could be 
generated due to an effect of the one - way mode , i.e. , the 
same effect of the first one - way clutch 96a upon the syn 
chronization ( upon completion of the shifting action ) , since 
the mode - switching clutch device SOWC is switched from 
the one - way mode to the lock mode immediately after the 
input rotational speed Nin has reached the first - gear syn 
chronous speed Nin1 However , in the present embodiment , 
the lockup clutch LU is released before the input rotational 
speed Nin reaches the first - gear synchronous speed Ninl , 
the generation of the noise such as the contact noise can be 
suppressed . Further , by placing the mode - switching clutch 
device SOWC into the lock mode immediately after the 
input rotational speed Nin has reached the first - gear syn 
chronous speed Nin1 , the engine 12 is driven depending on 
the running speed V whereby the engine brake can be 
appropriately obtained . 
[ 0104 ] Further , the first engagement device includes the 
mode - switching clutch device SOWC and the first clutch C1 
and the second engagement device includes the second 
clutch C2 , and the second clutch C2 is engaged while the 
first clutch C1 is released when the D2 range or M2 range 
of the belt running mode including the second gear position 
2nd is established . Therefore , when the D2 range or M2 
range of the belt running mode is established , the mode 
switching clutch device SOWC is held in a state in which its 
rotation is substantially stopped , so that a load applied to the 
engine 12 is reduced whereby a fuel efficiency is improved . 
Further , when the M2 - M1 shift - down action is executed 
from the second gear position 2nd to the first gear position 
1st , in response to the manual shift operation executed by the 
vehicle driver , the second clutch C2 is released and the first 
clutch C1 is engaged prior to execution of the torque 
increase control operation for increasing the torque of the 
engine 12 , so that the input rotational speed Nsowe of the 
mode - switching clutch device SOWC is increased together 
with increase of the input rotational speed Nin , whereby the 
shift - down action can be smoothly progressed . 
[ 0105 ] Further , in the step S6 , the rate of change ANin of 
the input rotational speed Nin is calculated and then the 
remaining time tsync until the input rotational speed Nin 
reaches the first - gear synchronous speed Ninl is obtained , 
so that the timing of the output of the releasing command for 
releasing the lockup clutch LU is determined , in accordance 
with the predetermined criteria in the form of the above 
described expression ( 4 ) , based on the remaining time tsync 
and the releasing response time tluoff of the lockup clutch 
LU , wherein the expression ( 4 ) is determined such that the 
lockup clutch LU is released before the input rotational 
speed Nin reaches the first - gear synchronous speed Ninl . 
Owing to this arrangement , it is possible to release the 
lockup clutch LU at the timing that is suitable for suppress 

Ninl - Ninxsß ( 7 ) 

tsyncstsowc - ty3 ( 8 ) 

[ 0102 ] As described above , in the electronic control appa 
ratus 100 according to the present embodiment , which is the 
shift control apparatus for the automatic transmission 23 , 
when the M2 - M1 manual shift - down action is executed in 
response to the manual shift operation executed by the 
vehicle driver , to establish the first gear position 1st during 
the running of the vehicle 10 in the driven state with the 
second gear position 2nd being established , the input rota 
tional speed Nin is increased through the lockup clutch LU 
placed in the engaged state during execution of the torque 
increase control operation for increasing the torque of the 
engine 12 , so that the controllability of the input rotational 
speed Nin is improved whereby the input rotational speed 
Nin can be quickly increased and accordingly the shift - down 
operation can be appropriately executed . Further , since the 
lockup clutch LU is released before the input rotational 
speed Nin reaches the first - gear synchronous speed Nin1 , it 
is possible to appropriately suppress a shifting shock caused 
by , for example , an engine inertia upon synchronization of 
the input rotational speed Nin after execution of the shift 
down operation . That is , when the shift - down operation is 
executed to establish the first gear position 1st during the 
running of the vehicle 10 in the driven state , with the input 
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ing the shifting shock upon the synchronization after the 
execution of the shift - down operation , while assuring the 
controllability of the input rotational speed Nin by the 
engagement of the lockup clutch LU . 
[ 0106 ] Further , in a case in which the timing for the output 
of the releasing command for releasing the lockup clutch LU 
is determined in accordance with the expression ( 6 ) using 
the LU - release - command determination value a at the 
above - described step S6 , too , the LU - release - command 
determination value a is determined based on the releasing 
response time tluoff of the lockup clutch LU . Where the 
LU - release - command determination value a is set to a 
variable value that varies depending on the rate of change 
ANin of the input rotational speed Nin and the working fluid 
temperature THoil , it is possible to release the lockup clutch 
LU at a suitable timing that makes it possible to appropri 
ately suppress the shifting shock upon the synchronization 
after the execution of the shift - down operation , while assur 
ing the controllability of the input rotational speed Nin 
owing to the engagement of the lockup clutch LU . 
[ 0107 ] Further , at step S3 , the timing of the output of the 
engaging command for engaging the lockup clutch LU is 
determined in accordance with the predetermined criteria , 
based on the releasing response time tcoff of the second 
clutch C2 and the engaging response time tluon of the 
lockup clutch LU , wherein the predetermined criteria is 
determined such that the lockup clutch LU is engaged after 
the second clutch C2 has been released . Specifically , it is 
determined whether the elapsed time from the output of the 
releasing command for releasing the second clutch C2 has 
reached the LU - engaging - command determination time 
LUon that is obtained in accordance with the expression ( 2 ) , 
and then it is determined that the engaging command for 
engaging the lockup clutch LU is to be outputted when the 
elapsed time has reached the LU - engaging - command deter 
mination time LUon . Owing to this arrangement , the second 
drive - force transmission path PT2 is cut off upon engage 
ment of the lockup clutch LU , whereby a shock upon the 
engagement of the lockup clutch LU can be suppressed 
while the controllability of the input rotational speed Nin 
can be improved by the direct connection of the input shaft 
22 with the engine 12 . 
[ 0108 ] While the preferred embodiment of this invention 
has been described in detail by reference to the drawings , it 
is to be understood that the embodiment described above is 
given for illustrative purpose only , and that the present 
invention may be embodied with various modifications and 
improvements which may occur to those skilled in the art . 

[ 0118 ] 124 : manual shift - down control portion ( shift 
down control portion ) 

[ 0119 ] PT1 : first drive - force transmission path 
[ 0120 ] PT2 : second drive - force transmission path 
[ 0121 ] LU : lockup clutch 
[ 0122 ] C1 : first clutch ( first engagement device ) 
[ 0123 ] C2 : second clutch ( second engagement device ) 
[ 0124 ] SOWC : mode - switching clutch device ( first 
engagement device ) 

[ 0125 ] Nin : input rotational speed 
[ 0126 ] Nin1 : first - gear synchronous speed ( synchronous 

speed of first gear position ) 
[ 0127 ] ANin : rate of change 
[ 0128 ] M1 : M1 range ( first gear position ) 
[ 0129 ] M2 : M2 range ( second gear position ) 
What is claimed is : 
1. A shift control apparatus for a vehicle automatic 

transmission that is to be provided in a vehicle , the vehicle 
including , in addition to the vehicle automatic transmission , 
a hydraulic transmission device having a lockup clutch , an 
engine , an input shaft connected to the engine through the 
hydraulic transmission device , and drive wheels , 

wherein the vehicle automatic transmission is disposed 
between the input shaft and the drive wheels , and 
includes first and second engagement devices , such that 
at least a first gear position is established with the first 
engagement device being engaged , and at least a sec 
ond gear position is established with the second 
engagement device being engaged , and such that the 
vehicle automatic transmission is configured to trans 
mit a drive force at a first gear ratio when the first gear 
position is established , and to transmit the drive force 
at a second gear ratio lower than the first gear ratio 
when the second gear position is established , 

wherein the shift control apparatus comprises a shift 
down control portion configured , when a shift - down 
operation is executed to establish the first gear position 
by releasing the second engagement device , during 
running of the vehicle in a driven state with the second 
gear position being established with engagement of the 
second engagement device , to execute a torque - in 
crease control operation for increasing a torque of the 
engine so as to increase an input rotational speed as a 
rotational speed of the input shaft through the lockup 
clutch that is placed in an engaged state , and to release 
the lockup clutch before the input rotational speed 
reaches a synchronous speed of the first gear position . 

2. The shift control apparatus according to claim 1 , 
wherein the vehicle automatic transmission has first and 

second drive - force transmission paths provided in par 
allel to each other between the input shaft and the drive 
wheels , 

wherein the first drive - force transmission path is provided 
with the first engagement device , such that the drive 
force is to be transmitted along the first drive - force 
transmission path when the first gear position is estab 
lished with engagement of the first engagement device , 
and 

wherein the second drive - force transmission path is pro 
vided with the second engagement device , such that the 
drive force is to be transmitted along the second 
drive - force transmission path when the second gear 
position is established with engagement of the second 
engagement device . 

NOMENCLATURE OF ELEMENTS 

( 0109 ] 10 : vehicle 
[ 0110 ] 12 : engine 
[ 0111 ] 14 : drive wheels 
[ 0112 ] 20 : torque converter ( hydraulic transmission 

device ) 
[ 0113 ] 22 : input shaft 
[ 0114 ] 23 : automatic transmission ( vehicle automatic 

transmission ) 
[ 0115 ] 24 : continuously - variable transmission 
[ 0116 ] 28 : gear transmission mechanism ( gear transmis 

sion device ) 
[ 0117 ] 100 : electronic control apparatus ( shift control 

apparatus ) 
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3. The shift control apparatus according to claim 2 , 
wherein the first engagement device includes a mode 

switching clutch device that is switchable between a 
one - way mode and a lock mode , such that the mode 
switching clutch device is configured to transmit the 
drive force during the running of the vehicle in a 
driving state and to cut off transmission of the drive 
force during the running of the vehicle in the driven 
state when the mode - switching clutch device is placed 
in the one - way mode , and such that the mode - switching 
clutch device is configured to transmit the drive force 
during the running of the vehicle in the driving state 
and during the running of the vehicle in the driven state 
when the mode - switching clutch device is placed in the 
lock mode , and 

wherein the shift - down control portion is configured to 
switch the mode - switching clutch device from the 
one - way mode to the lock mode in a stage in which the 
input rotational speed has reached the synchronous 
speed of the first gear position . 

4. The shift control apparatus according to claim 3 , 
wherein the first engagement device includes , in addition 

to the mode - switching clutch device , a first clutch that 
is to be frictionally engaged , 

wherein the first drive - force transmission path is provided 
with the mode - switching clutch device and the first 
clutch , such that the first clutch is disposed in series 
with the mode - switching clutch device and is located 
between the mode - switching clutch device and the 
input shaft in the first drive - force transmission path , 

wherein the second engagement device includes a second 
clutch that is to be frictionally engaged , 

wherein the second drive - force transmission path is pro 
vided with the second clutch , and 

wherein , when the shift - down operation is executed to 
switch the vehicle automatic transmission to the first 
gear position from the second gear position that is 
established with engagement of the second clutch and 
release of the first clutch , the shift - down control portion 
is configured to release the second clutch and engage 
the first clutch , prior to execution of the torque - increase 
control operation for increasing the torque of the 
engine . 

5. The shift control apparatus according to claim 2 , 
wherein the first drive - force transmission path is provided 

with a gear transmission mechanism that is disposed in 
series with the first engagement device in the first 
drive - force transmission path , such that the drive force 
is to be transmitted at the first gear ratio through the 
gear transmission mechanism along the first drive - force 
transmission path when the first gear position is estab 
lished with engagement of the first engagement device , 
and 

wherein the second drive - force transmission path is pro 
vided with a continuously variable transmission that is 
disposed in series with the second engagement device 
in the second drive - force transmission path , such that 

the drive force is to be transmitted at an arbitrary gear 
ratio through the continuously variable transmission 
along the second - force transmission path , the arbitrary 
gear ratio being at least between the second gear ratio 
and a third gear ratio that is lower than the second gear 
ratio . 

6. The shift control apparatus according to claim 1 , 
wherein the shift - down control portion is configured to 

calculate a rate of change of the input rotational speed , 
and to determine a timing of output of a releasing 
command for releasing the lockup clutch , in accor 
dance with a predetermined criteria , based on the 
calculated rate of change and a releasing response time 
that is a length of time from the output of the releasing 
command until the lockup clutch is actually released , 
the predetermined criteria being determined such that 
the lockup clutch is released before the input rotational 
speed reaches the synchronous speed of the first gear 
position . 

7. The shift control apparatus according to claim 6 , 
wherein the shift - down control portion is configured to 

estimate a remaining time until the input rotational 
speed reaches the synchronous speed of the first gear 
position , based on the rate of change of the input 
rotational speed , and to determine the timing of the 
output of the releasing command for releasing the 
lockup clutch , by comparing the remaining time and 
the releasing response time . 

8. The shift control apparatus according to claim 1 , 
wherein the shift - down control portion is configured , 
when the lockup clutch is in a released state during the 
running of the vehicle in the driven state with the 
second gear position being established , to determine a 
timing of output of an engaging command for engaging 
the lockup clutch , in accordance with a predetermined 
criteria , based on a response time that is a length of time 
from output of a releasing command for releasing the 
second engagement device until the second engage 
ment device is actually released , and a response time 
that is a length of time from the output of the engaging 
command for engaging the lockup clutch until the 
lockup clutch is actually engaged , the predetermined 
criteria being determined such that the lockup clutch is 
engaged after the second engagement device has been 
released . 

9. The shift control apparatus according to claim 1 , further 
comprising an engine control portion and a lockup - clutch 
control portion , 

wherein the shift - down control portion is configured to 
cause the engine control portion to execute the torque 
increase control operation , and 

wherein the shift - down control portion is configured to 
cause the lockup - clutch control portion to release the 
lockup clutch before the input rotational speed reaches 
the synchronous speed of the first gear position . 


