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CONTROL APPARATUS AND CONTROL 
METHOD FOR POWER TRANSMISSION 

APPARATUS FOR VEHICLE 

INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application No. 2007 
326616 ?led on Dec. 18, 2007 including the speci?cation, 
drawings and abstract is incorporated herein by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a poWer transmission apparatus for 

a vehicle, Which includes an electric differential portion in 
Which a difference betWeen the rotational speed of an input 
shaft connected to a main poWer source and the rotational 
speed of an output shaft is controlled by controlling the oper 
ating state of a motor connected to a rotational element of a 
differential mechanism. More speci?cally, the invention 
relates to a technology in Which if a shift position is changed 
from a parking position to a neutral position While executing 
a control that starts or stops the main poWer source, a control 
that changes the load of the main poWer source, or the like, a 
decrease in starting performance/ stopping performance of the 
main poWer source, and deterioration of noise/vibration char 
acteristics (NV characteristics) are suppressed. 

2. Description of the Related Art 
A poWer transmission apparatus for a vehicle, Which 

includes an electric differential portion, is available. In the 
electric differential portion, a difference betWeen the rota 
tional speed of an input shaft connected to a main poWer 
source and the rotational speed of an output shaft is controlled 
by controlling the operating state of a motor connected to a 
rotational element of a differential mechanism. An example 
of the poWer transmission apparatus for a vehicle is a drive 
apparatus for a vehicle described in Japanese Patent Applica 
tion Publication No. 2005-264762 (JP-A-2005-264762). In 
the publication JP-A-2005-264762, the electric differential 
portion mainly includes a planetary gear unit, a ?rst motor, 
and a second motor. A sun gear of the planetary gear unit is 
connected to the ?rst motor. A carrier of the planetary gear 
unit is connected to an engine (the main poWer source). A ring 
gear of the planetary gear unit is connected to the second 
motor. It is possible to control the rotational speed of each 
rotational element of the planetary gear unit, by controlling 
the ?rst motor and the second motor. The publication JP-A 
2005-264762 also describes a technology in Which the main 
poWer source is quickly started by quickly increasing the 
rotational speed of the main poWer source to an ignition 
rotational speed at Which ignition can be performed, using the 
second motor and/ or the ?rst motor. 

In the poWer transmission apparatus for a hybrid vehicle, 
Which includes the electric differential portion, for example, 
the poWer transmission apparatus described in the publication 
JP-A-2005-264762, When the shift position is the parking 
position, a load operation of the main poWer source, an idling 
operation of the main poWer source, or the like is performed, 
for example, to start/stop the main poWer source, or to gen 
erate electric poWer. To appropriately control the load opera 
tion of the main poWer source, the idling operation of the main 
poWer source, or the like, a ?xing control that ?xes the output 
shaft of the electric differential portion using the second 
motor is executed When the shift position is the neutral posi 
tion, the main poWer source is not started/stopped, and the 
load operation of the main poWer source is not performed. 
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2 
That is, When the shift position is the neutral position, the 
?xing control that ?xes the output shaft of the electric differ 
ential portion using the second motor is not executed. 

In the drive apparatus for a vehicle described in the publi 
cation JP-A-2005-264762, for example, if the shift position is 
changed from the parking position to the neutral position 
While executing the control that starts or stops the main poWer 
source, the ?xing control using the second motor ends. There 
fore, the second motor is rotated, and the starting perfor 
mance and the stopping performance of the main poWer 
source may decrease. Also, if the shift position is changed 
from the parking position to the neutral position While the 
load operation of the main poWer source is being performed, 
the rotational speed of the main poWer source may ?uctuate 
due to the rotation of the second motor, and the noise/vibra 
tion characteristics (NV characteristics) may deteriorate. A 
method has not been devised to suppress the decrease in the 
starting performance and the stopping performance of the 
main poWer source, and the deterioration of the noise/vibra 
tion characteristics if the shift position is changed from the 
parking position to the neutral position While the main poWer 
source is being started or stopped, or the load operation of the 
main poWer source is being performed. 

SUMMARY OF THE INVENTION 

The invention provides a control apparatus and a control 
method for a poWer transmission apparatus for a vehicle, 
Which includes an electric differential portion in Which a 
difference betWeen the rotational speed of an input shaft 
connected to a main poWer source and the rotational speed of 
an output shaft is controlled by controlling the operating state 
of a motor connected to a rotational element of a differential 
mechanism. If a shift position is changed from a parking 
position to a neutral position While executing a control that 
starts or stops the main poWer source, a control that changes 
the load of the main poWer source, or the like, the control 
apparatus suppresses a decrease in starting performance/stop 
ping performance of the main poWer source, and deterioration 
of noise/vibration characteristics (NV characteristics). 
A ?rst aspect of the invention relates to a control apparatus 

for a poWer transmission apparatus for a vehicle, Which 
includes an electric differential portion in Which a difference 
betWeen a rotational speed of an input shaft connected to a 
main poWer source and a rotational speed of an output shaft is 
controlled by controlling an operating state of a motor con 
nected to a rotational element of a differential mechanism. 
The control apparatus includes an output-shaft rotational 
speed control portion that controls the rotational speed of the 
output shaft of the electric differential portion to a predeter 
mined rotational speed until at least one of a control that starts 
the main poWer source and a control that stops the main poWer 
source ends, if at least one of a shift position and a shift range 
is changed from a parking position to a neutral position While 
the at least one of the control that starts the main poWer source 
and the control that stops the main poWer source is being 
executed. 
A second aspect of the invention relates to a control appa 

ratus for a poWer transmission apparatus for a vehicle, Which 
includes an electric differential portion in Which a difference 
betWeen a rotational speed of an input shaft connected to a 
main poWer source and a rotational speed of an output shaft is 
controlled by controlling an operating state of a motor con 
nected to a rotational element of a differential mechanism. 
The control apparatus includes an output-shaft rotational 
speed control portion that controls the rotational speed of the 
output shaft of the electric differential portion to a predeter 
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mined rotational speed until a change in a load of the main 
power source ends, if at least one of a shift position and a shift 
range is changed from a parking position to a neutral position 
While the load of the main poWer source is being changed. 
A third aspect of the invention relates to a method of 

controlling a poWer transmission apparatus for a vehicle, 
Which includes an electric differential portion in Which a 
difference betWeen a rotational speed of an input shaft con 
nected to a main poWer source and a rotational speed of an 

output shaft is controlled by controlling an operating state of 
a motor connected to a rotational element of a differential 

mechanism. The method includes determining Whether at 
least one of a shift position and a shift range is a parking 
position; determining Whether a load of the main poWer 
source is being changed, if it is determined the at least one of 
the shift position and the shift range is the parking position; 
and controlling the rotational speed of the output shaft of the 
electric differential portion to a predetermined rotational 
speed, if it is determined that the load of the main poWer 
source is being changed. 
The control apparatus for the poWer transmission appara 

tus for a vehicle according to the ?rst aspect includes the 
output-shaft rotational speed control portion that controls the 
rotational speed of the output shaft of the electric differential 
portion to the predetermined rotational speed until at least one 
of the control that starts the main poWer source and the control 
that stops the main poWer source ends, if at least one of the 
shift position and the shift range is changed from the parking 
position to the neutral position While the at least one of the 
control that starts the main poWer source and the control that 
stops the main poWer source is being executed. Therefore, 
even if at least one of the shift position and the shift range is 
changed to the neutral position, the rotational speed of the 
output shaft of the electric differential portion continues to be 
controlled. Accordingly, the main poWer source is quickly 
started or stopped. Thus, it is possible to suppress a decrease 
in the starting performance/ stopping performance of the main 
poWer source. 

The control apparatus for the poWer transmission appara 
tus for a vehicle according to the second aspect includes the 
output-shaft rotational speed control portion that controls the 
rotational speed of the output shaft of the electric differential 
portion to the predetermined rotational speed until a change 
in the load of the main poWer source ends, if at least one of the 
shift position and the shift range is changed from the parking 
position to the neutral position during the change in the load 
of the main poWer source. Therefore, even if at least one of the 
shift position and the shift range is changed from the parking 
position to the neutral position, the rotational speed of the 
output shaft of the electric differential portion continues to be 
controlled. Accordingly, the change in the load of the main 
poWer source quickly ends. Thus, it is possible to suppress the 
?uctuation of the rotational speed of the main poWer source, 
and deterioration of the noise/vibration characteristics (the 
NV characteristics) are suppressed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and/or further objects, features and advan 
tages of the invention Will become more apparent from the 
folloWing description of embodiment With reference to the 
accompanying draWings, in Which like numerals are used to 
represent like elements and Wherein: 

FIG. 1 is a schematic diagram explaining the con?guration 
of a drive apparatus for a hybrid vehicle according to an 
embodiment of the invention; 
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4 
FIG. 2 is an operation table explaining the combinations of 

operations of hydraulic frictional engagement elements used 
in the shift operation of the drive apparatus in FIG. 1; 

FIG. 3 is a collinear diagram explaining the relative rota 
tional speeds at each gear in the drive apparatus in FIG. 1; 

FIG. 4 is a diagram explaining signals input to and output 
from an electronic control unit provided for the drive appa 
ratus in FIG. 1; 

FIG. 5 is a circuit diagram relating to linear solenoid valves 
that control hydraulic actuators for clutches C and brakes B, 
in a hydraulic control circuit; 

FIG. 6 shoWs an example of a shift operation device that 
includes a shift lever, and that is operated to select a shift 
position among a plurality of positions; 

FIG. 7 is a function block diagram explaining the main 
control functions of the electronic control unit in FIG. 4; 

FIG. 8 shoWs an example of a shift map used in a shift 
control for a poWer transmission apparatus, and an example of 
a drive poWer source sWitching map used in a drive poWer 
source sWitching control that sWitches a drive mode betWeen 
an engine-drive mode and a motor-drive mode, and FIG. 8 
also shoWs the relation betWeen the shift map and the drive 
poWer source sWitching map; 

FIG. 9 shoWs an example of a fuel ef?ciency map in Which 
a dash line is an optimum fuel ef?ciency curve; 

FIG. 10 is a collinear diagram shoWing relative rotational 
speeds of rotational elements in a differential portion in FIG. 
3, and particularly shoWing rotational states of the rotational 
elements When the rotational speed of an engine is increased 
to an ignition rotational speed at Which ignition can be per 
formed, to start the engine; 

FIG. 11 is a time chart explaining an operation control 
according to the invention, Which is executed if the shift 
position is changed from a parking position to a neutral posi 
tion at an engine start time; 

FIG. 12 is a collinear diagram shoWing relative rotational 
speeds of rotational elements in a differential portion in FIG. 
3, and particularly shoWing rotational states of the rotational 
elements When the engine is quickly stopped; 

FIG. 13 is a time chart explaining an operation control 
according to the invention, Which is executed if the shift 
position is changed from the parking position to the neutral 
position While the engine is racing; and 

FIG. 14 is a time chart explaining a main part of a control 
operation executed by the electronic control unit according to 
the invention, that is, an operation control that quickly starts 
or stops the engine, or suppresses deterioration of noise/ 
vibration characteristics (N/V characteristics) by suppressing 
?uctuation of the rotational speed of the engine, if the shift 
position is changed from the parking position to the neutral 
position While the control that starts or stops the engine is 
being executed, or a load of the engine is being changed. 

DETAILED DESCRIPTION OF EMBODIMENTS 

Hereinafter, an embodiment of the invention Will be 
described in detail With reference to the draWings. 

FIG. 1 is a schematic diagram explaining a shift mecha 
nism 10 that constitutes a part of a drive apparatus for a hybrid 
vehicle to Which the invention is applied. In FIG. 1, the shift 
mechanism 10 includes an input shaft 14, a differential por 
tion 11, an automatic shift portion 20, and an output shaft 22 
that are provided in series on a common axis in a transmission 

case (hereinafter, simply referred to as “case”) 12. The trans 
mission case 12, Which is a non-rotational member, is ?tted to 
a vehicle body. The input shaft 14 is an input rotational 
member. The differential portion 11, Which is a CVT portion, 
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is directly connected to the input shaft 14, or connected to the 
input shaft 14 via a pulsation absorption damper (i.e., a vibra 
tion-damping device; not shoWn) or the like. The automatic 
shift portion 20 is a poWer transmission portion. The auto 
matic shift portion 20 is provided in a poWer transmission 
path betWeen the differential portion 11 and drive Wheels 34 
(refer to FIG. 7), and connected in series to the differential 
portion 11 via a transmitting member (transmitting shaft) 18. 
The output shaft 22, Which is an output rotational member, is 
connected to the automatic shift portion 20. For example, the 
shift mechanism 10 is provided in a front-engine rear-Wheel 
drive vehicle Where an engine is longitudinally disposed. The 
shift mechanism 10 is provided in the poWer transmission 
path betWeen an internal combustion engine (hereinafter, 
simply referred to as “engine”) 8 such as a gasoline engine or 
a diesel engine, and a pair of drive Wheels 34. The engine 8 is 
a drive poWer source for driving the vehicle, Which is directly 
connected to the input shaft 14, or connected to the input shaft 
14 via the pulsation absorption damper (not shoWn). The shift 
mechanism 10 transmits poWer from the engine 8 to the pair 
of drive Wheels 34 via a differential gear unit (?nal reducer) 
32 (refer to FIG. 7), a pair of axles, and the like, Which 
constitute a part of the poWer transmission path. The engine 8 
in the embodiment may be regarded as the main poWer source 
according to the invention. The shift mechanism 10 may be 
regarded as the poWer transmission apparatus for a vehicle 
according to the invention. The differential portion 11 may be 
regarded as the electric differential portion according to the 
invention. 

Thus, the engine 8 is directly connected to the differential 
portion 11 in the shift mechanism 10 in the embodiment. That 
is, the engine 8 is connected to the differential portion 11 
Without providing a ?uidtransmission device such as a torque 
converter or a ?uid coupling betWeen the engine 8 and the 
differential portion 11. For example, When the engine 8 is 
connected to the differential portion 11 via the above-de 
scribed pulsation absorption damper, it is regarded that the 
engine 8 is directly connected to the differential portion 11. 
Because the con?guration of the shift mechanism 10 is sym 
metric With respect to the axis thereof, the loWer portion of the 
shift mechanism 10 is omitted in the schematic diagram in 
FIG. 1 and FIG. 7. 

The differential portion 11 includes a ?rst motor M1, a 
poWer split mechanism 16, and a second motor M2. The 
poWer split mechanism 16 is a mechanical mechanism that 
mechanically distributes the output from the engine 8, Which 
is input to the input shaft 14. That is, the poWer split mecha 
nism 16 is a differential mechanism that distributes the output 
from the engine 8 to the ?rst motor M1 and the transmitting 
member 18. The second motor M2 is operatively connected to 
the transmitting member 18 so that the second motor M2 is 
rotated integrally With the transmitting member 18. Each of 
the ?rst motor M1 and the second motor M2 in the embodi 
ment is a so-called motor-generator that has the function of 
generating electric poWer (poWer-generation function). The 
?rst motor M1 has at least the poWer-generation function for 
bearing a reaction force. The second motor M2 has at least a 
motor function for outputting the drive poWer as the drive 
poWer source. The transmitting member 18 in the embodi 
ment may be regarded as the output shaft according to the 
invention. The ?rst motor M1 may be regarded as the motor 
according to the invention. The second motor M2 may be 
regarded as the output-shaft-connected motor according to 
the invention. 

The poWer split mechanism 16 mainly includes a ?rst 
planetary gear unit 24. The ?rst planetary gear unit 24 is of a 
single pinion type, and has a predetermined gear ratio p1 of, 
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for example, approximately “0.418”. The ?rst planetary gear 
unit 24 includes a ?rst sun gear S1, a ?rst planetary gear P1, 
a ?rst carrier CA1, and a ?rst ring gear R1, Which are rota 
tional elements (elements). The ?rst carrier CA1 supports the 
?rst planetary gear P1 so that the ?rst planetary gear P1 
rotates on its axis, and moves around the ?rst sun gear S1. The 
?rst ring gear R1 engages With the ?rst sun gear S1 via the ?rst 
planetary gear P1. The gear ratio p1 is equal to ZS1/ZR1. In 
this equation, ZS1 represents the number of teeth of the ?rst 
sun gear S1, and ZR1 represents the number of teeth of the 
?rst ring gear R1. 

In the poWer split mechanism 16, the ?rst carrier CA1 is 
connected to the input shaft 14, that is, the engine 8. The ?rst 
sun gear S1 is connected to the ?rst motor M1. The ?rst ring 
gear R1 is connected to the transmitting member 18. When 
the three elements of the ?rst planetary gear unit 24, that is, 
the ?rst sun gear S1, the ?rst carrier CA1, and the ?rst ring 
gear R1 can be rotated relative to each other, the poWer split 
mechanism 16 With the above-described con?guration is 
placed in a differential mode in Which the differential opera 
tion can be performed, that is, the differential operation is 
performed. Thus, the output from the engine 8 is distributed to 
the ?rst motor M1 and the transmitting member 18. Also, 
electric energy is generated by the ?rst motor M1 using part of 
the output from the engine 8 that is distributed to the ?rst 
motor M1, and the generated electric energy is accumulated, 
or used to rotate the second motor M2. Thus, the differential 
portion 11 (the poWer split mechanism 16) functions as an 
electric differential device. Accordingly, for example, the 
differential portion 11 is placed in a so-called continuously 
variable transmission (CVT) mode (electric CVT mode). 
That is, the differential portion 11 continuously changes the 
rotational speed of the transmitting member 18, regardless of 
the rotational speed of the engine 8. That is, the differential 
portion 11 functions as the electric CVT in Which a speed 
ratio Y0 (the rotational speed NIN of the input shaft 14/the 
rotational speed Nl8 of the transmitting member 18) is con 
tinuously changed from the minimum value y0min to the 
maximum value y0max. Thus, the poWer split mechanism 16 
(the differential portion 11) is caused to function as a CVT 
mechanism in Which a difference betWeen the rotational 
speed of the input shaft and the rotational speed of the trans 
mitting member 18 that functions as the output shaft is con 
trolled, by controlling the operating states of the ?rst motor 
M1, the second motor M2, and the engine 8 that are connected 
to the poWer split mechanism 16 (the differential portion 11). 
The automatic shift portion 20, Which functions as a shift 

portion, is a stepped automatic transmission that constitutes a 
part of the poWer transmission path from the differential 
portion 11 to the drive Wheels 34. The automatic shift portion 
20 includes a second planetary gear unit 26 of a single pinion 
type, a third planetary gear unit 28 of a single pinion type, and 
a fourth planetary gear unit 30 of a single pinion type. The 
automatic shift portion 20 functions as a stepped automatic 
transmission. That is, the automatic shift portion 20 is a 
planetary gear type automatic transmission in Which a plural 
ity of gears can be achieved. The second planetary gear unit 
26 includes a second sun gear S2, a second planetary gear P2, 
a second carrier CA2, and a second ring gear R2. The second 
carrier CA2 supports the second planetary gear P2 such that 
the second planetary gear P2 rotates on its axis, and moves 
around the second sun gear S2. The second ring gear R2 
engages With the second sun gear S2 via the second planetary 
gear P2. The second planetary gear unit 26 has a predeter 
mined gear ratio p2 of, for example, approximately “0.562”. 
The third planetary gear unit 28 includes a third sun gear S3, 
a third planetary gear P3, a third carrier CA3, and a third ring 
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gear R3. The third carrier CA3 supports the third planetary 
gear P3 such that the thirdplanetary gear P3 rotates on its axis, 
and moves around the third sun gear S3. The third ring gear 
R3 engages With the third sun gear S3 via the third planetary 
gear P3. The third planetary gear unit 28 has a predetermined 
gear ratio p3 of, for example, approximately “0.425”. The 
fourth planetary gear unit 30 includes a fourth sun gear S4, a 
fourth planetary gear P4, a fourth carrier CA4, and a fourth 
ring gear R4. The fourth carrier CA4 supports the fourth 
planetary gear P4 such that the fourth planetary gear P4 
rotates on its axis, and moves around the fourth sun gear S4. 
The fourth ring gear R4 engages With the fourth sun gear S4 
via the fourth planetary gear P4. The fourth planetary gear 
unit 30 has a predetermined gear ratio p4 of, for example, 
approximately “0.421”. The gear ratio p2 is equal to ZS2/ 
ZR2. In this equation, ZS2 represents the number of teeth of 
the second sun gear S2, and ZR2 represents the number of 
teeth of the second ring gear R2. The gear ratio p3 is equal to 
ZS3/ZR3. In this equation, ZS3 represents the number of 
teeth of the third sun gear S3. ZR3 represents the number of 
teeth of the third ring gear R3. The gear ratio p4 is equal to 
ZS4/ZR4. In this equation, ZS4 represents the number of 
teeth of the fourth sun gear S4. ZR4 represents the number of 
teeth of the fourth ring gear R4. 

In the automatic shift portion 20, the second sun gear S2 
and the third sun gear S3, Which are integrally connected to 
each other, are selectively connected to the transmitting mem 
ber 18 via the second clutch C2. Also, the second sun gear S2 
and the third sun gear S3 are selectively connected to the case 
12 via the ?rst brake B1. The second carrier CA2 is selectively 
connected to the case 12 via the second brake B2. The fourth 
ring gear R4 is selectively connected to the case 12 via the 
third brake B3. The second ring gear R2, the third carrier 
CA3, and the fourth carrier CA4, Which are integrally con 
nected to each other, are connected to the output shaft 22. The 
third ring gear R3 and the fourth sun gear S4, Which are 
integrally connected to each other, are selectively connected 
to the transmitting member 18 via the ?rst clutch C1. 

Thus, the automatic shift portion 20 is selectively con 
nected to the differential portion 11 (the transmitting member 
18) via the ?rst clutch C1 or the second clutch C2 that is used 
to achieve the gear of the automatic shift portion 20. In other 
Words, each of the ?rst clutch C1 and the second clutch C2 
functions as an engagement device that selectively sWitches 
the state of the poWer transmission path betWeen the trans 
mitting member 18 and the automatic shift portion 20, that is, 
the poWer transmission path from the differential portion 11 
(the transmitting member 18) to the drive Wheels 34. The state 
of the poWer transmission path is selectively changed 
betWeen a poWer-transmission permitted state and a poWer 
transmission interrupted state. When the poWer transmission 
path is in the poWer-transmission permitted state, the trans 
mission of poWer is permitted. When the poWer transmission 
path is in the poWer-transmission interrupted state, the trans 
mission of poWer is interrupted. That is, When at least one of 
the ?rst clutch C1 and the second clutch C2 is engaged, the 
poWer transmission path is placed in the poWer-transmission 
permitted state. When the ?rst clutch C1 and the second 
clutch C2 are disengaged, the poWer transmission path is 
placed in the poWer-transmission interrupted state. 
When a hydraulic frictional engagement device that needs 

to be disengaged (hereinafter, referred to as “disengagement 
side engagement device”) is disengaged, and a hydraulic 
frictional engagement device that needs to be engaged (here 
inafter, referred to as “engagement-side engagement device”) 
is engaged in the automatic shift portion 20, a clutch-to-clutch 
shift is performed. As a result, one of the ?rst gear to the fourth 
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8 
gear, or the reverse gear, or the neutral state is achieved. Thus, 
the speed ratio y (?he rotational speed N l 8 of the transmitting 
member 18/the output-shaft rotational speed NOUT of the 
output shaft 22) at each gear is achieved. The speed ratio y 
changes substantially geometrically. As shoWn in an engage 
ment operation table in FIG. 2, for example, When the shift 
mechanism 10 functions as the stepped transmission, the ?rst 
gear, at Which a speed ratio Y1 is set to the maximum value, for 
example, approximately “3 .357”, is achieved by engaging the 
?rst clutch C1 and the third brake B3. The second gear, at 
Which a speed ratio Y2 is set to a value smaller than the speed 
ratio Y1, for example, approximately “2.180”, is achieved by 
engaging the ?rst clutch C1 and the second brake 132. The 
third gear, at Which a speed ratio Y3 is set to a value smaller 
than the speed ratio Y2, for example, approximately “1.424”, 
is achieved by engaging the ?rst clutch C1 and the ?rst brake 
B1. The fourth gear, at Which a speed ratio Y4 is set to a value 
smaller than the speed ratio Y3, for example, approximately 
“1.000”, is achieved by engaging the ?rst clutch C1 and the 
second clutch C2. The “reverse gear”, at Which a speed ratio 
YR is set to a value betWeen the speed ratios Y1 and Y2, for 
example, approximately “3 .209”, is achieved by engaging the 
second clutch C2 and the third brake B3 . The neutral state “N” 
is achieved by disengaging the ?rst clutch C1, the second 
clutch C2, the ?rst brake B1, the second brake B2, and the 
third brake B3. 
The ?rst clutch C1, the second clutch C2, the ?rst brake B1, 

the second brake B2, and the third brake B3 (hereinafter, 
collectively referred to as “clutches C” and “brakes B” unless 
a speci?c clutch or a speci?c brake needs to be distinguished 
from the other clutches or the other brakes) are hydraulic 
frictional engagement devices that are generally used in auto 
matic transmissions in related technologies. Each of the 
clutches C and the brakes B may be a Wet multiple disc type 
clutch and brake in Which a plurality of stacked frictional 
plates are pressed by a hydraulic actuator. Each of the brakes 
B may be a band brake in Which one or tWo bands is (are) 
Wound around the outer peripheral surface of a drum that is 
rotated, and the end(s) of the one or tWo bands is (are) tight 
ened by a hydraulic actuator. Each of the clutches C and the 
brakes B selectively connects members that are provided on 
both sides thereof. The ?rst clutch C1, the second clutch C2, 
the ?rst brake B1, the second brake B2, and the third brake B3 
may be regarded as the engagement elements according to the 
invention. 

In the shift mechanism 10 that has the above-described 
con?guration, the CVT is formed by combining the differen 
tial portion 11 that functions as the CVT With the automatic 
shift portion 20. When the speed ratio of the differential 
portion 11 is controlled to be constant, the stepped transmis 
sion is substantially formed by combining the differential 
portion 11 With the automatic shift portion 20. 
More speci?cally, When the differential portion 11 func 

tions as the CVT, and the automatic shift portion 20, Which is 
connected to the differential portion 11 in series, functions as 
the stepped transmission, the rotational speed input to the 
automatic shift portion 20 (hereinafter, referred to as “input 
rotational speed for the automatic shift portion 20”) at least 
one gear M of the automatic shift portion 20, that is, the 
rotational speed of the transmitting member 18 (hereinafter, 
referred to as “transmitting-member rotational speed N l 8”) is 
continuously changed. As a result, the speed ratio is continu 
ously changed in a certain range at the at least one gear M. 
Accordingly, the total speed ratio YT of the shift mechanism 
10 (:the rotational speed N1 of the input shaft 14/the rota 
tional speed NOUT of the output shaft 22) is continuously 
changed. Thus, the CVT is formed in the shift mechanism 10. 
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The total speed ratio YT of the shift mechanism 10 is deter 
mined based on the speed ratio Y0 of the differential portion 
11 and the speed ratio y of the automatic shift portion 20. 

For example, the transmitting-member rotational speed 
N18 is continuously changed at each of the ?rst gear to the 
fourth gear, and the reverse gear of the automatic shift portion 
20 shoWn in the engagement operation table in FIG. 2. Thus, 
the speed ratio is continuously changed in a certain range at 
each of the ?rst gear to the fourth gear, and the reverse gear. As 
a result, the speed ratio is continuously changed betWeen the 
?rst gear and the second gear, betWeen the second gear and 
the third gear, and betWeen the third gear and the fourth gear. 
Accordingly, the total speed ratio YT of the entire shift mecha 
nism 10 is continuously changed. 
When the speed ratio of the differential portion 11 is con 

trolled to be constant, and the clutches C and the brakes B are 
selectively engaged to selectively achieve any one of the ?rst 
gear to the fourth gear, and the reverse gear, the total speed 
ratio YT of the entire shift mechanism 10 at each gear is 
achieved. The total speed ratio YT changes substantially geo 
metrically. Accordingly, in the shift mechanism 10, the 
stepped transmission is substantially formed. 

For example, When the speed ratio Y0 of the differential 
portion 11 is controlled to be ?xed to “1”, the total speed ratio 
YT of the shift mechanism 10 at each of the ?rst gear to the 
fourth gear, and the reverse gear of the automatic shift portion 
20 is achieved, as shoWn in the engagement operation table in 
FIG. 2. When the speed ratio Y0 of the differential portion 11 
is ?xed to a value smaller than “1”, for example, approxi 
mately 0.7, at the fourth gear of the automatic shift portion 20, 
the total speed ratio YT is set to a value smaller than “1” at the 
fourth gear, for example, approximately “0.7”. 

FIG. 3 is a collinear diagram in Which straight lines indi 
cate the relative relation among the rotational speeds of the 
rotational elements in the shift mechanism 10 that includes 
the differential portion 11 and the automatic shift portion 20. 
Each of the rotational elements is in a connected state or 
disconnected state at each gear. The collinear diagram in FIG. 
3 is a tWo-dimensional coordinate. In the collinear diagram in 
FIG. 3, the axis of abscissa indicates the relation among the 
gear ratios p (p1, p2, p3, and p4) of the planetary gear units 
24, 26, 28, and 30, and the axis of ordinate indicates relative 
rotational speeds. The horizontal Line X1 among the three 
horizontal lines indicates the rotational speed of “0”. The 
horizontal line X2 indicates the rotational speed of“ 1 .0”, that 
is, a rotational speed NE of the engine 8 connected to the input 
shaft 14. The horizontal line XG indicates the rotational speed 
of the transmitting member 18. 

The three vertical linesY1, Y2, andY3 indicate the relative 
rotational speeds of the three rotational elements of the poWer 
split mechanism 16 that constitutes the differential portion 
1 1. That is, the vertical line Y1 indicates the relative rotational 
speed of the ?rst sun gear S1 that is regarded as a second 
rotational element (second element) RE2. The vertical lineY2 
indicates the relative rotational speed of the ?rst carrier CA1 
that is regarded as a ?rst rotational element (?rst element) 
RE1. The vertical line Y3 indicates the relative rotational 
speed of the ?rst ring gear R1 that is regarded as a third 
rotational element (third element) RE3. The intervals 
betWeen the vertical linesY1 andY2, and betWeen the vertical 
lines Y2 and Y3 are set based on the gear ratio p1 of the ?rst 
planetary gear unit 24. Further, the ?ve vertical lines Y4, Y5, 
Y6, Y7, and Y8 indicate the relative rotational speeds of the 
rotational elements of the automatic shift portion 20. That is, 
the vertical line Y4 indicates the relative rotational speed of 
the second sun gear S2 and the third sun gear S3, Which are 
connected to each other, and Which are regarded as a fourth 
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10 
rotational element (fourth element) RE4. The vertical lineY5 
indicates the relative rotational speed of the second carrier 
CA2 that is regarded as a ?fth rotational element (?fth ele 
ment) RES. The vertical line Y6 indicates the relative rota 
tional speed of the fourth ring gear R4 that is regarded as a 
sixth rotational element (sixth element) RE6. The vertical line 
Y7 indicates the relative rotational speed of the second ring 
gear R2, the third carrier CA3, and the fourth carrier CA4, 
Which are connected to each other, and Which are regarded as 
a seventh rotational element (seventh element) RE7. The 
vertical line Y8 indicates the relative rotational speed of the 
third ring gear R3 and the fourth sun gear S4, Which are 
connected to each other, and Which are regarded as an eighth 
rotational element (eighth element) RE8. The intervals 
betWeen the vertical lines are set based on the gear ratios p2 of 
the second planetary gear unit 26, the gear ratio p3 of the third 
planetary gear unit 28, and the gear ratio p4 of the fourth 
planetary gear unit 30. In the collinear diagram, the interval 
betWeen the sun gear and the carrier is set to indicate “1”. The 
interval betWeen the carrier and the ring gear is set to indicate 
the gear ratio p (p1, p2, p3, or p4). That is, in the differential 
portion 11, the interval betWeen the vertical lines Y1 and Y2 
is set to indicate “1”, and the interval betWeen the vertical 
lines Y2 and Y3 is set to indicate the gear ratio p1. In the 
automatic shift portion 20, the interval betWeen the sun gear 
and the carrier in each of the second planetary gear unit 26, the 
third planetary gear unit 28, and the fourth planetary gear unit 
30 is set to indicate “1”. The interval betWeen the carrier and 
the ring gear in each of the second planetary gear unit 26, the 
third planetary gear unit 28, and the fourth planetary gear unit 
30 is set to indicate the gear ratio p (p2, p3, or p4). 
As shoWn in the collinear diagram in FIG. 3, in the poWer 

splint mechanism 16 (the differential portion 11) in the shift 
mechanism 10 in the embodiment, the ?rst rotational element 
RE1 (the ?rst carrier CA1) is connected to the input shaft 14, 
that is, the engine 8, and the second rotational element RE2 is 
connected to the ?rst motor M1, and the third rotational 
element (the ?rst ring gear R1) RE3 is connected to the 
transmitting member 18 and the second motor M2. Thus, the 
rotation of the input shaft 14 is transmitted (input) to the 
automatic shift portion 20 via the transmitting member 18. In 
this case, the oblique straight line L0 that passes through the 
intersection of the lines Y2 and X2 indicates the relation 
betWeen the rotational speed of the ?rst sun gear S1 and the 
rotational speed of the ?rst ring gear R1. 

For example, the differential portion 11 may be placed in 
the differential mode so that the ?rst rotational element RBI 
to the third rotational element RE3 can be rotated relative to 
each other, and the rotational speed of the ?rst ring gear R1, 
Which depends on the vehicle speed V, may be substantially 
constant. In this case, When the rotational speed of the ?rst 
carrier CA1 is increased or decreased by controlling the 
engine speed NE, the rotational speed of the ?rst sun gear S1, 
that is, the rotational speed of the ?rst motor M1 is increased 
or decreased. The rotational speed of the ?rst ring gear R1 is 
indicated by the intersection of the straight line L0 and the 
vertical line Y3. The rotational speed of the ?rst carrier CA1 
is indicated by the intersection of the straight line L0 and the 
vertical line Y2. The rotational speed of the ?rst sun gear S1 
is indicated by the intersection of the straight line L0 and the 
vertical line Y1 . 

When the rotational speed of the ?rst sun gear S1 is made 
equal to the rotational speed of the engine speed NE by con 
trolling the rotational speed of the ?rst motor M1 so that the 
speed ratio Y0 of the differential portion 11 is ?xed to “1”, the 
straight line L0 matches the horizontal line X2. Thus, the 
transmitting member 18 is rotated such that the rotational 



US 8,210,291 B2 
11 

speed of the ?rst ring gear R1 is equal to the engine speed NE. 
When the rotational speed of the ?rst sun gear S1 is made 0 by 
controlling the rotational speed of the ?rst motor M1 so that 
the speed ratio Y0 of the differential portion 11 is ?xed to a 
value smaller than “1”, for example, approximately 0.7, the 
transmitting member 18 is rotated at the transmitting-member 
rotational speed N18, Which is higher than the engine speed 
NE. 

In the automatic shift portion 20, the fourth rotational 
element RE4 is selectively connected to the transmitting 
member 18 via the second clutch C2, and selectively con 
nected to the case 12 via the ?rst brake B1. The ?fth rotational 
element RES is selectively connected to the case 12 via the 
second brake B2. The sixth rotational element RE6 is selec 
tively connected to the case 12 via the third brake B3. The 
seventh rotational element RE7 is connected to the output 
shaft 22. The eighth rotational element RE8 is selectively 
connected to the transmitting member 18 via the ?rst clutch 
C1. 
When the rotational speed of the transmitting member 18 

(the third rotational element RE3), Which is the output rota 
tional member of the differential portion 11, is input to the 
eighth rotational element RE8 by engaging the ?rst clutch C1, 
the rotational speed of the output shaft 22 at the ?rst gear is 
indicated by the intersection of the oblique straight line L1 
and the vertical line Y7 in the automatic shift portion 20, as 
shoWn in FIG. 3. The straight line L1 is set by engaging the 
?rst clutch C1 and the third brake B3. The straight line L1 
passes through the intersection of the vertical line Y8 that 
indicates the rotational speed of the eighth rotational element 
RE8 and the horizontal line XG, and the intersection of the 
vertical line Y6 that indicates the rotational speed of the sixth 
rotational element RE6 and the horiZontal line X1. The ver 
tical line Y7 indicates the rotational speed of the seventh 
rotational element RE7 connected to the output shaft 22. 
Similarly, the rotational speed of the output shaft 22 at the 
second gear is indicated by the intersection of the oblique 
straight line L2 and the vertical line Y7. The straight line L2 
is set by engaging the ?rst clutch C1 and the second brake B2. 
The rotational speed of the output shaft 22 at the third gear is 
indicated by the intersection of the oblique straight line L3 
and the vertical lineY7. The straight line L3 is set by engaging 
the ?rst clutch C1 and the ?rst brake B1. The rotational speed 
of the output shaft 22 at the fourth gear is indicated by the 
intersection of the horizontal straight line L4 and the vertical 
lineY7. The straight line L4 is set by engaging the ?rst clutch 
C1 and the second clutch C2. 

FIG. 4 shoWs signals that are input to an electronic control 
unit 80, and signals that are output from the electronic control 
unit 80 to control the shift mechanism 10 in the embodiment. 
The electronic control unit 80 includes a so-called microcom 
puter that includes a CPU, ROM, RAM, and an input/output 
interface. The electronic control unit 80 executes a hybrid 
drive control relating to the engine 8, and the ?rst and second 
motors M1 and M2, and a drive control including a shift 
control on the automatic shift portion 20, by processing the 
signals according to programs that are prestored in the ROM, 
using the temporary storage function of the RAM. 

The electronic control unit 80 receives the signals from 
sensors and sWitches shoWn in FIG. 4. That is, the electronic 
control unit 80 receives a signal indicating an engine coolant 
temperature TEMPW, a signal indicating a shift position SP at 
Which a shift lever 52 (refer to FIG. 6) is placed, a signal 
indicating the number of times that the shift lever 52 is oper 
ated at the position “M”, a signal indicating the engine speed 
NE that is the rotational speed of the engine 8, a signal indi 
cating a gear-ratio train set value, a signal providing an 
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instruction for a manual mode (M-mode), a signal indicating 
the operation of an air conditioner, a signal indicating the 
vehicle speed V Which corresponds to the rotational speed 
NOUT of the output shaft 22 (hereinafter, referred to as “out 
put-shaft rotational speed NOUT”), a signal indicating the 
temperature TOIL of hydraulic oil in the automatic shift por 
tion 20, a signal indicating the operation of an emergency 
brake, a signal indicating the operation of a foot brake, a 
signal indicating a catalyst temperature, a signal indicating 
the operation amount of an accelerator pedal (i.e., an accel 
erator-pedal operation amount Acc) Which corresponds to the 
amount of output required by a driver, a signal indicating a 
cam angle, a signal indicating the setting of a snoW mode, a 
signal indicating longitudinal acceleration G, a signal indi 
cating an auto cruise mode, a signal indicating the Weight of 
the vehicle, a signal indicating the Wheel speed of each Wheel, 
a signal indicating the rotational speed N M1 of the ?rst motor 
M1 (hereinafter, referred to as “?rst-motor rotational speed 
NMI”), a signal indicating the rotational speed NM2 of the 
second motor NM (hereinafter, referred to as “second-motor 
rotational speed NMZ”, a signal indicating the state of charge 
SOC in an electric poWer storage device 56 (refer to FIG. 7), 
and the like. 
The electronic control unit 80 outputs control signals to an 

engine output control device 58 (refer to FIG. 7) that controls 
the output from the engine 8. For example, the electronic 
control unit 80 outputs a drive signal to a throttle actuator 64 
to control the throttle-valve opening amount 6TH of an elec 
tronic throttle valve 62 provided in the intake pipe 60 of the 
engine 8, a fuel-supply amount signal that controls the 
amount of fuel supplied by a fuel injection device 66 to the 
intake pipe 60 or the cylinder of the engine 8, and an ignition 
signal that provides an instruction for the timing at Which an 
ignition device 68 ignites the fuel in the engine 8. The elec 
tronic control unit 80 also outputs a supercharging-pressure 
adjustment signal that adjusts supercharging pressure, an 
electric air-conditioner drive signal that operates the electric 
air conditioner, an instruction signal that provides an instruc 
tion for the operation of the motors M1 and M2, a shift 
position (operational position) indication signal that operates 
a shift indicator, a gear-ratio indication signal that causes a 
gear-ratio indicator to indicate the gear ratio, a snoW-mode 
indication signal that causes a snoW-mode indicator to indi 
cate that the snoW mode is selected, an ABS operation signal 
that operates an ABS (anti-locking braking system) actuator 
that prevents the slip of the Wheels at the time of braking, a 
M-mode indication signal that causes a M-mode indicator to 
indicate that the M-mode is selected, a valve-instruction sig 
nal that operates electromagnetic valves (linear solenoid 
valves) in a hydraulic control circuit 70 (refer to FIG. 5 and 
FIG. 7) to control hydraulic actuators for the hydraulic fric 
tional engagement devices in the differential portion 11 and 
the automatic shift portion 20, a signal for regulating a line 
pressure P L using a regulator valve provided in the hydraulic 
control circuit 70, a drive instruction signal that operates an 
electric hydraulic pump for supplying a hydraulic pressure 
that is used as a basic pressure When the line pressure PL is 
regulated, a signal that drives an electric heater, a signal for a 
computer used for the cruise control, and the like. 

FIG. 5 is a circuit diagram relating to linear solenoid valves 
SL1 to SL5 in the hydraulic control circuit 70. The linear 
solenoid valves SL1 to SL5 controls the operations of hydrau 
lic actuators (hydraulic cylinders) AC1, AC2, A31, A32, and 
A33 for the clutches C1 and C2, and the brakes B1 to B3, 
respectively. 

In FIG. 5, according to instruction signals from the elec 
tronic control unit 80, the linear solenoid valves SL1 to SL5 
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regulate engagement pressures Pcl, PC2, P51, P52, and P53, 
respectively, using the line pressure P L. Then, the engagement 
pressures Pcl, PC2, P51, P52, and P33 are directly supplied to 
the actuators AC1, AC2, A51, A52, and A53, respectively. For 
example, the relief regulator valve regulates the line pressure 
PL to a value according to an engine load or the like repre 
sented by the accelerator-pedal operation amount or a 
throttle-valve opening amount, using a hydraulic pressure 
generated by a mechanical oil pump rotated by an electric oil 
pump (not shoWn) or the engine 8, as a basic pressure. 

The linear solenoid valves SL1 to SL5 basically have the 
same con?guration. The electronic control unit 80 energiZes/ 
de-energiZes the linear solenoid valves SL1 to SL5, indepen 
dently. Thus, the hydraulic pressures for the hydraulic actua 
tors AC1,AC2, A51, A52, andAB3 are regulated independently. 
Accordingly, the engagement pressures Pcl, PC2, P51, P52, 
and P33 for the clutches C1 to C4, and the brakes B1 and B2 
are controlled. In the automatic shift portion 20, each gear is 
achieved by engaging predetermined engagement devices, 
for example, as shoWn in the engagement operation table in 
FIG. 2. In the shift control on the automatic shift portion 20, 
for example, engagement and disengagement of the clutch C 
and the brake B relating to the shift are simultaneously con 
trolled, that is, the so-called clutch-to-clutch shift is per 
formed. 

FIG. 6 is an example of a diagram shoWing a shift operation 
device 50. The shift operation device 50 is a sWitching device 
that sWitches the shift position SP among a plurality of posi 
tions according to the operation performed by the driver. The 
shift operation device 50 is provided, for example, on the side 
of a driver’s seat. The shift operation device 50 includes the 
shift lever 52 that is operated to select a shift range, that is, the 
shift position SP among the plurality of positions. 
The shift lever 52 is manually moved to one of a parking 

position “P (Parking)”, a reverse position “R (Reverse)”, a 
neutral position “N (Neutral)”, an automatic-shift forWard 
travel position “D (Drive)”, and a manual-shift forWard-travel 
position “M (Manual)”. When the shift lever 52 is at the 
position “P (Parking)”, the transmission of poWer is inter 
rupted in the poWer transmission path in the shift mechanism 
10, that is, in the automatic shift portion 20 so that the shift 
mechanism 10 is in the neutral state, and the output shaft of 
the automatic shift portion 20 is locked. When the shift lever 
52 is at the position “R (Reverse)”, the vehicle backs up. 
When the shift lever 52 is at the position “N (Neutral)”, the 
transmission of poWer is interrupted in the poWer transmis 
sion path in the shift mechanism 10 so that the shift mecha 
nism 10 is placed in the neutral state. When the shift lever 52 
is at the position “D (Drive)”, an automatic shift mode is 
selected, and an automatic shift control is executed to achieve 
the total speed ratio YT of the shift mechanism 10 in a range in 
Which the total speed ratio YT can be changed. The total speed 
ratio YT is determined based on the speed ratio of the differ 
ential portion 11 and the speed ratio of the automatic shift 
portion 20 at each gear. The speed ratio of the differential 
portion 11 is continuously changed in a certain range. The 
gear of the automatic shift portion 20 is selected among the 
?rst gear to the fourth gear by the automatic shift control. 
When the shift lever 52 is at the position “M (Manual)”, a 
manual shift mode (manual mode) is selected to set so-called 
shifting ranges by restricting the use of the high gear(s) of the 
automatic shift portion 20 that is (are) used in the automatic 
shift control. 
When the shift lever 52 is manually moved to the shift 

position SP among the above-described positions, for 
example, the state of the hydraulic control circuit 70 is elec 
trically changed to select one of the reverse gear “R”, the 
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neutral state “N”, the gears in the forWard gear “D”, and the 
like shoWn in the engagement operation table in FIG. 2. 
Among the positions “P” to “M”, each of the positions “P” 

and “N” is a non-travel position that is selected to stop the 
vehicle from traveling. When the shift lever 52 is at the 
position “P” or “N”, for example, both of the ?rst clutch C1 
and the second clutch C2 are disengaged, as shoWn in the 
engagement operation table in FIG. 2. That is, each of the 
positions “T” and “N” is a non-drive position for sWitching 
the state of the poWer transmission path in the automatic shift 
portion 20 to the poWer-transmission interrupted state by 
disengaging the ?rst clutch C1 and the second clutch C2 so 
that the transmission of the poWer is interrupted in the poWer 
transmission path and the vehicle cannot be driven. Each of 
the positions “R”, “D”, and “M” is a travel position that is 
selected to cause the vehicle to travel. When the shift lever 52 
is at the position “R”, “D”, or “M”, for example, at least one 
of the ?rst clutch C1 and the second clutch C2 is engaged as 
shoWn in the engagement operation table in FIG. 2. That is, 
each of the positions “R”, “D”, and “M” is a drive position for 
sWitching the state of the poWer transmission path in the 
automatic shift portion 20 to the poWer-transmission permit 
ted state by engaging the ?rst clutch C1 and/or the second 
clutch C2 so that the transmission of poWer is permitted in the 
poWer transmission path and the vehicle can be driven. 
More speci?cally, When the shift lever 52 is manually 

moved from the position “P” or “N” to the position “R”, the 
state of the poWer transmission path in the automatic shift 
portion 20 is changed from the poWer-transmission inter 
rupted state to the poWer-transmission permitted state by 
engaging the second clutch C2. When the shift lever 52 is 
manually moved from the position “N” to the position “D”, 
the state of the poWer transmission path in the automatic shift 
portion 20 is changed from the poWer-transmission inter 
rupted state to the poWer-transmission permitted state by 
engaging at least the ?rst clutch C1. When the shift lever 52 is 
manually moved from the position “R” to the position “P” or 
“N”, the state of the poWer transmission path in the automatic 
shift portion 20 is changed from the poWer-transmission per 
mitted state to the poWer-transmission interrupted state by 
disengaging the second clutch C2. When the shift lever 52 is 
manually moved from the position “D” to the position “N”, 
the state of the poWer transmission path in the automatic shift 
portion 20 is changed from the poWer-transmission permitted 
state to the poWer-transmission interrupted state by disengag 
ing the ?rst clutch C1 and the second clutch C2. 

FIG. 7 is a function block diagram explaining the main part 
of the control operation performed by the electronic control 
unit 80. In FIG. 7, a stepped shift control portion 82 deter 
mines Whether the automatic shift portion 20 should shift, 
based on the vehicle condition indicated by the actual vehicle 
speed V and required torque T O UT output from the automatic 
shift portion 20, using a relational diagram (i.e., a shift dia 
gram, or a shift map) in Which the vehicle speed V and the 
output torque T O UT are used as parameters, and up shift lines 
(solid lines) and doWnshift lines (chain lines) are provided, as 
shoWn in FIG. 8. That is, the stepped shift control portion 82 
determines the gear to Which the automatic shift portion 20 
should shift, based on the vehicle condition, using the shift 
diagram. Then, the stepped shift control portion 82 executes 
the automatic shift control so that the automatic shift portion 
20 shifts to the determined gear. 
At this time, the stepped shift control portion 82 provides 

the instruction (i.e., an instruction for start of a shift, or a 
hydraulic pressure instruction) to the hydraulic control circuit 
70 to engage and/ or disengage the hydraulic frictional 
engagement devices relating to the shift of the automatic shift 
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portion 20 so that the automatic shift portion 20 shifts to the 
determined gear according to, for example, the engagement 
operation table shoWn in FIG. 2. That is, the stepped shift 
control portion 82 outputs the instruction to the hydraulic 
control circuit 70 to disengage the disengagement-side 
engagement device relating to the shift of the automatic shift 
portion 20, and to engage the engagement-side engagement 
device relating to the shift of the automatic shift portion 20, 
thereby performing the clutch-to-clutch shift. According to 
the instruction, for example, the hydraulic control circuit 70 
operates the hydraulic actuators for the hydraulic frictional 
engagement devices relating to the shift by operating the 
linear solenoid valves SL in the hydraulic control circuit 70. 
Thus, the disengagement- side engagement device relating to 
the shift is disengaged, and the engagement-side engagement 
device relating to the shift is engaged so that the automatic 
shift portion 20 shifts to the determined gear. 
A hybrid control portion 84 operates the engine 8 e?i 

ciently, and controls the speed ratio Y0 of the differential 
portion 11 that functions as the electric CVT, by optimiZing 
the ratio betWeen the drive poWer provided by the engine 8 
and the drive poWer provided by the second motor M2, and 
optimiZing the reaction force borne by the ?rst motor M1 
While the ?rst motor M1 generates electric poWer. For 
example, the hybrid control portion 84 calculates a target 
(required) output for driving the vehicle based on the accel 
erator-pedal operation amount Acc, Which indicates the 
amount of output required by the driver, and the current 
vehicle speed V; calculates a total target output based on the 
target output for driving the vehicle and a required output for 
charging the electric poWer storage device 56; calculates a 
target engine output so that the total target output can be 
obtained, taking into account a transfer loss, loads of auxil 
iary machines, assist torque provided by the second motor 
M2, and the like; and controls the engine speed NE and the 
engine torque TE of the engine 8 to obtain the engine output 
that matches the target engine output, and controls the amount 
of electric poWer generated by the ?rst motor M1. 

For example, the hybrid control portion 84 executes the 
hybrid control to improve the poWer performance, the fuel 
e?iciency, and the like, taking into account the gear of the 
automatic shift portion 20. During this hybrid control, the 
differential portion 11 functions as the electric CVT to coor 
dinate the engine speed NE that is set to operate the engine 8 
e?iciently, and the rotational speed of the transmitting mem 
ber 18, Which is set by the vehicle speedV and the gear of the 
automatic shift portion 20. That is, the hybrid control portion 
84 sets the target value of the total speed ratio YT of the shift 
mechanism 10 so that the engine 8 operates according to an 
optimum fuel ef?ciency curve (i.e., a fuel ef?ciency map, a 
relational diagram) as indicated by the dash line in FIG. 9. 
The optimum fuel ef?ciency curve is empirically obtained in 
advance in a tWo-dimension coordinate constituted by the 
engine speed NE and the torque T E output from the engine 8 
(i.e., engine torque T E) so that high driveability and high fuel 
ef?ciency are achieved When the vehicle is driven in the CVT 
mode. The optimum fuel ef?ciency curve is stored. For 
example, the hybrid control portion 84 sets the target value of 
the total speed ratio YT of the shift mechanism 10 to control 
the engine torque TE and the engine speed NE to obtain the 
engine output required to obtain the target output (i.e., the 
total target output, or the required drive poWer). Then, to 
achieve the target value, the hybrid control portion 84 con 
trols the speed ratio Y0 of the differential portion 11, taking 
into account the gear of the automatic shift portion 20, 
thereby controlling the total speed ratio YT in a range in Which 
the total speed ratio YT can be changed. 
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16 
At this time, the hybrid control portion 84 supplies the 

electric energy generated by the ?rst motor M1 to the electric 
poWer storage device 56 and the second motor M2 through an 
inverter 54. Therefore, although a large part of the poWer 
output from the engine 8 is mechanically transmitted to the 
transmitting member 18, part of the poWer output from the 
engine 8 is consumed by the ?rst motor M1 to generate 
electric poWer. That is, part of the poWer output from the 
engine 8 is converted to electric energy in the ?rst motor M1. 
The electric energy is supplied to the second motor M2 
through the inverter 54, and the second motor M2 is driven. 
Thus, mechanical energy is transmitted from the second 
motor M2 to the transmitting member 18. The devices related 
to the process from the generation of the electric poWer to the 
consumption of the electric poWer in the second motor M2 
constitute an electric path in Which part of the poWer output 
from the engine 8 is converted to the electric energy, and the 
electric energy is converted to the mechanical energy. 
The hybrid control portion 84 can maintain the engine 

speed NE at a substantially constant value, or control the 
engine speed NE to any given value by using the electric CVT 
function of the differential portion 11 to control the ?rst 
motor rotational speed NMl and/or the second-motor rota 
tional speed NMZ, regardless of Whether the vehicle is stopped 
or is traveling. In other Words, the hybrid control portion 84 
can control the ?rst-motor rotational speed NMl and/or the 
second-motor rotational speed NM2 to any given value(s), 
While maintaining the engine speed NE at a substantially 
constant value, or controlling the engine speed NE to any 
given value. 

For example, as shoWn in the collinear diagram in FIG. 3, 
When the engine speed NE needs to be increased While the 
vehicle is driven, the hybrid control portion 84 increases the 
?rst-motor rotational speed NMl While maintaining the sec 
ond-motor rotational speed NMZ, Which depends on the 
vehicle speed V (the rotational speed of drive, Wheels 34), to 
a substantially constant value. When the engine speed NE 
needs to be maintained at a substantially constant value dur 
ing the shift of the automatic shift portion 20, the hybrid 
control portion 84 increases the ?rst-motor rotational speed 
NMl if the second-motor rotational speed NM2 is decreased by 
the shift of the automatic shift portion 20, and decreases the 
?rst-motor rotational speed NMl if the second-motor rota 
tional speed NM2 is increased by the shift of the automatic 
shift portion 20, While maintaining the engine speed NE at a 
substantially constant value. 

Also, the hybrid control portion 84 has a function of 
executing an output control on the engine 8 so that the engine 
8 generates the required output, by outputting at least one of 
the instruction for controlling opening/closing of the elec 
tronic throttle valve 62 using the throttle actuator 64, the 
instruction for controlling the amount of fuel injected by the 
fuel injection device 66, and the timing at Which fuel is 
injected by the fuel injection device 66, and the instruction for 
controlling the timing at Which the fuel is ignited by the 
ignition device 68 such as the igniter, to the engine output 
control device 58. 

For example, the hybrid control portion 84 basically 
executes a throttle control to drive the throttle actuator 60 
based on the accelerator-pedal operation amount Acc accord 
ing to a prestored relation (not shoWn). That is, the hybrid 
control portion 84 basically executes the throttle control to 
increase the throttle-valve opening amount 6TH as the accel 
erator-pedal operation amount Acc increases. The engine out 
put control device 58 controls the engine torque, for example, 
by controlling the opening/closing of the electronic throttle 
valve 62 using the throttle actuator 64, controlling the fuel 
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injection performed by the fuel injection device 66, and con 
trolling the timing at Which the fuel is ignited by the ignition 
device 68 such as the igniter, according to the instruction 
provided by the hybrid control portion 84. 

Also, the hybrid control portion 84 can drive the vehicle in 
a motor-drive mode, using the electric CVT function (differ 
ential operation) of the differential portion 11, regardless of 
Whether the engine 8 is stopped or idling. For example, the 
hybrid control portion 84 drives the vehicle in the motor-drive 
mode in a loW output torque TOUT region, that is, in a loW 
engine torque TE region Where the engine ef?ciency is gen 
erally loWer than that in a high torque region, or in a loW 
vehicle speed region Where the vehicle speedV is loW, that is, 
a loW load region. When the vehicle is driven in the motor 
drive mode, the hybrid control portion 84 executes the control 
to suppress the drag of the engine 8 that is stopped, and to 
improve fuel ef?ciency. That is, When the vehicle is driven in 
the motor-drive mode, the hybrid control portion 84 controls 
the ?rst motor M1 so that the ?rst-motor rotational speed N M1 
is a negative value, for example, the hybrid control portion 84 
places the ?rst motor M1 in a no-load state so that the ?rst 
motor M1 is idling, thereby maintaining the engine speed NE 
at Zero or substantially Zero using the electric CVT function 
(differential operation) of the differential portion 11, as 
required. 

Even When the vehicle is driven in the engine-drive mode, 
the hybrid control portion 84 can perform a so-called torque 
assist operation to assist the engine 8, by supplying the elec 
tric energy to the second motor M2 from the ?rst motor M1 
via the electric path, and/or from the electric poWer storage 
device 56, and by driving the second motor M2 to apply 
torque to the drive Wheels 34. 

Also, the hybrid control portion 84 canplace the ?rst motor 
M1 in a no-load state to permit the ?rst motor M1 to idle. In 
this case, torque cannot be transmitted in the differential 
portion 11, that is, the transmission of poWer is substantially 
interrupted in the poWer transmission path in the differential 
portion 11, and no output is generated from the differential 
portion 11. That is, the hybrid control portion 84 can place the 
differential portion 11 in the neutral state so that the trans 
mission of poWer is electrically interrupted in the poWer 
transmission path in the differential portion 11, by placing the 
?rst motor M1 in the no-load state. 

The hybrid control portion 84 functions as a regenerative 
control portion. That is, When the accelerator pedal is 
released, and the vehicle is coasting, or When the foot brake is 
applied, in order to improve fuel e?iciency, the hybrid control 
portion 84 causes the second motor 2 to rotate and to function 
as the poWer generator, using the kinetic energy of the vehicle, 
that is, reverse drive poWer transmitted from the drive Wheels 
34 to the engine 8 so that the electric poWer storage device 56 
is charged With the electric energy, that is, the electric current 
generated by the second motor M2 through the inverter 54. In 
the regenerative control, a regeneration amount is controlled 
to a value that is set based on, for example, the state of charge 
SOC of the electric poWer storage device 56, and the propor 
tion of a braking force to be generated by a hydraulic brake, 
Which is set to obtain a braking force corresponding to the 
operation amount of a brake pedal. 
An output-shaft rotational speed control portion 90 con 

trols the rotational speed of the output shaft of the differential 
portion 11 to a predetermined rotational speed, according to 
the state of the vehicle, if the shift position SP of the shift 
operation device 50 is changed from the parking position to 
the neutral position. Hereinafter, the control of the output 
shaft of the differential portion 11 according to each state of 
the vehicle Will be described. 
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First, the case Where the shift position SP is changed from 

the parking position to the neutral position While the engine 8 
is being started Will be described. FIG. 10 is a collinear 
diagram shoWing the relative rotational speeds of the rota 
tional elements of the differential portion 11 in FIG. 3. FIG. 
10 shoWs the states of the rotational elements When the rota 
tional speed NE of the engine 8 is increased to an ignition 
rotational speed at Which ignition can be performed, to start 
the engine 8. As shoWn by the solid line in FIG. 10, When the 
engine 8 is started, the rotational speed of the ?rst carrier 
CA1, that is, the engine speed NE is quickly increased to the 
ignition rotational speed, by increasing the rotational speed of 
the ?rst sun gear S1 using the ?rst motor M1. At this time, the 
engine speed NE is quickly increased by executing a lock 
control that ?xes the rotational speed of the ?rst ring gear R1 
to Zero or substantially Zero using the second motor 2. 

In the related art, if the shift position SP is changed to the 
neutral position N, the lock control that locks the second 
motor M2 ends, and therefore, the second motor M2 is 
rotated, as shoWn by the dashed line in FIG. 10. Thus, it is 
dif?cult to quickly increase the rotational speed NE of the 
engine 8.Accordingly, even if the shift position SP is changed 
from the parking position to the neutral position, the output 
shaft rotational speed control portion 90 continues to control 
the rotational speed of the output shaft of the differential 
portion 11, that is, the transmitting member 18 (the ?rst ring 
gear R1), until the engine 8 is started. More speci?cally, the 
output-shaft rotational speed control portion 90 continues to 
execute the lock control that ?xes the rotational speed Nl8 of 
the transmitting member 18 to Zero or substantially Zero until 
the control that starts the engine 8 ends. 
The rotational speed of the output shaft of the differential 

portion 11, that is, the rotational speed N l 8 of the transmitting 
member 18 is controlled by controlling the rotational speed of 
the second motor M2 connected to the transmitting member 
18. Alternatively, the rotational speed N 18 of the transmitting 
member 18 is controlled to Zero or substantially Zero by 
placing the poWer transmission path betWeen the differential 
portion 11 and the drive Wheels 34 in the poWer-transmission 
permitted state, that is, by alloWing poWer to be transmitted in 
the poWer transmission path betWeen the differential portion 
11 and the drive Wheels 34, and thus using inertia torque 
(restraint torque) transmitting from the drive Wheels 34. More 
speci?cally, poWer is alloWed to be transmitted betWeen the 
output shaft of the differential portion 11 (i.e., the transmit 
ting member 18) and the drive Wheels 34, by achieving a 
predetermined gear in the automatic shift portion 20. At this 
time, the rotational speed N1 8 of the transmitting member 18 
is ?xed to Zero or substantially Zero, because the vehicle 
speed V is Zero or substantially Zero immediately after the 
shift position SP is changed from the parking position to the 
neutral position. 

Further, the rotational speed of the transmitting member 18 
may be ?xed to Zero or substantially Zero, by locking rota 
tional elements in the automatic shift portion 20, i.e., by 
locking the inner portion of the automatic shift portion 20 by 
engaging predetermined engagement elements in the auto 
matic shift portion 20. More speci?cally, the rotational speed 
N 1 8 of the transmitting member 18 (the ?rst ring gear R1) may 
be ?xed to Zero, for example, by engaging the ?rst brake B1 
and the second clutch C2, or by engaging the ?rst clutch C1, 
the ?rst brake B1, second brake B2, and the third brake B3 so 
that the inner portion of the automatic shift portion 20 is 
locked. 

Referring to FIG. 7 again, a shift position determination 
portion 92 determines Whether the shift position SP, Which is 
the operational position of the shift operation device 50, is the 












