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DRIVE FORCE CONTROL SYSTEM FOR 
HYBRID VEHICLES 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] The present disclosure claims the benefit of Japa 
nese Patent Application No . 2017 - 218579 filed on Nov . 13 , 
2017 with the Japanese Patent Office , the disclosures of 
which are incorporated herein by reference in its entirety . 

That is , if the electric power possible to be accumulated in 
the battery is restricted , the brake torque generated by the 
second motor is restricted . As described , the limit speed of 
the engine in the low mode is lower than that in the high 
mode , and hence a speed of the first motor may be reduced 
in the low mode . Consequently , an electric consumption of 
the first motor may be reduced thereby restricting the brake 
torque of the second motor . That is , if the electric power 
possible to be accumulated in the battery is restricted , the 
brake torque of the second motor in the low mode may be 
smaller than that in the high mode . For this reason , a 
maximum brake force may be reduced by the restriction of 
the electric power possible to be accumulated in the battery 
if the mode is shifted between the low mode and the high 
mode based on a specific condition . 

BACKGROUND 

Field of the Disclosure 
[ 0002 ] Embodiments of the present disclosure relate to the 
art of a drive force control system for a hybrid vehicle , in 
which a differential mechanism is connected to an engine 
and a first motor , and in which a second motor is connected 
to an output member of the differential mechanism and the 
first motor . 

SUMMARY 

Discussion of the Related Art 
[ 0003 ] JP - A - 2017 - 007437 describes a drive unit for a 
hybrid vehicle in which an output torque of an engine is 
distributed to a first motor and to an output side through a 
power split mechanism , and in which an output torque of a 
second motor driven by electricity supplied from the first 
motor is synthesized with the engine torque . In the drive unit 
taught by JP - A - 2017 - 007437 , the power split mechanism is 
adapted to establish a low mode in which a ratio of the power 
delivered to the output side to the power delivered to the first 
motor is relatively large , and a high mode in which the 
above - mentioned ratio is relatively small . 
[ 0004 ] During deceleration in the vehicle taught by JP - A 
2017 - 007437 , not only an engine brake torque established 
by a friction torque and a pumping loss of the engine , but 
also a brake torque established by the second motor may be 
applied to the drive wheels . Here , a magnitude of the engine 
brake torque is changed depending on an engine speed . 
[ 0005 ] A speed of the engine may be restricted to limit 
damage on rotary members of the power split mechanism , 
and a limit speed of the engine in the low mode is lower than 
that in the high mode . If the engine speed is thus restricted , 
a maximum engine brake torque is restricted . That is , in the 
low mode , the maximum engine brake torque is weaker than 
that in the high mode . 
[ 0006 ] However , in the low mode , a ratio of the torque 
delivered to the output side is larger than that in the high 
mode , and hence the large torque may be delivered to the 
output side even if the engine brake torque is restricted . That 
is , if it is possible to establish a sufficiently large brake 
torque by the second motor , the braking force may be 
increased by shifting the mode from the high mode to the 
low mode . 
[ 0007 ] When the second motor is operated to establish the 
brake torque , the second motor serves as a generator . On the 
other hand , when the first motor is operated to maintain the 
engine speed within the limit speed , the first motor may 
serve not only as a motor but also as a generator depending 
on a rotational direction and a torque direction . Conse 
quently , a total electric power of an electric consumption of 
the first motor ( or an electric power generated by the first 
motor ) and an electric power generated by the second motor 
is outputted from a battery or accumulated in the battery 

[ 0008 ] Aspects of embodiments of the present disclosure 
have been conceived noting the foregoing technical prob 
lems , and it is therefore an object of the present disclosure 
is to provide a control system for controlling a hybrid 
vehicle to prevent a reduction in a maximum brake force 
when an electrical input to a battery is restricted for some 
reason . 
[ 0009 ] The drive force control system according to the 
embodiment of the present disclosure is applied to a hybrid 
vehicle , comprising : an engine ; a first rotary machine that 
serves not only as a motor but also as a generator , a 
transmission mechanism that distributes an output torque of 
the engine to the first rotary machine side and an output 
member side , wherein an operating mode can be selected 
from a first mode in which a ratio of the output torque of the 
engine delivered to the output member side to a torque of the 
engine is set to a first predetermined ratio , and a second 
mode in which a ratio of the output torque of the engine 
delivered to the output member side to a torque of the engine 
is set to a second predetermined ratio that is smaller than the 
first predetermined ratio ; a battery ; and a second rotary 
machine that serves not only as a motor but also as a 
generator , and that is connected electrically to the first rotary 
machine . In order to achieve the above - explained objective , 
according the embodiment of the present disclosure , the 
control system is provided with a controller to control the 
transmission mechanism . Specifically , the controller is con 
figured to : execute a regeneration control to deliver a 
regenerative torque resulting from operating the second 
rotary machine as a generator to the drive wheels , and an 
engine brake control to deliver a brake torque resulting from 
a power loss of the engine to the output member ; maintain 
a rotational speed of the engine to a predetermined speed 
during execution of the engine brake control by operating 
the first rotary machine as a motor or a generator ; and restrict 
selection of the first mode when an input power allowed to 
accumulate in the battery is smaller than a threshold power . 
[ 0010 ] . In a non - limiting embodiment , the controller may 
be further configured to : maintain the rotational speed of the 
engine to the predetermined speed during execution of the 
engine brake control by operating the first rotary machine as 
a motor ; and supply an electric power calculated by sub 
tracting an electric power consumed by the first rotary 
machine from an electric power generated by the second 
rotary machine during execution of the regeneration control 
to the battery . 
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[ 0011 ] In a non - limiting embodiment , the engine may 
comprise an intake pipe that introduces ambient air to the 
engine , and a throttle valve that controls a flow rate of the 
air flowing through the intake pipe . In addition , the engine 
brake control may include a control to establish the brake 
torque by stopping fuel supply to the engine while control 
ling the throttle valve in such a manner as to reduce the flow 
rate of the air flowing through the intake pipe . 
[ 0012 ] In a non - limiting embodiment , the controller may 
be further configured to establish a maximum brake force in 
the vehicle by maintaining the rotational speed of the engine 
to an upper limit speed by the first rotary machine , while 
controlling the regenerative torque of the second motor 
based on the input power allowed to accumulate in the 
battery . 
[ 0013 ] In a non - limiting embodiment , the threshold power 
may include the input power allowed to accumulate in the 
battery , that is possible to reduce the maximum brake force 
in the first mode smaller than the maximum brake force in 
the second mode . 
[ 0014 ] In a non - limiting embodiment , the threshold power 
may be reduced with an increase in the brake torque . 
[ 0015 ] In a non - limiting embodiment , the brake torque 
may be increased with an increase in the rotational speed of 
the engine . In addition , the upper limit speed of the engine 
in the first mode may be set to be lower than the upper limit 
speed of the engine in the second mode . 
[ 0016 ] In a non - limiting embodiment , the controller may 
be further configured to control the first rotary machine in 
such a manner as to generate a larger amount of the electric 
power when maintaining the rotational speed of the engine 
to the upper limit speed in the first mode , in comparison with 
an amount of the electric power generated by the first rotary 
machine when maintaining the rotational speed of the engine 
to the upper limit speed in the second mode . 
[ 0017 ] In a non - limiting embodiment , the transmission 
may comprise a plurality of rotary elements . In addition , the 
upper limit speed of the engine may be raised with an 
increase in an upper limit speed of a predetermined rotary 
element in the rotary elements . 
[ 0018 ] In a non - limiting embodiment , the upper limit 
speed of the predetermined rotary element may be lowered 
with a temperature rise of the predetermined rotary element . 
In addition , the upper limit speed of the predetermined 
rotary element may be raised with an increase in an amount 
of lubricant supplied to the predetermined rotary element . 
[ 00191 In a non - limiting embodiment , the controller may 
be further configured to restrict the selection of the first 
mode when a vehicle speed is higher than a predetermined 
speed . 
[ 0020 ] In a non - limiting embodiment , the controller may 
be further configured to execute a cancellation control to 
cancel the restriction of selection of the first mode by 
increasing the input power allowed to accumulate in the 
battery during restricting the selection of the first mode . 
[ 0021 ] In a non - limiting embodiment , the input power 
allowed to accumulate in the battery may be restricted when 
a temperature of the battery is raised higher than a prede 
termined temperature , and the drive force controlling system 
for a hybrid vehicle may further comprise a cooling device . 
In addition , the cancellation control may include a control to 
cool the battery by the cooling device more promptly during 

restricting the selection of the first mode , in comparison with 
a case in which the selection of the first mode is not 
restricted . 
[ 0022 ] In a non - limiting embodiment , the controller may 
be further configured to : select an operating mode of the 
hybrid vehicle from a hybrid mode in which the hybrid 
vehicle is powered by the engine and the second rotary 
machine , and an electric vehicle mode in which the hybrid 
vehicle is powered by the second rotary machine without 
using the engine ; and start the engine when a required power 
is greater than a predetermined power . In addition , the 
cancellation control may include a control to increase the 
predetermined power when the selection of the first mode is 
restricted , in comparison with a case in which the selection 
of the first mode is not restricted . 
[ 0023 ] Thus , according to the embodiment of the present 
disclosure , the operating mode of the transmission can be 
selected from the first mode in which the output torque of the 
engine is delivered to the output member side at a first 
predetermined ratio , and the second mode in which the 
output torque of the engine is delivered to the output 
member side at the second predetermined ratio that is 
smaller than the first predetermined ratio . In addition , the 
controller is configured to execute the engine brake control 
to deliver a brake torque resulting from a power loss of the 
engine to the output member . According to the embodiment , 
therefore , a large brake torque may be applied to the output 
member through the transmission by selecting the first 
mode . Moreover , the controller is further configured to 
execute the regeneration control to deliver a regenerative 
torque resulting from operating the second rotary machine as 
a generator to the drive wheels . According to the embodi 
ment , therefore , the maximum brake force applied to the 
hybrid vehicle may be increased by selecting the first mode , 
when a sufficient amount of the input power may be accu 
mulated in the battery . By contrast , when the input power 
allowed to accumulate in the battery is smaller than the 
threshold power , the electric power consumed by the first 
rotary machine to maintain the rotational speed of the engine 
to the predetermined speed is reduced , or the electric power 
generated by the first rotary machine is increased . In this 
case , therefore , an amount of the electric power regenerated 
by the second rotary machine would be reduced in accor 
dance with the input power allowed to accumulate in the 
battery . In this situation , if the first mode is selected , the 
maximum brake force will be reduced significantly . In order 
to prevent such reduction in the maximum brake force , 
according to the embodiment , the controller is configured to 
restrict the selection of the first mode in such situation . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0024 ] Features , aspects , and advantages of exemplary 
embodiments of the present disclosure will become better 
understood with reference to the following description and 
accompanying drawings , which should not limit the disclo 
sure in any way . 
[ 0025 ] FIG . 1 is a skeleton diagram showing a first drive 
unit of the hybrid vehicle according to at least one embodi 
ment of the present disclosure ; 
[ 0026 ] FIG . 2 is a skeleton diagram showing a second 
drive unit of the hybrid vehicle according to at least one 
embodiment of the present disclosure ; 
0027 ] FIG . 3 is a block diagram showing a structure of an 
electronic control unit ; 
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[ 0052 ] FIG . 28 is a nomographic diagram showing a 
situation of the hybrid vehicle shown in FIG . 26 in the 
HV - Lo mode ; 
[ 0053 ] FIG . 29 is a skeleton diagram showing a structure 
of the hybrid vehicle according to still another embodiment ; 
10054 ] FIG . 30 is a nomographic diagram showing a 
situation of the hybrid vehicle shown in FIG . 29 in the 
HV - Hi mode ; and 
[ 0055 ] FIG . 31 is a nomographic diagram showing a 
situation of the hybrid vehicle shown in FIG . 29 in the 
HV - Lo mode . 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT ( S ) 

[ 0028 ] FIG . 4 is a table showing engagement states of 
engagement devices and operating conditions of the prime 
movers in each operating mode ; 
[ 0029 ] FIG . 5 is a nomographic diagram showing a situ 
ation in a HV - high mode ; 
[ 0030 ] FIG . 6 is a nomographic diagram showing a situ 
ation in a HV - low mode ; 
[ 0031 ] FIG . 7 is a nomographic diagram showing a situ 
ation in a fixed mode ; 
[ 0032 ] FIG . 8 is a nomographic diagram showing a situ 
ation in an EV - Lo mode ; 
[ 0033 ] FIG . 9 is a nomographic diagram showing a situ 
ation in the EV - Hi mode ; 
[ 0034 ] FIG . 10 is a nomographic diagram showing a 
situation in a single - motor mode ; 
[ 0035 ] FIG . 11 shows a map for determining an operating 
mode during propulsion in a CS mode ; 
[ 0036 ] FIG . 12 shows a map for determining an operating 
mode during propulsion in a CD mode ; 
[ 0037 ] FIG . 13 is a graph showing an upper limit speed of 
the engine ; 
[ 0038 ] FIG . 14 is a graph showing upper limit powers of 
the engine in the HV - Lo mode and the HV - Hi mode ; 
[ 0039 ] FIG . 15 is a nomographic diagram showing a 
situation when propelling the vehicle by rotating the engine 
at the upper limit speed ; 
[ 0040 ] FIG . 16 is a graph showing a maximum brake force 
of a case in which an electrical input to the battery is not 
restricted : 
[ 0041 ] FIG . 17 is a graph showing a maximum brake force 
of a case in which a restricted amount of the electrical input 
to a battery is large ; 
[ 0042 ] FIG . 18 is a flowchart showing one example of a 
routine executed by the control system according to the 
embodiment of the present disclosure ; 
[ 0043 ] FIG . 19 is a time chart showing a temporal restric 
tion of the HV - Lo mode in accordance with a temporal 
change in the input power allowed to accumulate in the 
battery ; 
10044 ] FIG . 20 is a graph showing a change in a first 
threshold power in accordance with a change in the upper 
limit power of the engine ; 
[ 0045 ] FIG . 21 is a graph showing an upper limit speed of 
a pinion gear in accordance with a change in a temperature 
of the pinion gear ; 
[ 0046 ] FIG . 22 is a graph showing the upper limit speed of 
the pinion gear in accordance with a change in an amount of 
lubricant applied to the pinion gear ; 
[ 0047 ] FIG . 23 is a flowchart showing one example of a 
routine to change a command signal to a cooling fan so as 
to increase an available output from the battery ; 
[ 0048 ] FIG . 24 is a graph showing a change in the com 
mand signal to the cooling fan in accordance with a current 
value ; 
[ 0049 ] FIG . 25 is a flowchart showing one example of a 
routine to reduce a frequency to start the engine so as to 
increase the input power allowed to accumulate in the 
battery ; 
0050 ] FIG . 26 is a skeleton diagram showing a structure 
of the hybrid vehicle according to another embodiment ; 
[ 0051 ] FIG . 27 is a nomographic diagram showing a 
situation of the hybrid vehicle shown in FIG . 26 in the 
HV - Hi mode ; 

[ 0056 ] Preferred embodiments of the present application 
will now be explained with reference to the accompanying 
drawings . Referring now to FIGS . 1 and 2 , there are shown 
the first embodiment of the hybrid vehicle according to the 
present disclosure . Specifically , FIG . 1 shows a first drive 
unit 2 that drives a pair of front wheels 1R and 1L , and FIG . 
2 shows a second drive unit 4 that drives a pair of rear 
wheels 3R and 3L . The hybrid vehicle is provided with an 
engine 5 , a first motor 6 and a second motor 7 . Specifically , 
the first motor 6 is a motor - generator having a generating 
function ( abbreviated as “ MG1 ” in the drawings ) . In the 
hybrid vehicle according to the first embodiment , a speed of 
the engine 5 is controlled by the first motor 6 , and the second 
motor 7 is driven by electric power generated by the first 
motor 6 to generate a drive force for propelling the vehicle . 
Optionally , the second motor 7 ( abbreviated as “ MG2 " in the 
drawings ) may also be used as the motor - generator having 
a generating function . In the hybrid vehicle , accordingly , the 
first motor 6 serves as a first rotary machine . 
[ 0057 ] The engine 5 comprises an intake pipe 5a that 
introduces ambient air to the engine 5 , and a throttle valve 
5b that controls an opening area of the intake pipe 5a to 
control air intake to the engine 5 . Specifically , an opening 
degree of the throttle valve 5b is adjusted in accordance with 
a required output torque and a required engine brake force 
of the engine 5 . For example , a pumping loss of the engine 
5 is increased thereby increasing the engine brake force with 
a reduction in the opening degree of the throttle valve 5b . 
[ 0058 ] A power split mechanism 8 as a transmission is 
connected to the engine 5 . The power split mechanism 8 
includes a power split section 9 that distributes the engine 
torque to the first motor 6 side and to an output side , and a 
transmission section 10 that alters a torque split ratio . 
[ 0059 ] For example , a single - pinion planetary gear unit 
adapted to perform differential action among three rotary 
elements may be used as the power split section 9 . Specifi 
cally , the power split section 9 comprises : a sun gear 11 , a 
ring gear 12 as an internal gear arranged concentrically with 
the sun gear 11 ; pinion gears 13 interposed between the sun 
gear 11 and the ring gear 12 while being meshed with both 
gears 11 and 12 ; and a carrier 14 supporting the pinion gears 
13 in a rotatable manner . In the power split section 9 , 
accordingly , the sun gear 11 serves mainly as a reaction 
element , the ring gear 12 serves mainly as an output element , 
and the carrier 14 serves mainly as an input element . 
[ 0060 ] An output shaft 15 of the engine 5 is connected to 
an input shaft 16 of the power split mechanism 8 connected 
to the carrier 14 so that power of the engine 5 is applied to 
the carrier 14 . Optionally , an additional gear unit may be 
interposed between the input shaft 16 and the carrier 14 , and 
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a damper device and a torque converter may be interposed 
between the output shaft 15 and the input shaft 16 . 
[ 0061 ] The sun gear 11 is connected to the first motor 6 . 
In the embodiment shown in FIG . 1 , the power split section 
9 and the first motor 6 are arranged concentrically with a 
rotational center axis of the engine 5 , and the first motor 6 
is situated on an opposite side of the engine 5 across power 
split section 9 . The transmission section 10 is interposed 
coaxially between the power split section 9 and the engine 

[ 0062 ] Specifically , the transmission section 10 is a single 
pinion planetary gear unit comprising : a sun gear 17 ; a ring 
gear 18 as an internal gear arranged concentrically with the 
sun gear 17 ; pinion gears 19 interposed between the sun gear 
17 and the ring gear 18 while being meshed with both gears 
17 and 18 ; and a carrier 20 supporting the pinion gears 19 
in a rotatable manner . Thus , the transmission section 10 is 
also adapted to perform a differential action among the sun 
gear 17 , the ring gear 18 , and the carrier 20 . In the trans 
mission section 10 , the sun gear 17 is connected to the ring 
gear 12 of the power split section 9 , and the ring gear 18 is 
connected to an output gear 21 . 
[ 0063 ] In order to use the power split section 9 and the 
transmission section 10 as a complex planetary gear unit , a 
first clutch CL1 is disposed to selectively connect the carrier 
20 of the transmission section 10 with the carrier 14 of the 
power split section 9 . To this end , for example , a wet - type 
multiple plate clutch or a dog clutch may be used as the first 
clutch CL1 . Thus , in the first drive unit 2 shown in FIG . 1 , 
the power split section 9 is connected to the transmission 
section 10 to serve as a complex planetary gear unit by 
bringing the first clutch CL1 into engagement . In the com 
plex planetary gear unit thus formed , the carrier 14 of the 
power split section 9 is connected to the carrier 20 of the 
transmission section 10 to serve as an input element , the sun 
gear 11 of the power split section 9 serves as a reaction 
element , and the ring gear 18 of the transmission section 10 
serves as an output element . 
[ 0064 ] A second clutch CL2 is disposed to rotate the rotary 
elements of the transmission section 10 integrally . For 
example , a friction clutch and a dog clutch may also be used 
as the second clutch CL2 to selectively connect the carrier 
20 to the ring gear 18 or the sun gear 17 , or to connect the 
sun gear 17 to the ring gear 18 . In the first drive unit 2 shown 
in FIG . 1 , specifically , the second clutch CL2 is adapted to 
connect the carrier 20 to the ring gear 18 to rotate the rotary 
elements of the transmission section 10 integrally . The first 
clutch CL1 and the second clutch CL2 are arranged coaxi 
ally with the engine 5 , the power split section 9 , and the 
transmission section 10 on the opposite side of the power 
split section 9 across the transmission section 10 . The first 
clutch CL1 and the second clutch CL2 may be arranged not 
only in parallel to each other in a radial direction but also in 
tandem in an axial direction . In the first drive unit 2 shown 
in FIG . 1 , the first clutch CL1 and the second clutch CL2 are 
arranged radially parallel to each other and hence an axial 
length of the drive unit can be shortened . In addition , since 
a width of the drive unit will not be widened by the clutches 
CL1 and CL2 , the number of friction plates of the frictional 
clutch can be reduced . 
[ 0065 ] A counter shaft 22 extends parallel to a common 
rotational axis of the engine 5 , the power split section 9 , and 
the transmission section 10 . A driven gear 23 is fitted onto 
one end of the counter shaft 22 to be meshed with the output 

gear 21 , and a drive gear 24 is fitted onto the other end of 
the counter shaft 22 to be meshed with a ring gear 26 of a 
differential gear unit 25 as a final reduction . The driven gear 
23 is also meshed with a drive gear 28 fitted onto a rotor 
shaft 27 of the second motor 7 so that power or torque of the 
second motor 7 is synthesized with power or torque of the 
output gear 21 at the driven gear 23 to be distributed from 
the differential gear unit 25 to the front wheels 1R and 1L via 
each of the drive shafts 29 . 
[ 0066 ] In order to selectively stop a rotation of the output 
shaft 15 or the input shaft 16 for the purpose of delivering 
the drive torque generated by the first motor 6 to the front 
wheels 1R and 1L , a first brake B1 is arranged in the first 
drive unit 2 . For example , a frictional engagement device or 
a dog brake may be used as the first brake B1 . Specifically , 
the carrier 14 of the power split section 9 and the carrier 20 
of the transmission section 10 are allowed to serve as 
reaction elements , and the sun gear 11 of the power split 
section 9 is allowed to serve as an input element by applying 
the first brake B1 to halt the output shaft 15 or the input shaft 
16 . To this end , the first brake B1 may be adapted to stop the 
rotation of the output shaft 15 or the input shaft 16 not only 
completely but also incompletely to apply a reaction torque 
to those shafts . Alternatively , a one - way clutch may be used 
instead of the first brake B1 to restrict a reverse rotation of 
the output shaft 15 or the input shaft 16 . 
10067 ] The second drive unit 4 is mounted on the hybrid 
vehicle to deliver a power or a torque of a rear motor 30 to 
a pair of rear wheels 3R and 3L . Here , it is to be noted that 
the left rear wheel 3L is not illustrated in FIG . 2 for the sake 
of illustration . A motor - generator having a generating func 
tion may also be used as the rear motor 30 ( abbreviated as 
“ MGR " in the drawings ) , and the rear motor 30 is connected 
to a transmission 31 . A gear stage of the transmission 31 may 
be selected from a speed reducing stage in which the torque 
of the rear motor 30 is multiplied , and a fixed stage in which 
the torque of the rear motor 30 is transmitted without being 
multiplied . 
[ 0068 ] As shown in FIG . 2 , the transmission 31 is a 
single - pinion planetary gear unit comprising : a sun gear 32 ; 
a ring gear 33 as an internal gear arranged concentrically 
with the sun gear 32 ; pinion gears 34 interposed between the 
sun gear 32 and the ring gear 33 while being meshed with 
both gears 32 and 33 ; and a carrier 35 supporting the pinion 
gears 34 in a rotatable manner . 
[ 0069 ] In the transmission 31 , the sun gear 32 is connected 
to the rear motor 30 to serve as an input element , and the 
carrier 35 is connected to an output shaft 36 to serve as an 
output element . In order to establish the fixed stage in the 
transmission 31 , a third clutch CL3 is arranged in the second 
drive unit 4 . For example , a friction clutch and a dog clutch 
may also be used as the third clutch CL3 to selectively 
connect the sun gear 32 to the ring gear 33 or the carrier 35 , 
or to connect the ring gear 33 to the carrier 35 . In the second 
drive unit 4 shown in FIG . 2 , specifically , the third clutch 
CL3 is adapted to connect the ring gear 33 to the carrier 35 
to establish the fixed stage in the transmission 31 . 
[ 0070 ] In order to establish the speed reducing stage in the 
transmission 31 , a second brake B2 is arranged in the second 
drive unit 4 . For example , a frictional engagement device or 
a dog brake may also be used as the second brake B2 . 
Specifically , the second brake B2 stops a rotation of the ring 
gear 33 of the transmission 31 by engaging the ring gear 33 
with a casing C holding the second drive unit 4 so that the 
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??? 
ring gear 33 is allowed to serve as a reaction element . To this 
end , the second brake B2 may be adapted to stop the rotation 
of the ring gear 33 not only completely but also incom 
pletely . 
[ 0071 ] A drive gear 37 is fitted onto the output shaft 36 of 
the transmission 31 , and a counter shaft 38 extends parallel 
to the output shaft 36 . A driven gear 39 is fitted onto one end 
of the counter shaft 38 to be meshed with the drive gear 37 . 
Specifically , the driven gear 39 is diametrically larger than 
the drive gear 37 so that an output torque of the transmission 
31 is transmitted through the driven gear 39 while being 
multiplied . A drive gear 40 is fitted onto the other end of the 
counter shaft 38 to be meshed with a ring gear 42 of a 
differential gear unit 41 as a final reduction . The differential 
gear unit 41 is connected to driveshafts 43 to deliver the 
power of the rear motor 30 to the right rear wheel 3R and the 
left rear wheel 3L . 
[ 0072 ] As shown in FIGS . 1 and 2 , a first power control 
system 44 is connected to the first motor 6 , a second power 
control system 45 is connected to the second motor 7 , and 
a third power control system 46 is connected to the rear 
motor 30 . Each of the first power control system 44 , the 
second power control system 45 , and the third power control 
system 46 individually includes an inverter and a converter . 
The first power control system 44 , the second power control 
system 45 , and the third power control system 46 are 
connected to one another , and also connected individually to 
a battery 47 including a lithium ion battery and a capacitor . 
For example , when the first motor 6 is operated as a 
generator while establishing a reaction torque , an electric 
power generated by the first motor 6 may be supplied 
directly to the second motor 7 and the rear motor 30 without 
passing through the battery 47 . In order to prevent a restric 
tion of an electrical input to the battery 47 and to reduce a 
thermal damage on the battery 47 , the battery 47 is cooled 
by a cooling fan F as a cooling device . In the hybrid vehicle 
according to the embodiment , the second motor 7 and the 
rear motor 30 serve as a second rotary machine . 
[ 0073 ] In order to control the first power control system 
44 , the second power control system 45 , the third power 
control system 46 , the engine 5 , the clutches CL1 , CL2 , 
CL3 , and the brakes B1 , B2 , the hybrid vehicle is provided 
with an electronic control unit ( to be abbreviated as the 
“ ECU ” hereinafter ) 48 as a controller . The ECU 48 is 
composed mainly of a microcomputer , and as shown in FIG . 
3 , the ECU 48 comprises a main ECU 49 , a motor ECU 50 , 
an engine ECU 51 , and a clutch ECU 52 . 
[ 0074 ] The main ECU 49 is configured to execute a 
calculation based on incident data from sensors as well as 
maps and formulas installed in advance , and transmits a 
calculation result to the motor ECU 50 , the engine ECU 51 , 
and the clutch ECU 52 in the form of command signal . For 
example , the main ECU 49 receives data about ; a vehicle 
speed ; an accelerator position ; a speed of the first motor 6 ; 
a speed of the second motor 7 , a speed of the rear motor 30 ; 
a speed of the output shaft 15 of the engine 5 ; an output 
speed such as a speed of the ring gear 18 of the transmission 
section 10 or the counter shaft 22 ; strokes of pistons of the 
clutches CL1 , CL2 , CL3 , the brakes B1 , and B2 ; a tempera 
ture of the battery 47 ; temperatures of the ECUS 44 , 45 , and 
46 ; a temperature of the first motor 6 ; a temperature of the 
second motor 7 ; a temperature of the rear motor 30 ; a 
temperature of oil ( i . e . , ATF ) lubricating the power split 

mechanism 8 and the transmission 31 ; and a state of charge 
( to be abbreviated as the “ SOC ” hereinafter ) level of the 
battery 47 . 
100751 Specifically , command signals of output torques 
and speeds of the first motor 6 , the second motor 7 and the 
rear motor 30 are transmitted from the main ECU 49 to the 
motor ECU 50 . Likewise , command signals of an output 
torque and a speed of the engine 5 are transmitted from the 
main ECU 49 to the engine ECU 51 . Further , command 
signals of torque transmitting capacities ( including “ O ” ) of 
the clutches CL1 , CL2 , CL3 , and the brakes B1 , B2 are 
transmitted from the main ECU 49 to the clutch ECU 52 . 
[ 0076 ] The motor ECU 50 calculates current values 
applied to the first motor 6 , the second motor 7 , and the rear 
motor 30 based on the data transmitted from the main ECU 
49 , and transmits calculation results to the motors 6 , 7 , and 
30 in the form of command signals . In the hybrid vehicle 
according to the embodiment , an AC motor is used indi 
vidually as the first motor 6 , the second motor 7 , and the rear 
motor 30 . In order to control the AC motor , the command 
signal transmitted from the motor ECU 50 includes com 
mand signals for controlling a frequency of a current gen 
erated by the inverter and a voltage value boosted by the 
converter . 
[ 0077 ) The engine ECU 51 calculates current values to 
control opening degrees of an electronic throttle valve , an 
EGR ( Exhaust Gas Restriction ) valve , an intake valve , and 
an exhaust valve , and to activate an ignition plug , based on 
the data transmitted from the main ECU 49 , and transmits 
calculation results to the valves and the plug in the form of 
command signals . Thus , the engine ECU 51 transmits com 
mand signals for controlling a power , an output torque and 
a speed of the engine 5 . 
[ 0078 ] The clutch ECU 52 calculates current values sup 
plied to actuators controlling engagement pressures of the 
clutches CL1 , CL2 , CL3 , and the brakes B1 , B2 , based on 
the data transmitted from the main ECU 49 , and transmits 
calculation results to the actuators in the form of command 
signals . In addition , the main ECU 49 also calculates a 
current value applied to the cooling fan F taking account of 
a temperature of the battery 47 , and transmits calculation 
results to an actuator for activating the cooling fan in the 
form of command signal . 
100791 . In the hybrid vehicle according to the embodiment , 
an operating mode may be selected from a hybrid mode ( to 
be abbreviated as the “ HV mode ” hereinafter ) in which the 
hybrid vehicle is propelled by a drive torque generated by 
the engine 5 , and an electric vehicle mode ( to be abbreviated 
as the “ EV mode ” hereinafter ) in which the hybrid vehicle 
is propelled by drive torques generated by the first motor 6 
and the second motor 7 without using the engine 5 . The HV 
mode may be selected from a hybrid - low mode to be 
abbreviated as the “ HV - Lo mode ” hereinafter ) as a first 
mode of the embodiment , a hybrid - high mode ( to be abbre 
viated as the “ HV - Hi mode ” hereinafter ) as a second mode 
of the embodiment , and a fixed mode . Specifically , in the 
HV - Lo mode , a rotational speed of the engine 5 ( i . e . , a 
rotational speed of the input shaft 16 ) is increased higher 
than a rotational speed of the ring gear 18 of the transmission 
section 10 when a rotational speed of the first motor 6 is 
reduced substantially to zero . In turn , in the HV - Hi mode , a 
rotational speed of the engine 5 is reduced lower than a 
rotational speed of the ring gear 18 of the transmission 
section 10 when a rotational speed of the first motor 6 is 

Sual . 
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reduced substantially to zero . Further , in the fixed mode , the 
engine 5 and the ring gear 18 of the transmission section 10 
are always rotated at substantially same speeds . 
[ 0080 ] The EV mode may be selected from a dual - motor 
mode in which both of the first motor 6 and the second motor 
7 generate drive torques to propel the hybrid vehicle , and a 
single - motor mode in which only the second motor 7 
generates a drive torque to propel the hybrid vehicle . Fur 
ther , the dual - motor mode may be selected from an electric 
vehicle - low mode ( to be abbreviated as the “ EV - Lo mode " 
hereinafter ) in which a torque of the first motor 6 is 
multiplied by a relatively larger factor , and an electric 
vehicle - high mode ( to be abbreviated as the “ EV - Hi mode ” 
hereinafter in which a torque of the first motor 6 is 
multiplied by a relatively smaller factor . In the single - motor 
mode , the hybrid vehicle is powered only by the second 
motor 7 , while engaging the first clutch CL1 , while engaging 
the second clutch CL2 , or while disengaging both of the first 
clutch CL1 and the second clutch CL2 . 
[ 0081 ] FIG . 4 shows engagement states of the first clutch 
CL1 , the second clutch CL2 , and the first brake B1 , and 
operating conditions of the first motor 6 , the second motor 
7 , and the engine 5 in each operating mode . In FIG . 4 , " , " ? 
represents that the engagement device is in engagement , “ . ” 
represents the engagement device is in disengagement , “ G ” 
represents that the motor serves mainly as a generator , “ M ” 
represents that the motor serves mainly as a motor , blank 
represents that the motor serves as neither a motor nor a 
generator or that the motor is not involved in propulsion of 
the hybrid vehicle , “ ON ” represents that the engine 5 
generates a drive torque , and “ OFF ” represents that the 
engine 5 does not generate a drive torque . 
[ 0082 ] Rotational speeds of the rotary elements of the 
power split mechanism 8 , and directions of torques of the 
engine 5 , the first motor 6 , and the second motor 7 in each 
operating mode are indicated in FIGS . 5 to 10 . In the 
nomographic diagrams shown in FIGS . 5 to 10 , distances 
among the vertical lines represents a gear ratio of the power 
split mechanism 8 , a vertical distance on the vertical line 
from the horizontal base line represents a rotational speed of 
the rotary member , an orientation of the arrow represents a 
direction of the torque , and a length of the arrow represents 
a magnitude of the torque . 
[ 0083 ] As indicated in FIGS . 5 and 6 , in the HV - Hi mode 
and the HV - Lo mode , any one of the first clutch CL1 and the 
second clutch CL2 is engaged , and the engine 5 generates a 
drive torque while establishing a reaction torque by the first 
motor 6 . In this situation , a rotational speed of the first motor 
6 is controlled in such a manner as to optimize a total energy 
efficiency in the first drive unit 2 including a fuel efficiency 
of the engine 5 and a driving efficiency of the first motor 6 . 
Specifically , the total energy efficiency in the first drive unit 
2 may be calculated by dividing a total energy consumption 
by a power to rotate the front wheels 1R and 1L . A rotational 
speed of the first motor 6 may be varied continuously , and 
the rotational speed of the engine 5 is governed by the 
rotational speed of the first motor 6 and a vehicle speed . That 
is , the power split mechanism 8 may serve as a continuously 
variable transmission . 
[ 0084 ] As a result of establishing a reaction torque by the 
first motor 6 , the first motor 6 may serve as a generator . In 
this situation , therefore , a power of the engine 5 is partially 
translated into an electric energy , and the remaining power 
of the engine 5 is delivered to the ring gear 18 of the 

transmission section 10 . Specifically , the reaction torque 
established by the first motor 6 is governed by a split ratio 
of the torque delivered from the engine 5 to the first motor 
6 side through the power split mechanism 8 . Such split ratio 
between the torque delivered from the engine 5 to the first 
motor 6 side through the power split mechanism 8 and the 
torque delivered from the engine 5 to the ring gear 18 differs 
between the HV - Lo mode and the HV - Hi mode . 
[ 0085 ] Given that the torque delivered to the first motor 6 
side is “ 1 ” , a ratio of the torque applied to the ring gear 18 
in the HV - Lo mode may be expressed as “ 1 / ( p1 . p2 ) ” , and a 
ratio of the torque applied to the ring gear 18 in the HV - Hi 
mode may be expressed as “ 1 / p1 ) ” . In other words , given 
that the torque of the engine 5 is “ 1 ” , a ratio of the torque 
of the engine 5 delivered to the ring gear 18 in the HV - Lo 
mode may be expressed as “ 1 / ( 1 - ( p1 . p2 ) ) " , and a ratio of 
the torque of the engine 5 delivered to the ring gear 18 in the 
HV - Hi mode may be expressed as “ 1 / ( p1 + 1 ) ” . In the above 
expressed expressions , “ p1 ” is a gear ratio of the power split 
section 9 ( i . e . , a ratio between teeth number of the ring gear 
12 and teeth number of the sun gear 11 ) , and “ P2 ” is a gear 
ratio of the transmission section 10 ( i . e . , a ratio between 
teeth number of the ring gear 18 and teeth number of the sun 
gear 17 ) . Specifically , “ p1 ” and “ p2 ” are individually 
smaller than “ 1 ” . That is , in the HV - Lo mode , a ratio of the 
torque delivered to the ring gear 18 is increased in compari 
son with that in the HV - Hi mode . Accordingly , “ 1 / ( 1 
( pl . p2 ) ) " corresponds to a first predetermined ratio of the 
embodiment , and “ 1 / ( p1 + 1 ) ” corresponds to a second pre 
determined ratio of the embodiment . Further , the ring gear 
18 and the driven gear 23 serve as an output member in the 
embodiment . Here , when the speed of the engine 5 is 
increased by the torque generated by the engine 5 , the output 
torque of the engine 5 is calculated by subtracting a torque 
required to increase the speed of the engine 5 from a torque 
generated by the engine 5 . 
[ 0086 ] In the HV mode , the electric power generated by 
the first motor 6 is supplied to the second motor 7 , and in 
addition , the electric power accumulated in the battery 47 is 
also supplied to the second motor 7 as necessary . In the 
hybrid vehicle , the second motor 7 and the rear motor 30 are 
used to assist the drive torque generated by the engine 5 . 
That is , the rear motor 30 may also be controlled in a similar 
manner as the second motor 7 . In the following explanation , 
however , an example to assist the drive torque only by the 
second motor 7 will be explained . 
[ 0087 ] In the fixed mode , as indicated in FIG . 7 , both of 
the first clutch CL1 and the second clutch CL2 are engaged 
so that all of the rotary elements in the power split mecha 

n ism 8 are rotated at a same speed . In other words , the output 
power of the engine 5 will not be translated into an electric 
energy by the first motor 6 and the second motor 7 . For this 
reason , a power loss associated with such energy conversion 
will not be caused in the fixed mode and hence power 
transmission efficiency can be improved . 
[ 0088 ] As indicated in FIGS . 8 and 9 , in the EV - Lo mode 
and the EV - Hi mode , the first brake B1 is engaged , and the 
first motor 6 and the second motor 7 generates the drive 
torques to propel the hybrid vehicle . In the EV - Lo mode , a 
ratio of a rotational speed of the ring gear 18 of the 
transmission section 10 to a rotational speed of the first 
motor 6 is reduced smaller than that in the EV - Hi mode . In 
other words , a speed reducing ratio in the EV - Lo mode is 
greater than that in the EV - Hi mode so that a greater drive 
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force is established in the EV - Lo mode . As indicated in FIG . 
10 , in the single - motor mode , only the second motor 7 
generates a drive torque , and both of the clutch CL1 and the 
second clutch CL2 are disengaged . In the single - motor 
mode , therefore , all of the rotary elements of the power split 
mechanism 8 are stopped . For this reason , the engine 5 and 
the first motor 6 will not be rotated passively , and hence the 
power loss can be reduced . 
[ 0089 ] In the hybrid vehicle , the operating mode is 
selected on the basis of an SOC level of the battery 47 , a 
vehicle speed , a required drive force and so on . According 
to the embodiment , a selection pattern of the operating mode 
may be selected from a CS ( i . e . , Charge Sustaining ) mode in 
which the operating mode is selected in such a manner as to 
maintain the SOC level of the battery 47 as far as possible , 
and a CD ( i . e . , Charge Depleting ) mode in which the 
operating mode is selected in such a manner as to propel the 
hybrid vehicle while consuming the electric power accumu 
lated in the battery 47 . Specifically , the CS mode is selected 
when the SOC level of the battery 47 is relatively low , and 
the CD mode is selected when the SOC level of the battery 
47 is relatively high . 
[ 0090 ] FIG . 11 shows an example of a map used to select 
the operating mode during propulsion in the CS mode . In 
FIG . 11 , the vertical axis represents a required drive force , 
and the horizontal axis represents a vehicle speed . In order 
to select the operating mode of the hybrid vehicle , the 
vehicle speed may be detected by a vehicle speed sensor , and 
the required drive force may be estimated based on an 
accelerator position detected by an accelerator sensor . 
[ 0091 ] In FIG . 11 , the hatched area is an area where the 
single - motor mode is selected . In the CS mode , the single 
motor mode is selected when the hybrid vehicle is propelled 
in a reverse direction irrespective of the required drive force , 
and when the hybrid vehicle is propelled in a forward 
direction and the required drive force is small ( or when 
decelerating ) . Such area where the single - motor mode is 
selected is determined based on specifications of the second 
motor 7 and the rear motor 30 . 
[ 0092 ] During forward propulsion in the CS mode , the HV 
mode is selected when the large drive force is required . In 
the HV mode , the drive force may be generated from a low 
speed range to a high speed range . When the SOC level falls 
close to a lower limit level , therefore , the HV mode may be 
selected even if an operating point governed by the required 
drive force and the vehicle speed falls within the hatched 
area . 
[ 0093 ] As described , the HV mode may be selected from 
the HV - Lo mode , the HV - Hi mode , and the fixed mode . In 
the CS mode , specifically , the HV - Lo mode is selected when 
the vehicle speed is relatively low and the required drive 
force is relatively large , the HV - Hi mode is selected when 
the vehicle speed is relatively high and the required drive 
force is relatively small , and the fixed mode is selected when 
the operating point falls between an area where the HV - Lo 
mode is selected and an area where the HV - Hi mode is 
selected . 
[ 0094 ] In the CS mode , the operating mode is shifted from 
the fixed mode to the HV - Lo mode when the operating point 
is shifted across the “ Lws - Fix ” line from right to left , or 
when the operating point is shifted across the “ Lws - Fix ” 
line upwardly from the bottom . By contrast , the operating 
mode is shifted from the HV - Lo mode to the fixed mode 
when the operating point is shifted across the “ Lo - Fix ” line 

from left to right , or when the operating point is shifted 
across the “ Lo - > Fix " line downwardly from the top . Like 
wise , the operating mode is shifted from the HV - Hi mode to 
the fixed mode when the operating point is shifted across the 
“ Fix < - Hi ” line from right to left , or when the operating point 
is shifted across the “ Fix Hi ” line upwardly from the 
bottom . By contrast , the operating mode is shifted from the 
fixed mode to the HV - Hi mode when the operating point is 
shifted across the “ Fix - > Hi ” line from left to right , or when 
the operating point is shifted across the “ Fix > Hi ” line 
downwardly from the top . 
[ 0095 ] FIG . 12 shows an example of a map used to select 
the operating mode during propulsion in the CD mode . In 
FIG . 12 , the vertical axis also represents the required drive 
force , and the horizontal axis also represents the vehicle 
speed . 
10096 ] In FIG . 12 , the hatched area is also an area where 
the single - motor mode is selected . In the CD mode , the 
single - motor mode is selected when the hybrid vehicle is 
propelled in a reverse direction irrespective of the required 
drive force , and when the hybrid vehicle is propelled in a 
forward direction and the required drive force is smaller than 
a first threshold force value F1 ( or when decelerating ) . Such 
area where the single - motor mode is selected is also deter 
mined based on specifications of the second motor 7 and the 
rear motor 30 . 
10097 ) During forward propulsion in the CD mode , the 
dual - motor mode is selected when the drive force larger than 
the first threshold force value F1 is required . In this case , the 
HV mode is selected when the vehicle speed is higher than 
a first threshold speed V1 , or when the vehicle speed is 
higher than a second threshold speed V2 and the required 
drive force is greater than a second threshold force value F2 . 
As described , the drive force may be generated from the low 
speed range to the high speed range in the HV mode . When 
the SOC level of the battery 47 falls close to the lower limit 
level , therefore , the HV mode may be selected even if the 
operating point falls within the areas where the single - motor 
mode and the dual - motor mode are selected . 
10098 ] In the CD mode , the HV - Lo mode is also selected 
when the vehicle speed is relatively low and the required 
drive force is relatively large , the HV - Hi mode is also 
selected when the vehicle speed is relatively high and the 
required drive force is relatively small , and the fixed mode 
is also selected when the operating point falls between the 
area where the HV - Lo mode is selected and the area where 
the HV - Hi mode is selected . 
[ 0099 ] In the CD mode , the operating mode is shifted 
between the fixed mode and the HV - Lo mode when the 
operating point is shifted across the “ Lo - Fix ” line . Like 
wise , the operating mode is shifted between the HV - Hi mode 
and the fixed mode when the operating point is shifted across 
the “ Fix Hi ” . 
[ 0100 ] In the maps shown in FIGS . 11 and 12 , the areas of 
each of the operating mode and the lines defining the areas 
may be altered depending on temperatures of the members 
of the first drive unit 2 , the battery 47 , the power control 
systems 44 , 45 , and 46 , and the SOC level of the battery 47 . 
[ 0101 ] During propulsion in the HV - Hi mode or the HV 
Lo mode , a brake force may be applied to the front wheels 
IR and 1L by applying a brake torque ( i . e . , an engine 
braking torque ) resulting from a power loss of the engine 5 
to the output shaft 15 while controlling a torque of the first 
motor 6 . To this end , a speed of the first motor 6 is controlled 
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in such a manner as to maintain a speed of the engine 5 to 
a predetermined level in accordance with a required brake 
force . Such control to apply the engine braking force of the 
engine 5 to the drive wheels will be called as the " engine 
brake control ” of the embodiment . In addition , a regenera 
tive torque resulting from generating electricity by the 
second motor 7 may also be applied to the front wheels 1R 
and 1L . Such control to apply the regenerative torque 
established by the second motor 7 to the drive wheels will 
be called as the “ regeneration control ” of the embodiment . 
[ 0102 ] Specifically , the brake torque of the engine applied 
to the output shaft 15 is established in accordance with a 
friction torque and a pumping loss in the engine 5 . That is , 
the brake torque of the engine 5 is increased with an increase 
in a speed of the engine 5 . When establishing the brake 
torque of the engine 5 , a fuel supply to the engine 5 is 
stopped , and it is preferable to close a throttle valve to 
increase the brake torque . 
[ 0103 ] As indicated in FIG . 13 , an upper limit speed of the 
engine 5 is determined based on upper limit speeds of the 
pinion gears 13 of the power split section 9 , the first motor 
6 and so on . In FIG . 13 , the horizontal axis represents a 
vehicle speed , and a vertical axis represents an upper limit 
speed of the engine 5 . In FIG . 13 , the line Npin1 _ Lo 
indicates a change in the upper limit speed of the engine 5 
set on the basis of the upper limit speed of the pinion gear 
13 during propulsion in the HV - Lo mode . In this case , as 
indicated by the line Npin1 _ Lo , the upper limit speed of the 
engine 5 is increased mildly with an increase in the vehicle 
speed . In turn , the line Ng _ Lo indicates a change in the 
upper limit speed of the engine 5 set on the basis of the upper 
limit speed of the first motor 6 during propulsion in the 
HV - Lo mode . In this case , as indicated by the line Ng _ Lo , 
the upper limit speed of the engine 5 is increased at a 
relatively larger rate with an increase in the vehicle speed . 
As can be seen from FIG . 13 , in the HV - Lo mode , the upper 
limit speed of the engine 5 set on the basis of the upper limit 
speed of the pinion gear 13 is lower than the upper limit 
speed of the engine 5 set on the basis of the upper limit speed 
of the first motor 6 over the entire speed range . In the HV - Lo 
mode , accordingly , the rotational speed of the engine 5 is 
limited based on the upper limit speed of the pinion gear 13 . 
Accordingly , the pinion gears 13 and the sun gear 11 
connected to the first motor 6 serve as the “ predetermined 
rotary member ” of the embodiment . 
[ 0104 ] In FIG . 13 , the dashed line Npin1 _ Hi indicates a 
change in the upper limit speed of the engine 5 set on the 
basis of the upper limit speed of the pinion gear 13 during 
propulsion in the HV - Hi mode . As can be seen from FIG . 13 , 
the upper limit speed of the engine 5 set on the basis of upper 
limit speed of the pinion gear 13 is higher in the HV - Hi 
mode over the entire speed range in comparison with that in 
the HV - Lo mode . Here , an increasing rate of the upper limit 
speed of the engine 5 set on the basis of upper limit speed 
of the pinion gear 13 in the HV - Hi mode is substantially 
identical to that in the HV - Lo mode . In turn , the dashed line 
Ng _ Hi indicates a change in the upper limit speed of the 
engine 5 set on the basis of the upper limit speed of the first 
motor 6 during propulsion in the HV - Hi mode . In this case , 
as indicated by the dashed line Ng _ Hi , the upper limit speed 
of the engine 5 is increased mildly with an increase in the 
vehicle speed . As can be seen from FIG . 13 , in the HV - Hi 
mode , the upper limit speed of the engine 5 set on the basis 
of the upper limit speed of the first motor 6 is lower than the 

upper limit speed of the engine 5 set on the basis of the upper 
limit speed of the pinion gear 13 over the entire speed range . 
In the HV - Hi mode , accordingly , the rotational speed of the 
engine 5 is limited based on the upper limit speed of the first 
motor 6 . Further , the upper limit speed of the engine 5 in the 
HV - Hi mode is higher than that in the HV - Lo mode . 
[ 0105 ] Upper limit powers of the engine 5 ( i . e . , braking 
powers ) in the HV - Lo mode and the HV - Hi mode are 
indicated in FIG . 14 . In FIG . 14 , the horizontal axis repre 
sents an engine speed , and the vertical axis represents a 
maximum brake torque of the engine 5 . As indicated in FIG . 
14 , the maximum brake torque of the engine 5 is increased 
with an increase in the engine speed . Specifically , the upper 
limit braking power of the engine 5 may be obtained by 
multiplying a maximum brake torque of the engine 5 by an 
upper limit speed of the engine 5 . In FIG . 14 , the upper limit 
braking power of the engine 5 in the HV - Lo mode is 
indicated by a solid curve Pelimit _ Lo , and the upper limit 
braking power of the engine 5 in the HV - Hi mode is 
indicated by a dashed curve Pelimit _ Hi . As can be seen from 
FIG . 14 , the upper limit braking power of the engine 5 is 
greater in the HV - Hi mode than that in the HV - Lo mode . In 
FIG . 14 , an upper limit speed of the engine 5 in the HV - Lo 
mode is indicated by the vertical dashed line Nelimit Lo , 
and an upper limit speed of the engine 5 in the HV - Hi mode 
is indicated by the vertical dashed line Nelimit _ Hi . 
[ 0106 ] As described , in the HV - Lo mode , the ratio of the 
torque delivered to the output side is greater than that in the 
HV - Hi mode . Accordingly , even if the upper limit braking 
power of the engine 5 in the HV - Lo mode is smaller than that 
in the HV - Hi mode , the power ( or the brake torque ) deliv 
ered to the ring gear 18 is increased . 
[ 0107 ] Given that a gear ratio between the output gear 21 
and the driven gear 23 , and a gear ratio between the drive 
gear 28 and the driven gear 23 are “ 1 ” , the brake force in the 
HV - Lo mode and the brake force in the HV - Hi mode may be 
calculated by adding a torque delivered from the ring gear 18 
to an output torque of the second motor 7 . That is , if the 
brake torque can be established sufficiently by the second 
motor 7 , a larger brake torque can be established in the 
HV - Lo mode than that established in the HV - Hi mode . 
[ 0108 ] However , an electrical input to the battery 47 may 
be restricted depending on temperatures of the battery 47 , 
the first power control system 44 , the second power control 
system 45 , and an SOC level of the battery 47 . If the 
electrical input to the battery 47 is restricted , the second 
motor 7 may not establish the brake torque sufficiently . 
[ 0109 ] Specifically , when establishing the brake torque by 
rotating the engine 5 at the upper limit speed , the first motor 
6 is controlled in such a manner as to generate a torque to 
maintain the rotational speed of the engine 5 at the upper 
limit speed . In this situation , the first motor 6 may be 
operated as a motor while consuming electric power , and the 
electric consumption of the first motor 6 thus operated as a 
motor may be calculated by multiplying an output torque of 
the first motor 6 by a rotational speed of the first motor 6 . As 
described , the upper limit speed of the engine 5 is lower in 
the HV - Lo mode than that in the HV - Hi mode , and a 
rotational speed of the first motor 6 is governed by the upper 
limit speed of the engine 5 , the vehicle speed , and the gear 
ratio in each mode . Accordingly , a rotational speed of the 
first motor 6 in the HV - Lo mode may be reduced lower than 
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that in the HV - Hi mode . In addition , in the HV - Lo mode , the 
first motor 6 may also be operated as a generator depending 
on the vehicle speed . 
[ 0110 ] FIG . 15 shows rotational speeds of the rotary 
element of the power split mechanism 8 during propulsion 
while establishing a brake torque by rotating the engine 5 at 
the upper limit speed . In FIG . 15 , the solid line represents 
rotational speeds of the rotary element in the HV - Lo mode , 
and the dashed line represents rotational speeds of the rotary 
element in the HV - Hi mode . As can be seen from FIG . 15 , 
the rotational speed of the first motor 6 is lower in the HV - Lo 
mode than that in the HV - Hi mode . 
[ 0111 ] As described , the first motor 6 and the second 
motor 7 are electrically connected to each other , and hence 
an electric power generated by the second motor 7 may be 
increased by consuming a larger amount of electric power by 
the first motor 6 . In other words , an electric power generated 
by the second motor 7 may be increased by reducing an 
electric power generated by the first motor 6 . Consequently , 
the brake torque of the second motor 7 may be increased . In 
addition , in the HV - Lo mode , a rotational speed of the first 
motor 6 may be lower than that in the HV - Hi mode . In this 
case , an electrical consumption of the first motor 6 in the 
HV - Lo mode may be reduced in comparison with that in the 
HV - Hi mode . In this situation , if the electrical input to the 
battery 47 is restricted for some reason , and if the rotational 
speed of the first motor 6 in the HV - Lo mode is lower than 
that in the HV - Hi mode , an available brake torque estab 
lished by the second motor 7 in the HV - Lo mode may be 
reduced smaller than that established in the HV - Hi mode . In 
the case that the brake torque of the second motor 7 is thus 
restricted , a maximum brake force available in the HV - Lo 
mode may be reduced smaller than a maximum brake force 
in the HV - Hi mode , even if the torque of the engine 5 
delivered to the driven gear 23 in the HV - Lo mode is larger 
than that in the HV - Hi mode . 
[ 0112 ] FIG . 16 shows the maximum brake force of the 
case in which the electrical input to the battery 47 is not 
restricted , and FIG . 17 shows the maximum brake force of 
the case in which the electrical input to the battery 47 is 
restricted significantly . In FIGS . 16 and 17 , the horizontal 
axis individually represents the vehicle speed , the vertical 
axis individually represents the maximum brake force , the 
solid curve individually represents the maximum brake force 
in the HV - Hi mode , and the dashed curve individually 
represents the maximum brake force in the HV - Lo mode . 
[ 0113 ] As indicated in FIG . 16 , in the condition where the 
electricity may be accumulated in the battery 47 sufficiently , 
the maximum brake force is larger in the HV - Lo mode than 
the HV - Hi mode . By contrast , as indicated in FIG . 17 , the 
maximum brake force is generally larger in the HV - Hi mode 
than the HV - Lo mode . 
[ 0114 ] The control system according to the embodiment is 
configured to prevent a reduction in the maximum brake 
force in the hybrid vehicle resulting from restriction of the 
electrical input to the battery 47 . For this purpose , the 
control system executes a routine shown in FIG . 18 . At step 
S1 , it is determined whether or not a vehicle speed V is 
higher than a first predetermined speed Vs1 . Specifically , the 
first predetermined speed Vs1 is set to a level at which the 
brake force comparable to that of the case in which the 
electrical input to the battery 47 is not restricted can be 
established , even if the input power allowed to accumulate 
in the battery 47 is small . More specifically , the first prede - 

termined speed Vs1 is set on the basis of a base speed of the 
second motor 7 in such a manner that the brake torque of the 
second motor 7 is kept constant irrespective of the rotational 
speed of the second motor 7 . Here , the first predetermined 
speed Vs1 may be not only a variable that is varied depend 
ing on temperature conditions but also a fixed value . 
[ 0115 ] If the vehicle speed V is higher than the first 
predetermined speed Vs1 so that the answer of step S1 is 
YES , it is determined whether or not the input power 
allowed to accumulate in the battery 47 decreases to the 
extent that the maximum brake force expected to be estab 
lished in the HV - Lo mode based on the current condition is 
reduced smaller than the maximum brake force expected to 
be established in the HV - Hi mode based on the current 
condition . To this end , for example , the input power allowed 
to accumulate in the battery 47 may be determined based on 
a thermal limitation or an SOC level of the battery 47 . At 
step S2 , specifically , it is determined whether or not the input 
power allowed to accumulate in the battery 47 is smaller 
than a first threshold power W1 . For example , the first 
threshold power W1 may be set based on a result of an 
experimentation or simulation . 
[ 0116 ] Specifically , the first threshold power W1 is set to 
a value possible to fulfill the following relations ( 1 ) - Wg + 
Win > Wm , and ( 2 ) Tr _ Lo - Tr _ Hi < Ts - Tm _ Lo . In the 
inequality ( 1 ) , “ Wg ” is a power consumed to control the first 
motor 6 in such a manner as to increase the engine speed to 
the upper limit speed Nelimit _ Hi in the HV - Hi mode , “ Win ” 
is a power corresponding to the first threshold power W1 , 
and “ Wm ” is a power generated by the second motor 7 by 
generating a rated torque by the second motor 7 at a current 
vehicle speed . In the inequality ( 2 ) : “ Tr _ Lo ” is a torque 
expected to be delivered to the ring gear 18 by rotating the 
engine 5 at the upper limit speed Nelimit _ Lo in the HV - Lo 
mode ; “ Tr _ Hi ” is a torque expected to be delivered to the 
ring gear 18 by rotating the engine 5 at the upper limit speed 
Nelimit _ Hi in the HV - Hi mode ; “ Ts ” is the rated torque of 
the second motor 7 at a current vehicle speed ; and “ Tm _ Lo ” 
is an output torque of the second motor 7 generated by 
controlling the second motor 7 in such a manner as to adjust 
the input power to the battery 47 within the first threshold 
power W1 , while controlling the first motor 6 in such a 
manner as to increase the engine speed to the upper limit 
speed Nelimit _ Lo in the HV - Lo mode . 
101171 . Instead , the maximum brake forces in the HV - Hi 
mode and the HV - Lo mode in accordance with the input 
power to the battery 47 may also be determined in advance 
based on a result of experimentation or simulation . In this 
case , the input power to the battery 47 possible to reduce the 
maximum brake force in the HV - Lo mode smaller than the 
maximum brake force in the HV - Hi mode may be employed 
as the first threshold power W1 . Optionally , the first thresh 
old power W1 may be set larger than the value possible to 
reduce the maximum brake force in the HV - Lo mode smaller 
than the maximum brake force in the HV - Hi mode , taking 
account of deterioration of the thermal condition . 
[ 0118 ] If the input power allowed to accumulate in the 
battery 47 is smaller than the first threshold power W1 so 
that the answer of step S2 is YES , the routine progresses to 
step S3 to restrict selection of the HV - Lo mode , and there 
after returns . In this case , however , the HV - Lo mode will not 
be inhibited completely . For example , the current operating 
mode ( e . g . , the HV - Hi mode or the fixed mode ) may be 
maintained until a predetermined period of time has elapsed , 
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or until the rotational speed of the second motor 7 is reduced 
lower than the base speed , even if the condition to shift the 
operating mode from the HV - Hi mode or the fixed mode to 
the HV - Lo mode is satisfied with reference to the maps 
shown in FIGS . 11 and 12 . Instead , it is possible to allow 
selection of the HV - Lo mode when a required brake force 
can be achieved even if the operating mode is shifted from 
the HV - Hi mode or the fixed mode to the HV - Lo mode . 
Further , if the HV - Lo mode is currently selected but the 
required brake force can be achieved in the HV - Lo mode , it 
is not necessary to shift the operating mode from the HV - Lo 
mode to the HV - Hi mode or the fixed mode . 
[ 0119 ] By contrast , if the vehicle speed V is lower than the 
first predetermined speed Vs1 so that the answer of step S1 
is NO , or if the input power allowed to accumulate in the 
battery 47 is greater than the first threshold power W1 so that 
the answer of step S2 is NO , the routine progresses to step 
S4 to determine whether or not the selection of the HV - Lo 
mode is restricted . To this end , a flag representing a restric 
tion of selection of the HV - Lo mode is turned on when the 
restriction at step S3 is executed , and the determination at 
step S4 is made based on the flag . 
[ 0120 ] If the selection of the HV - Lo mode is restricted so 
that the answer of step S4 is YES , the routine progresses to 
step S5 to determine whether or not the vehicle speed V is 
lower than a second predetermined speed Vs2 . That is , at 
step S5 , it is determined whether or not the restriction of 
selection of the HV - Lo mode can be cancelled . To this end , 
specifically , it is determined whether or not the rotational 
speed of the second motor 7 is reduced lower than the base 
speed . Specifically , in order to reduce a frequency of the 
restriction of the HV - Lo mode , the second predetermined 
speed Vs2 is set to be lower than the first predetermined 
speed Vs1 . 
[ 0121 ] If the vehicle speed V is lower than the second 
predetermined speed Vs2 so that the answer of step S5 is 
YES , the routine progresses to step S6 to cancel the restric 
tion of selection of the HV - Lo mode , and to turn off the flag 
representing the restriction of selection of the HV - Lo mode . 
Thereafter , the routine returns . By contrast , if the vehicle 
speed V is higher than the second predetermined speed Vs2 
so that the answer of step S5 is NO , the routine progresses 
to step S7 to determine whether or not the input power 
allowed to accumulate in the battery 47 is smaller than a 
second threshold power W2 . That is , at step S7 , it is also 
determined whether or not the restriction of selection of the 
HV - Lo mode can be cancelled . To this end , specifically , it is 
determined whether or not the electric power possible to 
increase the maximum brake force in the HV - Lo mode 
greater than the maximum brake force in the HV - Hi mode 
can be accumulated in the battery 47 . Specifically , in order 
to reduce the frequency of the restriction of the HV - Lo 
mode , the second threshold power W2 is set to be greater 
than the first threshold power W1 . 
[ 0122 ] If the input power allowed to accumulate in the 
battery 47 is greater than the second threshold power W2 so 
that the answer of step S7 is YES , the routine progresses to 
step S6 to cancel the restriction of selection of the HV - Lo 
mode , and to turn off the flag representing the restriction of 
selection of the HV - Lo mode . Thereafter , the routine returns . 
By contrast , if the selection of the HV - Lo mode is not 
restricted so that the answer of step S4 is NO , or if the input 
power allowed to accumulate in the battery 47 is smaller 
than the second threshold power W2 so that the answer of 

step S7 is NO , the routine returns . That is , the restriction of 
selection of the HV - Lo mode is continued . 
[ 0123 ] FIG . 19 indicates temporal changes in the input 
power allowed to accumulate in the battery 47 and the 
restriction of selection of the HV - Lo mode , after accelerat 
ing the stopping hybrid vehicle to a predetermined speed and 
then decelerate the hybrid vehicle . 
[ 0124 ] As shown in FIG . 19 , the hybrid vehicle is 
launched at point to . A speed of the hybrid vehicle reaches 
the predetermined speed at point t4 , and gradually reduced 
after point t4 . In the example shown in FIG . 19 , the SOC 
level of the battery 47 is low at point to , and hence the hybrid 
vehicle is propelled while supplying the electric power 
translated from a part of the engine power to the battery 47 . 
For this reason , the SOC level of the battery 47 is gradually 
increased from point to . In addition , a temperature of the 
battery 47 is low at point to , the input power allowed to 
accumulate in the battery 47 is limited relatively signifi 
cantly . That is , the input power allowed to accumulate in the 
battery 47 is small . The temperature of the battery 47 is 
raised from point to , and the input power allowed to accu 
mulate in the battery 47 is increased from point to to point 
t3 . In this situation , the SOC level of the battery 47 is 
increased gradually , and exceeds the predetermined level at 
point t5 . Consequently , the input power allowed to accumu 
late in the battery 47 decreases from point t5 . 
10125 ] From point to to point t1 , the vehicle speed is lower 
than the first predetermined speed Vsi , and hence the 
selection of the HV - Lo mode has not yet been restricted . At 
point t1 , the vehicle speed exceeds the first predetermined 
speed Vs1 but the input power allowed to accumulate in the 
battery 47 is still smaller than the first threshold power W1 . 
In this situation , therefore , the selection of the HV - Lo mode 
is restricted . Then , at point t2 , the input power allowed to 
accumulate in the battery 47 exceeds the second threshold 
power W2 . Consequently , the restriction of selection of the 
HV - Lo mode is cancelled at point t2 . 
0126 ] The input power allowed to accumulate in the 
battery 47 starts decreasing from point t5 , and when the 
input power allowed to accumulate in the battery 47 falls 
below the first threshold power W1 at point to , the selection 
of the HV - Lo mode is restricted again . At point t6 , since the 
vehicle speed is higher than the first predetermined speed 
Vs1 , the routine shown in FIG . 18 progresses from step S1 
to step S2 . 
[ 0127 ] Thus , selection of the HV - Lo mode is restricted 
when the input power allowed to accumulate in the battery 
47 decreases to the extent that the maximum brake force 
expected to be established in the HV - Lo mode based on the 
current condition is reduced smaller than the maximum 
brake force expected to be established in the HV - Hi mode 
based on the current condition . According to the embodi 
ment , therefore , the maximum brake force will not be 
restricted by the limitation of the input power allowed to 
accumulate in the battery 47 . In addition , in the low speed 
range lower than the first predetermined speed Vs1 and the 
second predetermined speed Vs2 , selection of the HV - Lo 
mode will not be restricted . According to the embodiment , 
therefore , the maximum brake force will not be restricted in 
the low speed range . Specifically , in the low speed range , the 
brake force indicated by the dashed lime shown in FIG . 16 
can be established , and in the remaining speed range , the 
brake force indicated by the solid lime shown in FIG . 17 can 
be established . 
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[ 0128 ] In the routine shown in FIG . 18 , steps S1 and S5 
may be omitted . That is , the restriction of the HV - Lo mode 
may also be determined without reference to the vehicle 
speed . In this case , the routine progresses directly from step 
S4 to step S7 if the answer of step S4 is YES . 
10129 ] The power consumption of the first motor 6 is 
increased with an increase in the upper limit power ( i . e . , the 
brake power ) of the engine 5 . That is , even if the second 
motor 7 generates large amount of electric power , the 
electric power will not be supplied excessively to the battery 
47 by consuming the electric power by the first motor 6 . 
According to the embodiment , therefore , the first threshold 
power W1 may be reduced with an increase in the upper 
limit power of the engine 5 in the HV - Lo mode . To this end , 
the determination at step S2 may be made with reference to 
a map shown in FIG . 20 . The map shown in FIG . 20 may be 
prepared based on a result of an experimentation or a 
simulation , and in FIG . 20 , the horizontal axis represents the 
upper limit power of the engine 5 in the HV - Lo mode , and 
the vertical axis represents the first threshold power W1 . 
[ 0130 ] As described , the upper limit power of the engine 
5 is set on the basis of the allowable speed of the pinion gear 
13 as an upper limit speed at which the pinion gear 13 can 
be rotated without being damaged . Accordingly , as shown in 
FIG . 21 , the allowable speed of the pinion gear 13 may be 
reduced with an increase in a temperature of the pinion gear 
13 . Instead , as shown in FIG . 22 , the allowable speed of the 
pinion gear 13 may be increased with an increase in an 
amount of lubricant ( i . e . , oil ) supplied to the pinion gear 13 . 
By thus adjusting the allowable speed of the pinion gear 13 , 
the output power of the engine 5 will not be restricted 
excessively to prevent shortage of the brake force . For this 
purpose , a temperature sensor may be arranged in the 
vicinity of the pinion gears 13 to measure a temperature of 
the pinion gears 13 . Instead , the temperature of the pinion 
gear 13 may be estimated based on a magnitude of the torque 
applied to the pinion gear 13 , or based on an oil temperature 
in the first drive unit 2 . 
[ 0131 ] As a result of restricting the selection of the HV - Lo 
mode by carrying out the routine shown in FIG . 18 , it is 
possible to avoid a reduction in the maximum brake force 
due to selection of the HV - Hi mode and the fixed mode . 
However , a required brake force may not be achieved in the 
HV - Hi mode and the fixed mode . In order to avoid such 
disadvantage , it is preferable to promptly increase the input 
power allowed to accumulate in the battery 47 . To this end , 
the control system according to the embodiment is further 
configured to execute a cancellation control to cancel the 
restriction of selection of the HV - Lo mode during restricting 
the selection of the HV - Lo mode . 
[ 0132 ] An example of the cancellation control is shown in 
FIG . 23 . For example , the routine shown in FIG . 23 is 
commenced when the input power allowed to accumulate in 
the battery 47 is limited due to temperature rise in the battery 
47 . At step S11 , it is determined whether or not the selection 
of the HV - Lo mode is restricted . Such determination at step 
S11 may be made by the same procedure as the determina 
tion at step S4 in the routine shown in FIG . 18 . 
[ 0133 ] If the selection of the HV - Lo mode is not restricted 
so that the answer of step S11 is NO , the routine progresses 
to step S12 to activate the cooling fan F based on a command 
signal for the normal control . Thereafter , the routine returns . 
By contrast , if the selection of the HV - Lo mode is restricted 
so that the answer of step S11 is YES , the routine progresses 

to step S13 to activate the cooling fan F based on a command 
signal for the cancellation control . Thereafter , the routine 
returns . 
0134 ] An example of the command signal for activating 
the cooling fan F is shown in FIG . 24 . In FIG . 14 , the 
horizontal axis represents a temperature of the battery 47 , 
the vertical axis represents a current value applied to the 
cooling fan F , the solid line represents a current value 
applied to the cooling fan F when carrying out the cancel 
lation control , and the dashed line represents a current value 
applied to the cooling fan F in the normal condition . As 
shown in FIG . 24 , in a case of carrying out the cancellation 
control , a relatively large current is applied to the cooling fan 
F from a relatively low temperature . In this case , therefore , 
the battery 47 can be cooled promptly to ease the limitation 
of the input power allowed to accumulate in the battery 47 . 
In other words , the restriction of selection of the HV - Lo 
mode can be cancelled promptly . To this end , a water 
cooling system may also be used instead of the cooling fan 
F . In this case , a flow rate of the water is increased when 
carrying out the cancellation control to cool the battery 47 
promptly . 
[ 0135 ] In addition , when the SOC level of the battery 47 
is raised , the selection of the HV - Lo mode may also be 
restricted due to reduction in the input power allowed to 
accumulate in the battery 47 . In order to avoid such disad 
vantage , it is preferable to promptly lower the SOC level of 
the battery 47 . To this end , the control system according to 
the embodiment is further configured to execute another 
cancellation control shown in FIG . 25 . 
[ 0136 ] According to the cancellation control shown in 
FIG . 25 , the SOC level of the battery 47 is lowered by 
reducing a frequency to start the engine 5 . To this end , 
specifically , the engine 5 is stopped when a required power 
for the vehicle is large . 
10137 ) At step S21 , it is determined whether or not the 
selection of the HV - Lo mode is restricted . Such determina 
tion at step S21 may be made by the same procedure as the 
determination at steps S4 and S11 in the foregoing routines . 
If the selection of the HV - Lo mode is not restricted so that 
the answer of step S21 is NO , the routine progresses to step 
S22 to select a first starting threshold value of the required 
power to start the engine 5 in the normal condition , and 
thereafter , the routine returns . By contrast , if the selection of 
the HV - Lo mode is restricted so that the answer of step S21 
is YES , the routine progresses to step S23 to select a second 
starting threshold value of the required power to start the 
engine 5 that is greater than the first starting threshold value . 
[ 0138 ] By thus reducing the frequency to start the engine 
5 when the selection of the HV - Lo mode is restricted , the 
engine 5 will not be started frequently so that the SOC level 
of the battery 47 falls rapidly . Consequently , the limitation 
of the input power allowed to accumulate in the battery 47 
may be eased . For this reason , the restriction of selection of 
the HV - Lo mode may be cancelled promptly . 
[ 0139 ] Although the above exemplary embodiments of the 
present application have been described , it will be under 
stood by those skilled in the art that the present application 
should not be limited to the described exemplary embodi 
ments , and various changes and modifications can be made 
within the spirit and scope of the present application . For 
example , the hybrid vehicle according to the embodiment 
may be modified as long as two different operating modes 
can be selected to alter the ratio of the torque delivered to the 
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first motor and to the output member , and the brake force 
derived from the regenerative torque of the second motor 
and the engine brake force can be applied to the drive 
wheels . Hereinafter , modification examples of the hybrid 
vehicle will be explained with reference to FIGS . 26 to 31 . 
In the following explanation , common reference numerals 
are allotted to in common with those of the foregoing 
embodiment , and detailed explanation for the common 
elements will be omitted . 
[ 0140 ] The hybrid vehicle shown in FIG . 26 comprises a 
first differential mechanism PL1 connected directly to the 
engine 5 , and a second differential mechanism PL2 con 
nected directly to the first motor 6 . 
[ 0141 ] The first differential mechanism PL1 is a single 
pinion planetary gear unit comprising : a sun gear S1 formed 
around the output shaft 15 of the engine 5 ; a ring gear R1 
arranged concentrically with the sun gear S1 ; pinion gears 
P1 interposed between the sun gear S1 and the ring gear R1 
while being meshed with both gears S1 and R1 ; and a carrier 
C1 supporting the pinion gears P1 in a rotatable manner . 
[ 0142 ] The second differential mechanism PL2 is also a 
single - pinion planetary gear unit comprising : a sun gear S2 
connected to the first motor 6 ; a carrier C2 connected to the 
ring gear R1 of the first differential mechanism PL1 ; and a 
ring gear R2 connected to the output gear 21 . The output 
gear 21 is meshed with the driven gear 23 to distribute the 
torque to the front wheels IR and 1L . 
[ 0143 ] In the first differential mechanism PL1 , the sun 
gear S1 and the carrier C1 are engaged to each other through 
a fourth clutch CL4 to rotate the rotary elements of the first 
differential mechanism PL1 integrally . The carrier C1 of the 
first differential mechanism PL1 and the ring gear R2 of the 
second differential mechanism PL2 are engaged to each 
other through a fifth clutch CL5 . The brake B1 is disposed 
on the output shaft 15 of the engine 5 . For example , a friction 
clutch and a dog clutch may also be used individually as the 
clutches CL4 and CL5 . 
[ 0144 ] In the hybrid vehicle shown in FIG . 26 , the HV - Lo 
mode in which the ratio of the torque delivered to the ring 
gear R2 is relatively large is established by engaging the 
fourth clutch CL4 , and the HV - Hi mode in which the ratio 
of the torque delivered to the ring gear R2 is relatively small 
is established by engaging the fifth clutch CL5 . 
[ 0145 ] FIG . 27 indicates rotational speeds of the rotary 
elements of the first differential mechanism PL1 and the 
second differential mechanism PL2 in the HV - Hi mode of 
the hybrid vehicle shown in FIG . 26 . As shown in FIG . 27 , 
the HV - Hi mode is established by engaging the fifth clutch 
CL5 so that the rotary elements in the first differential 
mechanism PL1 are rotated integrally . Consequently , the 
carrier C2 as an input element of the second differential 
mechanism PL2 is rotated at a same speed as the engine 5 . 
In the HV - Hi mode , the sun gear S2 of the second differential 
mechanism PL2 is allowed to serve as a reaction element by 
applying reaction torque thereto from the first motor 6 , and 
consequently the ring gear R2 of the second differential 
mechanism PL2 is allowed to serve as an output element to 
deliver the torque to the output gear 21 . Given that the 
engine torque delivered to the first motor 6 side is “ 1 ” , a ratio 
of the torque applied to the ring gear R2 in the HV - Hi mode 
may be expressed as “ 1 / 04 ” . In the hybrid vehicle shown in 
FIG . 26 , a ratio between teeth number of the ring gear R1 

and teeth number of the sun gear S1 is “ p3 ” , and a ratio 
between teeth number of the ring gear R2 and teeth number 
of the sun gear S2 is “ p4 ” . 
10146 ] FIG . 28 indicates rotational speeds of the rotary 
elements of the first differential mechanism PL1 and the 
second differential mechanism PL2 in the HV - Lo mode of 
the hybrid vehicle shown in FIG . 26 . As shown in FIG . 27 , 
the HV - Lo mode is established by engaging the fourth clutch 
CL4 so that the carrier C1 of the first differential mechanism 
PL1 and the ring gear R2 of the second differential mecha 
nism PL2 are rotated integrally . In addition , the carrier C2 of 
the second differential mechanism PL2 is connected to the 
ring gear R1 of the first differential mechanism PL1 . In the 
HV - Lo mode , therefore , the carrier C1 of the first differential 
mechanism PL1 serves as an input element , the sun gear S2 
of the second differential mechanism PL2 serves as a reac 
tion element , and the ring gear R2 of the second differential 
mechanism PL2 serves as an output element . In the HV - Lo 
mode , specifically , the torque of the sun gear S1 of the first 
differential mechanism PL1 is delivered to the rig gear R2 of 
the second differential mechanism PL2 . In the HV - Lo mode , 
given that the engine torque delivered to the first motor 6 
side is “ 1 ” , a ratio of the engine torque delivered to the ring 
gear R2 may be expressed as “ 1 + P3 + ( p3 / p4 ) ” . Thus , in the 
HV - Lo mode , the ratio of the torque delivered from the 
engine 5 to the ring gear R2 is increased in comparison with 
that in the HV - Hi mode . 
[ 0147 ] As described , in the hybrid vehicle shown in FIG . 
26 , the HV mode is established by engaging any one of the 
fourth clutch CL4 and the fifth clutch CL5 . In addition , the 
ratio of the torque delivered from the engine 5 to the ring 
gear R2 in the HV - Lo mode is greater than that in the HV - Hi 
mode , and the upper limit speed of the engine 5 in the HV - Lo 
mode is lower than that in the HV - Hi mode . For these 
reasons , the maximum brake force may be reduced in the 
HV - Lo mode if the input power allowed to accumulate in the 
battery 47 is limited . In the hybrid vehicle shown in FIG . 26 , 
therefore , it is preferable to restrict the selection of the 
HV - Lo mode when the input power allowed to accumulate 
in the battery 47 is limited . 
[ 0148 ] The hybrid vehicle shown in FIG . 29 comprises a 
third differential mechanism PL3 connected directly to the 
engine 5 , and a fourth differential mechanism PL4 connected 
directly to the first motor 6 . 
[ 0149 ] The third differential mechanism PL3 is also a 
single - pinion planetary gear unit comprising : a carrier C3 
connected to the output shaft 15 of the engine 5 ; a sun gear 
S3 ; and a ring gear R3 connected to the output gear 21 . The 
output gear 21 is also meshed with the driven gear 23 to 
distribute the torque to the front wheels 1R and 1L . 
[ 0150 ] The fourth differential mechanism PL4 is also a 
single - pinion planetary gear unit comprising : a ring gear R4 
connected to the first motor 6 ; a carrier C4 connected to the 
sun gear S3 of the third differential mechanism PL3 ; and a 
sun gear S4 . 
[ 0151 ] In the fourth differential mechanism PL4 , the car 
rier C4 and the ring gear R4 are engaged to each other 
through a sixth clutch CL6 to rotate the rotary elements of 
the fourth differential mechanism PL4 integrally . The carrier 
C3 of the third differential mechanism PL3 and the sun gear 
S4 of the fourth differential mechanism PL4 are engaged to 
each other through a seventh clutch CL7 . The brake B1 is 
also disposed on the output shaft 15 of the engine 5 . For 
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example , a friction clutch and a dog clutch may also be used 
individually as the clutches CL6 and CL7 . 
[ 0152 ] In the hybrid vehicle shown in FIG . 29 , the HV - LO 
mode in which the ratio of the torque delivered to the ring 
gear R3 is relatively large is established by engaging the 
sixth clutch CL6 , and the HV - Hi mode in which the ratio of 
the torque delivered to the ring gear R3 is relatively small is 
established by engaging the seventh clutch CL7 . 
[ 0153 ] FIG . 30 indicates rotational speeds of the rotary 
elements of the third differential mechanism PL3 and the 
fourth differential mechanism PL4 in the HV - Hi mode of the 
hybrid vehicle shown in FIG . 29 . As shown in FIG . 30 , the 
HV - Hi mode is established by engaging the sixth clutch CL6 
so that the rotary elements in the fourth differential mecha 
nism PL4 are rotated integrally . Consequently , the torque of 
the first motor 6 is delivered to the carrier C4 of the fourth 
differential mechanism PL4 without being changed . In the 
HV - Hi mode , torque of the engine 5 is applied to the carrier 
C3 of the third differential mechanism PL3 and reaction 
torque established by the first motor 6 is delivered to the sun 
gear S3 of the third differential mechanism PL3 through the 
carrier C4 of the fourth differential mechanism PL4 . Con 
sequently , the torque is delivered from the ring gear R3 to 
the output gear 21 . Thus , in the HV - Hi mode , the carrier C3 
serves as an input element , the sun gear S3 serves as a 
reaction element , and the ring gear R3 serves as an output 
element . In the hybrid vehicle shown in FIG . 29 , given that 
the engine torque delivered to the first motor 6 side is “ 1 ” , 
a ratio of the torque applied to the ring gear R3 in the HV - Hi 
mode may be expressed as “ 1 / p5 " where p5 is a ratio 
between teeth number of the ring gear R3 and teeth number 
of the sun gear S3 . 
[ 0154 ] FIG . 31 indicates rotational speeds of the rotary 
elements of the third differential mechanism PL3 and the 
fourth differential mechanism PL4 in the HV - Lo mode of the 
hybrid vehicle shown in FIG . 29 . As shown in FIG . 31 , the 
HV - Lo mode is established by engaging the seventh clutch 
CL7 so that the carrier C3 of the third differential mecha 
nism PL3 and the sun gear S4 of the fourth differential 
mechanism PL4 are rotated integrally . In addition , the sun 
gear S3 of the third differential mechanism PL3 is connected 
to the carrier C4 of the fourth differential mechanism PL4 . 
In the HV - Lo mode , therefore , the carrier C3 of the third 
differential mechanism PLZ serves as an input element , the 
ring gear R4 of the fourth differential mechanism PL4 serves 
as a reaction element , and the ring gear R3 of the third 
differential mechanism PL3 serves as an output element . In 
the HV - Lo mode , specifically , the torque of the carrier C3 of 
the third differential mechanism PL3 is delivered to the rig 
gear R3 of the third differential mechanism PL3 . In the 
HV - Lo mode , given that the engine torque delivered to the 
first motor 6 side is “ 1 ” , a ratio of the engine torque 
delivered to the ring gear R3 may be expressed as “ ( 1 + p6 ) / 
p5 " where p6 is a ratio between teeth number of the ring 
gear R4 and teeth number of the sun gear S4 . Thus , in the 
HV - Lo mode , the ratio of the torque delivered from the 
engine 5 to the ring gear R3 is increased in comparison with 
that in the HV - Hi mode . In addition , given that the rotational 
speed of the first motor 6 is “ O ” , a speed reducing ratio 
between the rotational speeds of the engine 5 and the ring 
gear R3 in the HV - Lo mode is greater than that in the HV - Hi 
mode . 
[ 0155 ] As described , in the hybrid vehicle shown in FIG . 
29 , the HV mode is established by engaging any one of the 

sixth clutch CL4 and the seventh clutch CL7 . In addition , the 
ratio of the torque delivered from the engine 5 to the ring 
gear R3 in the HV - Lo mode is greater than that in the HV - Hi 
mode , and the upper limit speed of the engine 5 in the HV - Lo 
mode is lower than that in the HV - Hi mode . For these 
reasons , the maximum brake force may be reduced in the 
HV - Lo mode if the input power allowed to accumulate in the 
battery 47 is limited . In the hybrid vehicle shown in FIG . 29 , 
therefore , it is also preferable to restrict the selection of the 
HV - Lo mode when the input power allowed to accumulate 
in the battery 47 is limited . 
[ 0156 ] Thus , in the hybrid vehicles shown in FIGS . 1 , 26 , 
and 29 , the first differential mechanism is adapted to perform 
a differential action among a first rotary element connected 
to an engine ; a second rotary element connected to a motor ; 
and a third rotary element connected to drive wheels . The 
second differential mechanism is also adapted to perform a 
differential action among : a fourth rotary element ; a fifth 
rotary element connected to the third rotary element ; and a 
sixth rotary element . Each of the hybrid vehicles individu 
ally comprises : a first engagement device that selectively 
connects the sixth rotary element to the first rotary element 
or the second rotary element ; and a second engagement 
device that selectively connects any two of the first rotary 
element , the second rotary element , and the third rotary 
element , or connects any two of the fourth rotary element , 
the fifth rotary element , and the sixth rotary element . In the 
hybrid vehicles , a first mode ( i . e . , the HV - Lo mode ) in which 
a torque distribution ratio is relatively large is established by 
engaging any one of the first engagement device and the 
second engagement device , and a second mode ( i . e . , the 
HV - Hi mode ) in which a torque distribution ratio is rela 
tively small is established by engaging other one of the first 
engagement device and the second engagement device . 
What is claimed is : 
1 . A drive force control system for a hybrid vehicle , 

comprising : 
an engine ; 
a first rotary machine that serves not only as a motor but 

also as a generator ; 
a transmission mechanism that distributes an output 

torque of the engine to the first rotary machine side and 
an output member side , wherein an operating mode can 
be selected from a first mode in which a ratio of the 
output torque of the engine delivered to the output 
member side to a torque of the engine is set to a first 
predetermined ratio , and a second mode in which a 
ratio of the output torque of the engine delivered to the 
output member side to a torque of the engine is set to 
a second predetermined ratio that is smaller than the 
first predetermined ratio ; 

a battery ; 
a second rotary machine that serves not only as a motor 

but also as a generator , and that is connected electri 
cally to the first rotary machine ; and 

a controller to control the transmission mechanism , 
wherein the controller is configured to 
execute a regeneration control to deliver a regenerative 

torque resulting from operating the second rotary 
machine as a generator to the drive wheels , and an 
engine brake control to deliver a brake torque resulting 
from a power loss of the engine to the output member , 
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first mode , in comparison with the electric power generated 
by the first rotary machine when maintaining the rotational 
speed of the engine to the upper limit speed in the second 
mode . 

maintain a rotational speed of the engine to a predeter - 
mined speed during execution of the engine brake 
control by operating the first rotary machine as a motor 
or a generator , and 

restrict selection of the first mode when an input power 
allowed to accumulate in the battery is smaller than a 
threshold power . 

2 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , wherein the controller is further config 
ured to : 
maintain the rotational speed of the engine to the prede 

termined speed during execution of the engine brake 
control by operating the first rotary machine as a motor ; 
and 

supply an electric power calculated by subtracting an 
electric power consumed by the first rotary machine 
from an electric power generated by the second rotary 
machine during execution of the regeneration control to 
the battery . 

3 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , 

wherein the engine comprises an intake pipe that intro 
duces ambient air to the engine , and a throttle valve that 
controls a flow rate of the air flowing through the intake 
pipe , and 

the engine brake control includes a control to establish the 
brake torque by stopping fuel supply to the engine 
while controlling the throttle valve in such a manner as 
to reduce the flow rate of the air flowing through the 
intake pipe . 

4 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , wherein the controller is further config 
ured to establish a maximum brake force in the vehicle by 
maintaining the rotational speed of the engine to an upper 
limit speed by the first rotary machine , while controlling the 
regenerative torque of the second rotary machine based on 
the input power allowed to accumulate in the battery . 

5 . The drive force control system for a hybrid vehicle as 
claimed in claim 4 , wherein the threshold power includes the 
input power allowed to accumulate in the battery , that is 
possible to reduce the maximum brake force in the first 
mode smaller than the maximum brake force in the second 
mode . 

6 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , wherein the threshold power is reduced 
with an increase in the brake torque . 

7 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , 

wherein the brake torque is increased with an increase in 
the rotational speed of the engine , and 

wherein the upper limit speed of the engine in the first 
mode is set to be lower than the upper limit speed of the 
engine in the second mode . 

8 . The drive force control system for a hybrid vehicle as 
claimed in claim 7 , wherein the controller is further config 
ured to control the first rotary machine in such a manner as 
to generate a larger electric power when maintaining the 
rotational speed of the engine to the upper limit speed in the 

9 . The drive force control system for a hybrid vehicle as 
claimed in claim 7 , 
wherein the transmission comprises a plurality of rotary 

elements , and 
wherein the upper limit speed of the engine is raised with 

an increase in an upper limit speed of a predetermined 
rotary element in the rotary elements . 

10 . The drive force control system for a hybrid vehicle as 
claimed in claim 9 , 

wherein the upper limit speed of the predetermined rotary 
element is lowered with a temperature rise of the 
predetermined rotary element , and 

wherein the upper limit speed of the predetermined rotary 
element is raised with an increase in an amount of 
lubricant supplied to the predetermined rotary element . 

11 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , wherein the controller is further config 
ured to restrict the selection of the first mode when a vehicle 
speed is higher than a predetermined speed . 

12 . The drive force control system for a hybrid vehicle as 
claimed in claim 1 , wherein the controller is further config 
ured to execute a cancellation control to cancel the restric 
tion of selection of the first mode by increasing the input 
power allowed to accumulate in the battery during restrict 
ing the selection of the first mode . 

13 . The drive force control system for a hybrid vehicle as 
claimed in claim 12 , 
wherein the input power allowed to accumulate in the 

battery is restricted when a temperature of the battery 
is raised higher than a predetermined temperature , 

wherein the drive force control system further comprises 
a cooling device , and 

wherein the cancellation control includes a control to cool 
the battery by the cooling device more promptly during 
restricting the selection of the first mode , in comparison 
with a case in which the selection of the first mode is 
not restricted . 

14 . The drive force control system for a hybrid vehicle as 
claimed in claim 12 , 

wherein the controller is further configured to : 
select an operating mode of the hybrid vehicle from a 
hybrid mode in which the hybrid vehicle is powered by 
the engine and the second rotary machine , and an 
electric vehicle mode in which the hybrid vehicle is 
powered by the second rotary machine without using 
the engine ; and 

start the engine when a required power is greater than a 
predetermined power ; and 

wherein the cancellation control includes a control to 
increase the predetermined power when the selection of 
the first mode is restricted , in comparison with a case 
in which the selection of the first mode is not restricted . 


