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To provide a power plant which is capable of reducing power
passing through a distributing and combining device, thereby
making it possible to attain reduction of the size and manu-
facturing costs of the power plant and enhance driving effi-
ciency of the same. The power plant 1 for driving driven parts
DW and DW includes a prime mover 3, a first distributing and
combining device 20 having first, second and third elements
21, 24 and 22, a second distributing and combining device 30
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capable of changing the relationship between the rotational
speed of the third element and that of the sixth element 32.
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connected to an output shaft 3a of the prime mover 3, and the
first and fifth elements 21 and 34 are mechanically connected
to the driven parts DW and DW.
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1
POWER PLANT

FIELD OF THE INVENTION

The present invention relates to a power plant for driving
driven parts, and more particularly to a power plant that is
provided with a prime mover as a power source, and is con-
figured to be capable of transmitting power from the prime
mover to the driven parts while changing the speed of the
power.

BACKGROUND ART

Conventionally, as the power plant of this kind, one dis-
closed in Patent Literature 1 is known. This power plant is for
driving left and right drive wheels of a vehicle, and is
equipped with an internal combustion engine as power
source, and a transmission connected to the engine and the
drive wheels. The transmission includes first and second plan-
etary gear units of a general single pinion type, and first and
second rotating machines each having a rotor and a stator.

As shown in FIG. 51, the first planetary gear unit has a first
ring gear, a first carrier and a first sun gear mechanically
connected to the engine, a second carrier of the second plan-
etary gear unit, and the first rotating machine, respectively.
The second planetary gear unit has a second sun gear, a
second carrier and a second ring gear mechanically connected
to the second rotating machine, the drive wheels, and the first
rotating machine, respectively. Further, the first and second
rotating machines are electrically connected to each other via
a controller. It should be noted that in FIG. 51, mechanical
connections between elements are indicated by solid lines,
and electrical connections therebetween are indicated by one-
dotchain lines. Further, flows of power and electric power are
indicated by thick lines with arrows.

In the conventional power plant configured as above, dur-
ing traveling of the vehicle, the power from the engine is
transmitted to the drive wheels, e.g. as follows: As shown in
FIG. 51, the power from the engine is transmitted to the first
ring gear, and is then combined with power transmitted, as
described hereinafter, to the first sun gear. This combined
power is transmitted to the second carrier via the first carrier.
Further, in this case, electric power is generated by the second
rotating machine, and the generated electric power is supplied
to the first rotating machine via the controller. In accordance
with the electric power generation, part of the combined
power transmitted to the second carrier is distributed to the
second sun gear and the second ring gear, and the remainder
of'the combined power is transmitted to the drive wheels. The
power distributed to the second sun gear is transmitted to the
second rotating machine, and the power distributed to the
second ring gear is transmitted to the first sun gear via the first
rotating machine. Furthermore, the power of the first rotating
machine, generated in accordance with the above-described
supply of the electric power, is transmitted to the first sun
gear.

As described above, in the conventional power plant,
power is recirculated via a path formed by the first
carrier—the second carrier—the second ring gear—the first
rotating machine—sthe first sun gear—the first carrier, and a
path formed by the first carrier—the second carrier—the sec-
ond sun gear—the second rotating machine—=the first rotat-
ing machine—sthe first sun gear—the first carrier. This recir-
culation of the power causes very large combined power from
the first ring gear and the first sun gear to pass through the first
carrier and then pass through the second carrier as it is, so that
to withstand the above large combined power, it is inevitable
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to increase the size of the first and second planetary gear units,
which results in the increased size and manufacturing costs of
the power plant. Further, in accordance with the increases in
the size of the above power plant and the power passing
through the power plant, losses generated in the power plant
are increased to decrease the driving efficiency of the power
plant.

The present invention has been made to provide a solution
to the above-described problems, and an object thereof is to
provide a power plant which is capable of reduce power
passing through a distributing and combining device,
whereby it is possible to attain reduction of the size and
manufacturing costs of the power plant and enhance the driv-
ing efficiency thereof.

[Patent Literature 1] U.S. Pat. No. 6,478,705

DISCLOSURE OF THE INVENTION

To attain the object, the invention as claimed in claim 1
provides a power plant 1, 1A, 1B for driving driven parts
(drive wheels DW and DW in the embodiment (the same
applies hereinafter in this section)), comprising a prime
mover (engine 3) including an output shaft (crankshaft 3a), a
first distributing and combining device (first planetary gear
unit 20, third generator-motor 220) that includes first, second
and third elements (first sun gear 21, first carrier 24, first ring
gear 22, Al rotor 221, A2 rotor 223, third stator 222), and has
a function of distributing energy input to the second element
to the first and third elements and a function of combining
energy input to the first and third elements and then outputting
combined energy to the second element, the first to third
elements rotating while maintaining a linear speed relation-
ship therebetween, during distributing and combining the
energy, a second distributing and combining device (second
planetary gear unit 30, fourth generator-motor 230) that
includes fourth, fifth and sixth elements (second sun gear 31,
second carrier 34, second ring gear 32, B1 rotor 231, B2 rotor
233, fourth stator 232) and has a function of distributing
energy input to the fifth element to the fourth and sixth ele-
ments and a function of combining energy input to the fourth
and sixth elements and then outputting combined energy to
the fifth element, the fourth to sixth elements rotating while
maintaining a linear speed relationship therebetween, during
distributing and combining the energy, and a speed-changing
device (first generator-motor 40, second generator-motor 50,
ECU 2, 1st-PDU 61, 2nd-PDU 62, stepless transmission 110)
that is connected to the third and sixth elements such that the
speed-changing device is capable of changing a relationship
between a rotational speed of the third element and a rota-
tional speed of the sixth element, wherein the second and
fourth elements are mechanically connected to the output
shaft of the prime mover, and the first and fifth elements are
mechanically connected to the driven parts.

According to the power plant, the second element of the
first distributing and combining device and the fourth element
of'the second distributing and combining device are mechani-
cally connected to the output shaft of the prime mover, and the
first element of the first distributing and combining device
and the fifth element of the second distributing and combining
device are mechanically connected to the driven parts. Fur-
ther, the speed-changing device capable of changing the rela-
tionship between the rotational speed of the third element and
the rotational speed of the sixth element is connected to the
third element of the first distributing and combining device
and the sixth element of the second distributing and combin-
ing device.
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In the power plant configured as above, the power from the
prime mover is transmitted to the driven parts e.g. as follows:
As shown in FIG. 52, part of the power from the prime mover
is transmitted to the second element, and the remainder
thereof is transmitted to the fourth element. The power trans-
mitted from the prime mover to the second element is distrib-
uted to the first element and the third element, and the power
distributed to the first element is transmitted to the driven
parts, while the power distributed to the third element is
transmitted to the sixth element via the speed-changing
device. Further, the power transmitted to the sixth element
and the power from the prime mover transmitted to the fourth
element, as described above, are combined, and then the
combined power is transmitted to the driven parts via the fifth
element. As a consequence, power equal in magnitude to the
power from the prime mover is transmitted to the driven parts.
It should be noted that in FIG. 52, thick lines with respective
arrows indicate flows of power (energy).

As described above, in the power plant according to the
present invention, differently from the aforementioned con-
ventional case, the power from the prime mover is transmitted
to the driven parts without being recirculated, and hence it is
possible to reduce power passing through the first and second
distributing and combining devices. This makes it possible to
reduce the sizes of the first and second distributing and com-
bining devices, thereby making it possible to attain reduction
of the size and manufacturing costs of the power plant. Fur-
ther, the first and second distributing and combining devices
each having torque capacity corresponding to the power
reduced as described above are used, whereby it is possible to
suppress the loss of power to improve the driving efficiency of
the power plant.

Further, the power from the prime mover is transmitted to
the driven parts in a divided state via three paths, i.e. a first
path formed by the second element and the first element, and
a second path formed by the second element, the third ele-
ment, the speed-changing device, the sixth element, and the
fifth element, and a third path formed by the fourth element
and the fifth element. This makes it possible to reduce power
passing through the speed-changing device via the second
path, so that it is possible to reduce the size of the speed-
changing device, thereby making it possible to attain further
reduction of the size and manufacturing costs of the power
plant.

Furthermore, when power is transmitted to the driven parts,
as described above, if the relationship between the rotational
speed of the third element and that of the sixth element is
changed by the speed-changing device, it is possible to trans-
mit the power from the prime mover to the driven parts while
changing the speed thereof. More specifically, in the first
distributing and combining device, during distributing and
combining energy between the first to third elements, the first
to third elements rotate while maintaining a linear speed
relationship therebetween, and in the second distributing and
combining device, similarly to the first distributing and com-
bining device, the fourth to sixth elements rotate while main-
taining a linear speed relationship therebetween during dis-
tributing and combining energy between the fourth to sixth
elements. Further, in the above-described connecting rela-
tionship, in a case where the second and fourth elements are
directly connected to the output shaft of the prime mover
without via a transmission, such as a gear, the rotational
speeds of the second and fourth elements are both equal to the
rotational speed of the prime mover. Furthermore, in a case
where the first and fifth elements are directly connected to the
driven parts, the rotational speeds of the first and fifth ele-
ments are both equal to the speed of the driven parts. Further,
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the relationship between the rotational speed of the third
element and that of the sixth element is changed by the speed-
changing device. From the above, the relationship between
the rotational speed of the prime mover, the speed of the
driven parts, and the rotational speeds of the first to sixth
elements (hereinafter referred to as “the first to sixth element
rotational speeds V1 to V6”, respectively) are indicated e.g.
by thick solid lines in FIG. 53. It should be noted that the F1G.
53 speed diagram and other speed diagrams, referred to here-
inafter, are so-called collinear charts, and in each speed dia-
gram, the rotational speeds of the plurality of elements in the
linear speed relationship are on a straight line, which means
that they are in a collinear relationship. Further, in these speed
diagrams, actually, vertical lines intersecting horizontal lines
indicative of a value of 0 are for representing the velocities of
parameters, and the distance between each white circle shown
on the vertical lines and an associated one of the horizontal
lines corresponds to the velocity of each parameter, a refer-
ence numeral indicative of the velocity of each parameter is
shown on one end of each vertical line for convenience.

Therefore, as indicated by broken lines in FIG. 53, by
changing the relationship between the third and sixth element
rotational speeds V3 and V6 using the speed-changing device,
for example, such that the third element rotational speed V3
becomes higher and at the same time the sixth element rota-
tional speed V6 becomes lower than the second and fourth
element rotational speeds V2 and V4, it is possible to transmit
the power from the prime mover to the driven parts while
decreasing the speed of thereof. Inversely, as indicated by
one-dot chain lines in FIG. 53, by the relationship between the
third and sixth element rotational speeds V3 and V6 using the
speed-changing device, for example, such that the third ele-
ment rotational speed V3 becomes lower and at the same time
the sixth element rotational speed V6 becomes higher than the
second and fourth element rotational speeds V2 and V4, it is
possible to transmit the power from the prime mover to the
driven parts while increasing the speed thereof.

The invention as claimed in claim 2 is the power plant 1A
as claimed in claim 1, wherein the speed-changing device is a
mechanical stepless transmission 110.

With this arrangement, since a general mechanical stepless
transmission is used as the speed-changing device, it is pos-
sible to configure the power plant easily and inexpensively
without preparing a special device. Further, as claimed in
claim 1, power passing through the speed-changing device
can be reduced, and hence if a stepless transmission having
torque capacity corresponding to the power reduced as
described above is used, it is possible to suppress the loss of
power to further improve the driving efficiency of the power
plant.

The invention as claimed in claim 3 is the power plant 1 as
claimed in claim 1, wherein the speed-changing device com-
prises a first energy conversion device (first generator-motor
40) that is mechanically connected to the third element, for
transmitting rotational power between the first energy con-
version device and the third element, and converting a form of
energy between the rotational power and another form of
energy than the rotational power, a second energy conversion
device (second generator-motor 50) that is connected to the
first energy conversion device, and is mechanically connected
to the sixth element, for transmitting rotational power
between the second energy conversion device and the sixth
element, and converting a form of energy between the rota-
tional power and the other form of energy, and a controller
(1stPDU 61, 2nd-PDU 62, ECU 2) that controls torque and a
rotational speed of the rotational power when the other form
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of'energy is converted into the rotational power by at least one
of the first and second energy conversion devices.

With this arrangement, the rotational power is transmitted
between the third element and the first energy conversion
device, and the first energy conversion device converts the
form of energy between the rotational power and another
form of energy than the rotational power. Further, the rota-
tional power is transmitted between the second energy con-
version device connected to the first energy conversion device
and the sixth element, and the second energy conversion
device converts the form of energy between the rotational
power and the other form of energy. Furthermore, when the
first energy conversion device and/or the second energy con-
version device convert(s) the other form of energy into the
rotational power, the controller controls the torque and rota-
tional speed of the rotational power.

When the torque and the rotational speed are changed in a
state of the rotational power, e.g. when a belt-type stepless
transmission is used, itis required to use a large-sized stepless
transmission when desired to transmit relatively large torque,
since such a stepless transmission has relatively small torque
transmitting capacity per volume. This results in an increase
in the size of the power plant, and hence such a stepless
transmission is not suitable for transmitting large torque.
According to the present invention, as described above, when
the other form of energy than the rotational power is con-
verted into the rotational power, the torque and rotational
speed of the rotational power are controlled. Therefore, when
generator-motors are employed as the first and second energy
conversion devices, for example, the generator-motors are
larger in torque capacity than the stepless transmission with
respectto the size, so that itis possible to reduce the size of the
speed-changing device including the first and second energy
conversion devices, whereby it is possible to further reduce
the size of the power plant.

The invention as claimed in claim 4 is the power plant 1 as
claimed in claim 3, further comprising an energy storing and
releasing device (battery 63) that is configured to be capable
of storing and releasing the other form of energy, and is
connected to the first and second energy conversion devices.

With this arrangement, the other form of energy is stored in
the energy storing and releasing device, and the stored other
form of energy is released to the first energy conversion
device and/or the second energy conversion device.

Therefore, e.g. in a case where a heat engine is used as a
prime mover, when demanded power demanded for driving
the driven parts is smaller than the optimum fuel economy
power that will make it possible to obtain optimum fuel
economy of the heat engine (hereinafter referred to as “the
optimum fuel economy™), it is possible to control the power
from the heat engine such that the optimum fuel economy can
be obtained, and convert surplus power from the heat engine
into another form of energy to store the other form of energy
in the energy storing and releasing device. Inversely, when the
demanded power is larger than the optimum fuel economy
power, it is possible to control the power from the heat engine
such that the optimum fuel economy can be obtained, and
input the other form of energy stored in the above-described
energy storing and releasing device to the driven parts as
rotational power via the first energy conversion device and/or
the second energy conversion device, to thereby make up for
shortage of power. From the above, the optimum fuel
economy of the heat engine can be obtained, and therefore it
is possible to further enhance the driving efficiency of the
power plant.
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The invention as claimed in claim 5 is the power plant 1 as
claimed in claim 3 or 4, wherein the other form of energy is
electric energy.

With this arrangement, in the first and second energy con-
version devices, the form of energy is converted between the
rotational power and the electric energy. In general, energy
conversion between rotational power and electric energy can
be performed more efficiently with smaller losses of energy
than energy conversion e.g. between rotational power and
pressure energy. Therefore, according to the present inven-
tion, it is possible to further enhance the driving efficiency of
the power plant.

Further, in general, electric energy can be controlled with
higher responsiveness and accuracy than pressure energy and
the like. Therefore, according to the present invention, it is
possible to accurately perform energy conversion by the first
and second energy conversion devices. For this reason, for
example, when the power from the prime mover transmitted
to the third element, as described above, is once converted
into electric energy by the first energy conversion device, and
the electric energy is converted into rotational power by the
second energy conversion device again, whereafter the rota-
tional power is transmitted to the driven parts via the sixth
element, it is possible to properly perform such transmission
of power to the driven parts.

On the other hand, when rotational power is transmitted by
a so-called electrical path in which the rotational power is
once converted into electric energy and then the electric
power is converted into rotational power again, as described
above, loss by generation of Joule heat occurs to make the
transmission efficiency via this path lower than that via a
so-called mechanical path e.g. via gears, and a so-called
magnetic path via magnetism. According to the present inven-
tion, since power passing through the speed-changing device
can be reduced as described above, it is possible to reduce
power transmitted to the driven parts via the first and second
energy conversion devices, i.e. via the electrical path. This
makes it possible to further enhance the driving efficiency of
the power plant.

Further, when electric energy is stored, and when the stored
electric energy is taken out by releasing the same, it is pos-
sible to more accurately control the stored and released elec-
tric energy, than when pressure energy is stored and released,
for example. Therefore, according to the present invention, it
is possible to accurately store and release the electric energy
for obtaining the optimum fuel economy, as described con-
cerning claim 4.

Furthermore, when electric energy is stored and released,
energy loss is smaller than when pressure energy is stored and
released, for example. Therefore, according to the present
invention, it is possible to efficiently perform the storing and
releasing operations of electric energy, for obtaining the opti-
mum fuel economy, as described concerning claim 4.

The invention as claimed in claim 6 is the power plant 1, 1A
as claimed in any one of claims 1 to 5, wherein the first
distributing and combining device is a first planetary gear unit
20, one of the first and third elements is a first sun gear 21, the
other thereof is a first ring gear 22, and the second element is
a first carrier 24 for rotatably supporting first planetary gears
23 in mesh with the first sun gear 21 and the first ring gear 22,
and wherein the second distributing and combining device is
a second planetary gear unit 30, one of the fourth and sixth
elements is a second sun gear 31, the other thereofis a second
ring gear 32, and the fifth element is a second carrier 34 for
rotatably supporting second planetary gears 33 in mesh with
the second sun gear 31 and the second ring gear 32.
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With this arrangement, general first and second planetary
gear units are used as the first and second distributing and
combining devices, respectively, so that it is possible to con-
figure the power plant easily and inexpensively without pre-
paring special devices. Further, the planetary gear units have
a characteristic that they have relatively large torque trans-
mitting capacity with respect to a size thereof. Therefore,
according to the present invention, it is possible to further
downsize the first and second distributing and combining
devices, thereby making it possible to further downsize the
power plant.

The invention as claimed in claim 7 is the power plant 1, 1A
as claimed in claim 6, wherein the first element is the first sun
gear 21, the third element is the first ring gear 22, the fourth
element is the second sun gear 31, and the sixth element is the
second ring gear 32.

With this arrangement, the first and second ring gears are
connected to the speed-changing device. The ring gears are
arranged on outer peripheries of the planetary gear units.
Therefore, according to the present invention, it is possible to
easily connect the speed-changing device to the first and
second ring gears.

To attain the above object, the invention as claimed in claim
8 provides a power plant 1C to 1R for driving driven parts
(drive wheels DW and DW in the embodiment (the same
applies hereinafter in this section)), comprising a prime
mover (engine 3) including a first output portion (crankshaft
3a), afirst generator-motor (third generator-motor 220, fourth
generator-motor 230) that includes an immovable stator
(third stator 222, fourth stator 232) for generating a rotating
magnetic field, a first rotor (Al rotor 221, B1 rotor 231)
formed by magnets and disposed in a manner opposed to the
stator, and a second rotor (A2 rotor 223, B2 rotor 233) formed
by soft magnetic material elements and disposed between the
stator and the first rotor, the first generator-motor inputting
and outputting energy between the stator, the first rotor and
the second rotor, via magnetic circuits formed by generation
of'the rotating magnetic field, the rotating magnetic field and
the first and second rotors rotating along with the input and
output of the energy while holding such a linear speed rela-
tionship that a difference between a rotational speed of the
rotating magnetic field and a rotational speed of the second
rotor, and a difference between the rotational speed of the
second rotor and a rotational speed of the first rotor become
equal to each other, a first controller (ECU 2, 1st-PDU 61,
2nd-PDU 62) electrically connected to the stator, for control-
ling electric power generated by the stator and electric power
supplied to the stator, a distributing and combining device
(first planetary gear unit 20, second planetary gear unit 30)
that includes first, second and third elements mechanically
connected to each other and has a function of distributing
power input to the second element (first carrier 24, second
carrier 34) to the first and third elements (first sun gear 21,
second sun gear 31, first ring gear 22, second ring gear 32) and
a function of combining power input to the first and third
elements and then outputting combined power to the second
element, the first to third elements rotating while maintaining
a linear speed relationship therebetween, during distributing
and combining the power, a second generator-motor 50 (first
generator-motor 40) that includes a second output portion
(first rotor 42, second rotor 52), and has a function of con-
verting supplied electric power into power and outputting the
converted power to the second output portion and a function
of converting the power input to the second output portion
into electric power to thereby generate electric power, and a
second controller (ECU 2, 2nd-PDU 62, 1st-PDU 61) electri-
cally connected to the second generator-motor 50, for con-
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trolling electric power generated by the second generator-
motor 50 and electric power supplied to the second generator-
motor 50, wherein one of a pair of the first rotor and the
second element, and a pair of the second rotor and the first
element are mechanically connected to the first output portion
of'the prime mover, while the other of the pair of the first rotor
and the second element, and the pair of the second rotor and
the first element are mechanically connected to the driven
parts, the third element being mechanically connected to the
second output portion of the second generator-motor 50, and
the stator and the second generator-motor 50 being electri-
cally connected to each other via the first and second control-
lers.

According to the power plant, in the first generator-motor,
energy is input and output between the stator and the first and
second rotors via the magnetic circuits formed by generation
of'the rotating magnetic field of the stator, and along with the
input and output of the energy, the rotating magnetic field and
the first and second rotors rotate while holding the linear
speed relationship in which the difference between the rota-
tional speed of the rotating magnetic field and the rotational
speed of the second rotor, and the difference between the
rotational speed of the second rotor and the rotational speed of
the first rotor become equal to each other. Such a linear speed
relationship between the rotating magnetic field and the first
and second rotors corresponds to the relationship between the
rotational speeds of one and the other of the sun gear and ring
gear of the planetary gear unit, and the carrier supporting the
planetary gears (hereinafter, the sun gear, the ring gear and the
carrier are referred to as “the three elements”).

Therefore, the relationship in the input and output energy
between the stator and the first and second rotors is the same
as that between the above-described three elements of the
planetary gear unit. That is, in the first generator-motor, the
power (energy) input to the second rotor is distributed to the
stator and the first rotor via the magnetic circuits, and the
power (energy) input to the first rotor and the electric power
(energy) supplied to the stator are combines via the magnetic
circuits, and the combined power is output to the second rotor.
Further, as is clear from the above-described arrangement, the
distributing and combining device has the same functions as
those of the planetary gear unit.

Further, one of a pair of the first rotor and the second
element of the distributing and combining device, and a pair
of'the second rotor and the first element of the distributing and
combining device are mechanically connected to the first
output portion of the prime mover, while the other pair are
mechanically connected to the driven parts. Further, the third
element is mechanically connected to the second output por-
tion of the second generator-motor, and the stator and the
second generator-motor are electrically connected to each
other via the first and second controllers.

With the above arrangement, the driven parts can be driven
using the power from the prime mover, for example. Herein-
after, the power plant in which the second rotor and the first
element are connected to the first output portion of the prime
mover, and the first rotor and the second element are con-
nected to the driven parts is referred to as “the first power
plant”, and the power plant in which the first rotor and the
second element are connected to the first output portion of the
prime mover, and the second rotor and the first element are
connected to the driven parts is referred to as “the second
power plant”. Further, transmission of the power from the
prime mover to the driven parts in the first and second power
plants will be sequentially described from the first power
plant. FIG. 82 schematically shows an example of how the
power is transmitted in the first power plant. It should be
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noted that in FIG. 82, the mechanical connections between
the elements are indicated by solid lines, electrical connec-
tions therebetween are indicated by one-dot chain lines, and
magnetic connections therebetween are indicated by broken
lines. Further, flows of power and electric power are indicated
by thick lines with arrows.

When the power from the prime mover is transmitted to the
driven parts, electric power is generated by the first generator-
motor using part of the power from the prime mover under the
control of the first and second controllers, and the generated
electric power is supplied to the second generator-motor.
During the electric power generation by the first generator-
motor, as shown in FIG. 82, part of the power from the prime
mover is transmitted to the second rotor, and further is dis-
tributed to the first rotor and the stator via the magnetic
circuits. In this case, part of the power transmitted to the
second rotor is converted into electric power, and is distrib-
uted. Further, the power distributed to the first rotor, as
described above, is transmitted to the driven parts, and the
power distributed to the stator is supplied to the second gen-
erator-motor. Furthermore, the remainder of the power from
the prime mover is transmitted to the first element. Further,
when the electric power generated by the first generator-
motor, as described above, is supplied to the second genera-
tor-motor, the electric power is converted into power, and then
the converted power is transmitted to the third element. Fur-
ther, the remainders of the power transmitted to the third
element and the power from the prime mover transmitted to
the first element, as described above, are combined, where-
after the combined power is transmitted to the driven parts via
the second element. As a result, power equal in magnitude to
the power from the prime mover is transmitted to the driven
parts.

As described above, in the first power plant according to
the present invention, differently from the aforementioned
conventional case, the power from the prime mover is trans-
mitted to the driven parts without being recirculated, and
hence it is possible to reduce power passing through the first
generator-motor, the distributing and combining device and
the second generator-motor. This makes it possible to reduce
the sizes of the first generator-motor, the distributing and
combining device and the second generator-motor, thereby
making it possible to attain reduction of the size and manu-
facturing costs of the first power plant. Further, the first gen-
erator-motor, the distributing and combining device and the
second generator-motor each having torque capacity corre-
sponding to the power reduced as described above are used,
whereby it is possible to suppress the loss of power to improve
the driving efficiency of the first power plant.

Furthermore, the power from the prime mover is transmit-
ted to the driven parts in a divided state via three paths, i.e. a
first path formed by the second rotor and the first rotor, and a
second path formed by the second rotor, the stator, the first
and second controllers, the second generator-motor, the third
element, and the second element, and a third path formed by
the first and second elements. This makes it possibleto reduce
electric power (energy) passing through the first and second
controllers via the second path, so that it is possible to down-
size the first and second controllers, thereby making it pos-
sible to attain further reduction of the size and manufacturing
costs of the first power plant.

Furthermore, when power is transmitted to the driven parts,
as described above, by controlling the rotational speed of the
rotating magnetic field of the stator and the rotational speed of
the second output portion of the second generator-motor
using the first and second controllers, it is possible to transmit
the power from the prime mover to the driven parts while
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changing the speed thereof. More specifically, in the first
generator-motor, during distributing and combining energy
between the stator and the first and second rotors, the rotating
magnetic field and the second and first rotors rotate while
maintaining a linear speed relationship therebetween, and in
the distributing and combining device, the first to third ele-
ments rotate while maintaining a linear speed relationship
therebetween during distributing and combining energy
between the first to third elements. Further, in the above-
described connecting relationship, when the second rotor and
the first element are directly connected to the first output
portion of the prime mover, the rotational speeds of the sec-
ond rotor and the first element are both equal to the rotational
speed of the first output portion of the prime mover (herein-
after referred to as “the rotational speed of the prime mover”).
Furthermore, when the first rotor and the second element are
directly connected to the driven parts, the rotational speeds of
the first rotor and the second element are both equal to the
speed of the driven parts. Further, when the second output
portion of the second generator-motor and the third element
are directly connected to each other, the rotational speeds of
the second output portion of the second generator-motor and
the third element are equal to each other.

Now, let it be assumed that the rotational speed of the
rotating magnetic field is “the magnetic field rotational speed
VF”, the respective rotational speeds of the first and second
rotors are “the first rotor rotational speed VR1” and “the
second rotor rotational speed VR2”, the respective rotational
speeds of the first to third elements are “the first to third
element rotational speeds V1 to V3”, similarly to the case of
claim 1, and the rotational speed of the second output portion
of'the second generator-motor is “the second motor rotational
speed VM2”. From the above-described relationship between
the rotational speeds of the respective elements, the relation-
ship between the rotational speed of the prime mover, the
speed of the driven parts, the magnetic field rotational speed
VF, the first and second rotor rotational speeds VR1 and VR2,
the first to third element rotational speeds V1 to V3, and the
second motor rotational speed VM2 are indicated e.g. by
thick solid lines in FIG. 83.

Therefore, as indicated by broken lines in FIG. 83, e.g. if
the magnetic field rotational speed VF is increased and the
second motor rotational speed VM2 is decreased, with respect
to the second rotor rotational speed VR2 and the first element
rotational speed V1, it is possible to transmit the power from
the prime mover to the driven parts while steplessly reducing
the speed thereof. Inversely, as indicated by one-dot chain
lines in FIG. 83, if the magnetic field rotational speed VF is
decreased and the second motor rotational speed VM2 is
increased, with respect to the second rotor rotational speed
VR2 and the first element rotational speed V1, it is possible to
transmit the power from the prime mover to the driven parts
while steplessly increasing the speed thereof.

On the other hand, FIG. 84 schematically shows an
example ofhow power is transmitted from the prime mover of
the aforementioned second power plant to the driven parts. It
should be noted that the method of indicating the connecting
relationship between the respective elements in FIG. 84 is the
same as the method employed in FIG. 82. In the second power
plant, the power from the prime mover is transmitted to the
driven parts e.g. as follows: Electric power is generated by the
second generator-motor using part of the power from the
prime mover under the control of the first and second control-
lers, and the generated electric power is supplied to the stator
of the first generator-motor. During the electric power gen-
eration by the second generator-motor, as shown in FIG. 84,
part of the power from the prime mover is transmitted to the



US 8,226,513 B2

11

second element connected to the prime mover, and is distrib-
uted to the first and third elements. The power distributed to
the first element is transmitted to the driven parts, while the
power distributed to the third element is transmitted to the
second generator-motor so as to be converted into electric
power, and is then supplied to the stator. Further, the remain-
der of the power from the prime mover is transmitted to the
first rotor.

Furthermore, when the electric power from the second
generator-motor is supplied to the stator, as described above,
the electric power is converted into power, and is then trans-
mitted to the second rotor via the magnetic circuits. In accor-
dance therewith, the remainder of the power from the prime
mover transmitted, as described above, to the first rotor is
transmitted to the second rotor via the magnetic circuits. That
is, the electric power (energy) supplied to the stator and the
power (energy) transmitted to the first rotor are combined to
be transmitted to the second rotor. The power transmitted to
the second rotor is transmitted to the driven parts. As a result,
power equal in magnitude to the power from the prime mover
is transmitted to the driven parts.

As described above, also in the second power plant, simi-
larly to the above-described first power plant, the power from
the prime mover is transmitted to the driven parts without
being recirculated, and hence it is possible to reduce power
passing through the first generator-motor, the distributing and
combining device and the second generator-motor. There-
fore, similarly to the first power plant, it is possible to reduce
the sizes of the first generator-motor, the distributing and
combining device and the second generator-motor, thereby
making it possible to attain reduction of the size and manu-
facturing costs of the second power plant and enhance the
driving efficiency of the second power plant. Further, the first
power plant and the second power plant are only different in
that the distributing and combining of power in the first gen-
erator-motor and the distributing and combining device are in
an opposite relationship, and hence also in the second power
plant, as shown in FIG. 84, the power from the prime mover
is transmitted to the driven parts in a divided state via the
above-described first to third paths. Therefore, similarly to
the first power unit, it is possible to reduce the sizes of the first
and second controllers, thereby making it possible to attain
further reduction of the size and manufacturing costs of the
second power plant.

Furthermore, also in the second power plant, similarly to
the first power unit, when power is transmitted to the driven
parts, as described above, by controlling the magnetic field
rotational speed VF and the second motor rotational speed
VM2 using the first and second controllers, respectively, it is
possible to transmit the power from the prime mover to the
driven parts while steplessly changing the speed of the power.
More specifically, in the second power plant, the relationship
between the rotational speed of the prime mover, the speed of
the driven parts, the magnetic field rotational speed VF, the
first and second rotor rotational speeds VR1 and VR2, the first
to third element rotational speeds V1 to V3, and the second
motor rotational speed VM2 are indicated e.g. by thick solid
lines in FIG. 85. Therefore, as indicated by broken lines in the
figure, e.g. if the second motor rotational speed VM2 is
increased and the magnetic field rotational speed VF is
decreased, with respect to the second element rotational
speed V2 and the first rotor rotational speed VR1, it is possible
to transmit the power from the prime mover to the driven parts
while steplessly reducing the speed thereof. Inversely, as
indicated by one-dot chain lines in FIG. 85, if the second
motor rotational speed VM2 is decreased and the magnetic
field rotational speed VF is increased, with respect to the
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second element rotational speed V2 and the first rotor rota-
tional speed VR1, it is possible to transmit the power from the
prime mover to the driven parts while steplessly increasing
the speed thereof.

Further, as described above, the first generator-motor has
functions as a combination of a general generator-motor and
a general planetary gear unit, so that the first planetary gear
unit for distributing and combining the power from the power
plant as recited in claim 6 can be dispensed with. Therefore,
in both of the first and second power plants, compared with
the power plant as claimed in claim 6, it is possible to reduce
the number of component parts to thereby reduce the size of
the power plant. Furthermore, in the power plant as recited in
claim 6, transmission of power to the driven parts is per-
formed via the first planetary gear unit, which causes power
transmission losses due to the meshing of gears of the first
planetary gear unit. According to the present invention, as
described hereinabove, the input and output of energy
between the stator, the first rotor and the second rotor is
performed via the magnetic circuits in a non-contacting man-
ner, i.e. by a so-called magnetic path. Therefore, there occur
no power transmission losses in the planetary gear unit, as
described above. This makes it possible to further enhance the
driving efficiency of the power plant in both of the first and
second power plants.

Further, as described concerning the operation of claim 3,
when a belt-type stepless transmission is used for changing
the speed of power, as described above, to transmit relatively
large torque, it is required to employ a large-sized stepless
transmission, which causes an increase in the size of the
power plant. Further, as described hereinabove concerning
the operation of claim 3, the first and second generator-mo-
tors are larger than the belt-type stepless transmission in
torque capacity with respect to the size. According to the
present invention, the first and second generator-motors as
described above are used to change the speed of the power
from the prime mover, and hence compared with the case in
which a stepless transmission is used, it is possible to down-
size both of the first and second power plants.

Further, as described hereinabove concerning the opera-
tion of claim 5, energy conversion between rotational power
and electric energy can be performed more efficiently with
smaller losses of energy than energy conversion e.g. between
rotational power and pressure energy. Therefore, according to
the present invention, it is possible to enhance the driving
efficiency of both the first and second power plants. Further-
more, as described hereinabove concerning the operation of
claim 5, electric energy can be controlled with higher respon-
siveness and accuracy than pressure energy and the like.
Therefore, according to the present invention, in both of the
first and second power plants, when the power from the prime
mover is transmitted to the driven parts using the first and
second generator-motors, as described above, conversion
between power and electric power can be performed accu-
rately by the first and second generator-motors, which makes
it possible to properly perform the above transmission of the
power.

On the other hand, as described hereinabove concerning
the operation of claim 5, when rotational power is transmitted
by a so-called electrical path in which the rotational power is
once converted into electric energy and then the electric
power is converted into rotational power again, loss by gen-
eration of Joule heat occurs to make the transmission effi-
ciency via this path lower than that via a so-called mechanical
path e.g. via gears, and a so-called magnetic path via magne-
tism. According to the present invention, as described above,
in both of the first and second power plants, it is possible to
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reduce power transmitted to the driven parts via the first and
second controllers and the second generator-motor, i.e. by the
electrical path. This makes it possible to further enhance the
driving efficiency.

Further, according to the present invention, it is possible
not only to drive the driven parts using the power from the
prime mover, as described above, but also to drive the driven
parts using the power from the first generator-motor and the
second generator-motor.

The invention as claimed in claim 9 is the power plant 1C
to 1R as claimed in claim 8, further comprising an electric
power storage device (battery 63) that is configured to be
capable of being charged and discharged and is electrically
connected to the stator and the second generator-motor 50 via
the first and second controllers, respectively.

With this arrangement, the electric power storage device
capable of being charged and discharged is connected to the
stator and the second generator-motor. Therefore, for
example, similarly to the power plant as claimed in claim 4,
when a heat engine is used as the prime mover, it possible to
obtain the optimum fuel economy of the heat engine. More
specifically, when demanded power demanded for driving the
driven parts is smaller than the optimum fuel economy power
that will make it possible to obtain optimum fuel economy of
the heat engine, it is possible to control the power from the
heat engine such that the optimum fuel economy can be
obtained, and convert surplus power from the heat engine into
electric power by the first or second generator-motor to
charge the electric power into the electric power storage
device. Inversely, when the demanded power is larger than the
optimum fuel economy power, it is possible to control the
power from the heat engine such that the optimum fuel
economy can be obtained, and input the electric power
charged in the above-described electric power storage device
to the driven parts as rotational power via the first generator-
motor and/or the second generator-motor, to thereby make up
for shortage of power. From the above, the optimum fuel
economy of the heat engine can be obtained, and therefore it
is possible to further enhance the driving efficiency of the
power plant.

Further, as described concerning the operation of claim 5,
when electric energy is stored, and when the stored electric
energy is taken out by releasing the same, it is possible to
more accurately control the stored and released electric
energy, than when pressure energy is stored and released, for
example. Therefore, according to the present invention, it is
possible to accurately store and release the electric energy for
obtaining the optimum fuel economy, as described herein-
above. Furthermore, as described concerning the operation of
claim 5, when electric energy is stored and released, energy
loss is smaller than when pressure energy is stored and
released, for example. Therefore, according to the present
invention, it is possible to efficiently perform the charging and
releasing operations of electric energy for obtaining the opti-
mum fuel economy, as described above.

The invention as claimed in claim 10 is the power plant 1D,
1L as claimed in claim 8 or 9, further comprising a transmis-
sion 240, 300 disposed between the other of the pair of the
first rotor and the second element and the pair of the second
rotor and the first element, and the driven parts, for transmit-
ting power from the other to the driven parts while changing
the speed of the power.

With this arrangement, the power from the other pair (here-
inafter referred to as “the driven part-connecting element”) of
the pair of the first rotor and the second element, and the pair
of the second rotor and the first element is transmitted to the
driven parts while having the speed of the power changed by
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the transmission. Therefore, for example, when load on the
driven parts is very large, and hence torque transmitted to the
driven parts is too large, by controlling the transmission gear
ratio of the transmission to be decreased, torque transmitted
from the driven part-connecting element to the transmission
can be made smaller with respect to the torque transmitted
from the transmission to the driven parts. This makes it pos-
sible to downsize the first or second rotor, which in turn makes
it possible to reduce the size and costs of the first generator-
motor.

Further, for example, in both of a case where the first
element is connected to the driven parts and a case where the
second element is connected to the driven parts, it is possible
to reduce the sizes and costs of the second generator-motor
and the distributing and combining device. More specifically,
in the case where the first element is connected to the driven
parts (see FIG. 84), when the load on the driven parts is very
large, the transmission gear ratio of the transmission is con-
trolled to be decreased, whereby torque transmitted from the
first element to the transmission is made smaller with respect
to the torque transmitted from the transmission to the driven
parts. This makes it possible to make smaller torque distrib-
uted to the first and third elements via the second element, and
hence it is possible to reduce the size and costs of the distrib-
uting and combining device. Further, as the torque distributed
to the third element becomes smaller, torque transmitted from
the third element to the second generator-motor can be made
smaller, and hence it is possible to reduce the size and costs of
the second generator-motor.

Furthermore, for example, in the case where the second
element is connected to the driven parts (see FIG. 82), when
the load on the driven parts is very large, by controlling the
transmission gear ratio of the transmission to be decreased,
torque transmitted from the second generator-motor to the
transmission via the third and second elements can be made
smaller with respect to the torque transmitted from the trans-
mission to the driven parts. This makes it possible to reduce
the sizes and costs of the second generator-motor and the
distributing and combining device.

Further, for example, when the speed of the driven parts is
very high, by controlling the transmission gear ratio of the
transmission to be increased, it is possible to lower the first or
second rotor rotational speed VR1 or VR2 with respect to the
speed of the driven parts, so that it is possible to prevent
failure of the first generator-motor due to an excessive
increase in the first or second rotor rotational speed VR1 or
VR2. In the case where the first rotor is connected to the
driven parts, the above-mentioned inconveniences liable to
occur, since the first rotor is formed by magnets and the
magnets are lower in strength than soft magnetic material
elements, as described hereinabove. Therefore, the above-
mentioned control is particularly effective.

Furthermore, in the case where the second element is con-
nected to the driven parts, when the speed of the driven parts
is higher than the rotational speed of the prime mover, as is
clear from the above-described FIG. 83 speed relationship,
the second motor rotational speed VM2 sometimes becomes
too high. Therefore, in such a case, for example, by control-
ling the transmission gear ratio of the transmission to be
increased, to thereby lower the second element rotational
speed V2 with respect to the speed of the driven parts, it is
possible to lower the second motor rotational speed VM2, as
is clear from FIG. 83, so that itis possible to prevent failure of
the second generator-motor due to an excessive increase in
the second motor rotational speed VM2.

Further, in the case where the first element is connected to
the driven parts, when the rotational speed of the prime mover
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is higher than the speed of the driven parts, as is clear from the
above-described FIG. 85 speed relationship, the second
motor rotational speed VM2 sometimes becomes too high.
Therefore, in such a case, for example, by controlling the
transmission gear ratio of the transmission to be decreased, to
thereby increase the first element rotational speed V1 with
respect to the speed of the driven parts, it is possible to lower
the second motor rotational speed VM2, as is clear from FIG.
85. This makes it possible to prevent failure of the second
generator-motor due to an excessive increase in the second
motor rotational speed VM2.

Furthermore, for example, by controlling the transmission
gear ratio of the transmission, it is possible to control the first
or second rotor rotational speed VR1 or VR2 to an appropriate
magnitude with respect to the speed of the driven parts,
whereby it is possible to obtain high efficiency of the first
generator-motor. Further, by controlling the transmission
gear ratio of the transmission, the second or first element
rotational speed V2 or V1 is increased or decreased with
respect to the speed of the driven parts, whereby as is clear
from FIG. 83 and FIG. 85, the second motor rotational speed
VM2 can be controlled to an appropriate magnitude, thereby
making it possible to obtain high efficiency of the second
generator-motor.

Further, for example, as described concerning the opera-
tion of claim 8, by using the first and second generator-
motors, it is possible to transmit the power from the prime
mover to the driven parts while steplessly changing the speed
thereof, and hence it is possible to reduce the frequency of the
speed-changing operation of the transmission. This makes it
possible to enhance the driving efficiency of the power plant
for the following reason: When the rotational speed of the
prime mover is decreased by changing the speed of the power
from the prime mover by the transmission, energy based on
the decreased amount of the rotational speed and the inertias
of'the prime mover and the transmission is lost by heat losses,
whereby as the frequency of the speed-changing operation of
the transmission becomes higher, the driving efficiency of the
power plant becomes lower.

The invention as claimed in claim 11 is the power plant 1E,
1M as claimed in claim 8 or 9, further comprising a transmis-
sion 250, 310 disposed between the first output portion of the
prime mover and the one of the pair of the first rotor and the
second element and the pair of the second rotor and the first
element, for transmitting power from the first output portion
to the one while changing the speed of the power.

With this arrangement, the power from the first output
portion of the prime mover is transmitted to the one pair
(hereinafter referred to as “the prime mover-connecting ele-
ment”) of the pair of the first rotor and the second element and
the pair of the second rotor and the first element while having
the speed of the power changed by the transmission. There-
fore, by controlling the transmission gear ratio of the trans-
mission to be increased, for example, it is possible to make
smaller the torque input from the first output portion of the
prime mover to the prime mover-connecting element, thereby
making it possible to reduce the sizes and costs of the first
generator-motor, the distributing and combining device and
the second generator-motor.

Further, when the rotational speed of the prime mover is
very high, by controlling the transmission gear ratio of the
transmission to be decreased, the first or second rotor rota-
tional speed VR1 or VR2 can be lowered with respect to the
rotational speed of the prime mover, so that it is possible to
prevent failure of the first generator-motor due to an excessive
increase in the first or second rotor rotational speed VR1 or
VR2. In the case where the first rotor is connected to the first
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output portion of the prime mover, the above-mentioned
inconveniences liable to occur since the first rotor is formed
by magnets, and hence the above control is particularly effec-
tive.

Further, for example, in both of the case where the second
element is connected to the first output portion of the prime
mover and the case where the first element is connected to the
first output portion of the prime mover, it is possible to pre-
vent failure ofthe second generator-motor due to an excessive
increase in the second motor rotational speed VM2. More
specifically, in the case where the first element is connected to
the first output portion of the prime mover, when the speed of
the driven parts is higher than the rotational speed of the prime
mover, as is clear from FIG. 83, the second motor rotational
speed VM2 sometimes becomes too high. Therefore, in such
acase, for example, by controlling the transmission gear ratio
of the transmission to be increased, to thereby increase the
first element rotational speed V1 with respect to the rotational
speed of the prime mover, it is possible, as is clear from FIG.
83, to lower the second motor rotational speed VM2, so that it
is possible to prevent failure of the second generator-motor
due to an excessive increase in the second motor rotational
speed VM2.

Further, in the case where the second element is connected
to the first output portion of the prime mover, when the
rotational speed of the prime mover is higher than the speed of
the driven parts, as is clear from FIG. 85, the second motor
rotational speed VM2 sometimes becomes too high. There-
fore, in such a case, for example, by controlling the transmis-
sion gear ratio of the transmission to be decreased to thereby
lower the second element rotational speed V2 with respect to
the rotational speed of the prime mover, it is possible, as is
clear from FIG. 85, to lower the second motor rotational
speed VM2, so that it is possible to prevent failure of the
second generator-motor due to an excessive increase in the
second motor rotational speed VM2.

Furthermore, for example, by controlling the transmission
gear ratio of the transmission, it is possible to control the first
or second rotor rotational speed VR1 or VR2 to an appropriate
magnitude with respect to the rotational speed of the prime
mover, whereby it is possible to obtain high efficiency of the
first generator-motor. Further, by controlling the transmission
gear ratio of the transmission, the first or second element
rotational speed V1 or V2 is increased or decreased with
respect to the rotational speed of the prime mover, whereby as
is clear from FIG. 83 and F1G. 85, the second motor rotational
speed VM2 can be controlled to an appropriate magnitude,
thereby making it possible to obtain high efficiency of the
second generator-motor.

Further, in a case where the prime mover is connected to the
driven parts via a gear-type stepped transmission, during a
speed-changing operation until a gear train is connected for a
shift to a desired transmission gear ratio, the prime mover and
the driven parts are disconnected from each other by the
stepped transmission, whereby the power from the prime
mover is not transmitted, which is liable to cause a speed-
change shock, such as a sudden decrease in torque. According
to the present invention, for example, the other of the pair of
the first rotor and the second element and the pair of the
second rotor and the first element can be connected to the
driven parts without via the above stepped transmission.
Therefore, even when the stepped transmission is used as a
transmission that transmits power from the first output por-
tion of the prime mover to the prime mover-connecting ele-
ment, the above-described speed-change shock can be sup-
pressed during the speed-changing operation of the
transmission by the following operation:
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In the case where the second rotor and the first element are
connected to the first output portion of the prime mover and
the second rotor and the first element are connected to each
other, when the first output portion of the prime mover and the
second rotor and the first element are disconnected from each
other by the speed-changing operation of the transmission,
electric power is supplied to the stator of the first generator-
motor and the second generator-motor. As a consequence,
based on the aforementioned relationship between the input
of energy and the output of energy in the first generator-
motor, torque from the stator, and torque, as described here-
after, transmitted to the first rotor are combined, and then the
combined torque is transmitted to the second rotor. Since the
second rotor and the first element are connected to each other
as mentioned above, the torque transmitted to the second
rotor is transmitted to the first element, and is combined with
torque transmitted from the second generator-motor to the
third element, and then the combined torque is transmitted to
the second element. Part of the torque transmitted to the
second element is transmitted to the driven parts, and the
remainder thereof is transmitted to the first rotor via the
driven parts. As described above, during the speed-changing
operation of the transmission, torque can be transmitted from
the first and second generator-motors to the driven parts, and
hence it is possible to suppress speed-change shock, thereby
making it possible to improve marketability.

The above effects can be obtained also when the first rotor
and the second element are connected to the first output
portion of the prime mover, and the first rotor and the second
element are connected to each other. More specifically, in this
case, when electric power is supplied to the stator and the
second generator-motor, torque from the second generator-
motor is transmitted to the third element and is combined with
torque transmitted to the first element, as described hereinaf-
ter. The combined torque is transmitted to the second element.
Since the first rotor and the second element are connected to
each other, the torque transmitted to the second element is
transmitted to the first rotor to be combined with torque from
the stator, and is then transmitted to the second rotor. Part of
the torque transmitted to the second rotor is transmitted to the
driven parts, and the remainder thereof is transmitted to the
first element via the driven parts. Therefore, in this case as
well, during the speed-changing operation of the transmis-
sion, it is possible to suppress a speed-change shock, thereby
making it possible to improve marketability.

The invention as claimed in claim 12 is the power plant 1F
as claimed in claim 8 or 9, wherein the second rotor (A2 rotor
223) and the first element (second sun gear 31, second ring
gear 32) are mechanically connected to the first output por-
tion of the prime mover, and the first rotor (A1 rotor 221) and
the second element (second carrier 34) are mechanically con-
nected to the driven parts, the power plant further comprising
a transmission 260 disposed between the first rotor and the
driven parts, for transmitting power from the first rotor to the
driven parts while changing the speed of the power.

With this arrangement, the second rotor and the first ele-
ment are mechanically connected to the first output portion of
the prime mover, and the first rotor and the second element are
mechanically connected to the driven parts. The transmission
transmits the power from the first rotor to the driven parts
while changing the speed of the power. Therefore, e.g. during
transmission of power to the driven parts, described above
with reference to FIG. 82, when the load on the driven parts is
very large, by controlling the transmission gear ratio of the
transmission to be decreased, torque transmitted from the first
rotor to the transmission can be made smaller with respect to
the torque transmitted from the transmission to the driven
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parts. This makes it possible to downsize the first rotor to
reduce the size and costs of the first generator-motor.

Further, for example, when the speed of the driven parts is
very high, by controlling the transmission gear ratio of the
transmission to be increased, it is possible to lower the first
rotor rotational speed VR1 with respect to the speed of the
driven parts, so that it is possible to prevent failure of the first
generator-motor due to an excessive increase in the first rotor
rotational speed VR1. The above-mentioned inconveniences
are liable to occur since the first rotor is formed by magnets,
as described hereinabove, and hence, this control is particu-
larly effective. Furthermore, by controlling the transmission
gear ratio of the transmission, the first rotor rotational speed
VRI1 can be controlled to an appropriate magnitude with
respect to the speed of the driven parts, whereby it is possible
to obtain high efficiency of the first generator-motor.

Further, as described concerning the operation of claim 11,
when the prime mover is connected to the driven parts via a
gear-type stepped transmission, during the speed-changing
operation of the transmission, a speed-change shock is liable
to occur. According to the present invention, for example, the
second element can be connected to the driven parts without
via such a stepped transmission and therefore, even when the
stepped transmission is used as a transmission for transmit-
ting power from the first rotor to the driven parts, during the
speed-changing operation of the transmission, part of torque
from the prime mover can be transmitted to the driven parts
via the first and second elements, as is clear from FIG. 82.
Therefore, since the above-described speed-change shock
can be suppressed, it is possible to improve marketability.

Further, for example, as described concerning the opera-
tion of claim 8, by using the first and second generator-
motors, it is possible to transmit the power from the prime
mover to the driven parts while steplessly changing the speed
thereof, and hence it is possible to reduce the frequency of the
speed-changing operation of the transmission. This makes it
possible to enhance the driving efficiency of the power plant,
similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 13 is the power plant 1G
as claimed in claim 8 or 9, wherein the second rotor (A2 rotor
223) and the first element (second sun gear 31, second ring
gear 32) are mechanically connected to the first output por-
tion of the prime mover, and the first rotor (A1 rotor 221) and
the second element (second carrier 34) are mechanically con-
nected to the driven parts, the power plant further comprising
a transmission 270 disposed between the second output por-
tion (second rotor 52) of the second generator-motor 50 and
the third element (second ring gear 32, second sun gear 31),
for transmitting power from the second output portion to the
third element while changing the speed of the power.

With this arrangement, the second rotor and the first ele-
ment are mechanically connected to the first output portion of
the prime mover, and the first rotor and the second element are
mechanically connected to the driven parts. The transmission
transmits the power from the second output portion of the
second generator-motor to the third element while changing
the speed of the power. Therefore, e.g. during the transmis-
sion of power to the driven parts, described above with refer-
ence to FIG. 82, when the load on the driven parts is very
large, by controlling the transmission gear ratio of the trans-
mission to be decreased, torque transmitted from the second
generator-motor to the transmission can be made smaller with
respect to the torque transmitted from the transmission to the
driven parts via the third and second elements. This makes it
possible to reduce the size and costs of the second generator-
motor.
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Further, when the speed of the driven parts is higher than
the rotational speed of the prime mover, as is clear from FIG.
83, the second motor rotational speed VM2 sometimes
becomes too high. Therefore, in such a case, for example, by
controlling the transmission gear ratio of the transmission
such that it is increased, it is possible to lower the second
motor rotational speed VM2 with respect to the third element
rotational speed V3 which is determined by the relationship
between the speed of the driven parts and the rotational speed
of the prime mover, so that it is possible to prevent failure of
the second generator-motor due to an excessive increase in
the second motor rotational speed VM2. Furthermore, by
controlling the transmission gear ratio of the transmission, the
second motor rotational speed VM2 can be controlled to an
appropriate magnitude with respect to the third element rota-
tional speed V3 which is determined by the relationship
between the speed of the driven parts and the rotational speed
of the prime mover, assumed at the time, thereby making it
possible to obtain high efficiency of the second generator-
motor.

Further, as described concerning the operation of claim 11,
when the prime mover is connected to the driven parts via a
gear-type stepped transmission, during the speed-changing
operation of the transmission, a speed-change shock is liable
to occur. According to the present invention, for example, the
first rotor can be connected to the driven parts without via
such a stepped transmission and therefore, even when the
stepped transmission is used as a transmission for transmit-
ting power from the second generator-motor to the third ele-
ment, during the speed-changing operation of the transmis-
sion, part of torque from the prime mover can be transmitted
to the driven parts via the second and first rotors, as is clear
from FIG. 82. Therefore, the above-described speed-change
shock can be suppressed, which makes it possible to improve
marketability.

Further, for example, as described concerning the opera-
tion of claim 8, by using the first and second generator-
motors, the power from the prime mover can be transmitted to
the driven parts while having the speed thereof steplessly
changed, and hence it is possible to reduce the frequency of
the speed-changing operation of the transmission. This makes
it possible to enhance the driving efficiency of the power
plant, similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 14 is the power plant 1H
as claimed in claim 8 or 9, wherein the second rotor (A2 rotor
223) and the first element (second sun gear 31, second ring
gear 32) are mechanically connected to the first output por-
tion of the prime mover, and the first rotor (A1 rotor 221) and
the second element (second carrier 34) are mechanically con-
nected to the driven parts, the power plant further comprising
atransmission 280 disposed between the second element and
the driven parts, for transmitting power from the second ele-
ment to the driven parts while changing the speed of the
power.

With this arrangement, the second rotor and the first ele-
ment are mechanically connected to the first output portion of
the prime mover, and the first rotor and the second element are
mechanically connected to the driven parts. The transmission
transmits power from the second element to the driven parts
while changing the speed of the power. Therefore, e.g. during
the transmission of power to the driven parts, described above
with reference to FIG. 82, when the load on the driven parts is
very large, the transmission gear ratio of the transmission is
controlled to be decreased, whereby torque transmitted from
the second element to the transmission can be made smaller
with respect to the torque transmitted from the transmission
to the driven parts, which in turn makes it possible to make
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smaller the torque combined via the first and third elements of
the distributing and combining device. Therefore, it is pos-
sible to reduce the sizes and costs of the distributing and
combining device and the second generator-motor.

Further, when the speed of the driven parts is higher than
the rotational speed of the prime mover, as is clear from FIG.
83, the second motor rotational speed VM2 sometimes
becomes too high. Therefore, in such a case, for example, by
controlling the transmission gear ratio of the transmission
such that it is increased, it is possible to lower the second
element rotational speed V2 with respect to the speed of the
driven parts, thereby making it possible to lower the second
motor rotational speed VM2, as is clear from FIG. 83. There-
fore, it is possible to prevent failure of the second generator-
motor due to an excessive increase in the second motor rota-
tional speed VM2. Furthermore, by controlling the
transmission gear ratio of the transmission, for example, the
second element rotational speed V2 is increased or decreased
with respect to the speed of the driven parts, whereby as is
clear from FIG. 83, the second motor rotational speed VM2
can be controlled to an appropriate magnitude, thereby mak-
ing it possible to obtain high efficiency of the second genera-
tor-motor.

Further, as described concerning the operation of claim 11,
when the prime mover is connected to the driven parts via a
gear-type stepped transmission, during the speed-changing
operation of the transmission, a speed-change shock is liable
to occur. According to the present invention, for example, the
first rotor can be connected to the driven parts without via
such a stepped transmission and therefore, even when the
stepped transmission is used as a transmission for transmit-
ting power from the second element to the driven parts, it is
possible, as is clear from FIG. 82, to transmit part of torque
from the prime mover to the driven parts via the second and
first rotors, during the speed-changing operation of the trans-
mission. Therefore, since the above-described speed-change
shock can be suppressed, it is possible to improve marketabil-
ity.

Further, for example, as described concerning the opera-
tion of claim 8, by using the first and second generator-
motors, the power from the prime mover can be transmitted to
the driven parts while having the speed thereof steplessly
changed, and hence it is possible to reduce the frequency of
the speed-changing operation of the transmission. This makes
it possible to enhance the driving efficiency of the power
plant, similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 15 is the power plant 11
as claimed in claim 8 or 9, wherein the second rotor (A2 rotor
223) and the first element (second sun gear 31, second ring
gear 32) are mechanically connected to the first output por-
tion of the prime mover, and the first rotor (A1 rotor 221) and
the second element (second carrier 34) are mechanically con-
nected to the driven parts, the power plant further comprising
a planetary gear unit (third planetary gear unit 290) having a
sun gear (third sun gear 291), a ring gear (third ring gear 292),
and a carrier (third carrier 294) rotatably supporting planetary
gears (third planetary gears 293) in mesh with the sun gear
and the ring gear, a first clutch C1, and a second clutch C2,
wherein one of the sun gear and the ring gear is mechanically
connected to the second element, wherein the carrier is
mechanically connected to the third element (second ring
gear 32, second sun gear 31) and is mechanically connected to
the second output portion (second rotor 52) of the second
generator-motor via the first clutch C1, and wherein the other
of'the sun gear and the ring gear is mechanically connected to
the second output portion via the second clutch C2.
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With this arrangement, the second rotor and the first ele-
ment are mechanically connected to the first output portion of
the prime mover, and the first rotor and the second element are
mechanically connected to the driven parts. Further, one of
the sun gear and the ring gear of the planetary gear unit
(hereinafter referred to as “the one gear”) is mechanically
connected to the second element connected to the driven
parts, and the carrier is mechanically connected to the third
element. The carrier is mechanically connected to the second
output portion of the second generator-motor via the first
clutch. Furthermore, the other of the sun gear and the ring
gear (hereinafter referred to as “the other gear”) is mechani-
cally connected to the second output portion of the second
generator-motor via the second clutch.

Now, let it be assumed that the rotational speed of the one
gear is the first gear rotational speed V(G1, the rotational speed
of'the other gear is the second gear rotational speed VG2, and
the rotational speed of the carrier is the carrier rotational
speed VC. In the above-described connecting relationship,
when the elements are directly connected to each other, and at
the same time the first clutch is engaged to thereby connect
the second output portion of the second generator-motor to
the carrier while the second clutch is disengaged to thereby
disconnect between the second output portion and the other
gear (hereinafter, such a first clutch-engaged and second
clutch-disengaged state is referred to as “the first speed
change mode”), the relationship between the rotational speed
of'the prime mover, the speed of the driven parts, and the like
is expressed e.g. as shown in FIG. 86(a). Further, when the
first clutch is disengaged to thereby disconnect between the
second output portion of the second generator-motor and the
carrier while the second clutch is engaged to thereby connect
the second output portion to the other gear (hereinafter, such
a first clutch-disengaged and second clutch-engaged state is
referred to as “the second speed change mode”), the relation-
ship between the rotational speed of the prime mover, the
speed of the driven parts, and the like is expressed e.g. as
shown in FIG. 86(5).

As is clear from comparison between FIGS. 86(a) and
86(b), in the speed diagrams, the distance between a vertical
line representing the speed of the driven parts and a vertical
line representing the second motor rotational speed VM2 is
shorter in the first speed change mode than in the second
speed change mode, and therefore a ratio (D2/D1) between a
speed difference D2 between the second output portion of the
second generator-motor and the driven parts and a speed
difference D1 between the driven parts and the prime mover
is smaller in the first speed change mode.

On the other hand, when the speed of the driven parts is
higher than the rotational speed of the prime mover, the sec-
ond motor rotational speed VM2 becomes higher than the
speed of the driven parts, and sometimes becomes too high.
Therefore, in such a case, for example, by using the first speed
change mode, as is clear from the relationship of the above-
described ratio between the speed differences D1 and D2, the
second motor rotational speed VM2 can be made smaller than
when the second speed change mode is used, and hence it is
possible to prevent failure of the second generator-motor due
to an excessive increase in the second motor rotational speed
VM2.

Further, as described heretofore, the rotating magnetic field
and the first and second rotors rotate while holding the linear
speed relationship in which the difference between the rota-
tional speed of the rotating magnetic field and that of the
second rotor and the difference between the rotational speed
of'the second rotor and that of the first rotor are equal to each
other. Therefore, in the speed diagrams (collinear charts)
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shown in FIG. 86, the ratio between the distance from a
vertical line representing the magnetic field rotational speed
VF to a vertical line representing the second rotor rotational
speed VR2, and the distance from the vertical line represent-
ing the second rotor rotational speed VR2 to a vertical line
representing the first rotor rotational speed VR1 is 1:1. Fur-
thermore, let it be assumed that the distance from a vertical
line representing the first gear rotational speed VG1 to a
vertical line representing the carrier rotational speed VC is
represented by o, and the distance from a vertical line repre-
senting the carrier rotational speed VC to a vertical line rep-
resenting the second gear rotational speed V(G2 is represented
by p. In this case, assuming that out of torques transmitted
during the transmission of power to the driven parts,
described above with reference to FIG. 82, torque from the
prime mover and torque from the second generator-motor are
represented by TPM and T2, respectively, torque transmitted
to the driven parts is driven part transmitting torque TOU'T,
and torque equivalent to electric power generated by the stator
and the rotating magnetic field is power-generating equiva-
lent torque TE1, during the first speed change mode, the
relationship between the torques TPM, TOUT, TE1 and T2 is
expressed e.g. by the following equations (A) and (B):

TPM+T2=TOUT+TE1 (A)

T2=(2xTOUT-TPM)/(2+01) B)

On the other hand, during the second speed change mode,
the relationship between the torque TPM of the prime mover,
the driven part transmitting torque TOU'T, the power-gener-
ating equivalent torque TE1, and the torque T2 of the second
generator-motor is expressed e.g. by the following equations
(C) and (D):

TPM+T2=TOUT+TE1 ©)

T2=(2x TOUT-TPM)/(2+0+B) D)

As is clear from comparison between the above-described
equations (B) and (D), the torque T2 of the second generator-
motor is smaller in the second speed change mode with
respect to the torque TPM of the prime mover and the driven
part transmitting torque TOUT having respective identical
magnitudes. Therefore, for example, when load on the driven
parts, that is, the driven part transmitting torque TOUT is very
large, by using the second speed change mode, itis possible to
make smaller the torque T2 of the second generator-motor,
which in turn makes it possible to reduce the size and costs of
the second generator-motor.

Further, for example, by selecting the first or second speed
change mode according to the rotational speed of the prime
mover and the speed of the driven parts, it is possible to
control the second motor rotational speed VM2 to an appro-
priate magnitude, thereby making it possible to obtain high
efficiency of the second generator-motor. Furthermore, by
performing switching between the first and second speed
change modes when the carrier rotational speed VC and the
second gear rotational speed VG2 are equal to each other, as
shown in FIG. 87, it is possible to smoothly perform the
switching while maintaining the respective rotations of the
driven parts and the prime mover, thereby making it possible
to ensure excellent drivability.

Further, for example, the first rotor can be connected to the
driven parts without via the gear-type stepped transmission,
whereby during switching between the first and second speed
change modes, even if both the first and second clutches are
disengaged to disconnect between the second generator-mo-
tor and the driven parts, as is clear from FIG. 82, part of the
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torque TPM of the prime mover can be transmitted to the
driven parts via the second and first rotors. Therefore, during
switching between the first and second speed change modes,
it is possible to suppress a speed-change shock, thereby mak-
ing it possible to enhance marketability.

The invention as claimed in claim 16 is the power plant 1IN
as claimed in claim 8 or 9, wherein the first rotor (B1 rotor
231) and the second element (first carrier 24) are mechani-
cally connected to the first output portion of the prime mover,
and the second rotor (B2 rotor 233) and the first element (first
sun gear 21, first ring gear 22) are mechanically connected to
the driven parts, the power plant further comprising a trans-
mission 320 disposed between the second output portion (first
rotor 42) of the second generator-motor (first generator-motor
40) and the third element (first ring gear 22, first sun gear 21),
for changing the speed of power transmitted between the
second output portion and the third element.

With this arrangement, the first rotor and the second ele-
ment are mechanically connected to the first output portion of
the prime mover, and the second rotor and the first element are
mechanically connected to the driven parts, the transmission
changing the speed of the power transmitted between the
second output portion of the second generator-motor and the
third element. Therefore, e.g. during transmission of power to
the driven parts, described above with reference to FIG. 84,
when the load on the driven parts is very large, so that very
large torque is transmitted to the second generator-motor via
the distributing and combining device, the transmission gear
ratio of the transmission is controlled in a direction in which
power transmitted to the second generator-motor is increased.
This makes it possible to make smaller the torque transmitted
from the transmission to the second generator-motor with
respect to torque transmitted from the third element to the
transmission, and hence it is possible to reduce the size and
costs of the second generator-motor.

Further, in this case, even when the speed-changing opera-
tion as described above is performed by the transmission, the
magnitude itself of power transmitted from the third element
to the second generator-motor is not changed, and when elec-
tric power generated by the second generator-motor is trans-
mitted as power to the second rotor via the stator, the torque
transmitted to the driven parts via the second rotor can be
controlled to a desired magnitude, so that it is possible to
transmit torque having a sufficient magnitude to the driven
parts.

Furthermore, when the rotational speed of the prime mover
is higher than the speed of the driven parts, as is clear from
FIG. 85, the second motor rotational speed VM2 sometimes
becomes too high. Therefore, in such a case, for example, if
the transmission gear ratio of the transmission is controlled in
a direction in which power transmitted to the second genera-
tor-motor is decreased, the second motor rotational speed
VM2 can be lowered with respect to the third element rota-
tional speed V3 which is determined by the relationship
between the rotational speed of the prime mover and the
speed of the driven parts, assumed at the time, so that it is
possible to prevent failure of the second generator-motor due
to an excessive increase in the second motor rotational speed
VM2. Further, by controlling the transmission gear ratio of
the transmission, the second motor rotational speed VM2 can
be controlled to an appropriate magnitude with respect to the
third element rotational speed V3 which is determined by the
relationship between the rotational speed of the prime mover
and the speed of the driven parts, assumed at the time, thereby
making it possible to obtain high efficiency of the second
generator-motor.
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Further, during the transmission of power to the driven
parts, described above with reference to FIG. 84, the torque
from the prime mover transmitted to the second element is
transmitted to the driven parts via the first element by using
load torque acting on the third element along with electric
power generation by the second generator-motor, as a reac-
tion. Therefore, when the gear-type stepped transmission is
used as the transmission according to the present invention,
the third element and the second generator-motor are discon-
nected from each other by the speed-changing operation of
the transmission, whereby the load torque from the second
generator-motor ceases to act on the third element. As a
consequence, the torque transmitted from the prime mover
via the second and first elements becomes very small.
According to the present invention, the second rotor can be
connected to the driven parts without via the gear-type
stepped transmission, for example, whereby during the
speed-changing operation of the transmission, as is clear from
FIG. 84, part of the torque from the prime mover can be
transmitted to the driven parts via the first and second rotors.
This makes it possible to suppress a speed-change shock,
such as a sudden decrease in torque, and therefore it is pos-
sible to enhance marketability.

Further, for example, as described concerning the opera-
tion of claim 8, the power from the prime mover can be
transmitted to the driven parts while having the speed thereof
steplessly changed by using the first and second generator-
motors, and hence it is possible to reduce the frequency of the
speed-changing operation of the transmission. This makes it
possible to enhance the driving efficiency of the power plant,
similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 17 is the power plant 10
as claimed in claim 8 or 9, wherein the first rotor (B1 rotor
231) and the second element (first carrier 24) are mechani-
cally connected to the first output portion of the prime mover,
and the second rotor (B2 rotor 233) and the first element (first
sun gear 21, first ring gear 22) are mechanically connected to
the driven parts, the power plant further comprising a trans-
mission 330 disposed between the first element and the driven
parts, for transmitting power from the first element to the
driven parts while changing the speed of the power.

With this arrangement, the first rotor and the second ele-
ment are mechanically connected to the first output portion of
the prime mover, and the second rotor and the first element are
mechanically connected to the driven parts. The transmission
transmits the power from the first element to the driven parts
while changing the speed ofthe power. As a consequence, e.g.
during the transmission of power to the driven parts,
described above with reference to FIG. 84, when the load on
the driven parts is very large, by controlling the transmission
gear ratio of the transmission such that it is decreased, the
torque transmitted from the first element to the transmission
can be made smaller with respect to the torque transmitted
from the transmission to the driven parts, whereby similarly
to the power plant as claimed in claim 10, it is possible to
reduce the sizes and costs of the distributing and combining
device and the second generator-motor.

Further, for example, when the rotational speed of the
prime mover is higher than the speed of the driven parts, as is
clear from FIG. 85, the second motor rotational speed VM2
sometimes becomes too high. Therefore, in such a case, for
example, by controlling the transmission gear ratio of the
transmission such that it is decreased, and thereby increasing
the first element rotational speed V1 with respect to the speed
of the driven parts, as is clear from FIG. 85, it is possible to
lower the second motor rotational speed VM2, so that it is
possible to prevent failure of the second generator-motor due
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to an excessive increase in the second motor rotational speed
VM2. Furthermore, by controlling the transmission gear ratio
of the transmission, the first element rotational speed V1 is
increased or decreased with respect to the speed of the driven
parts, whereby as is clear from FIG. 85, the second motor
rotational speed VM2 can be controlled to an appropriate
magnitude, thereby making it possible to obtain high effi-
ciency of the second generator-motor.

Further, as described concerning the operation of claim 11,
when the prime mover is connected to the driven parts via a
gear-type stepped transmission, during the speed-changing
operation of the transmission, a speed-change shock is liable
to occur. According to the present invention, for example, the
second rotor can be connected to the driven parts without via
such a stepped transmission, whereby even when the stepped
transmission is used as a transmission for transmitting power
from the first element to the driven parts, during the speed-
changing operation of the transmission, part of torque from
the prime mover can be transmitted to the driven parts via the
first and second rotors, as is clear from FIG. 84. Therefore,
since the above-described speed-change shock can be sup-
pressed, it is possible to improve marketability.

Further, for example, as described concerning the opera-
tion of claim 8, the power from the prime mover can be
transmitted to the driven parts while having the speed thereof
steplessly changed by using the first and second generator-
motors, and hence it is possible to reduce the frequency of the
speed-changing operation of the transmission. This makes it
possible to enhance the driving efficiency of the power plant,
similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 18 is the power plant 1P
as claimed in claim 8 or 9, wherein the first rotor (B1 rotor
231) and the second element (first carrier 24) are mechani-
cally connected to the first output portion of the prime mover,
and the second rotor (B2 rotor 233) and the first element (first
sun gear 21, first ring gear 22) are mechanically connected to
the driven parts, the power plant further comprising a plan-
etary gear unit (fourth planetary gear unit 340) having a sun
gear (fourth sun gear 341), a ring gear (fourth ring gear 342),
and a carrier (fourth carrier 344) rotatably supporting plan-
etary gears (fourth planetary gears 343) in mesh with the sun
gear and the ring gear, a first clutch (third clutch C3), and a
second clutch (fourth clutch C4), wherein one of the sun gear
and the ring gear is mechanically connected to the second
element, wherein the carrier is mechanically connected to the
third element (first ring gear 22, first sun gear 21) and is
mechanically connected to the second output portion (first
rotor 42) of the second generator-motor (first generator-motor
40) via the first clutch, and wherein the other of the sun gear
and the ring gear is mechanically connected to the second
output portion via the second clutch.

With this arrangement, the first rotor and the second ele-
ment are mechanically connected to the first output portion of
the prime mover, and the second rotor and the first element are
mechanically connected to the driven parts. Further, one of
the sun gear and ring gear of the planetary gear unit, that is, the
one gear is mechanically connected to the second element
connected to the prime mover, and the carrier is mechanically
connected to the third element and is mechanically connected
to the second output portion of the second generator-motor
via the first clutch. Furthermore, the other of the sun gear and
the ring gear, that is, the other gear is mechanically connected
to the second output portion of the second generator-motor
via the second clutch.

Now, similarly to the case as claimed in claim 15, let it be
assumed that the rotational speed of the one gear is the first
gear rotational speed V(G1, the rotational speed of the other
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gear is the second gear rotational speed VG2, and the rota-
tional speed of the carrier is the carrier rotational speed VC. In
the above-described connecting relationship, when the ele-
ments are directly connected to each other, and at the same
time the first clutch is engaged to thereby connect the second
output portion of the second generator-motor to the carrier
while the second clutch is disengaged to thereby disconnect
between the second output portion and the other gear, the
relationship between the rotational speed of the prime mover,
the speed of the driven parts, and the like is expressed e.g. as
shown in FI1G. 88(a). Hereinafter, such a first clutch-engaged
and second clutch-disengaged state is referred to as “the first
speed change mode”, similarly to the case as claimed in claim
15. Further, when the first clutch is disengaged to thereby
disconnect between the second output portion of the second
generator-motor and the carrier while the second clutch is
engaged to thereby connect the second output portion to the
other gear, the relationship between the rotational speed of the
prime mover, the speed of the driven parts, and the like is
expressed e.g. as shownin FIG. 88(5). Hereinafter, such a first
clutch-disengaged and second clutch-engaged state is
referred to as “the second speed change mode”, similarly to
the case as claimed in claim 15.

As is clear from comparison between FIGS. 88(a) and
88(b), in the speed diagrams, the distance between a vertical
line representing the speed of the driven parts and a vertical
line representing the second motor rotational speed VM2 is
shorter in the first speed change mode than in the second
speed change mode, and therefore a ratio (D2/D1) between a
speed difference D2 between the second output portion of the
second generator-motor and the driven parts and a speed
difference D1 between the prime mover and the driven parts
is smaller in the first speed change mode. On the other hand,
when the rotational speed of the prime mover is higher than
the speed of the driven parts, as is clear from FIG. 85, the
second motor rotational speed VM2 becomes higher than the
speed of the driven parts, and sometimes becomes too high.
Therefore, in such a case, for example, by using the first speed
change mode, as is clear from the relationship of the above-
described ratio between the speed differences D2 and D1, the
second motor rotational speed VM2 can be made smaller than
when the second speed change mode is used, and hence it is
possible to prevent failure of the second generator-motor due
to an excessive increase in the second motor rotational speed
VM2.

Further, similarly to the case as claimed in claim 15, in the
speed diagrams shown in FIG. 88, the ratio between the
distance from a vertical line representing the magnetic field
rotational speed VF to a vertical line representing the second
rotor rotational speed VR2, and the distance from the vertical
line representing the second rotor rotational speed VR2 to a
vertical line representing the first rotor rotational speed VR1
is 1:1. Furthermore, let it be assumed that the distance from a
vertical line representing the first gear rotational speed VG1
to a vertical line representing the carrier rotational speed VC
is represented by a, and the distance from a vertical line
representing the carrier rotational speed VC to a vertical line
representing the second gear rotational speed VG2 is repre-
sented by f. In this case, let it be assumed that out of torques
transmitted during the transmission of power to the driven
parts, described above with reference to FIG. 84, torque from
the prime mover is represented by TPM, torque transmitted to
the driven parts is driven part transmitting torque TOUT, as
claimed in claim 15, torque transmitted to the second genera-
tor-motor is second generator-motor transmitting torque TE2,
and torque equivalent to electric power supplied to the stator
and the rotating magnetic field is driving equivalent torque
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T1. During the first speed change mode, the relationship
between the torques TPM, TOUT, T1 and TE2 is expressed
e.g. by the following equations (F) and (F):

TPM+T1=TOUT+TE2 65)

TE2=(2xTPM-TOUT)/(2+a) (F)

On the other hand, during the second speed change mode,
the relationship between the torque TPM of the prime mover,
the driven part transmitting torque TOU'T, the driving equiva-
lent torque T1, and the second generator-motor transmitting
torque TE2 is expressed e.g. by the following equations (G)
and (H):

TPM+T1=TOUT+TE2 @)

TE2=(2xTPM-TOUT)/(2+a+p) (H)

As is clear from comparison between the above-described
equations (F) and (H), the second generator-motor transmit-
ting torque TE2 is smaller in the second speed change mode
with respect to the torque TPM of the prime mover and the
driven part transmitting torque TOUT having respective iden-
tical magnitudes. Therefore, for example, when load on the
driven parts, i.e. the driven part transmitting torque TOUT,
and the torque TPM of the prime mover are very large, and
hence the second generator-motor transmitting torque TE2
becomes very large, by using the second speed change mode,
it is possible to make smaller the second generator-motor
transmitting torque TE2, thereby making it possible to reduce
the size and costs of the second generator-motor.

Further, for example, by selecting the first or second speed
change mode according to the rotational speed of the prime
mover and the speed of the driven parts, it is possible to
control the second motor rotational speed VM2 to an appro-
priate magnitude, thereby making it possible to obtain high
efficiency of the second generator-motor. Furthermore, simi-
larly to the case as claimed in claim 15, by performing switch-
ing between the first and second speed change modes when
the carrier rotational speed VC and the second gear rotational
speed V(G2 are equal to each other, it is possible to smoothly
perform the switching while maintaining the respective rota-
tions of the driven parts and the prime mover, thereby making
it possible to ensure excellent drivability.

Further, similarly to the case as claimed in claim 16, during
the transmission of the power from the prime mover to the
driven parts, described above with reference to FIG. 84, the
torque TPM of the prime mover transmitted to the second
element is transmitted to the driven parts via the first element
by using load torque acting on the third element along with
electric power generation by the second generator-motor, as a
reaction. Therefore, during switching between the first and
second speed change modes, if both the first and second
clutches are disengaged, the third element and the second
generator-motor are disconnected from each other, whereby
the load torque from the second generator-motor ceases to act
onthethird element. As a consequence, the torque TPM of the
prime mover transmitted via the second and first elements
becomes very small. According to the present invention, the
second rotor can be connected to the driven parts without via
the gear-type stepped transmission, for example, whereby
even if both the first and second clutches are disengaged, as is
clear from F1G. 84, part of the torque TPM of'the prime mover
can be transmitted to the driven parts via the first and second
rotors. This makes it possible to suppress a speed-change
shock, such as a sudden decrease in torque, and therefore it is
possible to enhance marketability.
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The invention as claimed in claim 19 is the power plant 1Q
as claimed in claim 8 or 9, wherein the first rotor (B1 rotor
231) and the second element (first carrier 24) are mechani-
cally connected to the first output portion of the prime mover,
and the second rotor (B2 rotor 233) and the first element (first
sun gear 21, first ring gear 22) are mechanically connected to
the driven parts, the power plant further comprising a trans-
mission 350 disposed between the second rotor and the driven
parts, for transmitting power from the second rotor to the
driven parts while changing the speed of the power.

With this arrangement, the first rotor and the second ele-
ment are mechanically connected to the first output portion of
the prime mover, and the second rotor and the first element are
mechanically connected to the driven parts. The transmission
transmits the power from the second rotor to the driven parts
while changing the speed ofthe power. As a consequence, e.g.
during the transmission of power to the driven parts,
described above with reference to FIG. 84, when the load on
the driven parts is very large, by controlling the transmission
gear ratio of the transmission such that it is decreased, the
torque transmitted from the second rotor to the transmission
can be made smaller with respect to the torque transmitted
from the transmission to the driven parts, whereby it is pos-
sible to downsize the second rotor to reduce the size and costs
of'the first generator-motor.

Further, for example, when the speed of the driven parts is
very high, by controlling the transmission gear ratio of the
transmission such that it is increased, it is possible to lower
the second rotor rotational speed VR2 with respect to the
speed of the driven parts, so that it is possible to prevent
failure of the first generator-motor due to an excessive
increase in the second rotor rotational speed VR2. Further-
more, by controlling the transmission gear ratio of the trans-
mission, the second rotor rotational speed VR2 can be con-
trolled to an appropriate magnitude with respect to the speed
of the driven parts, whereby it is possible to obtain high
efficiency of the first generator-motor.

Further, as described concerning the operation of claim 11,
when the prime mover is connected to the driven parts via a
gear-type stepped transmission, during the speed-changing
operation of the transmission, a speed-change shock is liable
to occur. According to the present invention, for example, the
first element can be connected to the driven parts without via
such a stepped transmission and therefore, even when the
stepped transmission is used as a transmission for transmit-
ting power from the second rotor to the driven parts, during
the speed-changing operation of the transmission, part of
torque from the prime mover can be transmitted to the driven
parts via the second and first elements, as is clear from FIG.
84. Therefore, since the above-described speed-change shock
can be suppressed, it is possible to improve marketability.

Further, for example, as described concerning the opera-
tion of claim 8, by using the first and second generator-
motors, the power from the prime mover can be transmitted to
the driven parts while having the speed thereof steplessly
changed, and hence it is possible to reduce the frequency of
the speed-changing operation of the transmission. This makes
it possible to enhance the driving efficiency of the power
plant, similarly to the power plant as claimed in claim 10.

The invention as claimed in claim 20 is the power plant 1C
to 1R as claimed in any one of claims 8 to 19, further com-
prising a brake mechanism BL for blocking reverse rotation
of' the first output portion of the prime mover.

With this arrangement, the reverse rotation of the first
output portion of the prime mover is blocked by the brake
mechanism, and in accordance therewith, one of a pair of the
first rotor and the second element, and a pair of the second
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rotor and the first element, connected to the output portion, is
prevented from rotating in one direction. Hereinafter, the
operation and effects of the present invention will be
described. First, a description is given of the first power plant
in which the second rotor and first element are connected to
the first output portion of the prime mover, and the first rotor
and the second element are connected to the driven parts.
Further, the directions of rotations of the second rotor and the
first element, blocked by the brake mechanism, are referred to
as “the second rotor-blocked direction” and “the second ele-
ment-blocked direction”, respectively. Further, based on the
aforementioned relationship between the input of energy and
the output of energy in the first generator-motor, by supplying
electric power to the stator, and thereby causing a rotating
magnetic field generated along therewith to rotate in the same
direction as the above-described second rotor-blocked direc-
tion, it is possible to convert the electric power supplied to the
stator into power (hereinafter, this power is referred to as “the
electric power-converted power”) to thereby transmit all the
electric power to the first rotor, and further to the driven parts.
Further, since the distributing and combining device has the
same functions as those of the planetary gear unit, as
described hereinabove, by supplying electric power to the
second generator-motor to thereby cause the second output
portion of the second generator-motor to rotate in a direction
opposite to the above-mentioned second element-blocked
direction together with the third element, it is possible to
transmit all the power from the second generator-motor to the
second element, and further to the driven parts.

As described above, according to the first power plant, it is
possible to drive the driven parts by the first generator-motor
and/or the second generator-motor without using the power
from the prime mover. Further, in this case, it is possible to
drive the driven parts while preventing not only the reverse
rotation of the first output portion of the prime mover by the
brake mechanism but also the dragging of the prime mover by
the following operation: The above-mentioned electric
power-converted power from the stator acts on the second
rotor so as to cause the second rotor to rotate in the second
rotor-blocked direction, and the power from the second gen-
erator-motor acts on the first element so as to cause the first
element to rotate in the first element-blocked direction, via
the third and second elements. This causes, during the above-
mentioned driving of the driven parts, the first output portion
of'the prime mover to be held in a stopped state together with
the second rotor and the first element, and hence the first
output portion does not drag the prime mover.

The above-described effects can also be obtained by the
second power plant in which the first rotor and the second
element are connected to the first output portion of the prime
mover, and the second rotor and the first element are con-
nected to the driven parts. Hereinafter, the directions of rota-
tions of the first rotor and the second element, blocked by the
brake mechanism, are referred to as “the first rotor-blocked
direction” and “the second element-blocked direction”,
respectively. Based on the aforementioned relationship
between the input of energy and the output of energy in the
first generator-motor, by supplying electric power to the sta-
tor to thereby cause a rotating magnetic field generated along
therewith to rotate in a direction opposite to the above-men-
tioned first rotor-blocked direction, it is possible to covert the
electric power supplied to the stator into power (hereinafter,
this power is referred to as “the electric power-converted
power”), and thereby transmit all the electric power to the
second rotor, and further to the driven parts. Further, based on
the aforementioned relationship between the input of energy
and the output of energy in the distributing and combining
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device, electric power is supplied to the second generator-
motor, to cause the second output portion of the second gen-
erator-motor to rotate in the same direction as the above-
mentioned second element blocked direction together with
the third element, whereby all the power from the second
generator-motor can be transmitted to the first element, and
further to the driven parts.

As described above, according to the second power plant,
similarly to the first power plant, it is possible to drive the
driven parts by the first generator-motor and/or the second
generator-motor without using the power from the prime
mover. Further, in this case, similarly to the first power plant,
it is possible to drive the driven parts while preventing not
only the reverse rotation of the first output portion of the
prime mover by the brake mechanism but also the dragging of
the prime mover by the following operation: The above-
described electric power-converted power from the stator acts
on the first rotor so as to cause the first rotor to rotate in the
first rotor-blocked direction, and the power from the second
generator-motor acts on the second element so as to cause the
second element to rotate in the second element-blocked direc-
tion, via the third element. This causes, during the above-
mentioned driving of the driven parts, the first output portion
of'the prime mover to be held in a stopped state together with
the first rotor and the second element, and hence the first
output portion does not drag the prime mover.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A schematic view of an internal combustion engine,
first and second generator-motors, etc. of a power plant
according to a first embodiment.

FIG. 2 A block diagram showing an ECU etc. that control
the operations of the engine and the first and second genera-
tor-motors of the power plant according to the first embodi-
ment.

FIG. 3 A diagram showing how torque is transmitted in the
power plant according to the first embodiment, during an EV
creep operation of a vehicle.

FIG. 4 A speed diagram of first and second sun gear rota-
tional speeds VSU1 and VSU?2, first and second carrier rota-
tional speeds VCA1 and VCA2, and first and second ring gear
rotational speeds VRI1 and VRI2 during the EV creep opera-
tion, shown by way of an example.

FIG. 5 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 at the time
of BV standing start, shown by way of example.

FIG. 6 A diagram showing how torque is transmitted in the
power plant according to the first embodiment at the time of
ENG start during EV traveling.

FIG. 7 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 at the time
of the ENG start during the EV traveling, shown by way of
example.

FIG. 8 A diagram showing how torque is transmitted in a
battery input/output zero mode in the power plant according
to the first embodiment.

FIG. 9 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 in a battery
input/output zero mode, shown by way of example.
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FIG. 10 A diagram showing how torque is transmitted in
the power plant according to the first embodiment in an assist
mode.

FIG. 11 A diagram showing how torque is transmitted in
the power plant according to the first embodiment in a drive-
time charging mode.

FIG. 12 A diagram showing a ratio of a foot axis drive
torque TDRDW etc. to an engine torque TENG, assuming
that the engine torque TENG is held constant and at the same
time first and second rotor rotational speeds VRO1 and VRO2
are equal to each other, in the battery input/output zero mode,
the assist mode and the drive-time charging mode.

FIG. 13 A diagram showing how torque is transmitted in
the power plant according to the first embodiment during
decelerating traveling of the vehicle.

FIG. 14 A diagram showing how torque is transmitted in
the power plant according to the first embodiment, at the time
of ENG start during stoppage of the vehicle.

FIG. 15 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 at the time
of the ENG start during stoppage of the vehicle, shown by
way of example.

FIG. 16 A diagram showing how torque is transmitted in
the power plant according to the first embodiment during an
ENG creep operation.

FIG. 17 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 during the
ENG creep operation, shown by way of example.

FIG. 18 A speed diagram of the first and second sun gear
rotational speeds VSU1 and VSU2, the first and second car-
rier rotational speeds VCA1 and VCA2, and the first and
second ring gear rotational speeds VRI1 and VRI2 at the time
of ENG-based standing start, shown by way of example.

FIG. 19 A schematic diagram of an engine, first and second
generator-motors, etc. of a variation of the power plant
according to the first embodiment.

FIG. 20 A schematic diagram of an engine, a stepless
transmission, etc. of a power plant according to a second
embodiment.

FIG. 21 A block diagram showing an ECU etc. that control
the operations of the engine and the stepless transmission of
the power plant according to the second embodiment.

FIG. 22 A diagram showing how torque is transmitted
during traveling of the vehicle in the power plant according to
the second embodiment.

FIG. 23 A schematic view of an engine, third and fourth
generator-motors etc. of a power plant according to a third
embodiment.

FIG. 24 A block diagram showing an ECU etc. that control
the operations of the engine and the third and fourth genera-
tor-motors of the power plant according to the third embodi-
ment.

FIG. 25 An enlarged cross-sectional view of the third gen-
erator-motor.

FIG. 26 A development view of part of a cross-section of
the third generator-motor taken on line A-A of FIG. 25 along
the circumferential direction during generation of first and
second rotating magnetic fields.

FIG. 27 A diagram showing an arrangement functionally
equivalent to the arrangement of the FIG. 26 development
view.
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FIG. 28 Diagrams which are useful in explaining the opera-
tion of the third generator-motor in the case where the first
and second rotating magnetic fields are generated whilean A1
rotor is held unrotatable.

FIG. 29 Diagrams which are useful in explaining a con-
tinuation of the operation in FIG. 28.

FIG. 30 Diagrams each showing magnetic circuits formed
when the third generator-motor is in operation.

FIG. 31 A schematic diagram illustrating torque transmit-
ted to an A2 rotor when the first and second rotating magnetic
fields are generated while holding the A1 rotor unrotatable, by
way of example.

FIG. 32 Speed diagrams of a first magnetic field rotational
speed VMF1 and A1l and A2 rotor rotational speeds VRA1
and VRA2 in respective cases of (a) the Al rotor being made
unrotatable, (b) the A2 rotor being made unrotatable, (¢) both
the A1 and A2 rotors being rotating, and (d) the first magnetic
field rotational speed VMF1 being equal to 0, shown by way
of example.

FIG. 33 Diagrams which are useful in explaining the opera-
tion of the third generator-motor performed when the first and
second rotating magnetic fields are generated while holding
the A2 rotor unrotatable.

FIG. 34 Diagrams which are useful in explaining a con-
tinuation of the operation in FIG. 33.

FIG. 35 A diagram showing how torque is transmitted in
the power plant according to the third embodiment during the
EV creep operation.

FIG. 36 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 during the EV creep operation, shown by way of
example.

FIG. 37 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 at the time of the EV standing start, shown by way of
example.

FIG. 38 A diagram showing how torque is transmitted in
the power plant according to the third embodiment at the time
of'the ENG start during the EV traveling.

FIG. 39 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 at the time of the ENG start during the EV traveling,
shown by way of example.

FIG. 40 A diagram showing how torque is transmitted in
the power plant according to the third embodiment in the
battery input/output zero mode.

FIG. 41 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 in the battery input/output zero mode, shown by way of
example.

FIG. 42 A diagram showing how torque is transmitted in
the assist mode in the power plant according to the third
embodiment.

FIG. 43 A diagram showing how torque is transmitted in
the power plant according to the third embodiment in the
drive-time charging mode.

FIG. 44 A diagram showing the foot axis drive torque
TDRDW etc. expressed in ratios to the engine torque TENG,
assuming that the engine torque TENG is held constant and at
the same time the first and second magnetic field rotational
speeds VMF1 and VMF2 are equal to each other in the battery
input/output zero mode, the assist mode, and the drive-time
charging mode.
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FIG. 45 A diagram showing how torque is transmitted
during the decelerating traveling of the vehicle in the power
plant according to the third embodiment.

FIG. 46 A diagram showing how torque is transmitted in
the power plant according to the third embodiment at the time
of the ENG start during stoppage of the vehicle.

FIG. 47 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 at the time of the ENG start during stoppage of the
vehicle, shown by way of example.

FIG. 48 A diagram showing how torque is transmitted in
the power plant according to the third embodiment during the
ENG creep operation.

FIG. 49 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 during the ENG creep operation, shown by way of
example.

FIG. 50 A speed diagram of the first and second magnetic
field rotational speeds VMF1 and VMF2, and the A1, A2, B1
and B2 rotor rotational speeds VRA1, VRA2, VRB1 and
VRB2 at the time of the ENG-based standing start, shown by
way of example.

FIG. 51 A diagram which is useful in explaining an
example of the operation of the conventional power plant.

FIG. 52 A diagram which is useful in explaining an
example of the operation of a power plant according of the
invention as claimed in claim 1.

FIG. 53 A diagram which is useful in explaining a speed-
changing operation of the power plant of the invention as
claimed in claim 1.

FIG. 54 A schematic diagram illustrating the relationship
between the engine torque TENG and demanded torque
PMCMD in the power plant according to the first embodi-
ment, by using solid lines with arrows for the assist mode and
using broken lines with arrows for the battery input/output
zero mode.

FIG. 55 A schematic diagram illustrating the relationship
between the engine torque TENG and the demanded torque
PMCMD in the power plant according to the first embodi-
ment, by using solid lines with arrows for the drive-time
charging mode and using broken lines with arrows for the
battery input/output zero mode.

FIG. 56 A schematic diagram illustrating the relationship
between the engine torque TENG and the demanded torque
PMCMD in the power plant according to the third embodi-
ment, by using solid lines with arrows for the assist mode and
using broken lines with arrows for the battery input/output
zero mode.

FIG. 57 A schematic diagram illustrating the relationship
between the engine torque TENG and the demanded torque
PMCMD in the power plant according to the third embodi-
ment, by using solid lines with arrows for the drive-time
charging mode and using broken lines with arrows for the
battery input/output zero mode.

FIG. 58 A schematic diagram of an engine, third and sec-
ond generator-motors, etc. of a power plant according to a
fourth embodiment.

FIG. 59 A speed diagram of the first magnetic field rota-
tional speed VMF1, the Al and A2 rotor rotational speeds
VRA1 and VRA2, the second sun gear rotational speed
VSU2, the second carrier rotational speed VCA2, and the
second ring gear rotational speed VRI2 in the battery input/
output zero mode of the power plant according to the fourth
embodiment, shown by way of example.
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FIG. 60 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to a fifth
embodiment.

FIG. 61 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to a sixth
embodiment.

FIG. 62 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to a seventh
embodiment.

FIG. 63 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to an eighth
embodiment.

FIG. 64 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to a ninth
embodiment.

FIG. 65 A schematic view of an engine, third and second
generator-motors etc. of a power plant according to a tenth
embodiment.

FIG. 66 (a) A speed diagram of the second sun gear rota-
tional speed VSU2, the second carrier rotational speed VCA2,
and the second ring gear rotational speed VRI, shown by way
of example, depicted together with a speed diagram of the
third sun gear rotational speed VSU3, the third carrier rota-
tional speed VCAS3, and the third ring gear rotational speed
VRI3, shown by way of example; and (b) a speed diagram of
rotational speeds of four rotary elements formed by connect-
ing the second and third planetary gear units, by way of
example.

FIG. 67 (a) A speed diagram of the rotational speeds of the
four rotary elements formed by connecting the second and
third planetary gear units, by way of example, depicted
together with a speed diagram of the first magnetic field
rotational speed VMF1, and the A1l and A2 rotor rotational
speeds VRA1 and VRA2, shown by way of example; and (5)
a speed diagram of the rotational speeds of the five rotary
elements formed by connecting the third generator-motor,
and the second and third planetary gear units, shown by way
of example.

FIG. 68 Diagrams showing, by way of example, the rela-
tionship between the first magnetic field rotational speed
VMEF1, the engine speed NE, the vehicle speed VP, and the
second rotor rotational speed VRO2, (a) in the first speed
change mode and (b) in the second speed change mode of the
power plant according to the tenth embodiment, respectively.

FIG. 69 A schematic view of an internal combustion
engine, third and second generator-motors etc. of a power
plant according to an eleventh embodiment.

FIG. 70 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a twelfth embodiment.

FIG. 71 A speed diagram of the first sun gear rotational
speed VSUL, the first carrier rotational speed VCA1, the first
ring gear rotational speed VRI1, the second magnetic field
rotational speed VMF2 and the B1 and B2 rotor rotational
speeds VRB1 and VRB2, in the battery input/output zero
mode of the power plant according to the twelfth embodi-
ment, shown by way of example.

FIG. 72 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a thirteenth embodiment.

FIG. 73 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a fourteenth embodiment.

FIG. 74 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a fifteenth embodiment.
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FIG. 75 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a sixteenth embodiment.

FIG. 76 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a seventeenth embodiment.

FIG. 77 (a) A speed diagram of the first sun gear rotational
speed VSU1, the first carrier rotational speed VCAL1, and the
first ring gear rotational speed VRI1, shown by way of
example, depicted together with a speed diagram of a fourth
sun gear rotational speed VSU4, a fourth carrier rotational
speed VCA4, and a fourth ring gear rotational speed VRI4,
shown by way of example; and (b) a speed diagram of rota-
tional speeds of four rotary elements formed by connecting
the first and fourth planetary gear units, by way of example.

FIG. 78 (a) A speed diagram of'the rotational speeds of the
four rotary elements formed by connecting the first and fourth
planetary gear units, by way of example, depicted together
with a speed diagram of the second magnetic field rotational
speed VMF2, and the B1 and B2 rotor rotational speeds
VRB1 and VRB2, shown by way of example; and (b) a speed
diagram of the rotational speeds of the five rotary elements
formed by connecting the first and fourth planetary gear units
and the fourth generator-motor, shown by way of example.

FIG. 79 Diagrams showing, by way of example, the rela-
tionship between the first rotor rotational speed VRO1, the
engine speed NE, the vehicle speed VP, and the second mag-
netic field rotational speed VMF2, (a) in a third speed change
mode and (b) in a fourth speed change mode of the power
plant according to the seventeenth embodiment, respectively.

FIG. 80 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to an eighteenth embodiment.

FIG. 81 A schematic view of an internal combustion
engine, first and fourth generator-motors etc. of a power plant
according to a nineteenth embodiment.

FIG. 82 A diagram which is useful in explaining an
example of the operation of first power plant according to the
invention as claimed in claim 8.

FIG. 83 A diagram which is useful in explaining a speed-
changing operation of the first power plant according to the
invention as claimed in claim 8.

FIG. 84 A diagram which is useful in explaining an
example ofthe operation of a second power plant according to
the invention as claimed in claim 8.

FIG. 85 A diagram which is useful in explaining a speed-
changing operation of the second power plant according to
the invention as claimed in claim 8.

FIG. 86 Diagrams of the rotational speed of a prime mover
and a speed of a driven part of a power plant according to the
invention as claimed in claim 15, (a) in the first speed change
mode and (b) in the second speed change mode, shown by
way of example, respectively.

FIG. 87 A diagram useful in explaining switching between
the first speed change mode and the second speed change
mode ofthe power plant according to the invention as claimed
in claim 15.

FIG. 88 Diagrams of the rotational speed of a prime mover
and a speed of a driven part of a power plant according to the
invention as claimed in claim 18, (a) in the first speed change
mode and (b) in the second speed change mode, shown by
way of example, respectively.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will now be described in detail with
reference to the drawings showing a preferred embodiment
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thereof. It should be noted that in the figures, hatching for
portions illustrating cross-sections are omitted for conve-
nience. FIGS. 1 and 2 schematically show a power plant 1
according to a first embodiment of the present embodiment.
The power plant 1 is for driving left and right drive wheels
DW and DW (driven parts) of a vehicle (not shown), and as
shown in FIG. 1, includes an internal combustion engine 3
(prime mover), a first generator-motor 40 and a second gen-
erator-motor 50 as power sources, and a first planetary gear
unit 20, a second planetary gear unit 30 and a differential gear
mechanism 9 for transmitting power to the drive wheels DW
and DW. Further, as shown in FIG. 2, the power plant 1
includes an ECU 2, a 1st-PDU 61 and a 2nd-PDU 62, for
controlling the operations ofthe internal combustion engine 3
and the first and second generator-motors 40 and 50, respec-
tively.

It should be noted that in the present embodiment, the ECU
2, the 1st-PDU 61, and the 2nd-PDU 62 correspond to a
speed-changing device and a controller, the first generator-
motor 40 corresponds to the speed-changing device and a first
energy-converting device, and the second generator-motor 50
corresponds to the speed-changing device and a second
energy-converting device. Further, the first planetary gear
unit 20 corresponds to a first distributing and combining
device, and the second planetary gear unit 30 corresponds to
a second distributing and combining device.

The internal combustion engine (hereinafter referred to as
“the engine™) 3 is e.g. a gasoline engine, and has a crankshaft
3a (output shaft) to which is concentrically connected a first
main shaft 4 via a flywheel 5. The first main shaft 4 is rotat-
ably supported by a bearing 4a. Further, a connection shaft 6
and a second main shaft 7 are arranged concentrically with the
first main shaft 4, and an idler shaft 8 is disposed in parallel
with the first main shaft 4. The connection shaft 6, the second
main shaft 7, and the idler shaft 8 are rotatably supported by
bearings 6a, 7a, and 8a and 8a, respectively.

The connection shaft 6 is formed to be hollow, and the first
main shaft 4 is concentrically rotatably fitted through the
connection shaft 6. The idler shaft 8 is integrally formed with
afirst gear 86 and a second gear 8c. The first gear 85 is in mesh
with a gear 75 integrally formed with the second main shaft 7,
and the second gear 8¢ is in mesh with a gear 9a of the
differential gear mechanism 9. Further, the differential gear
mechanism 9 is connected to the drive wheels DW and DW
via drive shafts 10 and 10. With the above arrangement, the
second main shaft 7 is connected to the drive wheels DW and
DW via the idler shaft 8 and the differential gear mechanism
9. Hereinafter, the circumferential direction and the axial
direction of the first main shaft 4, the connection shaft 6, and
the second main shaft 7 are simply referred to as “the circum-
ferential direction” and “the axial direction”, respectively.

The first planetary gear unit 20 is of a general single pinion
type, and is comprised of a first sun gear 21 (first element,
third element), a first ring gear 22 (first element, third ele-
ment) rotatably provided on an outer periphery of the first sun
gear 21, a plurality of (e.g. three) first planetary gears 23 (only
two of which are shown) in mesh with the gears 21 and 22, and
a first carrier 24 (second element) rotatably supporting the
first planetary gears 23. The first sun gear 21 and the first
carrier 24 are integrally concentrically fitted on the connec-
tion shaft 6 and the first main shaft 4, respectively.

Further, the first planetary gear unit 20 has the same known
functions as those of a general planetary gearunit provided by
the arrangement thereof. That is, when the directions of the
rotations of the first sun gear 21, the first ring gear 22 and the
first carrier 24 are identical to each other, the first planetary
gear unit 20 has the function of distributing power input to the
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first carrier 24 to the first sun gear 21 and the first ring gear 22,
and the function of combining the powers input to the first sun
gear 21 and the first ring gear 22 and outputting the combined
power to the first carrier 24. Further, when the first planetary
gear unit 20 is distributing and combining the powers as
described above, the first sun gear 21, the first ring gear 22 and
the first carrier 24 are rotating while holding a linear speed
relationship therebetween.

The second planetary gear unit 30 is configured similarly to
the first planetary gear unit 20, and is comprised of a second
sun gear 31 (fourth element, sixth element), a second ring
gear 32 (fourth element, sixth element), a plurality of second
planetary gears 33 in mesh with the gears 31 and 32, and a
second carrier 34 (fifth element) rotatably supporting the
second planetary gears 33. Although in the present embodi-
ment, the numbers of gear teeth of the second sun gear 31, the
second ring gear 32 and the second planetary gears 33 are set
to be equal to those of the first sun gear 21, the first ring gear
22 and the first planetary gears 23, respectively, they are not
necessarily required to be equal to those of the same. The
second sun gear 31 is integrally concentrically fitted on the
first main shaft 4, and the second carrier 34 is integrally
concentrically fitted on the connection shaft 6 and the second
main shaft 7. Further, it is to be understood that the second
planetary gear unit 30 has the same functions as those of the
first planetary gear unit 20.

With the above arrangement, the first carrier 24 of the first
planetary gear unit 20, the second sun gear 31 of the second
planetary gear unit 30, and the crankshaft 3a of the engine 3
are mechanically connected to each other via the first main
shaft 4, without via a transmission mechanism, such as gears,
for changing torque or rotational speed. Hereinafter, connec-
tion between elements without via a transmission mecha-
nism, such as gears, is referred to as “direct connection™ as
deemed appropriate. Further, the first sun gear 21 of the first
planetary gear unit 20 and the second carrier 34 of the second
planetary gear unit 30 are directly connected to each other via
the connection shaft 6, and the second carrier 34 and the drive
wheels DW and DW are connected to each other via the
second main shaft 7, the differential gear mechanism 9 and so
forth. In short, the first sun gear 21 and the second carrier 34
are mechanically connected to the drive wheels DW and DW.

The first generator-motor 40 is a three-phase brushless DC
motor, and is integrally formed with the above-described first
planetary gear unit 20. The first generator-motor 40 has a first
stator 41 comprised of 3n armatures 41a, and a first rotor 42
disposed in a manner opposed to the first stator 41. The
armatures 41a, each of which is comprised of aniron core 415
and a coil 41¢ wound around the iron core 415, are fixed to a
casing CA, and are arranged at approximately equal intervals
in the circumferential direction. The 3n coils 41¢ form n sets
of three-phase coils of U-phase coils, V-phase coils, and
W-phase coils. Further, the armatures 41a are electrically
connected to a battery 63 (energy storing and releasing
device) and the ECU 2 via the 1st-PDU 61. The 1st-PDU 61 is
implemented by an electric circuit comprised of an inverter.
The battery 63 is configured to be capable of being charged
and discharged.

The first rotor 42 has n permanent magnets 42q arranged at
approximately equal intervals in the circumferential direc-
tion. Each two permanent magnets 42a circumferentially
adjacent to each other have polarities different from each
other. Each permanent magnet 42aq is attached to an annular
fixing portion 425 formed e.g. of a soft magnetic material
(e.g. iron). The fixing portion 4254 is attached to an outer

20

25

30

35

40

45

50

55

60

65

38

peripheral surface of the first ring gear 22 of the first planetary
gear unit 30, whereby the first rotor 42 is rotatable in unison
with the first ring gear 22.

With the above arrangement, in the first generator-motor
40, as electric power is supplied from the battery 63 via the
1st-PDU 61, a rotating magnetic field is generated in the first
stator 41 to thereby rotate the first rotor 42. More specifically,
the electric power supplied to the first stator 41 is converted
into power, and is output to the first rotor 42. Further, when no
electric power is supplied to the first stator 41, if the first rotor
42 rotates with respect to the first stator 41, a rotating mag-
netic field is generated in the first stator 41 to generate electric
power. That is, the power input to the first rotor 42 is con-
verted into electric power by the first stator 41.

Through the control of the 1st-PDU 61, the ECU 2 controls
the electric power supplied to the first generator-motor 40, the
electric power generated by the first generator-motor 40, and
a rotational speed VRO1 of the first rotor 42 (hereinafter
referred to as “the first rotor rotational speed”).

Similarly to the first generator-motor 40, the above-men-
tioned second generator-motor 50 is a three-phase brushless
DC motor, and is integrally formed with the above-described
second planetary gear unit 30. The second generator-motor
50 has a second stator 51 and a second rotor 52. Since these
second stator 51 and second rotor 52 are configured similarly
to the first stator 41 and second rotor 42 of the first generator-
motor 40, respectively, descriptions thereof will be omitted.
Further, the second stator 51 is fixed to the casing CA, and is
electrically connected to the battery 63 and the ECU 2 viathe
2nd-PDU 62. Similarly to the 1st-PDU 61, the 2nd-PDU 62 is
implemented by an electric circuit comprised of an inverter,
and is electrically connected to the 1st-PDU 61. Further, the
second rotor 52 is attached to an outer peripheral surface of
the second ring gear 32 of the second planetary gear unit 30,
whereby the second rotor 52 is rotatable in unison with the
second ring gear 32.

With the above arrangement, in the second generator-mo-
tor 50, as electric power is supplied from the battery 63 viathe
2nd-PDU 62, a rotating magnetic field is generated in the
second stator 51 to thereby rotate the second rotor 52. More
specifically, the electric power supplied to the second stator
51 is converted into power, and is output to the second rotor
52. Further, when no electric power is supplied to the second
stator 52, if the second rotor 52 rotates with respect to the
second stator 51, a rotating magnetic field is generated in the
second stator 51 to generate electric power. That is, the power
input to the second rotor 52 is converted into electric power by
the second stator 51.

Through the control of the 2nd-PDU 62, the ECU 2 controls
the electric power supplied to the second generator-motor 50,
the electric power generated by the second generator-motor
50, and a rotational speed VRO2 of the second rotor 52
(hereinafter referred to as “the second rotor rotational
speed”).

Further, as shown in FIG. 2, a crank angle sensor 71 outputs
a detection signal indicative of the crank angle position of the
crankshaft 3a to the ECU 2. The ECU 2 calculates an engine
speed NE based on the crank angle position. Furthermore, a
first rotational angle sensor 72 delivers a detection signal
indicative of the rotational angle position of the first rotor 42
to the ECU 2, and a second rotational angle sensor 73 delivers
a detection signal indicative of the rotational angle position of
the second rotor 52 to the ECU 2. The ECU 2 calculates the
first rotor rotational speed VRO1 based on the detected rota-
tional angle position of the first rotor 42, and calculates the
second rotor rotational speed VRO2 based on the detected
rotational angle position of the second rotor 52.
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Furthermore, a current-voltage sensor 74 outputs detection
signals indicative of current and voltage values input to and
output from the battery 63 to the ECU 2. The ECU 2 calcu-
lates a remaining capacity SOC of the battery 63 based on the
detection signals.

Further, an accelerator pedal opening sensor 75 delivers a
detection signal indicative of an accelerator pedal opening AP
as a stepped-on amount of an accelerator pedal (not shown) of
the vehicle to the ECU 2. A vehicle speed sensor 76 delivers
a detection signal indicative of a vehicle speed VP to the ECU
2.

The ECU 2 is implemented by a microcomputer comprised
of an I/O interface, a CPU, a RAM and a ROM, and controls
the operations of the engine 3 and the first and second gen-
erator-motors 40 and 50 based on the detection signals from
the aforementioned sensors 71 to 76.

Next, the control by the ECU 2 at the start or during
traveling of the vehicle will be described. First, a description
will be given of the control during the creep operation and the
standing start of the vehicle. During the creep operation,
basically, the engine 3 is stopped and only the second gen-
erator-motor 50 is used as a power source of the vehicle. More
specifically, electric power is supplied from the battery 63 to
the second generator-motor 50, whereby the second rotor 52
is caused to rotate in the same direction as the direction of
rotation of the crankshaft 3a together with the second ring
gear 32. Further, electric power generation is performed by
the first generator-motor 40 to supply the generated electric
power to the second generator-motor 50. Hereinafter, such a
creep operation using only the second generator-motor 50 is
referred to as “the EV creep operation”.

It should be noted that the direction of rotation of the
crankshaft 3a is the same as the direction of normal rotation of
the drive wheels DW and DW, and hereinafter rotation in the
same direction as the direction of rotation of the crankshaft 3a
is referred to as “normal rotation”, while rotation in a direc-
tion opposite to the direction of rotation of the crankshaft 3a
is referred to as “reverse rotation”. Further, the rotational
speeds of the first sun gear 21, the first carrier 24, the first ring
gear 22, the second sun gear 31, the second carrier 34, and the
second ring gear 32 are referred to as “the first sun gear
rotational speed VSU1”, “the first carrier rotational speed
VCAL1”, “the first ring gear rotational speed VRI1”, “the
second sun gear rotational speed VSU2”, “the second carrier
rotational speed VCA2”, and “the second ring gear rotational
speed VRI2”.

FIG. 3 shows how torque is transmitted during the above-
described creep operation of the vehicle, and FIG. 4 shows a
speed diagram representing the relationship between the first
and second sun gear rotational speeds VSU1 and VSU2 and
so forth during the EV creep operation. Further, in FIG. 3 and
other figures, referred to hereinafter, which show states of
transmission of torque, thick broken lines with arrows indi-
cate flows of torque, and black-filled arrows and hollow
arrows show torques acting in the direction of normal rotation
and in the direction of reverse rotation, respectively. Further-
more, hatched thick broken lines with arrows indicate flows
of electric energy. Further, FIG. 4 and other speed diagrams,
referred to hereinafter, are so-called collinear charts, and in
each of the speed diagrams, the rotational speeds of the
respective elements are on a straight line, which means that
they are in a collinear relationship (linear relationship). Fur-
thermore, in FIG. 4 and other speed diagrams, referred to
hereinafter, it is assumed that the direction of normal rotation
is indicated by “+”, and the direction of reverse rotation is
indicated by “-".
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As shown in FIG. 3, during the EV creep operation, torque
TM2 of the second generator-motor 50 (hereinafter referred
to as “the second generator-motor torque™) is transmitted to
the second carrier 34 and the second sun gear 31 via the
second ring gear 32 and the second planetary gears 33. This
torque acts on the second carrier 34 to cause the second carrier
34 to perform normal rotation while acting on the second sun
gear 31 to cause the second sun gear 31 to perform reverse
rotation (indicated by arrows A). Further, part of the torque
transmitted to the second carrier 34 is transmitted to the drive
wheels DW and DW via the second main shaft 7, the differ-
ential gear mechanism 9, and so forth, whereby the drive
wheels DW and DW perform normal rotation.

Furthermore, during the EV creep operation, the remainder
of the torque transmitted to the second carrier 34 is transmit-
ted to the first sun gear 21 of the first planetary gear unit 20 via
the connection shaft 6, and is then transmitted to the first rotor
42 via the first planetary gears 23 and the first ring gear 22,
whereby as shown in FIG. 4, the first rotor 42 performs
reverse rotation together with the first ring gear 22. Therefore,
braking torque, which acts on the first rotor 42 in accordance
with the electric power generation by the first generator-
motor 40, acts on the first ring gear 22 performing reverse
rotation to cause the same to perform normal rotation, as
indicated by arrows B. As a consequence, combined torque
formed by combining the torque indicated by the arrows B
and the torque transmitted to the first sun gear 21, indicated by
arrows C, is transmitted to the first carrier 24. This combined
torque acts on the first carrier 24 to cause the first carrier 24 to
perform normal rotation.

In this case, the electric power supplied to the second
generator-motor 50 and the electric power generated by the
first generator-motor 40 are controlled such that the above-
mentioned torque indicated by the arrows A, for causing the
second sun gear 31 to perform reverse rotation, and the
torques indicated by the arrows B and C, for causing the first
carrier 24 to perform normal rotation are balanced with each
other, whereby the first carrier 24, the second sun gear 31 and
the crankshaft 3a, which are connected to each other are held
at rest. As a consequence, as shown in FIG. 4, during the EV
creep operation, the first carrier rotational speed VCA1 and
the second sun gear rotational speed VSU2 become equal to 0,
and the engine speed NE as well becomes equal to O.

Further, during the EV creep operation, the electric power
supplied to the second generator-motor 50, the electric power
generated by the first generator-motor 40, and the first and
second rotor rotational speeds VRO1 and VRO2 are con-
trolled as follows: They are controlled such that the relation-
ship between the rotational speeds of the first sun gear 21, the
first carrier 24 and the first ring gear 22, determined by the
gear ratio of the first planetary gear unit 20, and the relation-
ship between the rotational speeds of the second sun gear 31,
the second carrier 34 and the second ring gear 32, determined
by the gear ratio of the second planetary gear unit 30 are
maintained, and at the same time the first sun gear rotational
speed VSU1 and the second carrier rotational speed VCA2,
that is, the vehicle speed VP becomes very small (see FIG. 4).
From the above, the creep operation with a very low vehicle
speed is carried out. As described above, it is possible to
perform the creep operation using the driving force of the
second generator-motor 50 in a state where the engine 3 is
stopped.

The control at the standing start of the vehicle is carried out,
subsequent to the above-described EV creep operation, as
follows: The electric power supplied to the second generator-
motor 50 and the electric power generated by the first gen-
erator-motor 40 are both increased. Further, while the rela-
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tionships between the rotational speeds of the respective
gears of the first and second planetary gear units 20 and 30 are
maintained and at the same time, the first carrier rotational
speed VCA1 and the second sun gear rotational speed VSU2,
that is, the engine speed NE is held at 0, the first rotor rota-
tional speed VRO1 of'the first rotor 42 that has been perform-
ing reverse rotation during the EV creep operation, and the
second rotor rotational speed VRO2 of the second rotor 52
that has been performing normal rotation during the EV creep
operation are increased in the same rotation directions as they
have been. From the above, as indicated by thick solid lines in
FIG. 5, the first sun gear rotational speed VSU1 and the
second carrier rotational speed VCA2, that is, the vehicle
speed VP is increased from the state of the EV creep opera-
tion, indicated by broken lines in 5, causing the vehicle to
start. Hereinafter, such start and traveling of the vehicle,
which are performed using only the second generator-motor
50 as a power source, will be referred to as “the EV standing
start” and “the EV traveling”, respectively.

Further, subsequent to the above-described EV standing
start, the start of the engine 3 is performed as follows. Here-
inafter, such start of the engine 3 is referred to as “the ENG
start during EV traveling”. While holding the first sun gear
rotational speed VSU1 and the second carrier rotational speed
VCA2, that is, the vehicle speed VP at the value assumed
then, the first rotor rotational speed VRO1 of the first rotor 42
that has been performing reverse rotation during the EV
standing start, as described above, is controlled to 0, and the
second rotor rotational speed VRO2 of the second rotor 52
that has been performing normal rotation during the EV
standing start, is controlled such that it is decreased. Then,
after the first rotor rotational speed VRO1 becomes equal to 0,
electric power is supplied from the battery 63 not only to the
second generator-motor 50 but also to the first generator-
motor 40, whereby the first rotor 42 is caused to perform
normal rotation, and the first rotor rotational speed VROL1 is
caused to be increased.

FIG. 6 shows how torque is transmitted in a state in which
electric power is supplied to both of the first and second
generator-motors 40 and 50, as described above, at the time of
the ENG start during EV traveling. As shown in the figure, the
second generator-motor torque TM2 is transmitted to the
second carrier 34 via the second ring gear 32 and the second
planetary gears 33. In accordance therewith, torque transmit-
ted to the second sun gear 31, as described hereinafter, is
transmitted to the second carrier 34 via the second planetary
gears 33 such that torque is balanced between the second sun
gear 31 and the second ring gear 32 using the second carrier
34 as a support. As described above, combined torque formed
by combining the second generator-motor torque TM2 and
the torque transmitted to the second sun gear 31 is transmitted
to the second carrier 34. Further, part of the torque transmitted
to the second carrier 34 is transmitted to the first sun gear 21
via the connection shaft 6, and the remainder thereof is trans-
mitted to the drive wheels DW and DW via the second main
shaft 7 and so forth.

Furthermore, at the time of the ENG start during EV trav-
eling, torque from the first generator-motor 40 is transmitted
to the first carrier 24 via the first ring gear 22 and the first
planetary gears 23. In accordance therewith, the torque trans-
mitted to the first sun gear 21, as described above, is trans-
mitted to the first carrier 24 via the first planetary gears 23
such that torque is balanced between the first sun gear 21 and
the first ring gear 22 using the second carrier 34 as a support.
As described above, combined torque formed by combining
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the torque from the first generator-motor 40 and the torque
transmitted to the first sun gear 21 is transmitted to the first
carrier 24.

Further, at the time of the ENG start during EV traveling,
part of the torque transmitted to the first carrier 24 is trans-
mitted to the second sun gear 31 via the first main shaft 4, and
the remainder thereof is transmitted to the crankshaft 3a via
the first main shaft 4 and the flywheel 5, whereby the crank-
shaft 3a performs normal rotation. Furthermore, in this case,
the electric power supplied to the first and second generator-
motors 40 and 50 is controlled such that sufficient power is
transmitted to the drive wheels DW and DW and the engine 3.

From the above, as indicated by thick solid lines in FIG. 7,
at the time of the ENG start during EV traveling, while the
vehicle speed VP is held at the value assumed then, the first
carrier rotational speed VCA1 and the second sun gear rota-
tional speed VSU2 are increased from a state in which they
are equal to 0, indicated by broken lines, and the rotational
speed of the crankshaft 3a connected to the first carrier 24 and
the second sun gear 31, that is, the engine speed NE is also
increased. In this state, the ignition operation of fuel injection
valves (not shown) and spark plugs (not shown) of the engine
3 is controlled according to the aforementioned crank angle
position, whereby the engine 3 is started. Further, in this case,
by controlling the first and second rotor rotational speeds
VRO1 and VRO2, the engine speed NE is controlled to a
relatively small value suitable for starting the engine 3.

Next, a description will be given of the control during
traveling of the vehicle after the ENG start during EV travel-
ing. During traveling of the vehicle, power WENG from the
engine 3 (hereinafter referred to as “the engine power”) is
basically controlled such that fuel economy which is opti-
mum (hereinafter referred to as “the optimum fuel economy™)
can be obtained within a range within which a demanded
torque PMCMD can be generated. The demanded torque
PMCMD is demanded by the vehicle and is calculated e.g. by
searching a map (not shown) according to the vehicle speed
VP and the accelerator pedal opening AP. Further, by using
the engine power WENG transmitted to the first generator-
motor 40 via the first carrier 24, the first planetary gears 23
and the first ring gear 22, electric power generation is per-
formed by the first generator-motor 40 to supply generated
electric power to the second generator-motor 50 without
charging it into the battery 63. Hereinafter, this operation
mode is referred to as “the battery input/output zero mode”.
FIG. 8 shows how torque is transmitted in the battery input/
output zero mode.

As described above, electric power generation is per-
formed by the first generator-motor 40, and as shown in FIG.
8, as part of torque TEGN of the engine 3 (hereinafter referred
to as “the engine torque) is transmitted to the first generator-
motor 40 via the first carrier 24, the first planetary gears 23
and the first ring gear 22, part of the engine torque TEGN is
also transmitted to the first sun gear 21 via the first planetary
gears 23 such that torque is balanced between the first ring
gear 22 and the first sun gear 21. That is, part of the engine
torque TEGN is transmitted to the first carrier 24, and the
torque transmitted to the first carrier 24 is distributed to the
first generator-motor 40 and the first sun gear 21. Further, the
remainder of the engine torque TEGN is transmitted to the
second sun gear 31 via the first main shaft 4.

Further, in the battery input/output zero mode, similarly to
the case of the ENG start during EV traveling, the combined
torque formed by combining the second generator-motor
torque TM2 and the torque transmitted to the second sun gear
31, as described above, is transmitted to the second carrier 34.
Furthermore, the engine torque TENG distributed to the first
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sun gear 21 in accordance with the electric power generation,
as described above, is transmitted to the second carrier 34 via
the connection shaft 6. As described above, combined torque
formed by combining the engine torque TENG distributed to
the first sun gear 21, the second generator-motor torque TM2,
and the engine torque TENG transmitted to the second sun
gear 31 is transmitted to the second carrier 34. Furthermore,
this combined torque is transmitted to the drive wheels DW
and DW via the second main shaft 7 and so forth. As a
consequence, assuming that there is no transmission loss
caused by the gears, in the battery input/output zero mode,
power equal in magnitude to the engine power WENG is
transmitted to the drive wheels DW and DW. Further, as
described above, differently from the aforementioned con-
ventional case, the engine power WENG is transmitted to the
drive wheels DW and DW without being recirculated.

Furthermore, in the battery input/output zero mode, the
engine power WENG is transmitted to the drive wheels DW
and DW while having the speed thereof steplessly changed
through the control of the first and second rotor rotational
speeds VRO1 and VRO2. In short, the first and second gen-
erator-motors 40 and 50 function as a stepless transmission.

More specifically, as indicated by broken lines in FIG. 9,
while maintaining the speed relationships between the rota-
tional speeds of the respective gears of the first and second
planetary gear units 20 and 30, by increasing the first ring gear
rotational speed VRI1, that is, the first rotor rotational speed
VRO1 and decreasing the second ring gear rotational speed
VRI2, that is, the second rotor rotational speed VRO2, with
respect to the first carrier rotational speed VCA1 and the
second sun gear rotational speed VSU2, that is, the engine
speed NE, itis possible to steplessly decrease the first sun gear
rotational speed VSU1 and the second carrier rotational speed
VCA2,thatis, the vehicle speed VP. Inversely, as indicated by
one-dot chain lines in FIG. 9, by decreasing the first rotor
rotational speed VRO1 and increasing the second rotor rota-
tional speed VRO2 with respect to the engine speed NE, it is
possible to steplessly increase the vehicle speed VP.

Furthermore, in this case, the first and second rotor rota-
tional speeds VRO1 and VRO2 are controlled such that the
engine speed NE becomes equal to a target engine speed
NECMD. The target engine speed NECMD is calculated e.g.
by searching a NECMD map (not shown) according to the
vehicle speed VP and the demanded torque PMCMD. In this
NECMD map, the NECMD value is set to such a value as will
make it possible to obtain the optimum fuel economy of the
engine 3 with respect to the vehicle speed VP and the
demanded torque PMCMD assumed at the time.

As described hereinabove, in the battery input/output zero
mode, the engine power WENG is once divided by the first
and second planetary gear units 20 and 30, and is transmitted
to the second carrier 34 via the following first to third trans-
mission paths. Then, the divided engine power WENG is
combined by the second carrier 34, and is then transmitted to
the drive wheels DW and DW.

First transmission path: first carrier 24—first planetary
gears 23—first sun gear 21—>connection shaft 6—second
carrier 34

Second transmission path: second sun gear 31—=second
planetary gears 33—second carrier 34

Third transmission path: first carrier 24—first planetary
gears 23—first ring gear 22—»first generator-motor
40—1stPDU 61—2nd-PDU 62—>second generator-motor
50—second ring gear 32—second planetary gears 33—sec-
ond carrier 34

In the above first and second transmission paths, the engine
power WENG is transmitted to the drive wheels DW and DW
by so-called mechanical paths via gears, and the like, without
being converted to electric power. Further, in the above-de-
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scribed third transmission path, the engine power WENG is
once converted to electric power, and is then converted back
into power again so as to be transmitted to the drive wheels
DW and DW by the so-called electrical paths.

Further, in the battery input/output zero mode, the electric
power generated by the first generator-motor 40 and the first
and second rotor rotational speeds VRO1 and VRO2 are con-
trolled such that the speed relationships between the rota-
tional speeds of the respective gears of the first and second
planetary gear units 20 and 30 are maintained. Further, the
electric power generated by the first generator-motor 40 is
more specifically controlled as follows:

In the battery input/output zero mode, the relationship
between the engine power WENG and the engine power
WENG transmitted to the drive wheels DW and DW via the
above-described electrical paths (hereinafter referred to as
“the electrical path power WP”) is represented as follows:
The engine power WENG is represented by the product of the
engine torque TENG and the engine speed NE. Further, in the
battery input/output zero mode, all the electric power gener-
ated by the first generator-motor 40 is supplied to the second
generator-motor 50, so that the electrical path power WP is
equal to the electric power generated by the first generator-
motor 40, that is, the product of torque transmitted to the first
generator-motor 40 along with the electric power generation
by the first generator-motor 40 (hereinafter referred to as “the
first power-generating torque TGM1”) and the first rotor rota-
tional speed VRO1. Therefore, the ratio between the electrical
path power WP and the engine power WENG is expressed by
the following equation (1a):

WP/WENG=(TGM1xVRO1)/(TENGxNE) (1a)

Further, as described above, since part of the engine torque
TENG is transmitted to the first carrier 24, and the remainder
thereof is transmitted to the second sun gear 31, the sum of the
torque transmitted to the first carrier 24 (hereinafter referred
to as “the first carrier transmitting torque TCA1”) and the
torque transmitted to the second sun gear 31 (hereinafter
referred to as “the second sun gear transmitting torque
TSU2”) is equal to the engine torque TENG. Therefore, there
holds the following equation (2a):

TENG=TCA1+TSU2 (2a)

Furthermore, in this case, the first carrier transmitting
torque TCA1 is distributed to the first generator-motor 40 and
the first sun gear 21, as described above, so that assuming that
torque transmitted to the first sun gear 21 (hereinafter referred
to as “the first sun gear transmitting torque”) is represented by
TSU1, TCA1=TGM1+TSU1 holds. Further, if a gear ratio
between the first sun gear 21 and the first ring gear 22 is 1:1,
and a torque distribution ratio in this case is 1:1,
TGM1=TSU1 holds, so that there holds the following equa-
tion (3a):

TCA1=TGM1x2 (3a)

Further, if a gear ratio between the second sun gear 31 and
the second ring gear 32 is 1:1, and a torque combining ratio
between the second sun gear transmitting torque TSU2 and
torque transmitted to the second ring gear 332, i.e. the second
generator-motor torque TM2 is 1:1, there holds the following
equation (4a):

TSU2=TM?2 (4a)

Ifthe equations (3a) and (4a) are substituted into the equa-
tion (2a), there is obtained the following equation (5a):

TENG=2xTGM1+TM2 (5a)
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Furthermore, as described above, if the gear ratio between
the first sun gear 21 and the first ring gear 22 is 1:1, the
following equation (6a) holds between the first carrier rota-
tional speed VCAL, the first sun gear rotational speed VSU1,
and the first ring gear rotational speed VRI1, i.e. the first rotor
rotational speed VRO1.

VCA1=(VSUL+VRO1)/2 (62)

In this equation (6a), the first carrier 24 is directly con-
nected to the engine 3, and the first carrier rotational speed
VCAL is equal to the engine speed NE, and hence there holds
the following equation (7a):

NE=(VSUL+VRO1)/2 (7a)

Further, unless the gear ratio between the second sun gear
31 and the second ring gear 32 is 1:1, between the second
carrier rotational speed VCA2, the second sun gear rotational
speed VSU2, and the second ring gear rotational speed VRI2,
i.e. the second rotor rotational speed VRO2, there holds the
following equation (8a):

VCA2=(VSU2+VRO2)/2 (8a)

Since the second carrier 34 and the first sun gear 21 are
directly connected to each other, the second carrier rotational
speed VCA2 and the first sun gear rotational speed VSU1 are
equal to each other, and since the second sun gear 31 is
directly connected to the crankshaft 3a, the second sun gear
rotational speed VSU2 and the engine speed NE are equal to
each other, so that the above equation (8a) can be expressed
by the following equation (9a):

VSUL=(NE+VRO2)/2 (92)

Furthermore, by substituting the equation (9a) into the
equation (7a), there is obtained the following equation (10a):

NE=(2xVRO1+VRO2)/3 (10a)

Further, by substituting the equation (5a) and the equation
(10a) into the equation (1a), there is obtained the following
equation (11a):

WE/WENG=(TGM1xVRO1)/{ (2x TGM1+TM2)x(2x

VRO1+VRO2)/3} (11a)

Further, in this case, since the electric power generated by
the first generator-motor 40 and the electric power supplied to
the second generator-motor 50 are equal to each other, there
holds the following equation:

TM2=(VROIXTGM1)/VRO2 (12a)

It this equation (12a) is substituted into the equation (11a),
the following equation (13a) is obtained. That is, if the gear
ratio between the first sun gear 21 and the first ring gear 22 is
1:1, and at the same time the gear ratio between the second
sun gear 31 and the second ring gear 32 is 1:1, the ratio
between the electrical path power WP and the engine power
WENG in the battery input/output zero mode is expressed by
the following equation (13a):

WP/WENG=3/{(2+VRO1/VRO2)x(2+VRO2/VRO1)} (13a)

Provided, VRO1>0 and VRO2>0 in the equation (13a).

As described above, the electrical path power WP is equal
to the electric power generated by the first generator-motor
40. Therefore, if the gear ratio between the first sun gear 21
and the first ring gear 22 is 1:1, and at the same time the gear
ratio between the second sun gear 31 and the second ring gear
32 is 1:1, the electric power generated by the first generator-
motor 40 is controlled according to the equation (13a) such
that it becomes equal to WENGx3/{(2+VRO1/VRO2)x(2+
VRO2/VRO1)}.
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On the other hand, during traveling of the vehicle, if the
following conditions (a) and (b) are both satisfied, the engine
3 is assisted by the second generator-motor 50. Hereinafter,
this operation mode is referred to as “the assist mode”.

(a) demanded torque PMCMD>first predetermined value
PM1

(b) remaining capacity SOC>lower limit value SOCL

Here, the first predetermined value PM1 is calculated e.g.
by searching a PM1 table (not shown) according to the
vehicle speed VP. In this PM1 table, the first predetermined
value PM1 is set to such a torque value as will make it possible
to obtain the optimum fuel economy of the engine 3 with
respect to the vehicle speed VP assumed then. The above-
described lower limit value SOCL is set to such a value as will
not cause excessive discharge of the battery 63. Thus, the
operation in the assist mode is performed when power
required for driving the vehicle (hereinafter referred to as “the
vehicle demand power”), which is represented by the vehicle
speed VP and the demanded torque PMCMD assumed at the
time, is larger than the engine power WENG that will make it
possible to obtain the optimum fuel economy of the engine 3,
and at the same time when the remaining electric power in the
battery 63 is large enough.

More specifically, similarly to the battery input/output zero
mode, electric power is generated by the first generator-motor
40 using part of the engine power WENG. Further, in this
case, differently from the battery input/output zero mode, as
shown in FIG. 10, electric power charged in the battery 63 is
supplied to the second generator-motor 50 in addition to the
electric power generated by the first generator-motor 40.
Therefore, the second generator-motor torque TM2 based on
the sum of the electric power generated by the first generator-
motor 40 and the electric power supplied from the battery 63
is transmitted to the second carrier 34. Further, similarly to
the battery input/output zero mode, the second generator-
motor torque TM2, the engine torque TENG distributed to the
first sun gear 21 along with the electric power generation and
the engine torque TENG transmitted to the second sun gear 31
are combined by the second carrier 34, and the combined
torque is transmitted to the drive wheels DW and DW. As a
result, assuming that there is no transmission loss caused by
the gears, in the assist mode, the power transmitted to the
drive wheels DW and DW becomes equal to the sum of the
engine power WENG and the electric power (energy) sup-
plied from the battery 63.

Further, in the assist mode, the electric power generated by
first generator-motor 40, the electric power supplied from the
battery 63 to the second generator-motor 50, and the first and
second rotor rotational speeds VRO1 and VRO2 are con-
trolled such that the speed relationships between the rota-
tional speeds of the respective gears of the first and second
planetary gear units 20 and 30 are maintained. More specifi-
cally, the electric power generated by the first generator-
motor 40 and the electric power supplied from the battery 63
are controlled as follows:

FIG. 54 schematically shows an example of the relation-
ship between the engine torque TENG, the demanded torque
PMCMD, and so forth, obtained in the assist mode. In FIG.
54, broken lines with arrows indicate states in the battery
input/output zero mode before the assist mode, and it is
assumed that the engine torque TENG, the demanded torque
PMCMD, the first power-generating torque TGM1, and a
second power-generating torque TGM2 are balanced with
each other in the states. From the states, as indicated by solid
lines with arrows in FIG. 54, when the demanded torque
PMCMD is increased to switch the operation mode to the
assist mode, the following control is carried out so as to
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supplement the insufficient amount of the engine torque
TENG (hereinafter referred to as “the insufficient torque TA™)
with respect to the demanded torque PMCMD.

In this case, when the gear ratio between the first sun gear
21 and the first ring gear 22 is 1:1, and at the same time the
gear ratio between the second sun gear 31 and the second ring
gear 32is 1:1, to maintain the speed relationships between the
rotational speeds of the respective gears of the first and sec-
ond planetary gear units 20 and 30, it is necessary to supple-
ment Y5 of the insufficient torque TA by the first generator-
motor 40 and %4 of the insufficient torque TA by the second
generator-motor 50. Further, since the first power-generating
torque TGM1 acts on the engine torque TENG as negative
torque, the electric power generated by the first generator-
motor 40 is controlled such that the first power-generating
torque TGM1 becomes equal to the difference between the
first power-generating torque TGM1 in the battery input/
output zero mode and the %4 of the insufficient torque TA
(TGE1-TA/3). As a consequence, the electric power supplied
from the first generator-motor 40 to the second generator-
motor 50 is reduced. Further, the electric power supplied from
the battery 63 to the second generator-motor 50 is controlled
to a value obtained by converting the insufficient torque TA
and the vehicle speed VP into electric energy. From the above,
the total electric power supplied from the first generator-
motor 40 and the battery 63 to the second generator-motor 50
is controlled such that the second generator-motor torque
TM2 becomes equal to the sum ofthe second generator-motor
torque TM2 in the battery input/output zero mode and the 24
of the insufficient torque TA (TM2+TAx%5).

It should be noted that although the above-described
example is an example of a case in which the 15 of the
insufficient torque TA to be supplemented is small with
respect to the first power-generating torque TGM1 in the
battery input/output zero mode, if the %3 of the insufficient
torque TA is larger, the electric power is supplied from the
battery 63 not only to the second generator-motor 50 but also
to the first generator-motor 40.

As described above, the operation in the assist mode is
performed when the vehicle demand power is larger than the
optimum fuel economy power. Further, in the assist mode, the
engine power WENG is controlled such that the optimum fuel
economy of the engine 3 can be obtained, and the insufficient
amount of the engine power WENG with respect to the
vehicle demand power is made up for by supply of electric
power from the battery 63.

On the other hand, during traveling of the vehicle, if the
following conditions (c¢) and (d) are both satisfied, part of the
electric power generated by the first generator-motor 40 using
the engine power WENG, as described above, is charged into
the battery 63, and the remainder thereof is supplied to the
second generator-motor 50. Hereinafter, this operation mode
is referred to as “the drive-time charging mode”.

(c) demanded torque PMCMD<second predetermined
value PM2

(d) remaining capacity SOC<upper limit value SOCH

Here, the second predetermined value PM2 is calculated
e.g. by searching a PM2 table (not shown) according to the
vehicle speed VP. In this PM2 table, the second predeter-
mined value PM2 is set to a value smaller than such a torque
value as will make it possible to obtain the optimum fuel
economy of the engine 3 with respect to the vehicle speed VP
assumed then. The upper limit value SOCH is set to such a
value as will not cause overcharge of the battery 63. Thus, the
operation in the drive-time charging mode is performed when
the vehicle demand power is smaller than the optimum fuel
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economy power and at the same time when the remaining
capacity SOC is relatively small.

Referring to FIG. 11, in the drive-time charging mode,
differently from the battery input/output zero mode, electric
power, which has a magnitude obtained by subtracting the
electric power charged into the battery 63 from the electric
power generated by the first generator-motor 40, is supplied
to the second generator-motor 50, and the second generator-
motor torque TM2 based on the electric power having the
magnitude is transmitted to the second carrier 34. Further,
similarly to the battery input/output zero mode, the second
generator-motor torque TM2, the engine torque TENG dis-
tributed to the first sun gear 21 along with the electric power
generation and the engine torque TENG transmitted to the
second sun gear 31 are combined by the second carrier 34, and
the combined torque is transmitted to the drive wheels DW
and DW. As aresult, if there is no transmission loss caused by
the gears, in the drive-time charging mode, the power trans-
mitted to the drive wheels DW and DW has a magnitude
obtained by subtracting the electric power (energy) charged
into the battery 63 from the engine power WENG.

Further, in the drive-time charging mode, the electric
power generated by the first generator-motor 40, the electric
power charged into the battery 63 and the first and second
rotor rotational speeds VRO1 and VRO2 are controlled such
that the speed relationships between the rotational speeds of
the respective gears of the first and second planetary gear
units 20 and 30 are maintained. Furthermore, more specifi-
cally, the electric power generated by the first generator-
motor 40 and the electric power charged into the battery 63
are controlled as follows:

FIG. 55 schematically shows an example of the relation-
ship between the engine torque TENG, the demanded torque
PMCMD, and so forth, obtained in the drive-time charging
mode. In FIG. 55, broken lines with arrows indicate states in
the battery input/output zero mode before the drive-time
charging mode, and it is assumed that the engine torque
TENG, the demanded torque PMCMD, the first power-gen-
erating torque TGM1 and the second generator-motor torque
TM2 are balanced with each other in the states. From the
states, as indicated by solid lines with arrows in FIG. 55, when
the demanded torque PMCMD is decreased to switch the
operation mode to the drive-time charging mode, the engine
torque TENG becomes larger than the demanded torque
PMCMD (hereinafter, the surplus amount of the engine
torque TENG with respect to the demanded torque PMCMD
is referred to as “the surplus torque TG”).

In this case, when the gear ratio between the first sun gear
21 and the first ring gear 22 is 1:1, and at the same time the
gear ratio between the second sun gear 31 and the second ring
gear 32 is 1:1, to maintain the speed relationships between the
rotational speeds of the respective gears of the first and sec-
ond planetary gear units 20 and 30, it is necessary to reduce
torque by an amount corresponding to %3 of the surplus torque
TG in the first generator-motor 40, and by an amount corre-
sponding to ¥4 of the surplus torque TG in the second gen-
erator-motor 50. In this case, since the first power-generating
torque TGM1 acts on the engine torque TENG as negative
torque, the electric power generated by the first generator-
motor 40 is controlled such that the first power-generating
torque TGM1 becomes equal to the sum of the first power-
generating torque TGM1 in the battery input/output zero
mode and the %3 of the surplus torque TG (TGE1+TGx%4).
Further, the electric power charged into the battery 63 is
controlled to a value obtained by converting the surplus
torque TG and the engine speed NE into electric energy. From
the above, the electric power supplied from the first genera-
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tor-motor 40 to the second generator-motor 50 is controlled
such that the second generator-motor torque TM2 becomes
equal to the difference between the second generator-motor
torque TM2 in the battery input/output zero mode and the 4
of the surplus torque TG (TM2-TG/3).

As described above, the operation in the drive-time charg-
ing mode is performed when the vehicle demand power is
smaller than the optimum fuel economy power. Further, in the
drive-time charging mode, the engine power WENG is con-
trolled such that the optimum fuel economy of the engine 3
can be obtained, and the surplus amount of the engine power
WENG with respect to the vehicle demand power is charged
into the battery 63 as electric power.

FIG. 12 shows a diagram showing the torque transmitted to
the drive wheels DW and DW (hereinafter referred to as “the
foot axis drive torque TDRDW”) etc. expressed in ratios to
the engine torque TENG, assuming that the engine torque
TENG is held constant and at the same time the first and
second rotor rotational speeds VRO1 and VRO2 are equal to
each other, in the battery input/output zero mode, the assist
mode and the drive-time charging mode described above.
Further, in FIG. 12, P1 indicates torques in the battery input/
output zero mode. It should be noted that FIG. 12 does not
reflect changes in the torques due to shifting of the gears of the
differential gear mechanism 9, and this also applies to the
following description.

Further, in FIG. 12, TSE represents torque of the second
generator-motor 50, generated when all the electric power
generated by the first generator-motor 40 is supplied to the
second generator-motor 50 (hereinafter referred to as “the
supplied electric power equivalent torque”). In short, the sup-
plied electric power equivalent torque TSE is equal to the first
power-generating torque TGM1.

As described above, basically, in all of the operation
modes, combined torque formed by combining the second
generator-motor torque TM2, the second sun gear transmit-
ting torque TSU2, and the first sun gear transmitting torque
TSU1 is transmitted to the drive wheels DW and DW via the
second carrier 34, and therefore the foot axis drive torque
TDRDW is equal to the total the first carrier 24 and the second
sun gear 31 are directly connected to the engine 3, the sum of
the first carrier transmitting torque TCA1 and the second sun
gear transmitting torque TSU2 is equal to the engine torque
TENG, and as the value of TCA1 is larger, the value of TSU2
becomes smaller. Inversely, as the value of TSU2 is larger, the
value of TCA1 becomes smaller.

Further, as described hereinabove, in the battery input/
output zero mode, all the electric power generated by the first
generator-motor 40 is supplied to the second generator-motor
50, so that the second generator-motor torque TM2 is equal to
the supplied electric power equivalent torque TSE and the
first power-generating torque TGM1.

Further, in FIG. 12, TOB represents, in the assist mode,
torque of the second generator-motor 50, generated by the
electric power supplied from the battery 63 to the second
generator-motor 50 (hereinafter referred to as “the battery
output equivalent torque”). As described hereinabove, in the
assist mode, not only the electric power generated by the first
generator-motor 40 but also the electric power from the bat-
tery 63 are supplied to the second generator-motor 50, and
hence as shown in FIG. 12, the second generator-motor
torque TM2 becomes equal to the sum of the supplied electric
power equivalent torque TSE and the battery output equiva-
lent torque TOB, and as the battery output equivalent torque
TOB is larger, the second generator-motor torque TM2
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becomes larger. Furthermore, as the battery output equivalent
torque TOB is larger, the foot axis drive torque TDRDW
becomes larger.

Further, as described above, as the second generator-motor
torque TM2 is transmitted to the second carrier 34 via the
second ring gear 32, the second sun gear transmitting torque
TSU2 is transmitted to the second carrier 34 such that torque
is balanced between the second sun gear 31 and the second
ring gear 32, so that as the second generator-motor torque
TM2 is larger, the second sun gear transmitting torque TSU2
becomes larger. Furthermore, as described hereinabove, as
the second sun gear transmitting torque TSU2 is larger, the
first carrier transmitting torque TCA1 becomes smaller, and
hence the first power-generating torque TGM1 distributed
from the first carrier transmitting torque TCA1 is also smaller.
From the above, as the second generator-motor torque TM2 is
larger, and the battery output equivalent torque TOB is larger,
the first power-generating torque TGM1 becomes smaller,
and the ratio of the supplied electric power equivalent torque
TSE to the second generator-motor torque TM2 becomes
smaller. That is, as the electric power supplied from the bat-
tery 63 is larger, the engine power WENG transmitted to the
drive wheels DW and DW by the above-described electrical
paths becomes smaller, while the engine power WENG trans-
mitted to the drive wheels DW and DW by the mechanical
paths becomes larger.

When the electric power generation is not performed by the
first generator-motor 40 but the electric power supplied from
the battery 63 to the second generator-motor 50 is controlled
such that the ratio between the battery output equivalent
torque TOB and the engine torque TENG becomes equal to
the ratio between the second ring gear 32 and the second sun
gear 31, it is possible to transmit the engine power WENG to
the drive wheels DW and DW only by the mechanical paths
without transmitting the same by the electrical paths. In this
case, as indicated by P2 in FIG. 12, the first carrier transmit-
ting torque TCAI1, the first sun gear transmitting torque
TSU1, the first power-generating torque TGM1 and the sup-
plied electric power equivalent torque TSE all become equal
to 0. Further, the second sun gear transmitting torque TSU2
becomes equal to the engine torque TENG, and the foot axis
drive torque TDRDW becomes equal to the sum of the engine
torque TENG and the second generator-motor torque TM2,
i.e. the battery output equivalent torque TOB.

Further, in FIG. 12, TCB represents torque equivalent to
the electric power charged into the battery 63 and the rota-
tional speed of the rotating magnetic field in the drive-time
charging mode (hereinafter referred to as “the charging
equivalent torque™). As described hereinabove, in the drive-
time charging mode, part of the electric power generated by
the first generator-motor 40 is supplied to the second genera-
tor-motor 50, and the remainder thereof is charged into the
battery 63, so that as shown in FIG. 12, the charging equiva-
lent torque TCB is equal to the difference between the sup-
plied electric power equivalent torque TSE and the second
generator-motor torque TM2. Furthermore, as the first power-
generating torque TGM1 is larger and the first carrier trans-
mitting torque TCA1 is larger, the second sun gear transmit-
ting torque TSU2 becomes smaller. Further, as described
above, the electric power supplied to the second generator-
motor 50 is controlled such that the speed relationships
between the rotational speeds of the respective gears of the
first and second planetary gear units 20 and 30 are main-
tained, so that as the first power-generating torque TGM1 is
larger and the second sun gear transmitting torque TSU2 is
smaller, the second generator-motor torque TM2 becomes
smaller. Further, as described above, as the first power-gen-
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erating torque TGM1 is larger, the second generator-motor
torque TM2 becomes smaller, and hence the charging equiva-
lent torque TCB becomes larger. Furthermore, as the charging
equivalent torque TCB is larger, the foot axis drive torque
TDRDW becomes smaller.

Further, in FIG. 12, P3 indicates torques obtained in the
case where the electric power generated by the first generator-
motor 40 is controlled such that the first power-generating
torque TGM1 becomes equal to a value obtained by multi-
plying the engine torque TENG by {the number of gear teeth
of the first ring gear 22/(the number of gear teeth of the first
sun gear 21+the number of gear teeth of the first ring gear
22)}, and all the generated electric power is charged into the
battery 63. In this case, as indicated by P3, the first carrier
transmitting torque TCA1 becomes equal to the engine torque
TENG, and both the second sun gear transmitting torque
TSU2 and the second generator-motor torque TM2 become
equal to 0. Furthermore, the foot axis drive torque TDRDW
becomes equal to a value obtained by multiplying the engine
torque TENG by {the number of gear teeth of the first sun gear
21/(the number of gear teeth of the first sun gear 21+the
number of gear teeth of the first ring gear 22)}, and the
charging equivalent torque TCB becomes equal to a value
obtained by multiplying the engine torque TENG by {the
number of gear teeth of the first ring gear 22/(the number of
gear teeth of the first sun gear 21+the number of gear teeth of
the first ring gear 22)}. As described above, in this case, the
second generator-motor torque TM2 becomes equal to 0, so
that it is possible to transmit the engine power WENG to the
drive wheels DW and DW only by the mechanical paths
without transmitting the same by the electrical paths.

Next, a description will be given of the control during
decelerating traveling of the vehicle. During decelerating
running, when the ratio of foot axis input torque of the drive
wheels DW and DW transmitted to the engine 3 to torque of
the drive wheels DW and DW (hereinafter referred to as “the
foot axis input torque™) is small, electric power generation is
performed by both the first and second generator-motors 40
and 50 using part of power from the drive wheels DW and
DW, and generated electric power is charged into the battery
63.

FIG. 13 shows how torque is transmitted during decelerat-
ing traveling of the vehicle. As shown in the figure, a com-
bined torque formed by combining all the foot axis input
torque and torque distributed to the first sun gear 21, as
described hereinafter, is transmitted to the second carrier 34.
Further, electric power generation is performed by the second
generator-motor 50, and as part of the torque transmitted to
the second carrier 34 is transmitted to the second generator-
motor 50 via the second planetary gears 33 and the second
ring gear 32, part of the torque transmitted to the second
carrier 34 is also transmitted to the second sun gear 31 via the
second planetary gears 33 such torque is balanced between
the second ring gear 32 and the second sun gear 31. That is,
the torque transmitted to the second carrier 34 is distributed to
the second generator-motor 50 and the second sun gear 31.

Further, part of the torque distributed to the second sun gear
31 is transmitted to the engine 3. Similarly to the case in the
battery input/output zero mode, as the electric power is gen-
erated by the first generator-motor 40, the remainder thereof
is transmitted to the first carrier 24 and then is distributed to
the first generator-motor 40 and the first sun gear 21. Further,
the torque distributed to the first sun gear 21 is transmitted to
the second carrier 34. As a result, if there is no transmission
loss caused by the gears, during the decelerating traveling of
the vehicle, the sum of the power transmitted to the engine 3
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and the electric power (energy) charged into the battery 63
becomes equal to the power from the drive wheels DW and
DW.

Further, in place of the above-described methods, the start
of the engine 3, the creep operation and the standing start of
the vehicle may be performed as follows: First, a description
will be given of the start of the engine 3. Differently from the
above-described start of the engine 3 during traveling of the
vehicle, this start of the engine 3 is carried out during stop-
page of the vehicle. Hereinafter, such start of the engine 3 is
referred to as “the ENG start during stoppage of the vehicle”.
More specifically, electric power is supplied from the battery
63 to the first generator-motor 40, whereby the first rotor 42 is
caused to perform normal rotation together with the first ring
gear 22. Further, electric power is generated by the second
generator-motor 50, and the generated electric power is sup-
plied to the first generator-motor 40.

FIG. 14 shows how torque is transmitted at the above-
described ENG start during stoppage of the vehicle, and FIG.
15 shows a speed diagram at the time of the ENG start during
stoppage of the vehicle. As shown in FIG. 14, at the ENG start
during stoppage of the vehicle, the torque from the first gen-
erator-motor 40 is transmitted to the first carrier 24 and the
first sun gear 21 via the first ring gear 22 and the first planetary
gears 23, to thereby act on the first carrier 24 to cause the first
carrier 24 to perform normal rotation and on the first sun gear
21 to cause the first sun gear 21 to perform normal reverse
rotation (indicated by arrows D). Further, part of the torque
transmitted to the first carrier 24 is transmitted to the crank-
shaft 3a, whereby the crankshaft 3a performs normal rota-
tion.

Furthermore, at the ENG start during stoppage of the
vehicle, the remainder of the torque transmitted to the first
carrier 24 is transmitted to the second sun gear 31 via the first
main shaft 4, and then is transmitted to the second rotor 52 via
the second planetary gears 33 and the second ring gear 32,
whereby as indicated by thick solid lines in FIG. 15, the
second rotor 52 perform reverse rotation together with the
second ring gear 32. Therefore, braking torque, which acts on
the second rotor 52 along with the electric power generation
by the second generator-motor 50, acts on the second ring
gear 32 performing reverse rotation to cause the second ring
gear 32 to perform normal rotation, as indicated by arrows E.
As aconsequence, combined torque formed by combining the
torque indicated by the arrows E and the torque transmitted to
the second sun gear 31, indicated by arrows F, is transmitted
to the second carrier 34. This combined torque acts on the
second carrier 34 such to cause the second carrier 34 to
perform normal rotation.

In this case, the electric power supplied to the first genera-
tor-motor 40 and the electric power generated by the second
generator-motor 50 are controlled such that the above-men-
tioned torque indicated by the arrows D, for causing the first
sun gear 21 to perform reverse rotation, and the torques indi-
cated by the arrows E and F, for causing the second carrier 34
to perform normal rotation are balanced with each other,
whereby the first sun gear 21, the second carrier 34, and the
drive wheels DW and DW, which are connected to each other,
are held at rest. As a consequence, as shown in FIG. 15, the
first sun gear rotational speed VSU1 and the second carrier
rotational speed VCA2 become equal to 0, and the vehicle
speed VP as well become equal to 0.

Further, in this case, the electric power supplied to the first
generator-motor 40, the electric power generated by the sec-
ond generator-motor 50 and the first and second rotor rota-
tional speeds VRO1 and VRO2 are controlled such that the
relationships between the rotational speeds of the respective
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gears of the first and second planetary gear units 20 and 30 are
maintained and at the same time, the first carrier rotational
speed VCA1 and the second sun gear rotational speed VSU2,
that is, the engine speed NE, takes a relatively small value (see
FIG. 15). From the above, at the ENG start during stoppage of
the vehicle, while holding the vehicle speed VP at 0, the
engine speed NE is controlled to a relatively small value
suitable for the start of the engine 3. Further, in this state, the
ignition operation of the fuel injection valves and the spark
plugs of the engine 3 is controlled, whereby the engine 3 is
started.

The control during the creep operation is performed sub-
sequent to the above-described ENG start during stoppage of
the vehicle, as follows. Hereinafter, this creep operation is
referred to as “the ENG creep operation”. That is, electric
power generation is performed by the first and second gen-
erator-motors 40 and 50 by using part of the engine power
WENG, and the electric power thus generated is charged into
the battery 63.

FIG. 16 shows how torque is transmitted during the above-
described ENG creep operation and FIG. 17 shows a speed
diagram during the ENG creep operation. As shown in FIG.
16, during the ENG creep operation, similarly to the case in
the above-mentioned battery input/output zero mode, along
with the electric power generation by the first generator-
motor 40, part of the engine torque TENG is transmitted to the
first carrier 24, and the engine torque TENG transmitted to the
first carrier 24 is distributed to the first generator-motor 40
and the first sun gear 21.

Further, the remainder ofthe torque TENG is transmitted to
the second sun gear 31, and is then transmitted to the second
rotor 52 via the second planetary gears 33 and the second ring
gear 32, whereby as shown in FIG. 17, the second rotor 52
performs reverse rotation together with the second ring gear
32. Therefore, similarly to the case of the above-described
ENG start during stoppage of the vehicle, braking torque,
which acts on the second rotor 52 in accordance with the
electric power generation by the second generator-motor 50,
acts on the second ring gear 32 performing reverse rotation to
cause the second ring gear 32 to perform normal rotation. As
a consequence, combined torque formed by combining the
torque causing the second ring gear 32 to perform normal
rotation, and the engine torque TENG transmitted to the sec-
ond sun gear 31 is transmitted to the second carrier 34. Fur-
ther, the engine torque TENG distributed to the first sun gear
21, as described hereinabove, is further transmitted to the
second carrier 34.

As described above, during the ENG creep operation, com-
bined torque formed by combining the engine torque TENG
distributed to the first sun gear 21, the torque transmitted to
the second ring gear 32 along with the electric power genera-
tion by the second generator-motor 50, and the engine torque
TENG transmitted to the second sun gear 31 is transmitted to
the second carrier 34. Further, this combined torque is trans-
mitted to the drive wheels DW and DW, for causing the drive
wheels DW and DW to perform normal rotation. Further-
more, in this case, the electric power generated by the firstand
second generator-motors 40 and 50, and the first and second
rotor rotational speeds VRO1 and VRO2 are controlled such
that the first sun gear rotational speed VSU1 and the second
carrier rotational speed VCAZ2, that is, the vehicle speed VP
becomes very small (see FIG. 17), whereby the creep opera-
tion is carried out.

Further, during the ENG creep operation, as described
above, the engine torque TENG distributed to the first sun
gear 21 along with the electric power generation by the first
generator-motor 40, and the engine torque TENG transmitted
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to the second carrier 34 via the second sun gear 31 along with
the electric power generation by the second generator-motor
50 are transmitted to the drive wheels DW and DW. That is,
since part of the engine torque TENG is transmitted to the
drive wheels DW and DW, it is possible to prevent the large
reaction from the drive wheels DW and DW from acting on
the engine 3, thereby making it possible to perform the creep
operation without causing engine stall. It should be noted that
the ENG creep operation using the above-described engine
power WENG is mainly carried out when the remaining
charge SOC is small or when the vehicle is ascending a slope.

The control at the standing start of the vehicle is performed
subsequent to the above-described ENG creep operation, as
follows. Hereinafter, this standing start of the vehicle is
referred to as “the ENG-based standing start”. That is, while
increasing the amount of electric power generated by the
second generator-motor 50 to thereby control the second
rotor rotational speed VRO2 of the second rotor 52, which has
been performing reverse rotation during the ENG creep
operation, such that it becomes equal to 0, the first rotor
rotational speed VRO1 of the first rotor 42, which has been
performing normal rotation during the ENG creep operation,
is increased, and the engine power WENG is increased. Then,
after the second rotor rotational speed VRO2 becomes equal
to 0, the operation in the above-mentioned battery input/
output zero mode is performed. From the above, as indicated
by thick solid lines in FIG. 18, the first sun gear rotational
speed VSU1 and the second carrier rotational speed VCA2,
i.e. the vehicle speed VP is increased from a state of the ENG
creep operation, indicated by broken lines in FI1G. 18, causing
the vehicle to start.

As described above, according to the aforementioned first
embodiment, in the battery input/output zero mode, difter-
ently from the above-described conventional case, the engine
power WENG is transmitted to the drive wheels DW and DW
without being recirculated, so that it is possible to reduce
power passing through the first and second planetary gear
units 20 and 30. This makes it possible to reduce the sizes of
the first and second planetary gear units 20 and 30, thereby
making it possible to attain the reduction of the size and
manufacturing costs of the power plant 1. Further, planetary
gear units having torque capacity corresponding to reduced
power, as described above, are used as the first and second
planetary gear units 20 and 30, thereby making it possible to
suppress the loss of power to improve the driving efficiency of
the power plant 1.

Further, the engine power WENG is transmitted to the
drive wheels DW and DW in a divided state via the first to
third transmission paths. This makes it possible to reduce
power (energy) passing through the first and second genera-
tor-motors 40 and 50 and the 1stand 2nd-PDUs 61 and 62 via
the third transmission path. Therefore, it is possible to reduce
the sizes of the first and second generator-motors 40 and 50
and the 1st and 2nd-PDUs 61 and 62, thereby making it
possible to attain further reduction of the size and manufac-
turing costs of the power plant 1. Further, it is possible to
reduce power transmitted to the drive wheels DW and DW via
the third transmission path, i.e. by the electrical path, which
makes it possible to further enhance the driving efficiency of
the power plant 1.

Further, as described hereinabove with reference to F1G. 9,
in the battery input/output zero mode, the engine power
WENG is transmitted to the drive wheels DW and DW while
having the speed thereof steplessly changed by controlling
the first and second rotor rotational speeds VRO1 and
VRO2d. Further, in this case, the first and second rotor rota-
tional speeds VRO1 and VRO2 are controlled such that the
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engine speed NE becomes equal to the target engine speed
NECMD set to a value that will make it possible to obtain the
optimum fuel economy of the engine 3, and therefore it is
possible to drive the drive wheels DW and DW while control-
ling the engine power WENG such that the optimum fuel
economy of the engine 3 can be obtained. This makes it
possible to further enhance the driving efficiency of'the power
plant 1.

Further, the first and second generator-motors 40 and 50,
each of which has a larger torque capacity with respect to the
size than a stepless transmission, are used as the first and
second energy conversion devices, respectively, which makes
it possible to reduce the sizes of the first and second genera-
tor-motors 40 and 50, whereby it is possible to further reduce
the size of the power plant 1.

The operation in the drive-time charging mode is per-
formed when the vehicle demand power is smaller than the
optimum fuel economy power. Further, during the drive-time
charging mode, the engine power WENG is controlled such
that the optimum fuel economy of the engine 3 can be
obtained, and the surplus amount of the engine power WENG
with respect to the vehicle demand power is charged into the
battery 63 as electric power. Furthermore, the operation in the
assist mode is performed when the vehicle demand power is
larger than the optimum fuel economy power, and during the
assist mode, the engine power WENG is controlled such that
the optimum fuel economy of the engine 3 can be obtained.
Further, the insufficient amount of the engine power WENG
with respect to the vehicle demand power is made up for by
supply of electric power from the battery 63. Therefore, it is
possible to further enhance the driving efficiency of'the power
plant 1.

Further, since electric energy is used as energy in another
form of energy converted from the engine power WENG; it is
possible to efficiently convert energy between the engine
power WENG and electric energy, thereby making it possible
to further enhance the driving efficiency of the power plant 1.
For the same reason, since energy can be accurately converted
in the first and second generator-motors 40 and 50, it is
possible to properly transmit power to the drive wheels DW
and DW via the above-described third transmission path.
Furthermore, in the drive-time charging mode and the assist
mode, it is possible to accurately charge and discharge elec-
tric energy, and efficiently perform operations for charging
and discharging electric energy.

Further, since the first and second planetary gear units 20
and 30 are used as the first and second distributing and com-
bining devices according to the present invention, it is pos-
sible to construct the power plant 1 easily and inexpensively
without preparing special devices, and further downsize the
power plant 1. Furthermore, since the first and second ring
gears 22 and 32 are connected to the first and second genera-
tor-motors 40 and 50, respectively, this connection can be
performed easily.

FIG. 19 shows a variation of the above-described first
embodiment. In this variation, the first and second generator-
motors 40 and 50 are provided separately from the first and
second planetary gear units 20 and 30, respectively.

More specifically, a gear 22a and a gear 32qa are formed on
outer peripheral surfaces of the first and second ring gear 22
and 32, respectively. Further, gears 4056 and 505 are integrally
formed with respective output shafts 40a and 504 of the first
and second generator-motors 40 and 50. These gears 405 and
505 are in mesh with the above-mentioned gears 22a and 32a,
respectively. With the above arrangement, according to this
variation, it is possible to obtain the same advantageous
effects as provided by the first embodiment.
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Although in the above-described first embodiment, the first
carrier 24 and the second sun gear 31 are directly connected to
each other, and the first sun gear 21 and the second carrier 34
are directly connected to each other, this is not limitative, but
the first carrier 24 and the second sun gear 31 are not neces-
sarily required to be directly connected to each other insofar
as they are connected to the crankshaft 3a. Further, the first
sun gear 21 and the second carrier 34 are not necessarily
required to be directly connected to each other insofar as they
are connected to the drive wheels DW and DW.

Further, in the first embodiment, the connecting relation-
ship between the engine 3, the first and second generator-
motors 40 and 50, the drive wheels DW and DW, the first and
second sun gears 21 and 31, the first and second carriers 24
and 34, and the first and second ring gears 22 and 32 can be
configured as desired insofar as they satisty the following
conditions: One of the first sun gear 21 and the first ring gear
22, and the second carrier 34 are connected to the drive
wheels DW and DW; one of the second sun gear 31 and the
second ring gear 32, and the first carrier 24 are connected to
the engine 3; the other of the first sun gear 21 and the first ring
gear 22 is connected to the first generator-motor 40; and the
other of the second sun gear 31 and the second ring gear 32 is
connected to the second generator-motor 50.

For example, the first carrier 24 and the second ring gear 32
may be connected to the engine 3, the first ring gear 22 and the
second carrier 34 to the drive wheels DW and DW, and the
first and second sun gears 21 and 31 to the first generator-
motor 40 and the second generator-motor 50, respectively.

Further, although in the first embodiment, the battery 63 is
used as the energy storing and releasing device for storing and
releasing electric energy, it is to be understood that e.g. a
capacitor may be used. Furthermore, the engine power
WENG may be converted into electric energy, e.g. into pres-
sure energy by an oil pressure pump and the like and the
converted pressure energy may be stored e.g. in an accumu-
lator.

Next, a power plant 1A according to a second embodiment
of the present invention will be described with reference to
FIGS. 20 and 21. In this power plant 1A, the first and second
generator-motors 40 and 50 of the power plant 1 according to
the above-described first embodiment are replaced by a belt-
type stepless transmission 110 (speed-changing device). In
FIGS. 20 and 21, the component elements identical to those of
the first embodiment are denoted by the same reference
numerals. The following description is mainly given of dif-
ferent points from the first embodiment.

More specifically, similarly to the above-described varia-
tion of the first embodiment, the gear 224 and the gear 32a are
formed on outer peripheral surfaces of the first and second
ring gears 22 and 32, respectively. Further, first to fourth
auxiliary shafts 101 to 104 parallel to the first main shaft 4 are
arranged. The first to fourth auxiliary shafts 101 to 104 are
rotatably supported by bearings 101a, 101a to 104a, and
104a, respectively.

The first to fourth auxiliary shafts 101 to 104 are integrally
formed with gears 1015 to 1045, respectively. The gear 1015
of'the first auxiliary shaft 101 is in mesh with the gear 22a on
the outer peripheral surface of the first ring gear 22. The gear
1024 of the second auxiliary shaft 102 is in mesh with the gear
1035 of the third auxiliary shaft 103, and the gear 1045 of the
fourth auxiliary shaft 104 is in mesh with the gear 1035 of the
third auxiliary shaft 103 and the gear 32a on the outer periph-
eral surface of the second ring gear 32.

The above-described stepless transmission 110 is com-
prised of a first pulley 111, a second pulley 112, a transmis-
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sion belt 113, a first-pulley variable effective diameter
mechanism 114, and a second-pulley variable effective diam-
eter mechanism 115.

The first pulley 111 is configured such that the width of a
belt groove thereof is changed by oil pressure, and is unro-
tatably attached to the first auxiliary shaft 101. Similarly to
the first pulley 111, the second pulley 112 is configured such
that the width of a belt groove thereof is changed by oil
pressure, and is unrotatably attached to the second auxiliary
shaft 102. The transmission belt 113 is made of a metal, and
is wound around the two pulleys 111 and 112 in a state fitted
in the belt grooves thereof. With the above arrangement, the
first ring gear 22 is mechanically connected to the stepless
transmission 110 via the gear 1015 and the first auxiliary shaft
101, and the second ring gear 32 is mechanically connected to
the stepless transmission 110 via the gears 1025 to 1045 and
the second auxiliary shaft 102.

The first-pulley and second-pulley variable effective diam-
eter mechanisms 114 and 115 are for changing the widths of
the belt grooves of the two pulleys 111 and 112, respectively,
to thereby change the effective diameters of the respective
pulleys 111 and 112. The first-pulley variable effective diam-
eter mechanism 114 has afirst electromagnetic valve 1144 for
controlling oil pressure supplied from an oil pressure pump
(not shown) to the first pulley 111. The second-pulley variable
effective diameter mechanism 115 has a second electromag-
netic valve 1154 for controlling oil pressure supplied from the
above-described oil pressure pump to the driven pulley 112.
The electromagnetic valves 1144 and 1154 have their valve
openings controlled by the ECU 2 (see FIG. 21).

In the stepless transmission 110 configured as above, the
oil pressures supplied to the two pulleys 111 and 112 are
controlled by controlling the two electromagnetic valves
114a and 115a by the ECU 2, respectively, whereby the
widths of the belt grooves of the two pulleys 111 and 112 are
changed. As a consequence, the effective diameters of the two
pulleys 111 and 112 are steplessly changed, whereby the
transmission gear ratio of the stepless transmission 110 is
steplessly controlled.

Further, disposed between the second pulley 112 and the
gear 1025 of the second auxiliary shaft 102 is a clutch 120.
The clutch 120 is formed by a friction multiple disk clutch,
and the degree of engagement thereof is controlled by the
ECU 2, to thereby connect and disconnect between the step-
less transmission 110 and the gear 1025.

Furthermore, as shown in FIG. 21, to the ECU 2, a first
pulley rotational speed sensor 77 delivers a detection signal
indicative of a first pulley rotational speed NDR as the rota-
tional speed of the first pulley 111, and a second pulley
rotational speed sensor 78 delivers a detection signal indica-
tive of a second pulley rotational speed NDN as the rotational
speed of the second pulley 112. The ECU 2 calculates a
transmission gear ratio RATIO (=NDR/NDN) of the stepless
transmission 110 based on the first pulley rotational speed
NDR and the second pulley rotational speed NDN.

FIG. 22 shows a state of transmission of torque during
traveling of the vehicle. As shown in the figure, part of the
engine torque TENG is transmitted to the first carrier 24, and
the remainder of the engine torque TENG is transmitted to the
second sun gear 31. Further, the engine torque TENG trans-
mitted to the first carrier 24 is distributed to the first sun gear
21 and the first ring gear 22, and the engine torque TENG
distributed to the first ring gear 22 is transmitted to the second
ring gear 32 via the gear 1015, the first auxiliary shaft 101, the
stepless transmission 110, and the gears 1025 to 1045. Fur-
ther, the engine torque TENG transmitted to the second sun
gear 31, and the engine torque TENG transmitted to the
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second ring gear 32, as described above, are combined, and
the combined torque is transmitted to the second carrier 34.
Furthermore, the engine torque TENG distributed to the first
sun gear 21, as described above, is transmitted to the second
carrier 34.

As described above, transmitted to the second carrier 34 is
the combined torque obtained by combining the engine
torque TENG distributed to the first sun gear 21, the engine
torque TENG transmitted to the second ring gear 32 via the
first ring gear 22, the stepless transmission 110, and so forth,
and the engine torque TENG transmitted to the second sun
gear 31. Further, this combined torque is transmitted to the
drive wheels DW and DW e.g. via the second main shaft 7. As
a result, the power equal in magnitude to the engine power
WENG is transmitted to the drive wheels DW and DW. Fur-
ther, similarly to the first embodiment but differently from the
aforementioned conventional case, the engine power WENG
is transmitted to the drive wheels DW and DW without being
recirculated.

Furthermore, during traveling of the vehicle, by controlling
the transmission gear ratio RATIO of the stepless transmis-
sion 110, the engine power WENG is transmitted to the drive
wheels DW and DW while having the speed thereof steplessly
changed. In this case, the transmission gear ratio RATIO is
controlled such that the engine speed NE becomes equal to
the above-described target engine speed NECMD.

As described above, according the second embodiment,
during traveling of the vehicle, similarly to the aforemen-
tioned first embodiment, the engine power WENG is trans-
mitted to the drive wheels DW and DW without being recir-
culated, and hence it is possible to reduce the power passing
through the first and second planetary gear units 20 and 30.
This makes it possible to downsize the first and second plan-
etary gear units 20 and 30, thereby making it possible to attain
the reduction of the size and manufacturing costs of the power
plant 1A to enhance the driving efficiency of the power plant
1A.

Further, during traveling of the vehicle, similarly to the first
embodiment, the engine power WENG is once divided by the
first and second planetary gear units 20 and 30, and is then
transmitted to the second carrier 34 via the aforementioned
first and second transmission paths and the next fourth trans-
mission path. The engine power WENG transmitted to the
second carrier 34 is combined by the second carrier 34, and is
then transmitted to the drive wheels DW and DW.

The fourth transmission path: the first carrier 24—the first
planetary gears 23—the first ring gear 22—the gear
1015—=the first auxiliary shaft 101—the stepless transmis-
sion 110—the second auxiliary shaft 102—the gears 1025 to
1045—the second ring gear 32—the second planetary gears
33—the second carrier 34

This makes it possible to reduce the power passing through
the stepless transmission 110 via the fourth transmission path.
Therefore, if a stepless transmission having torque capacity
corresponding to the reduced power is used as the stepless
transmission 110, it is possible to attain the high efficiency
and reduced size of the stepless transmission 110, thereby
making it possible to attain improvement of the driving effi-
ciency of the power plant 1A, and further reduction of the size
and manufacturing costs thereof.

Further, during traveling of the vehicle, the transmission
gear ratio RATIO is controlled to thereby transmit the engine
power WENG to the drive wheels DW and DW while step-
lessly changing the speed of the engine power WENG. The
transmission gear ratio RATIO is controlled such that the
engine speed NE becomes equal to the target engine speed
NECMD. Therefore, similarly to the first embodiment, it is
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possible to drive the drive wheels DW and DW while control-
ling the engine power WENG such that the optimum fuel
economy of the engine 3 can be obtained. This makes it
possible to further enhance the driving efficiency of'the power
plant 1A.

Further, similarly to the first embodiment, the first and
second planetary gear units 20 and 30 are used as the first and
second distributing and combining devices, respectively, so
that it is possible to configure the power plant 1A easily and
inexpensively without preparing special devices, to further
downsize the power plant 1A. Furthermore, since the first and
second ring gears 22 and 32 are connected to the stepless
transmission 110, this connection can be performed easily.

It should be noted that similarly to the above-described first
embodiment, the first carrier 24 and the second sun gear 31
are not necessarily required to be directly connected to each
other insofar as they are connected to the crankshaft 3a.
Further, the first sun gear 21 and the second carrier 34 are not
necessarily required to be directly connected to each other
insofar as they are connected to the drive wheels DW and DW.

Further, in the second embodiment, the connecting rela-
tionship between the engine 3, the drive wheels DW and DW,
the stepless transmission 110, the first and second sun gears
21 and 31, the first and second carriers 24 and 34, and the first
and second ring gears 22 and 32 can be set as desired insofar
as they satisfy the following conditions: One of the first sun
gear 21 and the first ring gear 22, and the second carrier 34 are
connected to the drive wheels DW and DW; one of the second
sun gear 31 and the second ring gear 32, and the first carrier 24
are connected to the engine 3; and the other of the first sun
gear 21 and the first ring gear 22 and the other of the second
sun gear 31 and the second ring gear 32 are connected to the
stepless transmission 110.

For example, the first carrier 24 and the second ring gear 32
may be connected to the engine 3, the first ring gear 22 and the
second carrier 34 to the drive wheels DW and DW, and the
first and second sun gears 21 and 31 to the stepless transmis-
sion 110.

Further, although a belt-type stepless transmission is used
as the stepless transmission 110, a toroidal-type stepless
transmission may be employed. Further, although the clutch
120 is disposed between the second pulley 112 and the gear
1026 of the second auxiliary shaft 102, it may be disposed
between the first pulley 111 and the gear 1015 of the first
auxiliary shaft 101.

Further, although in the first and second embodiments, the
first and second planetary gear units 20 and 30 are used as the
first and second distributing and combining devices, respec-
tively, any other suitable devices may be employed insofar as
they have the following functions: They each have three ele-
ments, and have the function of distributing power input to
one of the three elements to the other two elements, and the
function of combining the power input to the other two ele-
ments, and then outputting the combined power to the above
one element, and the three elements rotate while maintaining
a linear speed relationship therebetween during distributing
and combining the power. For example, in place of the gears
of'a planetary gear unit, there may be employed such a device
as has a plurality of rollers for transmitting power by friction
between surfaces thereof and has the functions equivalent to
the planetary gear unit. Furthermore, although detailed
description thereof is omitted, such a device as is disclosed in
Japanese Patent Application No. 2006-213905, may be
employed which is implemented by a combination of a plu-
rality of magnets and soft magnetic material elements.

Next, a power plant 1B according to a third embodiment of
the present invention will be described with reference to
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FIGS. 23 and 24. This power plant 1B is distinguished from
the power plant 1 according to the first embodiment in that it
includes a third generator-motor 220 (first distributing and
combining device) and a fourth generator-motor 230 (second
distributing and combining device) in place of the first plan-
etary gear unit 20, the first generator-motor 40, the second
planetary gear unit 30, and the second generator-motor 50. In
FIGS. 23 and 24, the component elements identical to those of
the first embodiment are denoted by the same reference
numerals. The following description is mainly given of dif-
ferent points from the first embodiment.

As shown in FIGS. 23 and 25, the third generator-motor
220 is comprised of an Al rotor 221 (first element), a third
stator 222 (third element) disposed in a manner opposed to the
Al rotor 221, and an A2 rotor 223 (second element) disposed
between the two 221 and 222 at predetermined spaced inter-
vals. The A1 rotor 221, the A2 rotor 223, and the third stator
222 areradially arranged from the inner side in the mentioned
order. Hereinafter, the left side and the right side as viewed in
FIG. 25 will be referred to as “left” and “right”.

The A1 rotor 221 has 2n permanent magnets 221a. The
permanent magnets 221a are mounted on the outer peripheral
surface of an annular fixing portion 2215 in a state arranged at
equal intervals in the circumferential direction. Each perma-
nent magnet 221a has a generally sector-shaped cross-section
orthogonal to the axial direction, and slightly extends in the
axial direction. The above-mentioned fixing portion 2215 is
formed of a soft magnetic material, such as iron, and has an
inner peripheral surface thereof integrally attached to the
connection shaft 6. With the above arrangement, the perma-
nent magnets 221a, that is, the Al rotor 221 are rotatable in
unison with the connection shaft 6.

Further, as shown in FIG. 26, a central angle formed by
each two permanent magnets 221a circumferentially adjacent
to each other about the connection shaft 6 is a predetermined
angle 0. Further, the two permanent magnets 221a circum-
ferentially adjacent to each other have polarities different
from each other. Hereafter, respective magnetic poles on the
left side and the right side of the permanent magnet 221a are
referred to as “the first magnetic pole” and “the second mag-
netic pole”, respectively.

The third stator 222 generates rotating magnetic fields, and
has 3n armatures 222a arranged at equal intervals in the
circumferential direction. Each armature 222a is comprised
of an iron core 2225, a coil 222¢ wound around the iron core
222b, and so forth. The iron core 2225 has a generally sector-
shaped cross-section orthogonal to the axial direction, and
has approximately the same axial length as that of the perma-
nent magnet 221a. An axially central portion of the inner
peripheral surface of the iron core 2225 is formed with a
circumferentially extending groove 222d. The 3n coils 222¢
form n sets of three-phase coils of U-phase coils, V-phase
coils, and W-phase Coils (see FIG. 26). Further, the armatures
222a are mounted on the case CA via an annular fixing
portion 222e¢ such that the armatures 222a are immovable.
Due to the numbers and the arrangements of the armatures
222q and the permanent magnets 221a, when the center of a
certain armature 222a circumferentially coincides with the
center of a certain permanent magnet 221qa, the center of
every three armatures 222a from the armature 222a, and the
center of every two permanent magnets 221a from the per-
manent magnet 221a circumferentially coincide with each
other.

Furthermore, each armature 222aq is electrically connected
to the battery 63 and the ECU 2 via the 1st-PDU 61. Further,
the armature 222a is configured such that when it is supplied
with electric power from the battery 63 or generate electric
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power, as described hereinafter, magnetic poles having dif-
ferent polarities from each other are generated on the left and
right ends of the iron core 2225, respectively. Further, along
with generation of these magnetic poles, first and second
rotating magnetic fields are generated between the left por-
tion of the A1 rotor 221 (on the first magnetic pole side) and
the left end of the iron core 2225b, and between the right
portion of the A1 rotor 221 (on the second magnetic pole side)
and the right end of the iron core 2225 in a circumferentially
rotating manner, respectively. Hereinafter, the magnetic poles
generated on the left and right ends of the iron core 2225 are
referred to as “the first armature magnetic pole” and “the
second armature magnetic pole”. Further, the number of the
first armature magnetic poles and that of the second armature
magnetic poles are the same as the number of the magnetic
poles of the permanent magnets 221a, that is, 2n, respectively.

The A2 rotor 223 has a plurality of first cores 223q and a
plurality of second cores 2235. The first and second cores
223a and 2235 are arranged at equal intervals in the circum-
ferential direction, respectively, and the numbers o 2234 and
223b are both set to the same number as that of the permanent
magnets 221q that is, 2n. Each first core 2234 is formed by
laminating soft magnetic material elements, such as a plural-
ity of steel plates, such that it has a generally sector-shaped
cross-section orthogonal to the axial direction, and extends by
a length approximately equal to a half of the length of the
permanent magnet 221q in the axial direction. Similarly to the
first core 223a, each second core 2235 is formed by laminat-
ing a plurality of steel plates, such that it has a generally
sector-shaped cross-section orthogonal to the axial direction,
and extends by a length approximately equal to a half of the
length of the permanent magnet 221a in the axial direction.

Further, the first cores 223a are each axially arranged
between the left portion of the Al rotor 221 (on the first
magnetic pole side) and the left portion of the third stator 222
(on the first armature magnetic pole side), and the second
cores 2235 are each axially arranged between the right por-
tion of the Al rotor 221 (on the second magnetic pole side)
and the right portion of the third stator 222 (on the second
armature magnetic pole side). Furthermore, the second cores
223b are circumferentially alternately arranged with respect
to the first cores 2234, and the center of the second cores 2235
is displaced by a half of the aforementioned predetermined
angle 6 from the center of the first cores 223a (see FIG. 26).

The first and second cores 2234 and 2235 are mounted on
an outer end of a flange 2234 by bar-shaped connecting por-
tions 223c¢ slightly extending in the axial direction, respec-
tively. The flange 2234 is integrally concentrically fitted on
the first main shaft 4. With this arrangement, the first and
second cores 223a and 22354, that is, the A2 rotor 223 is
rotatable in unison with the first main shaft 4, and is directly
connected to the crankshaft 3a via the first main shaft 4.

In the third generator-motor 220 configured as above, as
shown in FIG. 26, during generation of the first and second
rotating magnetic fields, when the polarity of each first arma-
ture magnetic pole is different from the polarity of an opposed
(closest) one of the first magnetic poles, the polarity of each
second armature magnetic pole is the same as the polarity of
an opposed (closest) one of the second magnetic poles. Fur-
ther, when each first core 223a is in a position between each
first magnetic pole and each first armature magnetic pole,
each second core 2235 is in a position between a pair of
second armature magnetic poles circumferentially adjacent to
each other and a pair of second magnetic poles circumferen-
tially adjacent to each other. Furthermore, although not
shown, during generation of the first and second rotating
magnetic fields, when the polarity of each second armature
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magnetic pole is different from the polarity of an opposed
(closest) one of the second magnetic poles, the polarity of
each first armature magnetic pole is the same as the polarity of
an opposed (closest) one of the first magnetic poles. Further,
when each second core 2236 is in a position between each
second magnetic pole and each second armature magnetic
pole, each first core 223a is in a position between a pair of first
armature magnetic poles circumferentially adjacent to each
other, and a pair of first magnetic poles circumferentially
adjacent to each other.

The third generator-motor 220 can be also regarded as a
planetary gear unit which inputs and outputs torque by the A1
and A2 rotors 221 and 223 and inputs and outputs electric
power by the third stator 222. The following description is
given of this point based on the operation of the third genera-
tor-motor 220. It should be noted that although in FI1G. 26, the
armatures 222q and the fixing portion 222¢ are shown as if
they were divided into two other parts since FIG. 26 is shown
as a development view, actually, they are integrally formed
with each other, so that the arrangement in FIG. 26 can be
shown as in FIG. 27 as equivalent thereto. Therefore, herein-
after, the operation of the third generator-motor 220 is
described assuming that the permanent magnets 221a, the
armatures 222a, and the first and second cores 223a and 2235
are arranged as shown in FIG. 27.

Further, for convenience of description, the operation of
the third generator-motor 220 is described by replacing the
motion of the first and second rotating magnetic fields by an
equivalent physical motion of 2n imaginary permanent mag-
nets (hereinafter referred to as “the imaginary magnets”) VM,
equal in number to the permanent magnets 221a. Further, the
description will be given assuming that a magnetic pole at a
left-side portion of each imaginary magnet VM (on the first
magnetic pole side), and a magnetic pole at a right-side por-
tion of the imaginary magnet VM (on the second magnetic
pole side) are regarded as first and second armature magnetic
poles, respectively, and that rotating magnetic fields gener-
ated between the left-side portion of the imaginary magnet
VM and the left portion of the Al rotor 221 (on the first
magnetic pole side), and between the right-side portion of the
imaginary magnet VM and the right portion of the A1 rotor
221 (on the second magnetic pole side) are regarded as first
and second rotating magnetic fields. Furthermore, hereinat-
ter, the left-side portion and the right-side portion of the
permanent magnet 221a are referred to as “the first magnet
portion” and “the second magnet portion”.

First, a description will be given of the operation of the
third generator-motor 220 in a state in which the A1 rotor 221
is made unrotatable, and the first and second rotating mag-
netic fields are generated by the supply of electric power to the
third stator 222.

As shown in FIG. 28(a), the first and second rotating mag-
netic fields are generated in a manner rotated downward, as
viewed in the figure, from a state in which each first core 223a
is opposed to each first magnet portion, and each second core
2235 is in a position between each adjacent two of the second
magnet portions. At the start of the generation of the first and
second rotating magnetic fields, the polarity of each first
armature magnetic pole is made different from the polarity of
each opposed one of the first magnetic poles, and the polarity
of each second armature magnetic pole is made the same as
the polarity of each opposed one of the second magnetic
poles.

Since the first cores 223a are disposed as described above,
they are magnetized by the first magnetic poles and the first
armature magnetic poles, and magnetic lines G1 of force
(hereinafter referred to as “the first magnetic force lines™) are



US 8,226,513 B2

63

generated between the first magnetic poles, the first cores
223a, and the first armature magnetic poles. Similarly, since
the second cores 2235 are disposed as described above, they
are magnetized by the second armature magnetic poles and
the second magnetic poles, and magnetic lines G2 of force
(hereinafter referred to as “the second magnetic force lines™)
are generated between the second armature magnetic poles,
the second cores 2235, and the second magnetic poles.

In the state shown in FIG. 28(a), the first magnetic force
lines G1 are generated such that they each connect the first
magnetic pole, the first core 223a, and the first armature
magnetic pole, and the second magnetic force lines G2 are
generated such that they connect each circumferentially adja-
cent two second armature magnetic poles and the second core
223b located therebetween, and connect each circumferen-
tially adjacent two second magnetic poles and the second core
223b located therebetween. As a result, in this state, magnetic
circuits as shown in FIG. 30(a) are formed. In this state, since
the first magnetic force lines G1 are linear, no magnetic forces
for circumferentially rotating the first core 223a act on the
first core 223a. Further, the two second magnetic force lines
(G2 between the circumferentially adjacent two second arma-
ture magnetic poles and the second core 2235 are equal to
each other in the degree of bend thereof and in the total
magnetic flux amount. Similarly, the two second magnetic
force lines G2 between the circumferentially adjacent two
second magnetic poles and the second core 2235 are equal to
each other in the degree of bend thereof and in the total
magnetic flux amount. As a consequence, the second mag-
netic force lines G2 are balanced. Therefore, no magnetic
forces for circumferentially rotating the second core 2235 act
on the second core 2235, either.

When the imaginary magnets VM rotate from positions
shown in FIG. 28(a) to positions shown in FIG. 28(b), the
second magnetic force lines G2 are generated such that they
each connect between the second armature magnetic pole, the
second core 2235, and the second magnetic pole, and the first
magnetic force lines G1 between the first cores 223a and the
first armature magnetic poles are bent. As a result, magnetic
circuits are formed by the first magnetic force lines G1 and the
second magnetic force lines G2, as shown in FIG. 30(5).

In this state, since the degree of bend of each first magnetic
force line G1 is small but the total magnetic flux amount
thereof is large, a relatively large magnetic force acts on the
first core 223a. This causes the first cores 223a to be driven by
relatively large driving forces in the direction of rotation of
the imaginary magnets VM, that is, the direction of rotation of
the first and second rotating magnetic fields (hereinafter
referred to as “the magnetic field rotation direction”),
whereby the A2 rotor 223 rotates in the magnetic field rotation
direction. Further, since the degree of bend of the second
magnetic force line G2 is large but the total magnetic flux
amount thereof'is small, a relatively small magnetic force acts
on the second core 2235. This causes the second cores 223b to
be driven by relatively small driving forces in the magnetic
field rotation direction, whereby the A2 rotor 223 rotates in
the magnetic field rotation direction.

Then, when the imaginary magnets VM rotate from the
positions shown in FIG. 28(5) to respective positions shown
in FIGS. 28(c) and 28(d), and FIGS. 29(a) and 29(b), in the
mentioned order, the first and second cores 223a and 2235 are
driven in the magnetic field rotation direction by magnetic
forces caused by the first and second magnetic force lines G1
and G2, respectively, whereby the A2 rotor 223 rotates in the
magnetic field rotation direction. During the time, the first
magnetic force lines G1 increase in the degree of bend thereof
but decrease in the total magnetic flux amount thereof,

20

25

30

35

40

45

50

55

60

65

64

whereby the magnetic forces acting on the first cores 223a
progressively decrease to progressively reduce the driving
forces for driving the first cores 223a in the magnetic field
rotation direction. Further, the second magnetic force lines
(G2 decrease in the degree of bend thereof but increase in the
total magnetic flux amount thereof, whereby the magnetic
forces acting on the second cores 2235 progressively increase
to progressively increase the driving forces for driving the
second cores 2235 in the magnetic field rotation direction.

Then, while the imaginary magnets VM rotate from the
positions shown in FIG. 29(5) to the positions shown FIG.
29(c), the second magnetic force lines G2 are bent, and the
total magnetic flux amounts thereof become close to their
maximum, whereby the strongest magnetic forces act on the
second cores 2235 to maximize the driving forces acting on
the second cores 2235. After that, as shown in FIG. 29(¢),
when the imaginary magnets VM each move to a position
opposed to the first and second magnet portions, the respec-
tive polarities of the first armature magnetic pole and the first
magnetic pole opposed to each other become identical to each
other, and the first core 223a is positioned between circum-
ferentially adjacent two pairs of first armature magnetic poles
and first magnetic poles, each pair having the same polarity.
In this state, since the degree of bend of the first magnetic
force line G1 is large but the total magnetic flux amount
thereof is small, no magnetic force for rotating the first core
223a in the magnetic field rotation direction acts on the first
core 223a. Further, second armature magnetic poles and sec-
ond magnetic poles opposed to each other come to have
polarities different from each other.

From this state, when the imaginary magnets VM further
rotate, the first and second cores 223a and 2235 are driven in
the magnetic field rotation direction by the magnetic forces
caused by the first and second magnetic force lines G1 and
G2, whereby the A2 rotor 223 rotates in the magnetic field
rotation direction. At this time, while the imaginary magnets
VM rotate to the positions shown FIG. 28(a), inversely to the
above, since the first magnetic force lines G1 decrease in the
degree of bend thereof but increase in the total magnetic flux
amount thereof, the magnetic forces acting on the first cores
223a increase to increase the driving forces acing on the first
cores 223a. On the other hand, since the second magnetic
force lines G2 increase in the degree of bend thereof but
decrease in the total magnetic flux amount thereof, the mag-
netic forces acting on the second cores 2235 decrease to
reduce the driving force acing on the second core 2235.

As described above, the A2 rotor 223 rotates in the mag-
netic field rotation direction, while the driving forces acting
on the respective first and second cores 223a and 2235 repeat-
edly increase and decrease by turns in accordance with the
rotations of the imaginary magnets VM, that is, the rotations
of the first and second rotating magnetic fields. In this case,
assuming that the torques transmitted via the first and second
cores 223a and 2235 are denoted by T223a and 12235, the
relationship between a torque TRA2 transmitted to the A2
rotor 223 (hereinafter referred to as “the A2 rotor transmis-
sion torque”) and the two torques T223a and T2235 is
approximately as shown in FIG. 31. As shown in the figure,
the two torques 1T223a and T223b change approximately
sinusoidally at the same repetition period, and phases thereof
are displaced from each other by a half period. Further, since
the A2 rotor 223 has the first and second cores 223a and 2235
connected thereto, the A2 rotor transmission torque TRA2 is
equal to the sum of the two torques T223a and T2234 that
change as described above, and becomes approximately con-
stant.
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The first core 223a is positioned at an intermediate location
between the first magnetic pole and the first armature mag-
netic pole connected by the first magnetic force line G1, by
the action of the magnetic forces caused by the first and
second magnetic force lines G1 and G2, and at the same time
the A2 rotor 223 rotates while keeping the position of the
second core 22356 at an intermediate location between the
second magnetic pole and the second armature magnetic pole
connected by the second magnetic force line G2. Therefore,
in general, between a first rotational speed VMF1 of the first
and second rotating magnetic fields (hereinafter referred to as
“the first magnetic field rotational speed™), a rotational speed
VRAL of the A1 rotor 221 (hereinafter referred to as “the Al
rotor rotational speed”), and a rotational speed VRA2 of the
A2 rotor 223 (hereinafter referred to as “the A2 rotor rota-
tional speed”), there holds the following equation (1):

VRA2=(VMF1+VRA1)/2 o)

By changing the equation (1), there is obtained the follow-
ing equation (1'):

VMF1-VRA2=VRA2-VRAl (1"

As is clear from these equations (1) and (1'), the A2 rotor
rotational speed VRA2 is equal to the average speed of the
first magnetic field rotational speed VMF1 and the A1 rotor
rotational speed VRA1. In other words, the difference
between the first magnetic field rotational speed VMF1 and
the A2 rotor rotational speed VRA2 is equal to the difference
between the A2 rotor rotational speed VRA2 and the A1 rotor
rotational speed VRAL.

Therefore, when the aforementioned Al rotor rotational
speed VRA1 is equal to a value of 0, VRA2=VMF1/2 holds,
and the relationship between the first magnetic rotational
speed VMF1, and the A1 and A2 rotor rotational speeds
VRAI1 and VRAZ2 can be expressed as shown in FIG. 32(a).

Further, in this case, the A2 rotor rotational speed VRA2 is
reduced to %5 of the first magnetic field rotational speed
VMEF1, and hence, assuming that torque equivalent to the
power supplied to the third stator 222 and the first magnetic
field rotational speed VMF1 is a first driving equivalent
torque TSE1, the A2 rotor transmission torque TRA2
becomes a twofold of the first driving equivalent torque
TSEL1. In short, there holds the following equation (2):

TRA2=TSE1x2 )

As described above, when the electric power is supplied to
the third stator 222 in a state in which the A1 rotor 221 is made
unrotatable, all the electric power is transmitted to the A2
rotor 223 as power.

It should be noted that in the present embodiment, the first
magnetic field rotational speed VMF1 corresponds to the
rotational speed of the third element of the invention claimed
in claim 1.

Next, a description will be given of an operation in the case
where the first and second rotating magnetic fields are gen-
erated by the power supplied to the third stator 222, with the
A2 rotor 223 made unrotatable.

In this case as well, as shown in FIG. 33(a), the first and
second rotating magnetic fields are generated in a manner
rotated downward, as viewed in the figure, from a state in
which each first core 223a is opposed to each first magnet
portion, and each second core 2235 is in a position between
each adjacent two of the second magnet portions. At the start
of the generation of the first and second rotating magnetic
fields, the polarity of each first armature magnetic pole is
made different from the polarity of an opposed one of the first
magnetic poles, and the polarity of each second armature
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magnetic pole is made the same as the polarity of an opposed
one of the second magnetic poles. In this state, magnetic
circuits as shown in FIG. 30(a) are formed.

Then, when the imaginary magnet VM rotates from the
position shown in FIG. 33(a) to the position shown in FIG.
33(b), the first magnetic force line G1 between the first core
223a and the first armature magnetic pole is bent, and accord-
ingly, the second armature magnetic pole becomes closer to
the second core 2235, whereby the second magnetic force line
(G2 connecting between the second armature magnetic pole,
the second core 2235, and the second magnetic pole is gen-
erated. As a consequence, the magnetic circuits as shown in
FIG. 30(b) is formed.

In this state, although the total magnetic flux amounts of
the first magnetic force lines G1 between the first magnetic
poles and the first cores 223a are large, the first magnetic
force lines G1 are straight, and hence no magnetic forces are
generated which cause the first magnet portions to rotate with
respect to the first cores 223a. Further, although the distance
between second magnetic poles and the second armature
magnetic poles having a polarity different from that of the
second magnetic poles is relatively large, to make the total
magnetic flux amounts of the second magnetic force lines G2
between the second cores 2236 and the second magnetic
poles relatively small, the degree of bend of the second mag-
netic force lines G2 is large, whereby magnetic forces that
make the second magnet portions closer to the second cores
223b act on the second magnet portions. This causes the
permanent magnets 221a to be driven in the direction of
rotation of the imaginary magnets VM, that is, in a direction
(upward, as viewed in FIG. 33) opposite to the magnetic field
rotation direction, and be rotated toward positions shown in
FIG. 33(c). In accordance with this, the A1 rotor 221 rotates
in a direction opposite to the magnetic field rotation direction.

While the permanent magnets 221a rotate from the posi-
tions shown in FI1G. 33(b) toward the positions shown in FI1G.
33(c¢), the imaginary magnets VM rotate toward positions
shown in FI1G. 33(d). As described above, although the second
magnet portions become closer to the second cores 2235 to
make the degree of bend of the second magnetic force lines
(G2 between the second cores 2235 and the second magnetic
poles smaller, the imaginary magnets VM become further
closer to the second cores 223b, which increases the total
magnetic flux amounts of the second magnetic force lines G2.
As aresult, in this case as well, the magnetic forces that make
the second magnet portions closer to the second cores 2235
act on the second magnet portions, whereby the permanent
magnets 221a are driven in the direction opposite to the
magnetic field rotation direction.

Further, as the permanent magnets 2214 rotate in the direc-
tion opposite to the magnetic field rotation direction, the first
magnetic force lines G1 between the first magnetic poles and
the first cores 223a are bent, whereby magnetic forces that
make the first magnet portions closer to the first cores 223a
act on the first magnet portions. In this state, however, a
magnetic force caused by the first magnetic force line G1 is
smaller than the aforementioned magnetic force caused by
the second magnetic force line G2, since the degree of bend of
the first magnetic force line G1 is smaller than that of the
second magnetic force line G2. As a result, a magnetic force
corresponding to the difference between the two magnetic
forces drives the permanent magnet 221a in the direction
opposite to the magnetic field rotation direction.

Referring to FIG. 33(d), when the distance between the
first magnetic pole and the first core 223a, and the distance
between the second core 2235 and the second magnetic pole
have become approximately equal to each other, the total
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magnetic flux amount and the degree of bend of the first
magnetic force line G1 between the first magnetic pole and
the first core 223a become approximately equal to the total
magnetic flux amount and the degree of bend of the second
magnetic force line G2 between the second core 2235 and the
second magnetic pole, respectively. As a result, the magnetic
forces caused by the first and second magnetic force lines G1
and G2 are approximately balanced, whereby the permanent
magnet 221a is temporarily placed in an undriven state.

From this state, when the imaginary magnets VM rotate to
positions shown in FIG. 34(a), the state of generation of the
first magnetic force lines G1 is changed to form magnetic
circuits as shown in FIG. 34(54). Accordingly, the magnetic
forces caused by the first magnetic force lines G1 almost
cease to act on the first magnet portions such that the magnetic
forces make the first magnet portions closer to the first cores
223a, and therefore the permanent magnets 221a are driven
by the magnetic forces caused by the second magnetic force
lines G2, to positions shown in FIG. 34(c), in the direction
opposite to the magnetic field rotation direction.

Then, when the imaginary magnets VM slightly rotate
from the positions shown in FIG. 34(c¢), inversely to the
above, the magnetic forces caused by the first magnetic force
lines G1 between the first magnetic poles and the first cores
223a act on the first magnet portions such that the magnetic
forces make the first magnet portions closer to the first cores
223a, whereby the permanent magnets 221a are driven in the
direction opposite to the magnetic field rotation direction, to
rotate the A1 rotor 221 in the direction opposite to the mag-
netic field rotation direction. Then, when the imaginary mag-
nets VM further rotate, the permanent magnets 221a are
driven in the direction opposite to the magnetic field rotation
direction, by respective magnetic forces corresponding to the
differences between the magnetic forces caused by the first
magnetic force lines G1 between the first magnetic poles and
the first cores 223a, and the magnetic forces caused by the
second magnetic force lines G2 between the second cores
2235 and the second magnetic poles. After that, when the
magnetic forces caused by the second magnetic force lines
(G2 almost ceases to act on the second magnet portions such
that the magnetic force makes the second magnet portions
closer to the second cores 2235, the permanent magnets 221a
are driven by the magnetic forces caused by the first magnetic
force lines G1 in the direction opposite to the magnetic field
rotation direction.

Asdescribed hereinabove, in accordance with the rotations
of'the first and second rotating magnetic fields, the magnetic
forces caused by the first magnetic force lines G1 between the
first magnetic poles and the first cores 223a, the magnetic
forces caused by the second magnetic force lines G2 between
the second cores 2235 and the second magnetic poles, and the
magnetic forces corresponding to the differences between the
above magnetic forces alternately act on the permanent mag-
nets 221a, i.e. on the Al rotor 221, whereby the A1 rotor 221
is rotated in the direction opposite to the magnetic field rota-
tion direction. Further, the magnetic forces, that is, the driving
forces thus act on the Al rotor 221 alternately, whereby a
torque TRA1 transmitted to the Al rotor 221 (hereinafter
referred to as “the Al rotor transmission torque”) is made
approximately constant.

Further, the relationship between the first magnetic field
rotational speed VMF1 at this time and the rotational speeds
VRA1 and VRA2 ofthe A1 and A2 rotors can be expressed as
VRA1=-VMF1 by setting VRA2=0 in the aforementioned
equation (1), and is shown as in FIG. 32(4). Thus, the A1 rotor
221 rotates in the reverse direction at the same speed as that of
the first and second rotating magnetic fields. Further, in this
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case, the A1 rotor transmission torque TRA1 becomes equal
to the first driving equivalent torque TSE1, and there holds the
following equation (3):

TRA1=TSE1 3)

Further, if none of the first magnetic field rotational speed
VMEF1 and the Al and A2 rotor rotational speeds VRA1 and
VRA2 are equal to 0, e.g. if the first and second rotating
magnetic fields are generated in a state in which the A1 and/or
A2 rotors 221 and 223 are caused to rotate by inputting power
thereto, the aforementioned general formula (1) holds
between the first magnetic field rotational speed VMF1 and
the A1 and A2 rotor rotational speeds VRA1 and VRA2 as it
is and the speed relationship between the three is expressed as
shown in FIG. 32(c).

Further, ifthe A2 rotor 223 is rotated by input of power, and
the first magnetic field rotational speed VMF1 is controlled to
0, the power (energy) input to the A2 rotor 223 is not trans-
mitted to the third stator 222, but is all transmitted to the Al
rotor 221 via the magnetic forces caused by the first and
second magnetic force lines G1 and G2. Similarly, by causing
the Al rotor 221 to rotate by input of power, and the first
magnetic field rotational speed VMF1 is controlled to 0, the
power (energy) input to the Al rotor 221 is not transmitted to
the third stator 222 but is all transmitted to the A2 rotor 223
via the magnetic forces caused by the first and second mag-
netic force lines G1 and G2.

Further, the relationship between the first magnetic field
rotational speed VMF1 and the A1 and A2 rotor rotational
speeds VRA1 and VRA2 is expressed as VRA1=VRA2x2 by
setting VMF1=0 in the aforementioned equation (1), and is
expressed as shown in FIG. 32(d). Further, between the Al
and A2 rotor transmission torques TRA1 and TRA2, there
holds the following equation (4):

TRA1=TRA2/2 )

Further, in the third generator-motor 220, even in the case
of electric power being not supplied to the third stator 222,
induced electric motive force is generated in the armatures
222a to generate electric power, if with respect to the arma-
tures 222a, the permanent magnets 221a are rotated by input
ofpower to the Al rotor 221 or the first and second cores 223a
and 2335 are rotated by input of power to the A2 rotor 223. If
the first and second magnetic rotating fields are generated
along with this electric power generation, the aforementioned
equation (1) holds.

Further, between the first magnetic field rotational speed
VMEF1 and the Al and A2 rotor rotational speeds VRA1 and
VRA2, the relationship as expressed by the aforementioned
equations (1) and (1') and FIGS. 32(a) to 32(d) is always
satisfied, and the speed relationship between the three corre-
sponds to the speed relationship between one and the other of
the ring gear and sun gear of the planetary gear unit, and the
carrier supporting the planetary gears. Further, such a speed
relationship is obtained not only during the supply of electric
power to the third stator 222, but also during the generation of
electric power, and hence the third generator-motor 220 can
be regarded as a planetary gear unit which inputs and outputs
torque by the A1 and A2 rotors 221 and 223 and inputs and
outputs electric power by the third stator 222.

Further, if power is supplied to the Al rotor 221 and at the
same time electric power is supplied to the third stator 222,
when the directions of the rotations ofthe Al rotor 221, the A2
rotor 223, and the first and second rotating magnetic fields are
identical to each other, the first driving equivalent torque
TSE1 output from the third stator 222 and the A1 rotor trans-
mission torque TRA1 input to the Al rotor 21 are combined
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by the first and second magnetic force lines G1 and G2, that is,
magnetic circuits, and transmitted to the A2 rotor 223 as the
A2 rotor transmission torque TRA2. That is, between the first
driving equivalent torque TSE1 and the Al and A2 rotor
transmission torques TRA1 and TRA2, there holds the fol-
lowing equation (5):

TRA2=TSE1+TRA1 )

However, in this case, as shown in the aforementioned
equation (1", the difference between the first magnetic field
rotational speed VMF1 and the A2 rotor rotational speed
VRA2 and the difference between the A2 rotor rotational
speed VRA2 and the Al rotor rotational speed VRAL1 are
equal to each other, and hence the torque combining ratio
between the first driving equivalent torque TSE1 and the Al
rotor transmission torque TRA1 is 1:1. Therefore, the energy
combining ratio (between power and electric power) is equal
to the ratio between the Al rotor rotational speed VRA1 and
the first magnetic field rotational speed VMF1.

Further, if power is input to the A2 rotor 223 and at the same
time, the electric power generation is performed by the third
stator 222 using the power, when the directions of the rota-
tions of the A1 rotor 221, the A2 rotor 223, and the first and
second rotating magnetic fields are identical to each other,
assuming that torque equivalent to the electric power gener-
ated by the third stator 222 and the first magnetic field rota-
tional speed VMF1 is first power-generating equivalent
torque TGE1, between the first power-generating equivalent
torque TGE1 and the Al and A2 rotor transmission torques
TRA1 and TRAZ2, there holds the following equation (6):

TRA2=TGE1+TRA1 (6

In this case, as is clear from the equation (6), the A2 rotor
transmission torque TRA2 is divided by the first and second
magnetic force lines G1 and G2, that is, the magnetic circuits
and is output as the first power-generating equivalent torque
TGE1 and the A1 rotor transmission torque TRA1. Further, as
shown in the aforementioned equation (1'), the difference
between the first magnetic field rotational speed VMF1 and
the A2 rotor rotational speed VRA2 and the difference
between the A2 rotor rotational speed VRA2 and the A1 rotor
rotational speed VRA1 are equal to each other, and hence the
torque distribution ratio in this case is 1:1. Accordingly, the
energy distribution ratio (between power and electric power)
is equal to the ratio between the Al rotor rotational speed
VRAL and the first magnetic field rotational speed VMF1.

Through the control of the 1st-PDU 61, the ECU 2 controls
the electric power supplied to the third stator 222 and the first
magnetic field rotational speed VMF1 of the first and second
rotating magnetic fields generated by the supply of electric
power. Further, through the control of the 1st-PDU 61, the
ECU 2 controls the electric power generated by the third
stator 222 and the first magnetic field rotational speed VMF1
of the first and second rotating magnetic fields generated by
the electric power generation.

The fourth generator-motor 230 is comprised of a B1 rotor
231 (fourth element), a fourth stator 232 disposed in a manner
opposed to the B rotor 231, and a B2 rotor 233 (fifth element)
disposed between the two 231 and 232 at predetermined
spaced intervals. The fourth stator 232 and the B1 and B2
rotors 231 and 233 are configured similarly to the third stator
222 and the A1 and A2 rotors 221 and 223 of the aforemen-
tioned third generator-motor 220, respectively, and hence
detailed descriptions thereof is omitted. Further, the fourth
stator 232 is electrically connected to the battery 63 and the
ECU 2 via the 2nd-PDU 62.
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Furthermore, the fourth generator-motor 230 has the same
function as that of the third generator-motor 220 and can be
regarded as a planetary gear unit which inputs and outputs
torque by the B1 and B2 rotors 231 and 233 and inputs and
outputs electric power by the fourth stator 232. Further,
assuming that the rotational speed of the first and second
rotating magnetic fields generated by the fourth stator 232 is
a second magnetic field rotational speed VMF2, and the rota-
tional speeds of the B1 and B2 rotors 231 and 233 are B1 and
B2 rotor rotational speeds VRB1 and VRB2, respectively, the
relationship as expressed by the aforementioned equations
(1), (1", and FIGS. 32(a) to 32(d) always holds between the
rotational speeds VMF2, VRB1 and VRB2, both during the
supply of electric power to the fourth stator 232 and during
the generation of electric power. Therefore, there hold the
following equations (7) and (7"):

VRB2=(VMF2+VRB1)/2 )

VMF2-VRB2=VRB2-VRB1 7

It should be noted that in the present embodiment, the
second magnetic field rotational speed VMF2 corresponds to
the rotational speed of the sixth element as claimed in claim 1.

Further, let it be assumed that torques transmitted to the B1
and B2 rotors 231 and 233 are the B1 and B2 rotor transmis-
sion torques TRB1 and TRB2, respectively, torque equivalent
to the electric power supplied to the fourth stator 232 and the
second magnetic field rotational speed VMF2 is second driv-
ing equivalent torque TSE2, and torque equivalent to the
electric power generated by the fourth stator 232 and the
second magnetic field rotational speed VMF2 is second
power-generating equivalent torque TGE2. In this case, the
relationship as expressed by the aforementioned equations
(2) to (6) always holds between the torques TRB1, TRB2,
TSE2 and TGE2, and therefore, there hold the following
equations (8) to (12):

TRB2=TSE2x2(provided VRB1=0, VRB2=VMF2/2) ®)

TRB1=TSE2(provided VRB2=0, VRB1=- VMF2) ©)

TRB1=TRB2/2(provided VMF2=0, VRB1=VRB2x2) (10)

TRB2=TSE2+TRB1(provided ISE2=TRB1, VRB2=

(VMF2+VRB1)/2) an

TRB2=TGE2+TRB1(provided TGE2=TRB1, VRB2=
(VMF2+VRB1)/2)

Furthermore, as shown in FIG. 23, the B1 rotor 231 is
connected to the first main shaft 4, and the B2 rotor 233 is
connected to the connection shaft 6 and the second main shaft
7. With the above arrangement, the crankshaft 3a of the
engine 3, the A2 rotor 223 of the third generator-motor 220
and the B1 rotor 231 of the fourth generator-motor 230 are
mechanically connected to each other via the first main shaft
4. Further, the A1 rotor 221 of the third generator-motor 220
and the B2 rotor 233 of the fourth generator-motor 230 are
mechanically connected to each other via the connection
shaft 6, and the B2 rotor 233 and the drive wheels DW and
DW are mechanically connected to each other via the second
main shaft 7 and so forth. That is, the Al rotor 221 and the B2
rotor 233 are mechanically connected to the drive wheels DW
and DW.

Through the control of the 2nd-PDU 62, the ECU 2 controls
the electric power supplied to the fourth stator 232 and the
second magnetic field rotational speed VMF2 of the first and
second rotating magnetic fields generated by the fourth stator
232 in accordance with the supply of electric power. Further,

(12)
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through the control of the 2nd-PDU 62, the ECU 2 controls
the electric power generated by the fourth stator 232 and the
second magnetic field rotational speed VMF2 of the first and
second rotating magnetic fields generated by the fourth stator
232 in accordance with the electric power generation.

Further, as shown in FIG. 24, an A1 rotational angle sensor
79 and an A2 rotational angle sensor 80 detect the rotational
angle positions of the respective A1 and A2 rotors 221 and
223 and deliver signals indicative of the sensed rotational
angle positions to the ECU 2. The ECU 2 calculates the Al
and A2 rotor rotational speeds VRA1 and VRA2 based on the
detected rotational angle positions of the A1 and A2 rotors
221 and 223.

Further, a B1 rotational angle sensor 81 and a B2 rotational
angle sensor 82 deliver signals indicative of the rotational
angle positions of the respective B1 and B2 rotors 231 and
233 to the ECU 2. The ECU 2 calculates the B1 and B2 rotor
rotational speeds VRB1 and VRB2 based on the detected
rotational angle positions of the B1 and B2 rotors 231 and
233.

Next, the control by the ECU 2 at the start or during
traveling of the vehicle will be described. First, a description
will be given of the control during the aforementioned EV
creep operation and EV standing start of the vehicle. During
the EV creep operation, basically, the engine 3 is stopped and
only the fourth generator-motor 230 is used as a power source
of the vehicle. More specifically, electric power is supplied
from the battery 63 to the fourth stator 232 of the fourth
generator-motor 230, whereby the first and second rotating
magnetic fields generated in the fourth stator 232 are caused
to perform normal rotation. Further, by using power transmit-
ted to the Al rotor 221 of the third generator-motor 220, as
described hereinafter, electric power generation is performed
by the third stator 222 to supply the generated electric power
to the fourth stator 232.

FIG. 35 shows how torque is transmitted during the above-
described EV creep operation of the vehicle, and FIG. 36
shows a speed diagram representing the relationship between
the first and second magnetic field rotational speeds VMF1
and VMF2 and so forth during the EV creep operation. Fur-
ther, although in the third and fourth stators 222 and 232,
actually, torque is transmitted in the form of electric energy, in
FIG. 35 and other figures, referred to hereinafter, showing the
states of transmission of torque, the input and output of
energy to and from the third and fourth stators 222 and 232 are
indicated by flows of torque which are hatched, for conve-
nience.

As shown in FIG. 35, during the EV creep operation, as
electric power is supplied to the fourth stator 232, torque that
acts on the B2 rotor 233 so as to cause the B2 rotor 233 to
perform normal rotation is transmitted from the fourth stator
232 to the B2 rotor 233, and as indicated by arrows G, torque
that acts on the B1 rotor 231 so as to cause the Bl rotor 231 to
perform reverse rotation is transmitted to the B1 rotor 231.
Further, part of the torque transmitted to the B2 rotor 233 is
transmitted to the drive wheels DW and DW via the second
main shaft 7, the differential gear mechanism 9, and so forth,
whereby the drive wheels DW and DW perform normal rota-
tion.

Furthermore, during the EV creep operation, the remainder
of' the torque transmitted to the B2 rotor 233 is transmitted to
the Al rotor 221 via the connection shaft 6, and then is
transmitted to the third stator 222 as the first power-generat-
ing equivalent torque TGE1 along with the electric power
generation by the third stator 222. Further, as shown in FIG.
36, the first and second rotating magnetic fields generated by
the electric power generation in the third stator 222 perform
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reverse rotation. As a result, as indicated by arrows H in FIG.
35, along with the electric power generation by the third stator
222, torque dependent on the amount of generated electric
power is transmitted from the third stator 222 to the A2 rotor
223. This torque acts on the A2 rotor 223 to cause the A2 rotor
223 to perform normal rotation. Further, the torque transmit-
ted to the A1 rotor 221 is further transmitted to the A2 rotor
223 (as indicated by arrows 1) such that it is balanced with the
torque transmitted from the third stator 222 to the A2 rotor
223, and these torques are combined at the torque combining
ratio of 1:1.

In this case, the electric power supplied to the fourth stator
232 and the electric power generated by the third stator 222
are controlled such that the above-mentioned torque indi-
cated by the arrows G, for causing the B1 rotor 231 to perform
reverse rotation, and the torques indicated by the arrows H
and I, for causing the A2 rotor 223 to perform normal rotation
are balanced with each other, whereby the A2 rotor 223, the
B1 rotor 231 and the crankshaft 3a, which are connected to
each other, are held at rest. As a consequence, as shown in
FIG. 36, during the EV creep operation, the A2 and B1 rotor
rotational speeds VRA2 and VRB1 become equal to 0, and the
engine speed NE as well become equal to O.

Further, during the EV creep operation, the electric power
supplied to the fourth stator 232, the electric power generated
by the third stator 222, and the first and second magnetic field
rotational speeds VMF1 and VMF2 are controlled such that
the speed relationships expressed by the aforementioned
equations (1) and (7) are maintained and at the same time, the
A1 and B2 rotor rotational speeds VRA1 and VRB2 become
very small (see FIG. 36). From the above, the creep operation
with a very low vehicle speed VP is carried out. As described
above, it is possible to perform the creep operation using the
driving force of the fourth generator-motor 230 in a state in
which the engine 3 is stopped.

The control at the EV standing start of the vehicle is carried
out, subsequent to the above-described EV creep operation,
as follows: The electric power supplied to the fourth stator
232 and the electric power generated by the third stator 222
are both increased. Further, while the relationships between
the rotational speeds expressed by the aforementioned equa-
tions (1) and (7) are maintained and at the same time, the A2
and B1 rotor rotational speeds VRA2 and VRBI, that is, the
engine speed NE is held at 0, the first magnetic field rotational
speed VMF1 of the first and second rotating magnetic fields
generated by the third stator 222 that has been performing
reverse rotation during the EV creep operation, and the sec-
ond magnetic field rotational speed VMF2 of the first and
second rotating magnetic fields generated by the fourth stator
232 that has been performing normal rotation during the EV
creep operation are increased in the same rotation directions
as they have been. From the above, as indicated by thick solid
lines in FIG. 37, the A1 and B2 rotor rotational speeds VRA1
and VRB2, that is, the vehicle speed VP is increased from the
state of the EV creep operation, indicated by broken lines in
FIG. 37, causing the vehicle to start.

Further, subsequent to the above-described EV standing
start, the aforementioned ENG start during EV traveling is
performed as follows. While holding the A1 and B2 rotor
rotational speeds VRA1 and VRB2, that is, the vehicle speed
VP at the value assumed then, the first magnetic field rota-
tional speed VMF1 of the first and second rotating magnetic
fields generated by the third stator 222 that has been perform-
ing reverse rotation during the EV standing start, as described
above, is controlled to 0, and the second magnetic field rota-
tional speed VMF2 of the first and second rotating magnetic
fields generated by the fourth stator 232 that has been per-
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forming normal rotation during the EV standing start, is con-
trolled such that it is decreased. Then, after the first magnetic
field rotational speed VMF1 becomes equal to 0, electric
power is supplied from the battery 63 not only to the fourth
stator 232 but also to the third stator 222, whereby the firstand
second rotating magnetic fields generated by the third stator
222 are caused to perform normal rotation, and the first mag-
netic field rotational speed VMF1 is caused to be increased.

FIG. 38 shows how torque is transmitted in a state in which
at the time of the ENG start during EV traveling, electric
power has been supplied to the third and fourth stators 222
and 232, as described above. As described above using the
aforementioned equation (11), when electric power is sup-
plied to the fourth stator 232 in a state in which power is input
to the B1 rotor 231, the second driving equivalent torque
TSE2 and the B1 rotor transmission torque TRB1 are com-
bined at the torque combining ratio of 1:1, and transmitted to
the B2 rotor 233 as the B2 rotor transmission torque TRB2.
Therefore, as shown in FIG. 38, as the supply of electric
power to the fourth stator 232 as mentioned above causes the
second driving equivalent torque TSE2 to be transmitted to
the B2 rotor 233, torque transmitted to the B1 rotor 231, as
will be described hereinafter, is transmitted to the B2 rotor
233. Further, part of the torque transmitted to the B2 rotor 233
is transmitted to the Al rotor 221 via the connection shaft 6,
and the remainder thereof is transmitted to the drive wheels
DW and DW e.g. via the second main shaft 7.

Furthermore, as described above using the aforementioned
equation (5), when electric power is supplied to the third
stator 222 in a state in which power is input to the Al rotor
221, the first driving equivalent torque TSE1 and the A1 rotor
transmission torque TRA1 are combined at the torque com-
bining ratio of 1:1, and transmitted to the A2 rotor 223 as the
A2 rotor transmission torque TRA2. Therefore, as shown in
FIG. 38, at the time of the ENG start during EV traveling,
electric power is supplied from the battery 63 to the third
stator 222, whereby as the first driving equivalent torque
TSE1 is transmitted to the A2 rotor 223, the torque transmit-
ted to the A1 rotor 221 as described above is transmitted to the
A2 rotor 223.

Further, at the time of the ENG start during EV traveling,
part of the torque transmitted to the A2 rotor 223 is transmit-
ted to the B1 rotor 231 via the first main shaft 4, and the
remainder thereof is transmitted to the crankshaft 3a via the
first main shaft 4 and the flywheel 5, whereby the crankshaft
3a performs normal rotation. Furthermore, in this case, the
electric power supplied to the third and fourth stators 222 and
232 is controlled such that sufficient power is transmitted to
the drive wheels DW and DW and the engine 3.

From the above, as indicated by thick solid lines in FIG. 39,
at the time of the ENG start during EV traveling, while the
vehicle speed VP is held at the value assumed then, the A2 and
B1 rotor rotational speeds VRA2 and VRB1 are increased
from a state in which they are equal to 0, indicated by broken
lines, and the rotational speed of the crankshaft 3a connected
to the A2 and B1 rotors 223 and 231, that is, the engine speed
NE is also increased. In this state, the ignition operation of the
fuel injection valves and the spark plugs of the engine 3 is
controlled, whereby the engine 3 is started. Further, in this
case, by controlling the first and second magnetic field rota-
tional speeds VMF1 and VMF2, the engine speed NE is
controlled to a relatively small value suitable for starting the
engine 3.

Next, a description will be given of the control during
traveling of the vehicle after the ENG start during EV travel-
ing. During traveling of the vehicle, similarly to the first
embodiment described above, the engine power WENG is
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basically controlled such that the optimum fuel economy can
be obtained within a range within which the demanded torque
PMCMD canbe generated, and operation in the battery input/
output zero mode is carried out. In the second embodiment, in
the battery input/output zero mode, by using the engine power
WENG transmitted to the A2 rotor 223, electric power gen-
eration is performed by the third stator 222 to supply gener-
ated electric power to the fourth stator 232 without charging
it into the battery 63. FIG. 40 shows how torque is transmitted
in the battery input/output zero mode.

As described hereinabove using the equation (6), during
the generation of electric power using power input to the A2
rotor 223, the third generator-motor 220 divides the A2 rotor
transmission torque TRA2 at a torque distribution ratio of 1:1
and outputs the divided torque as the first power-generating
equivalent torque TGE1 and the A1 rotor transmission torque
TRAT1. Therefore, as shown in FIG. 40, as part of the engine
torque TENG is transmitted to the third stator 222 as the first
power-generating equivalent torque TGE1 via the A2 rotor
223, the engine torque TENG equal in magnitude to the first
power-generating equivalent torque TGE1 is transmitted also
to the A1 rotor 221 via the A2 rotor 223. That is, part of the
engine torque TENG is transmitted to the A2 rotor 223, and
the engine torque TENG transmitted to the A2 rotor 223 is
distributed to the third stator 222 and the A1l rotor 221 at the
torque distribution ratio of 1:1. Further, the remainder of the
engine torque TENG is transmitted to the B1 rotor 231 via the
first main shaft 4.

Further, similarly to the above-described case of the start of
the engine 3, the second driving equivalent torque TSE2 and
the B1 rotor transmission torque TRB1 are combined at the
torque combining ratio of 1:1, and the combined torque is
transmitted to the B2 rotor 233 as the B2 rotor transmission
torque TRB2. Therefore, in the battery input/output zero
mode, the electric power generated by the third stator 222 as
described above is supplied to the fourth stator 232, whereby
as the second driving equivalent torque TSE2 is transmitted to
the B2 rotor 233, the engine torque TENG transmitted to the
B1 rotor 231 as described above is transmitted to the B2 rotor
233. Further, the engine torque TENG distributed to the Al
rotor 221 along with the electric power generation as
described above is further transmitted to the B2 rotor 233 via
the connection shaft 6.

As described above, combined torque formed by combin-
ing the engine torque TENG distributed to the A1 rotor 221,
the second driving equivalent torque TSE2 and the engine
torque TENG transmitted to the B1 rotor 231 is transmitted to
the B2 rotor 233. Further, this combined torque is transmitted
to the drive wheels DW and DW e.g. viathe second main shaft
7.As aconsequence, if there is no transmission loss caused by
the gears, in the battery input/output zero mode, power equal
in magnitude to the engine power WENG is transmitted to the
drive wheels DW and DW. Furthermore, differently from the
aforementioned conventional case, the engine power WENG
is transmitted to the drive wheels DW and DW without being
recirculated.

Furthermore, in the battery input/output zero mode, the
engine power WENG is transmitted to the drive wheels DW
and DW while having the speed thereof steplessly changed
through the control of the first and second magnetic field
rotational speeds VMF1 and VMF2. In short, the third and
fourth generator-motors 220 and 230 function as a stepless
transmission.

More specifically, as indicated by broken lines in FIG. 41,
while maintaining the speed relationships expressed by the
aforementioned equations (1) and (7), by increasing the first
magnetic field rotational speed VMF1 and decreasing the
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second magnetic field rotational speed VMF2 with respect to
the A2 and B1 rotor rotational speeds VRA2 and VRBI1, that
is, the engine speed NE, it is possible to steplessly decrease
the Al and B2 rotor rotational speeds VRA1 and VRB2, that
is, the vehicle speed VP. Inversely, as indicated by one-dot
chain lines in FIG. 41, by decreasing the first magnetic field
rotational speed VMF1 and increasing the second magnetic
field rotational speed VMF2 with respect to the A2 and B1
rotor rotational speeds VRA2 and VRBI, it is possible to
steplessly increase the vehicle speed VP. Further, in this case,
the first and second magnetic field rotational speeds VMF1
and VMF2 are controlled such that the engine speed NE
becomes equal to the above-mentioned target engine speed
NECMD.

As described hereinabove, in the battery input/output zero
mode, the engine power WENG is once divided by the third
and fourth generator-motors 220 and 230, and is transmitted
to the B2 rotor 233 via the next fifth to seventh transmission
paths. Then, the divided engine power WENG is combined by
the B2 rotor 233 and then is transmitted to the drive wheels
DW and DW.

Fifth transmission path: A2 rotor 223—smagnetic
circuits—A1 rotor 221—connection shaft 6—B2 rotor 233

Sixth transmission path: B1 rotor 231-smagnetic
circuits—B2 rotor 233

Seventh transmission path: A2 rotor 223—smagnetic
circuits—third  stator = 222—1st-PDU  61—2nd-PDU
62—fourth stator 232—magnetic circuits—B2 rotor 233

In the above fifth and sixth transmission paths, the engine
power WENG is transmitted to the drive wheels DW and DW
by so-called magnetic paths through the magnetic circuits
without being converted to electric power. Further, in the
above-described seventh transmission path, the engine power
WENG is once converted to electric power, and is then con-
verted back into power again so as to be transmitted to the
drive wheels DW and DW by the so-called electrical paths.

Further, in the battery input/output zero mode, the electric
power generated by the third stator 222 and the first and
second magnetic field rotational speeds VMF1 and VMF?2 are
controlled such that the speed relationships expressed by the
aforementioned equations (1) and (7) are maintained. Further,
the electric power generated by the third stator 222 is more
specifically controlled as follows:

In the battery input/output zero mode, the relationship
between the engine power WENG and the engine power
WENG transmitted to the drive wheels DW and DW via the
above-described electrical paths (hereinafter referred to as
“the electrical path power WP'™) is represented as follows:
The engine power WENG is represented by the product of the
engine torque TENG and the engine speed NE. Further, in the
battery input/output zero mode, all the electric power gener-
ated by the third stator 222 is supplied to the fourth stator 232,
so that the electrical path power WP' is equal to the product of
the electric power generated by the third stator 222, that is, the
first power-generating equivalent torque TGE1 and the first
magnetic field rotational speed VMF1. Therefore, the ratio
between the electrical path power WP' and the engine power
WENG is expressed by the following equation (13):

WP/WENG=(TGE1xVMF1)/(TENGxNE) 13)

Further, as described above, since part of the engine torque
TENG is transmitted to the A2 rotor 223, and the remainder
thereof is transmitted to the B1 rotor 231, the sum of the A2
rotor transmission torque TRA2 and the B1 rotor transmis-
sion torque TRB1 is equal to the engine torque TENG. There-
fore, there holds the following equation (14):

TENG=TRA2+TRB1 (14)
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Furthermore, in this case, the aforementioned equation (6),
that is, TRA2=TGE1+TRA1 holds, and the torque distribu-
tion ratio is 1:1, that is, TGE1=TRA1 holds, and hence there
holds the following equation (15):

TRA2=TGE1x2 (15)

Further, as described above, since the torque combining
ratio between the B1 rotor transmission torque TRB1 and the
second driving equivalent torque TSE2 is 1:1, there holds the
following equation (16):

TRB1=TSE2 (16)

Ifthe equations (15) and (16) are substituted into the equa-
tion (14), there is obtained the following equation (17):

TENG=2xTGE1+TSE2 [eW)]

Furthermore, in the aforementioned equation (1), since the
A2 rotor 223 is connected to the engine 3, the second rotor
rotational speed VRA2 is equal to the engine speed NE and
therefore, there holds the following equation (18):

NE=(VMF1+VRA1)/2 (18)

Further, since the B2 rotor 233 and the A1l rotor 221 are
directly connected to each other, the B2 rotor rotational speed
VRB2 and the A1 rotor rotational speed VRA1 are equal to
each other, and since the B1 rotor 231 is directly connected to
the crankshaft 3a, the B1 rotor rotational speed VRB1 and the
engine speed NE are equal to each other. Therefore, the afore-
mentioned equation (7) can be represented by the following
equation (19):

VRA1=(VMF2+NE)/2

Furthermore, if the equation (19) is substituted into the
equation (18), there is obtained the following equation (20):

(19)

NE=(2xVMF1+VMF2)/3

Further, if the equations (17) and (20) are substituted into
the equation (13), there is obtained the following equation
(21):

WP'/WENG=(TGE1x VMF1)/{(2x TGE1+TSE2)x(2x
VMF1+VMF2)/3}

(20)

@n

Further, in this case, since the electric power generated by
the third stator 222 and the electric power supplied to the
fourth stator 232 are equal to each other, there holds the
following equation (22):

ISE2=(VMF1xTGE1)/VMF?2

If the equation (22) is substituted into the equation (21),
there is obtained the following equation (23). More specifi-
cally, in the battery input/output zero mode, the ratio between
the electrical path power WP' and the engine power WENG is
expressed by the equation (23):

22

WP/WENG=3/{(2+VMF1/VMF2)x(2+VMF2/
VMF1)}

provided VMF1>0 and VMF2>0 therein.

As described heretofore, the electrical path power WP' is
equal to the electric power generated by the third stator 222.
Therefore, the electric power generated by the third stator 222
is controlled based on the equation (23) to WENGx3/{(2+
VMF1/VMFPF2)x(2+VMF2/VMF1)}.

Further, as is clear from the equation (23), the ratio
between the electrical path power WP' and the engine power
WENG is maximized when the first and second magnetic
field rotational speeds VMF1 and VMF2 are equal to each
other, giving WP/WENG='4.

As described above, it is possible to reduce the engine
power WENG transmitted by an electrical path via the afore-

(23)
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mentioned seventh transmission path having a low transmis-
sion efficiency to V5 or less thereof. In other words, %5 or more
of the engine power WENG, that is, most of it can be trans-
mitted to the drive wheels DW and DW by magnetic paths via
the aforementioned fifth and sixth transmission paths having
a high transmission efficiency. Further, the torque distribution
ratio between the first power-generating equivalent torque
TGE1 and the A1 rotor transmission torque TRA1 is 1:1, and
the torque combining ratio between the B1 rotor transmission
torque TRB1 and the second driving equivalent torque TSE2
is 1:1, so that if the first and second magnetic field rotational
speeds VMF1 and VMF2 are equal to each other, and the
speed of the engine power WENG is not changed, the engine
torque TENG is divided into three equal parts, and is trans-
mitted to the drive wheels DW and DW via the fifth to seventh
transmission paths.

On the other hand, during traveling of the vehicle, if the
above-described conditions (a) and (b) are both satisfied (de-
manded torque PMCMD>first predetermined value PM1 and
at the same time remaining capacity SOC>lower limit value
SOCL), similarly to the first embodiment, the operation in the
assist mode is performed. In the assist mode, the engine 3 is
assisted by the fourth generator-motor 230.

More specifically, similarly to the battery input/output zero
mode, electric power is generated by the third stator 222 using
the engine power WENG transmitted to the A2 rotor 223.
Further, in this case, differently from the battery input/output
zero mode, as shown in FIG. 42, electric power charged in the
battery 63 is supplied to the fourth stator 232 in addition to the
electric power generated by the third stator 222. Therefore,
the second driving equivalent torque TSE2 based on the sum
of'the electric power generated by the third stator 222 and the
electric power supplied from the battery 63 is transmitted to
the B2 rotor 233. Further, similarly to the battery input/output
zero mode, the second driving equivalent torque TSE2, the
engine torque TENG distributed to the Al rotor 221 along
with the electric power generation and the engine torque
TENG transmitted to the B1 rotor 231 are combined by the B2
rotor 233, and the combined torque is transmitted to the drive
wheels DW and DW. As a result, assuming that there is no
transmission loss caused by the gears or the like, in the assist
mode, the power transmitted to the drive wheels DW and DW
becomes equal to the sum of the engine power WENG and the
electric power (energy) supplied from the battery 63.

Further, in the assist mode, the electric power generated by
the third stator 222, the electric power supplied from the
battery 63 to the fourth stator 232, and the first and second
magnetic field rotational speeds VMF1 and VMF2 are con-
trolled such that the speed relationships expressed by the
aforementioned equations (1) and (7) are maintained. More
specifically, the electric power generated by the third stator
222 and the electric power supplied from the battery 63 are
controlled as follows:

FIG. 56 schematically shows an example of the relation-
ship between the engine torque TENG, the demanded torque
PMCMD, and so forth, obtained in the assist mode. In FIG.
56, broken lines with arrows indicate states in the battery
input/output zero mode before the assist mode, and it is
assumed that the engine torque TENG, the demanded torque
PMCMD, the first power-generating equivalent torque TGE1
and the second driving equivalent torque TSE2 are balanced
with each other in the states. From the states, as indicated by
solid lines with arrows in FIG. 56, when the demanded torque
PMCMD is increased to switch the operation mode to the
assist mode, the following control is carried out so as to
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supplement the aforementioned insufficient torque TA (insuf-
ficient amount of the engine torque TENG with respect to the
demanded torque PMCMD).

In this case, as described hereinabove, the torque distribu-
tion ratio and the torque combining ratio in the third and
fourth generator-motors 220 and 230 are 1:1, and hence to
maintain the speed relationships expressed by the aforemen-
tioned equations (1) and (7), it is necessary to supplement 4
of'the insufficient torque TA by the third generator-motor 220,
and %4 of the insufficient torque TA by the fourth generator-
motor 230. Further, since the first power-generating equiva-
lent torque TGE1 acts on the engine torque TENG as negative
torque, the electric power generated by the third stator 222 is
controlled such that the first power-generating equivalent
torque TGE1 becomes equal to the difference between the
first power-generating equivalent torque TGE1 in the battery
input/output zero mode and the 4 of the insufficient torque
TA (TGE1-TA/3). As a consequence, the electric power sup-
plied from the third stator 222 to the fourth stator 232 is
reduced. Further, the electric power supplied from the battery
63 to the fourth stator 232 is controlled to a value obtained by
converting the insufficient torque TA and the vehicle speed
VP into electric energy. From the above, the total electric
power supplied from the third stator 222 and the battery 63 to
the fourth stator 232 is controlled such that the second driving
equivalent torque TSE2 becomes equal to the sum of the
second driving equivalent torque TSE2 in the battery input/
output zero mode and the %4 of the insufficient torque TA
(TSE2+TAx?4).

It should be noted that although the above-described
example is an example of a case in which the 15 of the
insufficient torque TA to be supplemented is small with
respect to the first power-generating equivalent torque TGE1
in the battery input/output zero mode, if the V5 of the insuffi-
cient torque TA is larger, the electric power is supplied from
the battery 63 not only to the fourth stator 232 but also to the
third stator 222.

As described above, similarly to the above-described first
embodiment, the operation in the assist mode is performed
when the vehicle demand power is large with respect to the
engine power WENG that will make it possible to obtain the
optimum fuel economy of the engine 3. Further, in the assist
mode, the engine power WENG is controlled such that the
optimum fuel economy of the engine 3 can be obtained, and
the insufficient amount of the engine power WENG with
respect to the vehicle demand power is made up for by supply
of electric power from the battery 63.

On the other hand, during traveling of the vehicle, if the
above-described conditions (c¢) and (d) are both satisfied (the
demanded torque PMCMD-<the second predetermined value
PM2 and at the same time the remaining capacity SOC<the
upper limit value SOCH), similarly to the first embodiment,
the operation in the drive-time charging mode is performed.
In the drive-time charging mode, part of the electric power
generated by the third stator 222 using the engine power
WENG, as described above, is charged into the battery 63,
and the remainder thereof is supplied to the fourth stator 232.

Referring to FIG. 43, in the drive-time charging mode,
differently from the aforementioned battery input/output zero
mode, electric power, which has a magnitude obtained by
subtracting the electric power charged into the battery 63
from the electric power generated by the third stator 222, is
supplied to the fourth stator 232, and the second driving
equivalent torque TSE2 based on the electric power having
the magnitude is transmitted to the B2 rotor 233. Further,
similarly to the battery input/output zero mode, the second
driving equivalent torque TSE2, the engine torque TENG



US 8,226,513 B2

79

distributed to the A1 rotor 221 along with the electric power
generation and the engine torque TENG transmitted to the B1
rotor 231 are combined by the B2 rotor 233, and the combined
torque is transmitted to the drive wheels DW and DW. As a
result, if there is no transmission loss caused by the gears, in
the drive-time charging mode, the power transmitted to the
drive wheels DW and DW has a magnitude obtained by sub-
tracting the electric power (energy) charged into the battery
63 from the engine power WENG.

Further, in the drive-time charging mode, the electric
power generated by the third stator 222, the electric power
charged into the battery 63 and the first and second magnetic
field rotational speeds VMF1 and VMF2 are controlled such
that the speed relationships expressed by the aforementioned
equations (1) and (7) are maintained. Furthermore, more spe-
cifically, the electric power generated by the third stator 222
and the electric power charged into the battery 63 are con-
trolled as follows:

FIG. 57 schematically shows an example of the relation-
ship between the engine torque TENG, the demanded torque
PMCMD, and so forth, obtained in the drive-time charging
mode. In the figure, broken lines with arrows indicate states in
the battery input/output zero mode before the drive-time
charging mode, and it is assumed that the engine torque
TENG, the demanded torque PMCMD, the first power-gen-
erating equivalent torque TGE1l and the second driving
equivalent torque TSE2 are balanced with each other in the
states. From the states, as indicated by solid lines with arrows
in FIG. 57, when the demanded torque PMCMD is decreased
to switch the operation mode to the drive-time charging
mode, the engine torque TENG becomes larger than the
demanded torque PMCMD.

In this case, as described hereinabove, the torque distribu-
tion ratio and the torque combining ratio in the third and
fourth generator-motors 220 and 230 are 1:1, and hence to
maintain the speed relationships expressed by the aforemen-
tioned equations (1) and (7), it is necessary to reduce torque
by an amount corresponding to %5 of the surplus torque TG
(the surplus amount of the value of TENG with respect to the
value of PMCMD) in the third generator-motor 220, and by
an amount corresponding to ¥4 of the surplus torque TG in the
fourth generator-motor 230. In this case, since the first power-
generating equivalent torque TGE1 acts on the engine torque
TENG as negative torque, the electric power generated by the
third stator 222 is controlled such that the first power-gener-
ating equivalent torque TGE1 becomes equal to the sum of the
first power-generating equivalent torque TGE1 in the battery
input/output zero mode and the %5 of the surplus torque TG
(TGE1+TGx34). Further, the electric power charged into the
battery 63 is controlled to a value obtained by converting the
surplus torque TG and the engine speed NE into electric
energy. From the above, the electric power supplied from the
third stator 222 to the fourth stator 232 is controlled such that
the second driving equivalent torque TSE2 becomes equal to
the difference between the second driving equivalent torque
TSE2 in the battery input/output zero mode and the ¥4 of the
surplus torque TG (TSE2-TG/3).

As described above, similarly to the above-described first
embodiment, the operation in the drive-time charging mode is
performed when the vehicle demand power is small with
respect to the engine power WENG that will make it possible
to obtain the optimum fuel economy of the engine 3. Further,
in the drive-time charging mode, the engine power WENG is
controlled such that the optimum fuel economy of the engine
3 can be obtained, and the surplus amount of the engine power
WENG with respect to the vehicle demand power is charged
into the battery 63 as electric power.

20

25

30

35

40

45

50

55

60

65

80

FIG. 44 shows a diagram showing the foot axis drive torque
TDRDW etc. expressed in ratios to the engine torque TENG,
assuming that the engine torque TENG is held constant and at
the same time the first and second magnetic field rotational
speeds VMF1 and VMF2 are equal to each other, in the
battery input/output zero mode, the assist mode and the drive-
time charging mode described above. Further, in FIG. 44, P1'
indicates torques in the battery input/output zero mode. It
should be noted that FIG. 44 does not reflect changes in the
torques due to shifting of the gears of the differential gear
mechanism 9, and this also applies to the following descrip-
tion.

Further, in FIG. 44, TSE' represents, in a case where all the
electric power generated by the third stator 222 using the
engine power WENG is supplied to the fourth stator 232,
torque equivalent to the supplied electric power and the sec-
ond magnetic field rotational speed VMF2 (hereinafter
referred to as “the supplied electric power equivalent
torque”™). In short, the supplied electric power equivalent
torque TSE' is equal to the first power-generating equivalent
torque TGEL.

As described above, basically, in any of the operation
modes, combined torque formed by combining the second
driving equivalent torque TSE2, the B1 rotor transmission
torque TRB1, and the A1 rotor transmission torque TRA1 is
transmitted to the drive wheels DW and DW via the B2 rotor
233, and therefore the foot axis drive torque TDRDW is equal
to the total sum of the torques TSE2, TRB1 and TRAL.
Further, since the torque combining ratio between the second
driving equivalent torque TSE2 and the B1 rotor transmission
torque TRB1 is 1:1, TSE2 and TRB1 are equal to each other.
Furthermore, since the A2 rotor 223 and the B1 rotor 231 are
connected to the engine 3, the sum of the A2 rotor transmis-
siontorque TRA2 and the B1 rotor transmission torque TRB1
is equal to the engine torque TENG, and as the value of TRA2
is larger, the value of TRB1 becomes smaller. Inversely, as the
value of TRB1 is larger, the value of TRA2 becomes smaller.

Further, as described hereinabove, in the battery input/
output zero mode, when the first and second magnetic field
rotational speeds VMF1 and VMF2 are equal to each other,
the engine torque TENG is divided into three equal parts, and
is transmitted to the drive wheels DW and DW via the fifth to
seventh transmission paths. Therefore, as indicated by P1' in
FIG. 44, the Al rotor transmission torque TRA1, the first
power-generating equivalent torque TGE1 and the B1 rotor
transmission torque TRB1 are equal to each other. Further-
more, in this case, all the electric power generated by the third
stator 222 is supplied to the fourth stator 232, so that the
second driving equivalent torque TSE2 is equal to the sup-
plied electric power equivalent torque TSE' and the first
power-generating equivalent torque TGE1.

Further, in FIG. 44, TOB' represents, in the assist mode,
torque equivalent to the electric power supplied from the
battery 63 to the fourth stator 232 and the second magnetic
field rotational speed VMF2 (hereinafter referred to as “the
battery output equivalent torque”™). As described hereinabove,
in the assist mode, not only the electric power generated by
the third stator 222 but also the electric power from the battery
63 are supplied to the fourth stator 232, and hence as shown in
FIG. 44, the second driving equivalent torque TSE2 becomes
equal to the sum of the supplied electric power equivalent
torque TSE' and the battery output equivalent torque TOB',
and as the battery output equivalent torque TOB' is larger, the
second driving equivalent torque TSE2 becomes larger. Fur-
thermore, as the battery output equivalent torque TOB' is
larger, the foot axis drive torque TDRDW becomes larger.
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Further, the torque combining ratio between the second
driving equivalent torque TSE2 and the B1 rotor transmission
torque TRB1 is 1:1, and hence as the second driving equiva-
lent torque TSE2 is larger, the B1 rotor transmission torque
TRBI1 becomes larger. Furthermore, as described above, as
the B1 rotor transmission torque TRB1 is larger, the A2 rotor
transmission torque TRA2 becomes smaller, so that the first
power-generating equivalent torque TGE1 distributed from
the A2 rotor transmission torque TRAZ2 is also smaller. From
the above, as the second driving equivalent torque TSE2 is
larger, and the battery output equivalent torque TOB' is larger,
the first power-generating equivalent torque TGE1 becomes
smaller, and the ratio of the supplied electric power equivalent
torque TSE' to the second driving equivalent torque TSE2
becomes smaller. That is, as the electric power supplied from
the battery 63 is larger, the engine power WENG transmitted
to the drive wheels DW and DW by the above-described
electrical paths becomes smaller, while the engine power
WENG transmitted to the drive wheels DW and DW by the
aforementioned magnetic paths becomes larger.

When the electric power generation is not performed by the
third stator 222 but the electric power supplied from the
battery 63 to the fourth stator 232 is controlled such that the
battery output equivalent torque TOB' becomes equal to the
engine torque TENG, it is possible to transmit the engine
power WENG to the drive wheels DW and DW only by the
magnetic paths without transmitting the same by the electri-
cal paths. In this case, as indicated by P2' in F1G. 44, all of the
A2 rotor transmission torque TRA2, the A1l rotor transmis-
sion torque TRAI1, the first power-generating equivalent
torque TGE1 and the supplied electric power equivalent
torque TSE' become equal to 0. Further, the B1 rotor trans-
mission torque TRB1 becomes equal to the engine torque
TENG, and the foot axis drive torque TDRDW becomes
equal to the sum of the engine torque TENG and the second
driving equivalent torque TSE2, i.e. the battery output equiva-
lent torque TOB'".

Further, in FIG. 44, TCB' represents torque equivalent to
the electric power charged into the battery 63 in the drive-time
charging mode, and the first magnetic field rotational speed
VMEF1 (hereinafter referred to as “the charging equivalent
torque”). As described hereinabove, in the drive-time charg-
ing mode, part of the electric power generated by the third
stator 222 is charged into the battery 63, and the remainder
thereof'is supplied to the fourth stator 232, so that as shown in
FIG. 44, the charging equivalent torque TCB' is equal to the
difference between the supplied electric power equivalent
torque TSE' and the second driving equivalent torque TSE2.
Furthermore, as the first power-generating equivalent torque
TGE1 is larger and the A2 rotor transmission torque TRA2 is
larger, both the B1 rotor transmission torque TRB1 and the
second driving equivalent torque TSE2 become smaller. Fur-
ther, as described above, as the first power-generating equiva-
lent torque TGEL1 is larger, the second driving equivalent
torque TSE2 becomes smaller, and hence the charging
equivalent torque TCB' becomes larger. Furthermore, as the
charging equivalent torque TCB' is larger, the foot axis drive
torque TDRDW becomes smaller.

Further, in FIG. 44, P3' indicates torques obtained in the
case where the electric power generated by the third stator
222 is controlled such that the first power-generating equiva-
lent torque TGE1 becomes equal to %2 of the engine torque
TENG, and all the generated electric power is charged into the
battery 63. In this case, as indicated by P3', the A2 rotor
transmission torque TRA2 becomes equal to the engine
torque TENG, and both the B1 rotor transmission torque
TRB1 and the second driving equivalent torque TSE2 become
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equal to 0. Furthermore, both the foot axis drive torque
TDRDW and the charging equivalent torque TCB' becomes
equal to 2 of the engine torque TENG. As described above, in
this case, the second driving equivalent torque TSE2 become
equal to 0, so that it is possible to transmit the engine power
WENG to the drive wheels DW and DW only by the magnetic
paths without transmitting the same by the electrical paths.

Next, a description will be given of the control during
decelerating traveling of the vehicle. During decelerating
traveling, when the ratio of the foot axis input torque trans-
mitted to the engine 3 to foot axis input torque which is the
torque of the drive wheels DW and DW is small, electric
power generation is performed by both the third and fourth
stators 222 and 232 using part of power from the drive wheels
DW and DW, and generated electric power is charged into the
battery 63. More specifically, this electric power generation is
performed by the third stator 222 using power transmitted, as
described hereinafter, to the A2 rotor 223, and is performed
by the fourth stator 232 using power transmitted, as described
hereinafter, to the B2 rotor 233.

FIG. 45 shows how torque is transmitted during the above-
mentioned decelerating traveling of the vehicle. As shown in
FIG. 45, combined torque formed by combining all the foot
axis input torque and torque distributed, as described herein-
after, to the Al rotor 221 is transmitted to the B2 rotor 233. As
described above using the aforementioned equation (12), in
the fourth generator-motor 230, during electric power gen-
eration using power input to the B2 rotor 233, the B2 rotor
transmission torque TRB2 is distributed to the fourth stator
232 and the B1 rotor 231 at the distribution ratio of 1:1 and
transmitted thereto as the second power-generating equiva-
lent torque TGE2 and the B1 rotor transmission torque TRB1.
Therefore, along with the electric power generation, the com-
bined torque transmitted to the B2 rotor 233 is distributed to
the fourth stator 232 and the B1 rotor 231 at the distribution
ratio of 1:1.

Further, part of the torque distributed to the B1 rotor 231 is
transmitted to the engine 3. Similarly to the case in the above-
mentioned battery input/output zero mode, as the electric
power is generated by the third stator 222, the remainder
thereof is transmitted to the A2 rotor 223 and then is distrib-
uted to the third stator 222 and the A1 rotor 221 at the distri-
bution ratio of 1:1. Further, the torque distributed to the Al
rotor 221 is transmitted to the B2 rotor 233. As aresult, if there
is no transmission loss caused by the gears, during the decel-
erating traveling of the vehicle, the sum of the power trans-
mitted to the engine 3 and the electric power (energy) charged
into the battery 63 becomes equal to the power from the drive
wheels DW and DW.

Further, the ENG start during stoppage of the vehicle, the
ENG creep operation and the ENG-based standing start are
performed as follows: First, a description will be given of the
ENG start during stoppage of the vehicle. At the ENG start
during stoppage of the vehicle, electric power is supplied
from the battery 63 to the third stator 222, and electric power
generation is performed by the fourth stator 232 using power
transmitted, as described hereinafter, to the B1 rotor 231, for
supplying the generated electric power to the third stator 222.

FIG. 46 shows how torque is transmitted at the above-
described ENG start during stoppage of the vehicle, and FIG.
47 shows a speed diagram at the time of the ENG start during
stoppage of the vehicle. As shown in FIG. 46, along with the
supply of'the electric power to the third stator 222, torque that
acts on the A2 rotor 223 to cause the A2 rotor 223 to perform
normal rotation is transmitted from the third stator 222 to the
A2 rotor 223, and as indicated by arrows J, torque that acts on
the A1 rotor 221 to cause the A1 rotor 221 to perform reverse
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rotation is transmitted from the third stator 222 to the A1 rotor
221. Further, part of the torque transmitted to the A2 rotor 223
is transmitted to the crankshaft 3a, whereby the crankshaft 3a
performs normal rotation.

Furthermore, at the ENG start during stoppage of the
vehicle, the remainder of the torque transmitted to the A2
rotor 223 is transmitted to the B1 rotor 231, and then is
transmitted to the fourth stator 232 as the second power-
generating equivalent torque TGE2 as the electric power is
generated by the fourth stator 232. Further, as indicated by
thick solid lines in FIG. 47, the first and second rotating
magnetic fields generated along with the electric power gen-
eration by the fourth stator 232 perform reverse rotation.
Therefore, as indicated by arrows K in FIG. 46, along with the
electric power generation by the fourth stator 232, torque
dependent on the amount of generated electric power is trans-
mitted from the fourth stator 232 to the B2 rotor 233. This
torque acts on the B2 rotor 233 to cause the B2 rotor 233 to
perform normal rotation. Further, the torque transmitted to
the B1 rotor 231 is further transmitted to the B2 rotor 233 (as
indicated by arrows L) such that it is balanced with the torque
transmitted from the fourth stator 232 to the B2 rotor 233, and
these torques are combined at the torque combining ratio of
1:1.

In this case, the electric power supplied to the third stator
222 and the electric power generated by the fourth stator 232
are controlled such that the above-described torque indicated
by the arrows J, for causing the Al rotor 221 to perform
reverse rotation, and the torques indicated by the arrows K
and L, for causing the B2 rotor 233 to perform normal rotation
are balanced with each other, whereby the A1 rotor 221, the
B2 rotor 233 and the drive wheels DW and DW, which are
connected to each other, are held at rest. As a consequence, as
shown in FIG. 47, the Al and B2 rotor rotational speeds
VRA1 and VRB2 become equal to 0, and the vehicle speed
VP as well become equal to 0.

Further, in this case, the electric power supplied to the third
stator 222, the electric power generated by the fourth stator
232 and the first and second magnetic field rotational speeds
VMEF1 and VMF?2 are controlled such that the speed relation-
ships expressed by the aforementioned equations (1) and (7)
are maintained and at the same time, the A2 and B1 rotor
rotational speeds VRA2 and VRB1 take relatively small val-
ues (see FIG. 47). From the above, at the ENG start during
stoppage of the vehicle, while holding the vehicle speed VP at
0, the engine speed NE is controlled to a relatively small value
suitable for the start of the engine 3. Further, in this state, the
ignition operation of the fuel injection valves and the spark
plugs of the engine 3 is controlled, whereby the engine 3 is
started.

The control during the ENG creep operation is performed
subsequent to the above-described ENG start during stoppage
of the vehicle, as follows. Electric power generation is per-
formed by the third stator 222 by using the engine power
WENG transmitted to the A2 rotor 223, and electric power
generation is performed by the fourth stator 232 by using the
engine power WENG transmitted to the B1 rotor 231. Further,
the electric power thus generated by the third and fourth
stators 222 and 232 is charged into the battery 63.

FIG. 48 shows how torque is transmitted during the above-
described ENG creep operation and FIG. 49 shows a speed
diagram during the ENG creep operation. As shown in FIG.
48, during the ENG creep operation, similarly to the case in
the above-mentioned battery input/output zero mode, along
with the electric power generation by the third stator 222, part
of'the engine torque TENG is transmitted to the A2 rotor 223,
and the engine torque TENG transmitted to the A2 rotor 223
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is distributed to the third stator 222 and the A1 rotor 221 at the
torque distribution ratio of 1:1.

Further, as shown in FIG. 49, the first and second rotating
magnetic fields generated along with the electric power gen-
eration by the fourth stator 232 perform reverse rotation.
Therefore, as shown in FIG. 48, along with the electric power
generation, similarly to the case of the above-described start
of'the engine 3, torque, which is dependent on the amount of
generated electric power and causes the B2 rotor 233 to
perform normal rotation, is transmitted from the fourth stator
232 to the B2 rotor 233. Further, the engine torque TENG
transmitted to the B1 rotor 231 is further transmitted to the B2
rotor 233 such that it is balanced with the torque causing the
B2 rotor 233 to perform normal rotation, and these torques are
combined at the torque combining ratio of 1:1. Furthermore,
the engine torque TENG distributed to the Al rotor 221, as
described above, is transmitted to the B2 rotor 233.

As described above, during the ENG creep operation, com-
bined torque formed by combining the engine torque TENG
distributed to the A1l rotor 221, the torque dependent on the
amount of the electric power generated by the fourth stator
232, and the engine torque TENG transmitted to the B1 rotor
231 is transmitted to the B2 rotor 233. Further, this combined
torque is transmitted to the drive wheels DW and DW, for
causing the drive wheels DW and DW to perform normal
rotation. Furthermore, the electric power generated by the
third and fourth stators 222 and 232, and the first and second
magnetic field rotational speeds VMF1 and VMF2 are con-
trolled such that the A1 and B2 rotor rotational speeds VRA1
and VRB2, that is, the vehicle speed VP becomes very small
(see FIG. 49), whereby the creep operation is carried out.

Further, during the ENG creep operation, as described
above, the engine torque TENG distributed to the Al rotor
221 along with the electric power generation by the third
stator 222, and the engine torque TENG transmitted to the B2
rotor 233 via the B1 rotor 231 along with the electric power
generation by the fourth stator 232 are transmitted to the drive
wheels DW and DW. That is, since part of the engine torque
TENG is transmitted to the drive wheels DW and DW, it is
possible to prevent the large reaction from the drive wheels
DW and DW from acting on the engine 3, thereby making it
possible to perform the ENG creep operation without causing
engine stall. It should be noted that the ENG creep operation
using the above-described engine power WENG is mainly
carried out when the remaining charge SOC is small or when
the vehicle is ascending a slope.

The control at the time of the ENG-based standing start is
performed subsequent to the above-described ENG creep
operation, as follows. While controlling the second magnetic
field rotational speed VMF2 of the first and second rotating
magnetic fields of the fourth stator 232, which have been
performing reverse rotation during the ENG creep operation,
such that it becomes equal to O, the first magnetic field rota-
tional speed VMF1 of the first and second rotating magnetic
fields of the third stator 222 which have been performing
normal rotation during the ENG creep operation, is increased,
and the engine power WENG is increased. Then, after the
second magnetic field rotational speed VMF2 becomes equal
to 0, the operation in the above-mentioned battery input/
output zero mode is performed. From the above, as indicated
by thick solid lines in FIG. 50, at the time of the ENG-based
standing start, the A1 and B2 rotor rotational speeds VRA1
and VRB2, i.e. the vehicle speed VP is increased from a state
of'the ENG creep operation, indicated by broken lines in the
figure, causing the vehicle to start.

As described hereinabove, according to the above-men-
tioned third embodiment, in the battery input/output zero
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mode, similarly to the first and second embodiments, the
engine power WENG is transmitted to the drive wheels DW
and DW without being recirculated, and hence itis possible to
reduce the power passing through the third and fourth gen-
erator-motors 220 and 230. This makes it possible to down-
size the third and fourth generator-motors 220 and 230,
thereby making it possible to attain the reduction of the size
and manufacturing costs of the power plant 1B. Further, gen-
erator-motors having torque capacities corresponding to the
reduced power, as described above, are used as the third and
fourth generator-motors 220 and 230, whereby it is possible
to suppress the loss of power to improve the driving efficiency
of the power plant 1B.

Further, the engine power WENG is transmitted to the
drive wheels DW and DW in a divided state via the fifth to
seventh transmission paths. This makes it possible to reduce
power (energy) passing through the 1st-PDU 61 and 2nd-PDU
62 via the seventh transmission path, so that it is possible to
reduce the sizes of the 1st:PDU 61 and 2nd-PDU 62, thereby
making it possible to attain further reduction of the size and
manufacturing costs of the power plant 1B. Furthermore,
since it is possible to reduce the power transmitted to the drive
wheels DW and DW via the seventh transmission path, i.e. by
the electrical paths, the driving efficiency of the power plant
1B can be further enhanced.

Further, as described hereinabove with reference to FIG.
41, in the battery input/output zero mode, by controlling the
first and second magnetic field rotational speeds VMF1 and
VMEF2, the engine power WENG is transmitted to the drive
wheels DW and DW while having the speed thereof steplessly
changed. Furthermore, in this case, the first and second mag-
netic field rotational speeds VMF1 and VMF2 are controlled
such that the engine speed NE becomes equal to the target
engine speed NECMD set to a value that will make it possible
to obtain the optimum fuel economy of the engine 3, and
therefore it is possible to drive the drive wheels DW and DW
while controlling the engine power WENG such that the
optimum fuel economy of the engine 3 can be obtained. This
makes it possible to further enhance the driving efficiency of
the power plant 1B.

Further, similarly to the first embodiment, the operation in
the drive-time charging mode is performed when the vehicle
demand power is smaller than the optimum fuel economy
power. In the drive-time charging mode, the engine power
WENG is controlled such that the optimum fuel economy of
the engine 3 can be obtained, and the surplus amount of the
engine power WENG with respect to the vehicle demand
power is charged into the battery 63 as electric power. Fur-
thermore, the operation in the assist mode is performed when
the vehicle demand power is larger than the optimum fuel
economy power, and in the assist mode, the engine power
WENG is controlled such that the optimum fuel economy of
the engine 3 can be obtained. Further, the insufficient amount
of the engine power WENG with respect to the vehicle
demand power is made up for by the supply of the electric
power from the battery 63. Therefore, it is possible to further
enhance the driving efficiency of the power plant 1B.

Further, as described heretofore, the third and fourth gen-
erator-motors 220 and 230 each have a function obtained by
combining a general generator-motor and a general planetary
gear unit, so that differently from the first embodiment, the
first and second planetary gear units 20 and 30 can be dis-
pensed with. Therefore, compared with the first embodiment,
it is possible to reduce the number of component parts to
thereby reduce the size of the power plant 1B. Furthermore,
the input and output of energy between the third stator 222,
the Al rotor 221 and the A2 rotor 223 and between the fourth
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stator 232, the B1 rotor 231 and the B2 rotor 233 is performed
via the magnetic circuits in a non-contacting mannet, i.e. by
the so-called magnetic paths. Therefore, differently from the
case of using the planetary gear units, there occur no power
transmission losses. This makes it possible to further enhance
the driving efficiency of the power plant 1B.

It should be noted that although in the third embodiment,
the battery 63 is used as the energy storing and releasing
device for storing and releasing electric energy, it is to be
understood that e.g. a capacitor may be used, similarly to the
above-described first embodiment. Further, although in the
third embodiment, the A2 rotor 223 and the B1 rotor 231 are
directly connected to each other, and the A1 rotor 221 and the
B2 rotor 233 are directly connected to each other, the A2 rotor
223 and the B1 rotor 231 are not necessarily required to be
directly connected to each other insofar as they are connected
to the crankshaft 3a, and the A1 rotor 221 and the B2 rotor 233
are not necessarily required to be directly connected to each
other insofar as they are connected to the drive wheels DW
and DW.

Further, one of the third and fourth generator-motors 220
and 230 may be formed by a combination of a planetary gear
unit and a DC brushless motor, such as the first planetary gear
unit 20 and the first generator-motor 40 in the first embodi-
ment.

Next, a power plant 1C according to a fourth embodiment
of the present invention will be described with reference to
FIG. 58. This power plant 1C is distinguished from the third
embodiment only in that it includes the second planetary gear
unit 30 and the second generator-motor 50 in the first embodi-
ment in place of the fourth generator-motor 230. It should be
noted that in FIG. 58, the component elements identical to
those of the first to third embodiments are denoted by the
same reference numerals. This also applies to the other
embodiments, described hereinafter. The following descrip-
tion is mainly given of different points from the third embodi-
ment.

Referring to FIG. 58, in the power plant 1C, the A2 rotor
223 of'the third generator-motor 220 and the second sun gear
31 of the second planetary gear unit 30 are directly connected
to each other via the first main shaft 4, and are mechanically
connected to the crankshaft 3a via the first main shaft 4 and
the flywheel 5. Further, the second carrier 34 of the second
planetary gear unit 30 is mechanically directly connected to
the A1 rotor 221 of the third generator-motor 220 via the
connection shaft 6, and is mechanically connected to the drive
wheels DW and DW via the second main shaft 7, the gear 75,
the first gear 85, the idler shaft 8, the second gear 8¢, the gear
9a, the differential gear mechanism 9, and so forth. In short,
the A1 rotor 221 and the second carrier 34 are mechanically
connected to the drive wheels DW and DW.

Furthermore, as described hereinabove, the second rotor
52 of the second generator-motor 50 is attached to the outer
peripheral surface of the second ring gear 32 of the second
planetary gear unit 30, and is rotatable in unison with the
second ring gear 32. Further, the third stator 222 of the third
generator-motor 220 and the second stator 51 of the second
generator-motor 50 are electrically connected to each other
via the 1st-PDU 61 and 2nd-PDU 62.

In the power plant 1C configured as above, operations,
such as the EV creep operation and the operation in the
battery input/output zero mode, described above in the third
embodiment, are carried out similarly to the third embodi-
ment. In this case, these operations are performed by replac-
ing the parameters (e.g. the second magnetic field rotational
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speed VMF2) concerning the fourth generator-motor 230 by
corresponding parameters concerning the second generator-
motor 50.

The following description will be given only of a speed-
changing operation by the third and second generator-motors
220 and 50 in the battery input/output zero mode, as a repre-
sentative of the above described operations. FIG. 59 shows an
example of the relationship between the first magnetic field
rotational speed VMF1, the second rotor rotational speed
VRO2, and so forth in the power plant 1C. As indicated by
broken lines in the figure, the first magnetic field rotational
speed VMF1 is increased and the second rotor rotational
speed VRO2 is decreased, with respect to the A2 rotor rota-
tional speed VRA2 and the second sun gear rotational speed
VSU2, that is, the engine speed NE. This makes it possible to
steplessly reduce the A1 rotor rotational speed VRA1 and the
second carrier rotational speed VCA2, that is, the vehicle
speed VP. Inversely, as indicated by one-dot chain lines in
FIG. 59, the first magnetic field rotational speed VMF1 is
decreased and the second rotor rotational speed VRO2 is
increased, with respect to the engine speed NE, whereby it is
possible to steplessly increase the vehicle speed VP.

As described above, the power plant 1C is distinguished
from the first embodiment in that the third generator-motor
220 replaces the first planetary gear unit 20 and the first
generator-motor 40, and is distinguished from the third
embodiment in that the second planetary gear unit 30 and the
second generator-motor 50 replace the fourth generator-mo-
tor 230. Further, as described heretofore, the third and fourth
generator-motors 220 and 230 each have a function obtained
by combining a general generator-motor and a general plan-
etary gear unit. Therefore, according to the present embodi-
ment, it is possible to obtain the same advantageous effects as
provided by the first and third embodiments.

Next, power plants 1D, 1E, 1F, 1G and 1H according to
fifth to ninth embodiments of the present invention will be
described with reference to FIGS. 60 to 64. These power plant
1D to 1H are distinguished from the fourth embodiment in
that they further include transmissions 240,250, 260, 270 and
280, respectively. The following description is mainly given
of different points of the power plants 1D to 1H from the
fourth embodiment, in order from the power plant 1D of the
fifth embodiment.

Referring to FIG. 60, in the power plant 1D, the transmis-
sion 240 is provided in place of the gear 75 and the first gear
856 in mesh with each other. This transmission 240 is a belt-
type stepless transmission, and includes an input shaft con-
nected to the aforementioned second main shaft 7, an output
shaft connected to the idler shaft 8, pulleys provided on the
input shaft and the output shaft, respectively, and metal belts
wound around the pulleys, none of which are shown. The
transmission 240 changes effective diameters of the pulleys,
thereby outputting power input to the input shaft to the output
shaft while changing the speed thereof. Further, the transmis-
sion gear ratio of the transmission 240 (the rotational speed of
the input shaft/the rotational speed of the output shaft) is
controlled by the ECU 2.

As described above, the transmission 240 is provided
between the Al rotor 221 and the second carrier 34 and the
drive wheels DW and DW, and the power transmitted to the
Al rotor 221 and the second carrier 34 is transmitted to the
drive wheels DW and DW while having the speed thereof
changed by the transmission 240.

In the power plant 1D configured as above, when a very
large torque is transmitted from the Al rotor 221 and the
second carrier 34 to the drive wheels DW and DW, e.g. during
the above-described EV standing start (see FIGS. 3 to 5, and
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FIGS. 35 to 37) and ENG-based standing start (see FIGS. 16
to 18, and FIGS. 48 to 50), the transmission gear ratio of the
transmission 240 is controlled to a predetermined speed-
reducing value which is larger than 1.0. Thus, the torque
transmitted to the A1 rotor 221 and the second carrier 34 is
increased by the transmission 240, and then is transmitted to
the drive wheels DW and DW. In accordance therewith, elec-
tric power generated by the third generator-motor 220 and
electric power supplied to the second generator-motor 51
(generated electric power) are controlled such that the torque
transmitted to the Al rotor 221 and the second carrier 34
becomes smaller. Therefore, according to the present
embodiment, it is possible to make smaller the maximum
value of torque demanded of the third and second generator-
motors 220 and 50, thereby making it possible to further
reduce the sizes and costs of the third and second generator-
motors 220 and 50. In addition, the maximum value of the
torque transmitted to the second carrier 34 via the second sun
gear 31 and the second ring gear 32 can be made smaller, and
hence it is possible to further reduce the size and costs of the
second planetary gear unit 30.

Furthermore, during the aforementioned EV traveling and
traveling of the vehicle including traveling in the battery
input/output zero mode (see FIGS. 8,9, 40 and 41), in such a
caseas the Al rotor rotational speed VR A1 becomes too high,
e.g. when the vehicle speed VP becomes very high, the trans-
mission gear ratio of the transmission 240 is controlled to a
predetermined speed-increasing value smaller than 1.0. Thus,
according to the present embodiment, the A1 rotor rotational
speed VRA1 can be decreased with respect to the vehicle
speed VP, and hence it is possible to prevent failure of the third
generator-motor 220 due to an excessive increase in the Al
rotor rotational speed VRA1. The above-mentioned inconve-
niences are liable to occur, since the A1 rotor 221 is formed by
magnets and the magnets are lower in strength than soft
magnetic material elements, as described hereinabove.
Therefore, the above-mentioned control is particularly effec-
tive.

Further, in such a case as the second rotor rotational speed
VRO2, which is determined by the relationship between the
vehicle speed VP and the engine speed NE, becomes too high,
e.g. during high-vehicle speed operation of the vehicle in
which the vehicle speed VP is higher than the engine speed
NE, the transmission gear ratio of the transmission 240 is
controlled to a predetermined speed-increasing value smaller
than 1.0. As a consequence, according to the present embodi-
ment, the second carrier rotational speed VCA2 is lowered
with respect to the vehicle speed VP, whereby as is clear from
FIG. 59, referred to hereinabove, it is possible to make the
second rotor rotational speed VRO2 lower, thereby making it
possible to prevent failure of the second generator-motor 50
due to an excessive increase in the second rotor rotational
speed VRO2.

Furthermore, during traveling of the vehicle, the transmis-
sion gear ratio of the transmission 240 is controlled such that
the first magnetic field rotational speed VMF1 and the second
rotor rotational speed VRO2 become equal to first and second
predetermined target values, respectively. The first and sec-
ond target values are calculated by searching a map according
to the vehicle speed VP when only the third and second
generator-motors 220 and 50 are used as power sources,
whereas when the engine 3 and the third and second genera-
tor-motors 220 and 50 are used as power sources, the first and
second target values are calculated by searching a map other
than the above-mentioned map according to the engine speed
NE and the vehicle speed VP. Further, in these maps, the first
and second target values are set to values that will make it
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possible to obtain high efficiencies of the third and second
generator-motors 220 and 50 with respect to the vehicle speed
VP (and engine speed NE) assumed at the time. Furthermore,
in parallel with the above control of the transmission 240 as
described above, the first magnetic field rotational speed
VMEF1 and the second rotor rotational speed VRO2 are con-
trolled to the first and second target values, respectively. From
the above, according to the present embodiment, during trav-
eling of the vehicle, it is possible to obtain the high efficien-
cies of the third and second generator-motors 220 and 50.

Further, also in the present embodiment, as described
above with reference to FIG. 59, if the third and second
generator-motors 220 and 50 are used, it is possible to trans-
mit the engine power WENG to the drive wheels DW and DW
while steplessly changing the speed thereof, thereby making
it possible to reduce the frequency of the speed-changing
operation of the transmission 240. This makes it possible to
suppress heat losses by the speed-changing operation,
whereby it is possible to ensure the high driving efficiency of
the power plant 1D. In addition to this, according to the
present embodiment, it is possible to obtain the same advan-
tageous effects as provided by the fourth embodiment.

It should be noted that although in the present embodiment,
the transmission 240 is a belt-type stepless transmission, it is
to be understood that a toroidal-type or a hydraulic-type step-
less transmission or a gear-type stepped transmission may be
employed.

In the power plant 1E according to the sixth embodiment
shown FIG. 61, the transmission 250 is a gear-type stepped
transmission formed by a planetary gear unit and so forth, and
includes an input shaft 251 and an output shaft (not shown). In
the transmission 250, a total of two speed positions, i.e. a first
speed (transmission gear ratio=the rotational speed of the
input shaft 251/the rotational speed of the output shaft=1.0)
and a second speed (transmission gear ratio <1.0) are set as
speed positions. The ECU 2 performs a change between these
speed positions. Further, the input shaft 251 of the transmis-
sion 250 is directly connected to the crankshaft 3a via the
flywheel 5, and the output shaft (not shown) thereofis directly
connected to the aforementioned first main shaft 4. As
described above, the transmission 250 is provided between
the crankshaft 34 and the A2 rotor 223 and the second sun
gear 31, for transmitting the engine power WENG to the A2
rotor 223 and the second sun gear 31 while changing the
speed of the engine power WENG. Furthermore, the number
of'the gear teeth of the gear 9a of the differential gear mecha-
nism 9 is larger than that of the gear teeth of the second gear
8c of the idler shaft 8, whereby power transmitted to the idler
shaft 8 is transmitted to the drive wheels DW and DW in a
reduced state.

In the power plant 1E configured as above, in such a case as
a very large torque is transmitted from the A1l rotor 221 and
the second carrier 34 to the drive wheels DW and DW, e.g.
during the ENG-based standing start, the speed position of the
transmission 250 is controlled to the second speed (transmis-
sion gear ratio <1.0). Thus, the engine torque TENG input to
the A2 rotor 223 and the second sun gear 31 is made smaller.
Inaccordance therewith, electric power generated by the third
generator-motor 220 and electric power supplied to the sec-
ond generator-motor 50 (generated electric power) are con-
trolled such that the engine torque TENG to be transmitted to
the A1 rotor 221 and the second carrier 34 becomes smaller.
Further, the engine torque TENG transmitted to the A1 rotor
221 and the second carrier 34 is transmitted to the drive
wheels DW and DW in a state increased by deceleration by
the second gear 8c and the gear 9a. From the above, according
to the present embodiment, it is possible to make smaller the
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maximum value of torque demanded of the third and second
generator-motors 220 and 50, thereby making it possible to
reduce the sizes and costs of the third and second generator-
motors 220 and 50. In addition, it is possible to make smaller
the maximum value of the torque transmitted to the second
carrier 34 via the second sun gear 31 and the second ring gear
32, which makes it possible to further reduce the size and
costs of the second planetary gear unit 30.

Further, when the engine speed NE is very high, the speed
position of the transmission 250 is controlled to the first speed
(transmission gear ratio=1.0). Thus, according to the present
embodiment, compared with the case of the speed position
being the second speed, the A2 rotor rotational speed VRA2
can be reduced, whereby it is possible to prevent the third
generator-motors 220 from becoming faulty due to an event
that the A2 rotor rotational speed VRA2 becomes too high.

Further, in such a case as the second rotor rotational speed
VRO2 becomes too high, e.g. during high-vehicle speed
operation of the vehicle in which the vehicle speed VP is
higher than the engine speed NE, the speed position of the
transmission 250 is controlled to the second speed. As a
consequence, according to the present embodiment, the sec-
ond sun gear rotational speed VSU2 is increased with respect
to the engine speed NE, whereby as is clear from FIG. 59, it
is possible to make the second rotor rotational speed VRO2
lower, thereby making it possible to prevent failure of the
second generator-motor 50 due to an excessive increase in the
second rotor rotational speed VRO2.

Furthermore, when the vehicle is traveling using the engine
3 as a power source, e.g. as in the battery input/output zero
mode, the speed position of the transmission 250 is changed
such that the first magnetic field rotational speed VMF1 and
the second rotor rotational speed VRO?2 take respective values
that will make it possible to obtain the high efficiencies of the
third and second generator-motors 220 and 50 according to
the engine speed NE and the vehicle speed VP. Further, in
parallel with such a change in the speed position of the trans-
mission 250, the first magnetic field rotational speed VMF1
and the second rotor rotational speed VRO2 are controlled to
values determined based on the engine speed NE and vehicle
speed VP assumed then, the speed position of the transmis-
sion 250, the aforementioned equation (1), and the gear ratio
between the second sun gear 31 and the second ring gear 32.
Thus, according to the present embodiment, during traveling
of'the vehicle, it is possible to obtain the high efficiencies of
the third and second generator-motors 220 and 50.

Furthermore, when the vehicle is traveling using the engine
3 as a power source, and at the same time during the speed-
changing operation of the transmission 250, that is, while the
engine 3 is disconnected from the A2 rotor 223 and the second
sun gear 31 by the transmission 250, to suppress a speed-
change shock, the third and second generator-motors 220 and
50 are controlled as described hereafter. Hereinafter, such
control of the third and second generator-motors 220 and 50
is referred to as “the speed-change shock control”.

Electric power is supplied to the third stator 222, and both
the first and second rotating magnetic fields generated in the
third stator 222 in accordance therewith are caused to perform
normal rotation, while electric power is supplied to the sec-
ond stator 51 to cause the second rotor 52 to perform normal
rotation. Thus, the first driving equivalent torque TSE1 from
the third stator 222 and torque transmitted, as described here-
after, to the Al rotor 221 are combined, and this combined
torque is transmitted to the A2 rotor 223. The torque trans-
mitted to the A2 rotor 223 is transmitted to the second sun
gear 31 without being transmitted to the crankshaft 3a, by the
above-mentioned disconnection by the transmission 250.
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Further, the torque is combined with the second generator-
motor torque TM2 transmitted to the second ring gear 32, and
then is transmitted to the second carrier 34. Part of the torque
transmitted to the second carrier 34 is transmitted to the Al
rotor 221, and the remainder thereof’is transmitted to the drive
wheels DW and DW.

Therefore, according to the present embodiment, during
the speed-changing operation, it is possible to suppress a
speed-change shock, which can be caused by interruption of
transmission of the engine torque TENG to the drive wheels
DW and DW, thereby making it possible to improve market-
ability. It should be noted that this speed-change shock con-
trol is performed only during the speed-changing operation of
the transmission 250. In addition to this, according to the
present embodiment, it is possible to obtain the same advan-
tageous effects as provided by the fourth embodiment.

In the power plant 1F according to the seventh embodiment
shown in FIG. 62, the transmission 260 is the gear-type
stepped transmission including an input shaft 261 and an
output shaft (not shown), a plurality of gear trains different in
gear ratio from each other, and clutches (not shown) for
engaging and disengaging respectively between the gear
trains, and the input shaft 261 and the output shaft. The
transmission 260 changes the speed of power inputted to the
input shaft 261 by using one of the gear trains, and outputs the
power to the output shaft. Further, in the transmission 260, a
total of four speed positions, i.e. a first speed (transmission
gear ratio=the rotational speed of the input shaft 261/the
rotational speed of the output shaft>1.0), a second speed
(transmission gear ratio=1.0), a third speed (transmission
gear ratio <1.0) for forward travel, and one speed position for
rearward travel can be set using these gear trains, and the ECU
2 controls a change between these speed positions.

Further, in the power plant 1F, differently from the fourth
embodiment, the second main shaft 7 is not provided, and the
Al rotor 221 is directly connected to the input shaft 261 of the
transmission 260, while the output shaft of the transmission
260 is directly connected to the above-described connection
shaft 6. The connection shaft 6 is integrally formed with a
gear 64, and the gear 64 is in mesh with the aforementioned
first gear 84.

As described above, the A1 rotor 221 is mechanically con-
nected to the drive wheels DW and DW via the transmission
260, the gear 65, the first gear 85, the idler shaft 8, the second
gear 8¢, the gear 9a and the differential gear mechanism 9,
and so forth. Further, the power transmitted to the Al rotor
221 is transmitted to the drive wheels DW and DW while
having the speed thereof changed by the transmission 260.
Furthermore, the second carrier 34 is mechanically connected
to the drive wheels DW and DW via the connection shaft 6,
the gear 65 and the first gear 85, and so forth, without via the
transmission 260.

Further, the second rotor 52 of the second generator-motor
50 is integrally formed with a rotating shaft 52a. The rotating
shaft 52a is directly connected to the second ring gear 32 via
aflange. This mechanically directly connects the second rotor
52 to the second ring gear 32 such that the second rotor 52 is
rotatable in unison with the second ring gear 32.

In the power plant 1F configured as above, in such a case as
avery large torque is transmitted from the A1 rotor 221 to the
drive wheels DW and DW, e.g. during the ENG-based stand-
ing start, the speed position of the transmission 260 is con-
trolled to the first speed (transmission gear ratio >1.0). Thus,
torque transmitted to the Al rotor 221 is increased by the
transmission 260, and then is transmitted to the drive wheels
DW and DW. In accordance therewith, the electric power
generated by the third generator-motor 220 is controlled such
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that torque to be transmitted to the Al rotor 221 becomes
smaller. As a consequence, according to the present embodi-
ment, the maximum value of torque demanded of the third
generator-motor 220 can be made smaller, thereby making it
possible to further reduce the size and costs of the third
generator-motor 220.

Further, in such a case as the Al rotor rotational speed
VRA1 becomes too high, e.g. during the high-vehicle speed
operation in which the vehicle speed VP is very high, the
speed position of the transmission 260 is controlled to the
third speed (transmission gear ratio <1.0). Thus, according to
the present embodiment, since the Al rotor rotational speed
VRALI can be lowered with respect to the vehicle speed VP, it
is possible to prevent failure of the third generator-motor 220
due to an excessive increase in the Al rotor rotational speed
VRAL. The above-mentioned inconveniences are liable to
occur, since the Al rotor 221 is formed by magnets and the
magnets are lower in strength than soft magnetic material
elements, as described hereinabove. Therefore, the above-
mentioned control is particularly effective.

Furthermore, during traveling of the vehicle, the speed
position of the transmission 260 is controlled such that the
first magnetic field rotational speed VMF1 becomes equal to
a predetermined target value. This target value is calculated
by searching a map according to the vehicle speed VP when
only the third and second generator-motors 220 and 50 are
used as power sources, whereas when the engine 3 and the
third and second generator-motors 220 and 50 are used as
power sources, the target value is calculated by searching a
map other than the above-mentioned map according to the
engine speed NE and the vehicle speed VP. Further, in these
maps, the target values are set to values that will make it
possible to obtain high efficiency of'the third generator-motor
220 with respect to the vehicle speed VP (and engine speed
NE) assumed at the time. Furthermore, in parallel with the
above control of the transmission 260 as described above, the
first magnetic field rotational speed VMF1 is controlled to the
above-mentioned target value. Thus, according to the present
embodiment, during traveling of the vehicle, it is possible to
obtain the high efficiency of the third generator-motors 220.

Further, when the vehicle is traveling using the engine 3 as
a power source, and at the same time the transmission 260 is
performing a speed-changing operation, that is, after the input
shaft 261 and output shaft of the transmission 260 are discon-
nected from a gear train before being shifted to a desired
transmission gear ratio and until the input shaft 261 and the
output shaft are connected to a gear train shifted to the desired
transmission gear ratio, the third and second generator-mo-
tors 220 and 50 are controlled as follows: During the speed-
changing operation of the transmission 260, the gear trains of
the transmission 260 and the input shaft 261 and output shaft
thereof are disconnected from each other to thereby discon-
nect between the Al rotor 221 and the drive wheels DW and
DW, whereby the load of the drive wheels DW and DW ceases
to act on the Al rotor 221. Therefore, no electric power is
generated by the third generator-motor 220, and the second
stator 51 is supplied with the electric power from the battery
63.

As a consequence, according to the present embodiment,
during the speed-changing operation of the transmission 260,
the second generator-motor torque TM2 and part of the
engine torque TENG transmitted to the second sun gear 31 are
combined, and the combined torque is transmitted to the drive
wheels DW and DW via the second carrier 34. This makes it
possible to suppress a speed-change shock, which is caused
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by interruption of transmission of the engine torque TENG to
the drive wheels DW and DW. Therefore, it is possible to
improve marketability.

Further, by using the third and second generator-motors
220 and 50, it is possible to transmit the engine power WENG
to the drive wheels DW and DW while steplessly changing
the speed thereof, thereby making it possible to reduce the
frequency of the speed-changing operation of the transmis-
sion 260. This makes it possible to enhance the driving effi-
ciency of the power plant 1F. In addition to this, according to
the present embodiment, it is possible to obtain the same
advantageous effects as provided by the fourth embodiment.

In the power plant 1G according to the eighth embodiment
shown in FIG. 63, similarly to the seventh embodiment, the
second main shaft 7 is not provided, and the first gear 85 is in
mesh with the gear 65 integrally formed with the connection
shaft 6. Thus, the A1 rotor 221 and the second carrier 34 are
mechanically connected to the drive wheels DW and DW via
the connection shaft 6, the gear 65, the first gear 85, the idler
shaft 8, the second gear 8c, the gear 9a and the differential
gear mechanism 9, without via the transmission 270.

Further, the transmission 270 is a gear-type stepped trans-
mission configured, similarly to the transmission 260 accord-
ing to the seventh embodiment, to have speed positions
including a first speed to a third speed. The transmission 270
includes an input shaft (not shown) directly connected to the
second rotor 52 via the rotating shaft 524, and an output shaft
271 directly connected to the second ring gear 32, and trans-
mits power input to the input shaft to the output shaft 271
while changing the speed of the power. Further, the ECU 2
controls a change between the speed positions of the trans-
mission 270. As described above, the second rotor 52 is
mechanically connected to the second ring gear 32 via the
transmission 270. Further, the power of the second rotor 52 is
transmitted to the second ring gear 32 while having the speed
thereof changed by the transmission 270.

In the power plant 1G configured as above, when a very
large torque is transmitted from the second rotor 52 to the
drive wheels DW and D, e.g. during the EV standing start and
the ENG-based standing start, the speed position of the trans-
mission 270 is controlled to the first speed (transmission gear
ratio >1.0). Thus, the second generator-motor torque TM2 is
increased by the transmission 270, and then is transmitted to
the drive wheels DW and DW via the second ring gear 32 and
the second carrier 34. In accordance therewith, electric power
supplied to the second generator-motor 50 (generated electric
power) is controlled such that the second generator-motor
torque TM2 becomes smaller. Therefore, according to the
present invention, it is possible to make smaller the maximum
value of torque required of the second generator-motor 50,
thereby making it possible to further reduce the size and costs
of the second generator-motor 50.

Further, when the second rotor rotational speed VRO2
becomes very high, e.g. during the high-vehicle speed opera-
tion in which the vehicle speed VP is higher than the engine
speed NE, the speed position of the transmission 270 is con-
trolled to the third speed (transmission gear ratio <1.0). Thus,
according to the present embodiment, the second rotor rota-
tional speed VRO2 can be reduced with respect to the second
ring gear rotational speed VRI2, which is determined by the
relationship between the vehicle speed VP and engine speed
NE, assumed at the time, and hence it is possible to prevent
failure of the second generator-motor 50 due to an excessive
increase in the second rotor rotational speed VRO2.

Furthermore, during traveling of the vehicle, the speed
position of the transmission 270 is controlled such that the
second rotor rotational speed VRO2 becomes equal to a pre-
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determined target value. This target value is calculated by
searching a map according to the vehicle speed VP when only
the third and second generator-motors 220 and 50 are used as
power sources, whereas when the engine 3 and the third and
second generator-motors 220 and 50 are used as power
sources, the target value is calculated by searching a map
other than the above-mentioned map according to the engine
speed NE and the vehicle speed VP. Further, in these maps,
the target values are set to values that will make it possible to
obtain high efficiency of the second generator-motor 50 with
respect to the vehicle speed VP (and engine speed NE)
assumed at the time. Furthermore, in parallel with the above
control of the transmission 270 as described above, the sec-
ond rotor rotational speed VRO2 is controlled to the above-
described target value. Thus, according to the present
embodiment, during traveling of the vehicle, it is possible to
obtain the high efficiency of the second generator-motors 50.

Further, when the vehicle is traveling using the engine 3 as
apower source and at the same time during the speed-chang-
ing operation of the transmission 270, that is, while the sec-
ond rotor 52 is disconnected from the drive wheels DW and
DW by the transmission 270, as is clear from how torque is
transmitted, described with reference to FIG. 40, part of the
engine torque TENG is transmitted to the drive wheels DW
and DW via the Al rotor 221. Therefore, according to the
present embodiment, during the speed-changing operation of
the transmission 270, itis possible to suppress a speed-change
shock, which can be caused by interruption of transmission of
the engine torque TENG to the drive wheels DW and DW.
This makes it possible to improve marketability.

Further, by using the third and second generator-motors
220 and 50, it is possible to transmit the engine power WENG
to the drive wheels DW and DW while steplessly changing
the speed thereof, so that it is possible to reduce the frequency
of'the speed-changing operation of the transmission 270. This
makes it possible to enhance the driving efficiency of the
power plant 1G. In addition to this, according to the present
embodiment, it is possible to obtain the same advantageous
effects as provided by the fourth embodiment.

In the power plant 1H according to the ninth embodiment
shown in FIG. 64, similarly to the seventh and eighth embodi-
ments, the second main shaft 7 is not provided, and the first
gear 86 is in mesh with the gear 65 integrally formed with the
connection shaft 6. Further, the transmission 280 is a gear-
type stepped transmission which is configured similarly to the
transmission 260 according to the seventh embodiment and
has speed positions of the first to third speeds. The transmis-
sion 280 includes an input shaft 281 directly connected to the
second carrier 34, and an output shaft (not shown) directly
connected to the connection shaft 6, and transmits power
input to the input shaft 281 to the output shaft while changing
the speed of the power. Furthermore, a change between the
speed positions of the transmission 280 is controlled by the
ECU 2.

As described above, the second carrier 34 is mechanically
connected to the drive wheels DW and DW via the transmis-
sion 280, the connection shaft 6, the gear 65, the first gear 85,
and so forth. Further, power transmitted to the second carrier
34 is transmitted to the drive wheels DW and DW while
having the speed thereof changed by the transmission 280.
Furthermore, the A1 rotor 221 is mechanically connected to
the drive wheels DW and DW via the connection shaft 6, the
gear 64, the first gear 85, and so forth without via the trans-
mission 280. Further, similarly to the seventh embodiment,
the second rotor 52 is directly connected to the second ring
gear 32 via the rotating shaft 52qa, and is rotatable in unison
with the second ring gear 32.
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In the power plant 1H configured as above, in such a case as
avery large torque is transmitted from the second carrier 34 to
the drive wheels DW and DW, e.g. during the EV standing
start and the ENG-based standing start, the speed position of
the transmission 280 is controlled to the first speed (transmis-
sion gear ratio >1.0). Thus, the torque transmitted to the
second carrier 34 is increased by the transmission 280, and
then is transmitted to the drive wheels DW and DW. In accor-
dance therewith, the electric power supplied to the second
generator-motor 50 (generated electric power) is controlled
such that the second generator-motor torque TM2 becomes
smaller. As a consequence, according to the present embodi-
ment, the maximum value of torque demanded of the second
generator-motor 50, and the maximum value of torque to be
transmitted to the second carrier 34 can be made smaller,
thereby making it possible to further reduce the sizes and
costs of the second generator-motor 50 and the second plan-
etary gear unit 30.

Further, in such a case as the second rotor rotational speed
VRO2 becomes too high, e.g. during the high-vehicle speed
operation in which the vehicle speed VP is higher than the
engine speed NE, the speed position of the transmission 280
is controlled to the third speed (transmission gear ratio <1.0).
As a consequence, according to the present embodiment, the
second carrier rotational speed VCA2 is reduced with respect
to the vehicle speed VP, whereby as is clear from FIG. 59, it
is possible to lower the second rotor rotational speed VRO2,
thereby making it possible to prevent failure of the second
generator-motor 50 due to an excessive increase in the second
rotor rotational speed VRO2.

Furthermore, during traveling of the vehicle, including the
EV traveling and the traveling in the battery input/output zero
mode, the speed position of the transmission 280 is controlled
such that the second rotor rotational speed VRO2 becomes
equal to a predetermined target value. This target value is
calculated by searching a map according to the vehicle speed
VP when only the third and second generator-motors 220 and
50 are used as power sources, whereas when the engine 3 and
the third and second generator-motors 220 and 50 are used as
power sources, the target value is calculated by searching a
map other than the above-mentioned map according to the
engine speed NE and the vehicle speed VP. Further, in these
maps, the target value is set to a value that will make it
possible to obtain high efficiency of the second generator-
motor 50 with respect to the vehicle speed VP (and engine
speed NE) assumed at the time. Furthermore, in parallel with
the above control of the transmission 280 as described above,
the second rotor rotational speed VRO2 is controlled to the
above-described target value. Thus, according to the present
embodiment, during traveling of the vehicle, it is possible to
obtain the high efficiency of the second generator-motor 50.

Further, when the vehicle is traveling using the engine 3 as
a power source, and at the same time the transmission 280 is
performing a speed-changing operation, that is, when the
second carrier 34 and the drive wheels DW and DW are
disconnected from each other by the transmission 280, as is
clear from the state of transmission of torque described above
with reference to FIG. 40, part of the engine torque TENG is
transmitted to the drive wheels DW and DW via the A1 rotor
221. As a consequence, according to the present embodiment,
similarly to the eighth embodiment, during the speed-chang-
ing operation of the transmission 280, it is possible to sup-
press a speed-change shock, which is caused by interruption
of transmission of the engine torque TENG to the drive
wheels DW and DW. This makes it possible to improve mar-
ketability.
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Further, by using the third and second generator-motors
220 and 50, it is possible to transmit the engine power WENG
to the drive wheels DW and DW while steplessly changing
the speed thereof, so that it is possible to reduce the frequency
of'the speed-changing operation of the transmission 280. This
makes it possible to enhance the driving efficiency of the
power plant 1H. In addition to this, according to the present
embodiment, it is possible to obtain the same advantageous
effects as provided by the fourth embodiment.

It should be noted that although in the sixth to ninth
embodiments, the transmissions 250 to 280 are gear-type
stepped transmissions, it is to be understood that belt-type,
toroidal-type or hydraulic-type stepless transmission may be
employed.

Next, a power plant 11 according to a tenth embodiment of
the present invention will be described with reference to FI1G.
65. This power plant 11 is distinguished from the fourth
embodiment in that it further includes a transmission for
changing a ratio between the speed difference between the
second rotor rotational speed VRO2 and the vehicle speed VP
and the speed difference between the vehicle speed VP and
the engine speed NE. In FIG. 65, the component elements
identical to those of the fourth embodiment are denoted by the
same reference numerals. The following description is
mainly given of different points from the fourth embodiment.

Referring to FIG. 65, in this power plant 11, similarly to the
eighth embodiment, the second main shaft 7 is not provided,
and the first gear 85 is in mesh with the gear 65 integrally
formed with the connection shaft 6, whereby the A1 rotor 221
and the second carrier 34 are mechanically connected to the
drive wheels DW and DW via the connection shaft 6, the gear
65, the first gear 85, the differential gear mechanism 9, and so
forth without via the above-mentioned transmission. Further,
similarly to the seventh embodiment, the second rotor 52 is
rotatable in unison with the rotating shaft 52a.

The above-described transmission includes a third plan-
etary gear unit 290, a first clutch C1 and a second clutch C2.
The third planetary gear unit 290 is configured similarly to the
first planetary gear unit 20, and includes a third sun gear 291,
a third ring gear 292, and a third carrier 294 rotatably sup-
porting a plurality of third planetary gears 293 in mesh with
the two gears 291 and 292. The third sun gear 291 is mechani-
cally directly connected to the second carrier 34 via a con-
nection shaft, whereby the third sun gear 291 is rotatable in
unison with the second carrier 34. Further, the third carrier
294 is mechanically directly connected to the second ring
gear 32 via a hollow shaft and a flange, whereby the third
carrier 294 is rotatable in unison with the second ring gear 32.
Hereinafter, the rotational speeds of the third sun gear 291,
the third ring gear 292 and the third carrier 294 are referred to
as “the third sun gear rotational speed VSU3, “the third ring
gear rotational speed VRI3” and “the third carrier rotational
speed VCA3”, respectively.

The above-mentioned first clutch C1 is formed e.g. by a
friction multiple disk clutch, and is disposed between the
third carrier 294 and the rotating shaft 52a. That is, the third
carrier 294 is mechanically directly connected to the second
rotor 52 via the first clutch C1. Further, the degree of engage-
ment of the first clutch C1 is controlled by the ECU 2 to
thereby connect and disconnect between the third carrier 294
and the rotating shaft 524, that is, between the third carrier
294 and the second rotor 52.

Similarly to the first clutch C1, the above-described second
clutch C2 is formed by a friction multiple disk clutch, and is
disposed between the third ring gear 292 and the rotating shaft
52a. That is, the third ring gear 292 is mechanically directly
connected to the second rotor 52 via the second clutch C2.
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Further, the degree of engagement of the second clutch C2 is
controlled by the ECU 2 to thereby connect and disconnect
between the third ring gear 292 and the rotating shaft 52a, i.e.
between the third ring gear 292 and the second rotor 52.

FIG. 66(a) shows a speed diagram of an example of the
relationship between the second sun gear rotational speed
VSU2, the second carrier rotational speed VCA2, and the
second ring gear rotational speed VRI2 together with a speed
diagram of an example of the relationship between the third
sun gear rotational speed VSU3, the third carrier rotational
speed VCAS3, and the third ring gear rotational speed VRI3.In
FIG. 66(a), M designates a value obtained by dividing the
number of the gear teeth of the second sun gear 31 by that of
the gear teeth of the second ring gear 32, and N designates a
value obtained by dividing the number of the gear teeth of the
third sun gear 291 by that of the gear teeth of the third ring
gear 292.

As described above, since the second carrier 34 and the
third sun gear 291 are directly connected to each other, the
second carrier rotational speed VCA2 and the third sun gear
rotational speed VSU3 are equal to each other, and since the
second ring gear 32 and the third carrier 294 are directly
connected to each other, the second ring gear rotational speed
VRI2 and the carrier rotational speed VCA3 are equal to each
other. Therefore, the two speed diagrams concerning the sec-
ond and third planetary gear units 30 and 290 shown in FIG.
66(a) can be represented by a single speed diagram as shown
in FIG. 66(5). Referring to FIG. 66(5), four rotary elements of
which rotational speeds are in a collinear relationship with
each other are formed by connecting the elements of the
second and third planetary gear units 30 and 290 described
above.

Further, FIG. 67(a) shows a speed diagram of an example
of'the relationship between the rotational speeds of the above-
mentioned four rotary elements together with a speed dia-
gram of an example of the relationship between the first
magnetic field rotational speed VMF1 and the Al and A2
rotor rotational speeds VRA1 and VRA2. As described here-
inabove, the difference between the first magnetic field rota-
tional speed VMF1 and the A2 rotor rotational speed VRA2 is
equal to the difference between the A2 rotor rotational speed
VRA2 and the A1 rotor rotational speed VRA1, so that a ratio
between the distance from a vertical line representing the first
magnetic field rotational speed VMF1 to a vertical line rep-
resenting the A2 rotor rotational speed VRA2, and the dis-
tance from a vertical line representing the A2 rotor rotational
speed VRA2 to a vertical line representing the A1 rotor rota-
tional speed VRA1 is 1:1.

As described above, since the second carrier 34 and the Al
rotor 221 are directly connected to each other, the second
carrier rotational speed VCA2 and the Al rotor rotational
speed VR A1 are equal to each other. Further, since the second
sun gear 31 and the A2 rotor 223 are directly connected to
each other, the second sun gear rotational speed VSU2 and the
A2 rotor rotational speed VRA2 are equal to each other.
Therefore, the two speed diagrams shown in FIG. 67(a) can
be represented by a single speed diagram as shown in FIG.
67(b).

Further, since the crankshaft 3a, the A2 rotor 223 and the
second sun gear 31 are directly connected to each other, the
engine speed NE, the A2 rotor rotational speed VRA2 and the
second sun gear rotational speed VSU2 are equal to each
other. Furthermore, since the drive wheels DW and DW, the
Al rotor 221, the second carrier 34 and the third sun gear 291
are connected to each other, if a change in speed by the
differential gear mechanism 9 and the like is ignored, the
vehicle speed VP, the A1 rotor rotational speed VRA1, the
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second carrier rotational speed VCA2 and the third sun gear
rotational speed VSU3 are equal to each other.

Further, the second rotor 52 is connected to the third carrier
294 and the third ring gear 292 via the first and second
clutches C1 and C2, respectively, and hence when the first
clutch C1 is engaged and the second clutch C2 is disengaged
(hereinafter, such an engaged and disengaged state of the
clutches is referred to as “the first speed change mode”), the
second rotor rotational speed VRO2 and the third carrier
rotational speed VCA3 are equal to each other. Furthermore,
when the first clutch C1 is disengaged and the second clutch
C2 is engaged (hereinafter, such an engaged and disengaged
state of the clutches is referred to as “the second speed change
mode”), the second rotor rotational speed VRO2 and the third
ring gear rotational speed VRI3 are equal to each other.

From the above, the first magnetic field rotational speed
VMEF1, the engine speed NE, the vehicle speed VP, and the
second rotor rotational speed VRO2 are in a collinear rela-
tionship (linear relationship) as shown e.g. in FIG. 68(a) in
the first speed change mode, whereas in the second speed
change mode, they are in a collinear relationship as shown
e.g. in FIG. 68(b).

As shown in FIGS. 68(a) and 68(5), the distance between
the vertical line representing the vehicle speed VP and the
vertical line representing the second rotor rotational speed
VRO2 in the speed diagrams is shorter in the first speed
change mode than in the second speed change mode, and
therefore a ratio between a rotational difference DN2 between
the second rotor rotational speed VRO2 and the vehicle speed
VP and a rotational difference DN1 between the vehicle
speed VP and the engine speed NE (hereinafter referred to as
“the rotational ratio DN2/DN1) is smaller in the first speed
change mode.

In the power plant 11 configured as above, in such a case as
the second rotor rotational speed VRO2 becomes too high,
e.g. during the high-vehicle speed operation in which the
vehicle speed VP is higher than the engine speed NE, or when
the vehicle speed VP is high during the aforementioned EV
traveling, the first speed change mode is used. As a conse-
quence, according to the present embodiment, as is clear from
the relationship of the rotational ratio DN2/DN1, the second
rotor rotational speed VRO2 can be made lower than when the
second speed change mode is used, so that it is possible to
prevent failure of the second generator-motor 50 due to an
excessive increase in the second rotor rotational speed VRO2.

Further, during the aforementioned EV standing start and
at the same time in the first speed change mode, the relation-
ship between torque (indicated by the symbol H in FIG. 35,
hereinafter referred to as “the third electric power-generating
torque”) TG3 transmitted from the third stator 222 to the A2
rotor 223, the foot axis drive torque TDRDW transmitted to
the drive wheels DW and DW, and the second generator-
motor torque TM2 by the second generator-motor 50 is
expressed e.g. by the following equations (24) and (25):

IM2+TG3=TDRDW (24)

TM2=2xTDRDW)/(2+M) (25)

On the other hand, in the second speed change mode, the
above-mentioned relationship between the parameters is
expressed e.g. by the following equations (26) and (27):

TM2+TG3=TDRDW (26)

TM2=(2x TDRDW)/(2+M+MxN) @7

As is clear from comparison between the above equations
(25) and (27), the second generator-motor torque TM2 is
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smaller in the second speed change mode with respect to the
foot axis drive torque TDRDW having an identical magni-
tude. Therefore, during the EV standing start, that is, when a
very large torque is transmitted from the second rotor 52 to the
drive wheels DW and DW, the second speed change mode is
used.

Further, during traveling of the vehicle using the power of
the engine 3, e.g. in the above-described battery input/output
zero mode, and at the same time in the first speed change
mode, the relationship between the engine torque TENG, the
first power-generating equivalent torque TGE1, the foot axis
drive torque TDRDW and the second generator-motor torque
TM2 is expressed e.g. by the following equations (28) and
(29):

TENG+IM2=TDRDW+TGE1 (28)

TM2=(2xTDRDW-TENG)/(2+M) (29)

On the other hand, in the second speed change mode, the
above-described relationship between the parameters is
expressed e.g. by the following equations (30) and (31):

TENG+IM2=TDRDW+TGE1 (30)

TM2=(2x TDRDW-TENG)/(2-+M+MxN) 61

As is clear from comparison between the above equations
(29) and (31), the second generator-motor torque TM2 is
smaller in the second speed change mode with respect to the
foot axis drive torque TDRDW having an identical magni-
tude. Therefore, when the vehicle is traveling using the power
of the engine 3, to transmit a very large torque from the
second rotor 52 to the drive wheels DW and DW, e.g. during
the ENG-based standing start or during ascending a slope, the
second speed change mode is employed.

According to the present embodiment, since the second
speed change mode is used and the electric power supplied to
the second generator-motor 50 (generated electric power) is
controlled based on the above-mentioned equations (27) and
(31), it is possible to make smaller the maximum value of
torque required of the second generator-motor 50 to thereby
further reduce the size and costs of the second generator-
motor 50.

Further, during traveling of the vehicle, a speed change
mode that will make it possible to obtain higher efficiency of
the second generator-motor 50 is selected from the first and
second speed change modes, according the vehicle speed VP
during stoppage of the engine 3, and according to the vehicle
speed VP and the engine speed NE during operation of the
engine 3. Thus, according to the present embodiment, it is
possible to control the second rotor rotational speed VRO2 to
an appropriate value, thereby making it possible to obtain a
high efficiency of the second generator-motor 50.

Furthermore, the switching between the first and second
speed change modes is performed when the third carrier
rotational speed VCA3 and the third ring gear rotational
speed VRI3 are equal to each other. Thus, according to the
present embodiment, it is possible to smoothly switch
between the first and second speed change modes while main-
taining the respective rotations of the drive wheels DW and
DW and the engine 3, thereby making it possible to ensure
excellent drivability.

Further, during traveling of the vehicle using the power of
the engine 3 and at the same time during transition between
the first and second speed change modes, even when both of
the first and second clutches C1 and C2 are disengaged, as is
clear e.g. from the state of transmission of torque in FIG. 40,
part of the engine torque TENG can be transmitted to the drive
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wheels DW and DW via the A2 and A1 rotors 223 and 221.
This makes it possible to suppress a speed-change shock,
such as a sudden decrease in torque, whereby it is possible to
improve marketability. In addition to this, according to the
present embodiment, it is possible to obtain the same advan-
tageous effects as provided by the fourth embodiment.

It should be noted that in the present embodiment, the third
planetary gear unit 290 corresponds to the planetary gear unit
in the invention as claimed in claim 15, and the third sun gear
291, the third ring gear 292, the third planetary gears 293, and
the third carrier 294 correspond to a sun gear, a ring gear,
planetary gears, and the carrier in the invention as claimed in
claim 15, respectively.

Further, although in the present embodiment, the third sun
gear 291 is connected to the second carrier 34, and the third
ring gear 292 is connected to the second rotor 52 via the
second clutch C2, the above connecting relationships may be
inverted, that is, the third ring gear 292 may be connected to
the second carrier 34, and the third sun gear 291 may be
connected to the second rotor 52 via the second clutch C2.
Further, although in the present embodiment, the first and
second clutches C1 and C2 are formed by friction multiple
disk clutches, they may be formed e.g. by electromagnetic
clutches.

Next, a power plant 1J according to an eleventh embodi-
ment of the present invention will be described with reference
to FIG. 69. This power plant 1] is constructed by adding a
brake mechanism BL to the power plant 1C according to the
fourth embodiment. The following description is mainly
given of different points from the fourth embodiment.

Referring to FIG. 69, the brake mechanism BL includes a
one-way clutch OC connected to the aforementioned first
main shaft 4 and casing CA. The one-way clutch OC is
configured such that it engages between the first main shaft 4
and the casing CA configured to be unrotatable, when such
power as causes the crankshaft 3¢ having the first main shaft
4 connected thereto to perform reverse rotation, acts on the
crankshaft 3a, whereas when such power as causes the crank-
shaft 3a to perform normal direction acts on the crankshaft
3a, the one-way clutch OC disengages between the first main
shaft 4 and the casing CA. More specifically, the brake
mechanism BL formed by the one-way clutch OC and the
casing CA permits the first main shaft 4 to rotate only when it
performs normal rotation together with the crankshaft 3a, the
A2 rotor 223 and the second sun gear 31, but blocks rotation
of the first main shaft 4 when it performs reserve rotation
together with the crankshaft 3a and so forth.

The power plant 1J configured as above performs the afore-
mentioned EV creep operation and EV standing start as fol-
lows: The power plant 1] supplies electric power to the third
and second stators 222 and 52 and causes the first and second
rotating magnetic fields generated by the third stator 222 in
accordance with the supply of the electric power to perform
reverse rotation, while causing the second rotor 52 to perform
normal rotation together with the second ring gear 32. Fur-
ther, the power plant 1J controls the first magnetic field rota-
tional speed VMF1 and the second rotor rotational speed
VRO2 such that (14M)xIVMF1I=IVRO2I| holds. Here, M
designates a value obtained by dividing the number of the
gear teeth of the second sun gear 31 by that of the gear teeth
of'the second ring gear 32, as described above. Furthermore,
the power plant 1J controls the electric power supplied to the
third and second generator-motors 220 and 50 such that suf-
ficient torque is transmitted to the drive wheels DW and DW.

While the first and second rotating magnetic fields of the
third stator 222 perform reverse rotation as described above,
the A2 rotor 223 is blocked from performing reverse rotation
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by the brake mechanism BL as described above, so that as
described heretofore using the aforementioned equation (3),
torque having the same magnitude as that of the first driving
equivalent torque TSE1 is transmitted from the third stator
222 to the Al rotor 221, and acts such that the Al rotor 221 is
caused to perform normal rotation. Further, while the second
stator 52 performs normal rotation as described above, the
second sun gear 31 is blocked from performing reverse rota-
tion by the brake mechanism BL as described above, so that
the second generator-motor torque TM2 is transmitted to the
second carrier 34 via the second ring gear 32 and the second
planetary gears 33, for acting on the second carrier 34 to cause
the second carrier 34 to perform normal rotation. Further-
more, the torque transmitted to the Al rotor 221 and the
second carrier 34 is transmitted to the drive wheels DW and
DW, and causes the drive wheels DW and DW to perform
normal rotation.

Further, in this case, on the A2 rotor 223 and the second sun
gear 31, which are blocked from performing reverse rotation
by the brake mechanism BL, through the above-mentioned
control of the third and second generator motors 220 and 50,
torques act from the third stator 222 and the second rotor 52
such that the torques cause the A2 rotor 223 and the second
sun gear 31 to perform reverse rotation, respectively, whereby
the crankshaft 3a, the A2 rotor 223 and the second sun gear 31
are not only blocked from performing reverse rotation but
also held at rest.

As described above, according to the present embodiment,
it is possible to drive the drive wheels DW and DW by the
third and second generator-motors 220 and 50 without using
the engine power WENG. Further, during driving of the drive
wheels DW and DW, the crankshaft 3a is not only blocked
from performing reverse rotation but also held in a stopped
state, and hence the crankshaft 3a is prevented from dragging
the engine 3. In addition to this, according to the present
embodiment, it is possible to obtain the same advantageous
effects as provided by the fourth embodiment.

It should be noted that in the fourth to eleventh embodi-
ments, the third generator-motor 220 and the second plan-
etary gear unit 30 correspond to the first generator-motor and
the distributing and combining device in the invention as
claimed in claims 8 to 15 and 20. Further, the third stator 222,
and the A1 and A2 rotors 221 and 223 correspond to the stator
and the first and second rotors in the invention as claimed in
claims 8 to 15 and 20, respectively. The second sun gear 31,
the second carrier 34 and the second ring gear 32 correspond
to the first, second and third elements in the invention as
claimed in claims 8 to 15 and 20, respectively. Furthermore,
the second rotor 52 corresponds to the second output portion
in the invention as claimed in claims 8 to 15 and 20. Further,
the ECU 2 and the 1st-PDU 61 correspond to the first con-
troller in the invention as claimed in claims 8 to 15 and 20, and
the ECU 2 and the 2nd-PDU 62 correspond to the second
controller in the invention as claimed in claims 8 to 15 and 20.

Further, although in the fourth to eleventh embodiments,
the A2 rotor 223 and the second sun gear 31 are directly
connected to each other, and the Al rotor 221 and the second
carrier 34 are directly connected to each other, the A2 rotor
223 and the second sun gear 31 are not necessarily required to
be directly connected to each other insofar as they are con-
nected to the crankshaft 3a. Further, the A1 rotor 221 and the
second carrier 34 are not necessarily required to be directly
connected to each other insofar as they are connected to the
drive wheels DW and DW. In this case, each of the transmis-
sions 240 and 250 of the fifth and sixth embodiments may be
formed by two transmissions, which may be arranged as
follows: One of the two transmissions forming the transmis-
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sion 240 may be disposed between the Al rotor 221 and the
drive wheels DW and DW while the other thereof may be
disposed between the second carrier 34 and the drive wheels
DW and DW. Further, one of the two transmissions forming
the transmission 250 may be disposed between the A2 rotor
223 and the crankshaft 3¢ while the other thereof may be
disposed between the sun gear 31 and the crankshaft 3a.

Further, although in the fourth to eleventh embodiments,
the second sun gear 31 and the second ring gear 32 are
connected to the engine 3 and the second generator-motor 50,
respectively, the above connecting relationships may be
inverted, that is, the second ring gear 32 and the second sun
gear 31 may be connected to the engine 3 and the second
generator-motor 50, respectively.

Next, a power plant 1K according to a twelfth embodiment
of the present invention will be described with reference to
FIG. 70. This power plant 1K is distinguished from the third
embodiment only in that it includes the first planetary gear
unit 20 and the first generator-motor 40 in the first embodi-
ment in place of the third generator-motor 220. The following
description is mainly given of different points from the third
embodiment.

As shown in FIG. 70, in the power plant 1K, the first carrier
24 of the aforementioned first planetary gear unit 20 and the
B1 rotor 231 of the fourth generator-motor 230 are mechani-
cally directly connected to each other via the first main shaft
4, and are mechanically directly connected to the crankshaft
3a via the first main shaft 4 and the flywheel 5. Further, the B2
rotor 233 of the fourth generator-motor 230 is mechanically
directly connected to the first sun gear 21 of the first planetary
gear unit 20 via the connection shaft 6, and is mechanically
connected to the drive wheels DW and DW via the second
main shaft 7, the gear 75, the first gear 85, the idler shaft 8, the
second gear 8¢, the gear 94, the differential gear mechanism
9, and so forth. In short, the first sun gear 21 and the B2 rotor
233 are mechanically connected to the drive wheels DW and
DW. Further, the first stator 22 of'the first generator-motor 20
and the fourth stator 232 of the fourth generator-motor 230
are electrically connected to each other via the 1st-PDU 61
and the 2nd-PDU 62.

In the power plant 1K configured as above, operations,
such as the EV creep operation and the operation in the
battery input/output zero mode, described above as to the
third embodiment, are carried out similarly to the third
embodiment. In this case, these operations are performed by
replacing the parameters (e.g. the first magnetic field rota-
tional speed VMF1) concerning the third generator-motor
220 by corresponding parameters concerning the first genera-
tor-motor 40.

The following description will be given only of speed-
changing operations by the third and fourth generator-motors
40 and 230 in the battery input/output zero mode, as repre-
sentatives of the above described operations. FIG. 71 shows
an example of the relationship between the first rotor rota-
tional speed VRO1 and the second magnetic field rotational
speed VMF2, and so forth in the power plant 1K. As indicated
by broken lines in FIG. 71, the first rotor rotational speed
VRO1 is increased and the second magnetic field rotational
speed VMF2 is decreased, with respect to the first carrier
rotational speed VCA1 and the B1 rotor rotational speed
VRB1, that is, the engine speed NE. This makes it possible to
steplessly reduce the first sun gear rotational speed VSU1 and
the B2 rotor rotational speed VRB2, that is, the vehicle speed
VP. Inversely, as indicated by one-dot chain lines in FIG. 71,
the first rotor rotational speed VROI1 is decreased and the
second magnetic field rotational speed VMF2 is increased,
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with respect to the engine speed NE, whereby it is possible to
steplessly increase the vehicle speed VP.

As described above, the power plant 1K is distinguished
from the first embodiment in that the fourth generator-motor
230 replaces the second planetary gear unit 30 and the second
generator-motor 50, and is distinguished from the third
embodiment in that the first planetary gear unit 20 and the first
generator-motor 40 replace the third generator-motor 220.
Further, as described heretofore, the third and fourth genera-
tor-motors 220 and 230 each have a function obtained by
combining a general generator-motor and a general planetary
gear unit. Therefore, according to the present embodiment, it
is possible to obtain the same advantageous effects as pro-
vided by the first and third embodiments.

Next, power plants 11, 1M, 1N, and 10 according to thir-
teenth to sixteenth embodiments of the present invention will
be described with reference to FIGS. 72 to 75. These power
plant 1L to 10 are distinguished from the twelfth embodi-
ment in that they further include transmissions 300, 310, 320,
and 330, respectively. The following description is mainly
given of different points of the power plants 11.to 10 from the
twelfth embodiment, in order from the power plant 1L of the
thirteenth embodiment.

Referring to FIG. 72, in the power plant 11, the transmis-
sion 300 is provided in place of the gear 75 and the first gear
8b, described above, in mesh with each other. Similarly to the
transmission 240 according to the fifth embodiment, this
transmission 300 is a belt-type stepless transmission, and
includes an input shaft connected to the aforementioned sec-
ond main shaft 7, an output shaft connected to the idler shaft
8, pulleys provided on the input shaft and the output shaft,
respectively, and metal belts wound around the pulleys, none
of which are shown. The transmission 300 changes effective
diameters of the pulleys, thereby outputting power input to
the input shaft to the output shaft while changing the speed
thereof. Further, the transmission gear ratio of the transmis-
sion 300 (the rotational speed of the input shaft/the rotational
speed of the output shaft) is controlled by the ECU 2.

As described above, the transmission 300 is provided
between the first sun gear 21 and the B2 rotor 233, and the
drive wheels DW and DW, and the power transmitted to the
first sun gear 21 and the B2 rotor 233 is transmitted to the
drive wheels DW and DW while having the speed thereof
changed by the transmission 300.

In the power plant 11 configured as above, in such a case as
avery large torque is transmitted from the first sun gear 21 and
the B2 rotor 233 to the drive wheels DW and DW, e.g. during
the EV standing start and the ENG-based standing start, the
transmission gear ratio of the transmission 300 is controlled
to a predetermined speed-reducing value which is larger than
1.0. Thus, the torque transmitted to the first sun gear 21 and
the B2 rotor 233 is increased by the transmission 300, and
then is transmitted to the drive wheels DW and DW. In accor-
dance therewith, the electric power generated by the first
generator-motor 40 and the electric power supplied to the
fourth generator-motor 230 (generated electric power) are
controlled such that the torque transmitted to the first sun gear
21 and the B2 rotor 233 becomes smaller. Therefore, accord-
ing to the present invention, it is possible to make smaller the
maximum value of torque demanded of the first and fourth
generator-motors 40 and 230, thereby making it possible to
further reduce the sizes and costs of the first and fourth gen-
erator-motors 40 and 230. Further, through the control of the
above-mentioned transmission 300 and first generator-motor
40, it is possible to make smaller the torque distributed to the
first sun gear 21 and the first ring gear 22 via the first carrier
24, to make smaller the maximum value of the torque trans-
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mitted to the first carrier 24, so that it is possible to further
reduce the size and costs of the first planetary gear unit 20.

Furthermore, in such a case as the B2 rotor rotational speed
VRB2 becomes too high, e.g. during the high-vehicle speed
operation in which the vehicle speed VP is very high, the
transmission gear ratio of the transmission 300 is controlled
to a predetermined speed-increasing value smaller than 1.0.
As a consequence, according to the present embodiment,
since the B2 rotor rotational speed VRB2 can be decreased
with respect to the vehicle speed VP, it is possible to prevent
failure of the fourth generator-motor 230 due to an excessive
increase in the B2 rotor rotational speed VRB2.

Further, in such a case as the first rotor rotational speed
VRO1, which is determined by the relationship between the
engine speed NE and the vehicle speed VP, becomes too high,
e.g. during rapid acceleration of the vehicle in which the
engine speed NE is higher than the vehicle speed VP, the
transmission gear ratio of the transmission 300 is controlled
to a predetermined speed-reducing value larger than 1.0. As a
consequence, according to the present embodiment, the first
sun gear rotational speed VSU1 is increased with respect to
the vehicle speed VP, whereby as is clear from FIG. 71,
referred to hereinabove, it is possible to reduce the first rotor
rotational speed VRO1, thereby making it possible to prevent
failure of the first generator-motor 40 due to an excessive
increase in the first rotor rotational speed VRO1.

Furthermore, during traveling of the vehicle, the transmis-
sion gear ratio of the transmission 300 is controlled such that
the first rotor rotational speed VRO1 and the second magnetic
field rotational speed VMF2 become equal to first and second
predetermined target values, respectively. The first and sec-
ond target values are calculated by searching a map according
to the vehicle speed VP when only the first and fourth gen-
erator-motors 40 and 230 are used as power sources, whereas
when the engine 3 and the first and fourth generator-motors
40 and 230 are used as power sources, the first and second
target values are calculated by searching a map other than the
above-mentioned map according to the engine speed NE and
the vehicle speed VP. Further, in these maps, the first and
second target values are set to values that will make it possible
to obtain high efficiencies of the first and fourth generator-
motors 40 and 230 with respect to the vehicle speed VP (and
engine speed NE) assumed at the time. Furthermore, in par-
allel with the above control of the transmission 300 as
described above, the first rotor rotational speed VRO1 and the
second magnetic field rotational speed VMF2 are controlled
to the first and second target values, respectively. From the
above, according to the present embodiment, during traveling
of'the vehicle, it is possible to obtain the high efficiencies of
the first and fourth generator-motors 40 and 230.

Further, also in the present embodiment, as described
above with reference to FIG. 71, by using the first and fourth
generator-motors 40 and 230, it is possible to transmit the
engine power WENG to the drive wheels DW and DW while
steplessly changing the speed thereof, and therefore it is
possible to reduce the frequency of the speed-changing
operation of the transmission 300. This makes it possible to
suppress heat losses by the speed-changing operation,
thereby making it possible to ensure the high driving effi-
ciency of the power plant 1L. In addition, according to the
present embodiment, it is possible to obtain the same advan-
tageous effects as provided by the twelfth embodiment.

It should be noted that although in the present embodiment,
the transmission 300 is a belt-type stepless transmission, it is
to be understood that a toroidal-type or a hydraulic-type step-
less transmission or a gear-type stepped transmission may be
employed.
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In the power plant 1M according to the fourteenth embodi-
ment shown FIG. 73, a transmission 310 is a gear-type
stepped transmission formed by a planetary gear unit and so
forth, similarly to the above-described transmission 250 in
the sixth embodiment, and includes an input shatt 311 and an
output shaft (not shown). In the transmission 310, a total of
two speed positions, i.e. a first speed (transmission gear
ratio=the rotational speed of the input shaft 311/the rotational
speed of the output shaft=1.0) and a second speed (transmis-
sion gear ratio <1.0) are set as speed positions. The ECU 2
performs a change between these speed positions. Further, the
input shaft 311 of the transmission 310 is directly connected
to the crankshaft 3a via the flywheel 5, and the output shaft
(not shown) thereof is directly connected to the first main
shaft 4. As described above, the transmission 310 is provided
between the crankshaft 3a, and the first carrier 24 and the B1
rotor 231, for transmitting the engine power WENG to the
first carrier 24 and the B1 rotor 231 while changing the speed
of the engine power WENG. Furthermore, similarly to the
sixth embodiment, the number of the gear teeth of the gear 9a
of' the differential gear mechanism 9 is larger than that of the
gear teeth of the second gear 8¢ of the idler shaft 8, whereby
the power transmitted to the idler shaft 8 is transmitted to the
drive wheels DW and DW in a reduced state.

In the power plant 1M configured as above, in such a case
as a very large torque is transmitted from the first sun gear 21
and the B2 rotor 233 to the drive wheels DW and DW, e.g.
during the ENG-based standing start, the speed position of the
transmission 310 is controlled to the second speed (transmis-
sion gear ratio <1.0). This makes smaller the engine torque
TENG input to the first carrier 24 and the B1 rotor 231. In
accordance therewith, the electric power generated by the first
generator-motor 40 and the electric power supplied to the
fourth generator-motor 230 (generated electric power) are
controlled such that the engine torque TENG to be transmit-
ted to the first sun gear 21 and the B2 rotor 233 becomes
smaller. Further, the engine torque TENG transmitted to the
first sun gear 21 and the B2 rotor 233 is transmitted to the
drive wheels DW and DW in a state increased by deceleration
by the second gear 8¢ and the gear 9a. From the above,
according to the present invention, it is possible to make
smaller the maximum value of torque demanded of the first
and fourth generator-motors 40 and 230, thereby making it
possible to reduce the sizes and costs of the first and fourth
generator-motors 40 and 230. In addition to this, since the
maximum value of the torque transmitted to the first sun gear
21 and the ring gear 22 via the first carrier 24 can be made
smaller, thereby making it possible to further reduce the size
and costs of the first planetary gear unit 20.

Further, when the engine speed NE is very high, the speed
position of the transmission 310 is controlled to the first speed
(transmission gear ratio=1.0). Thus, according to the present
invention, compared with the case of the speed position being
the second speed, the B1 rotor rotational speed VRB1 can be
reduced, whereby it is possible to prevent failure of the fourth
generator-motor 230 due to an excessive increase in the B1
rotor rotational speed VRB1. The above-mentioned inconve-
niences are liable to occur since the B1 rotor 231 is formed by
magnets, and hence, this control is particularly effective.

Further, in such a case as the first rotor rotational speed
VRO1 becomes too high, e.g. during rapid acceleration of the
vehicle in which the engine speed NE is higher than the
vehicle speed VP, the speed position of the transmission 310
is controlled to the first speed. Thus, compared with the case
of the speed position being the second speed, the first carrier
rotational speed VCA1 becomes smaller, and hence accord-
ing to the present embodiment, as is clear from FIG. 71, the

20

25

30

35

40

45

50

55

60

65

106

first rotor rotational speed VRO1 can be lowered, thereby
making it possible to prevent failure of the first generator-
motor 40 due to an excessive increase in the first rotor rota-
tional speed VRO1.

Further, when the vehicle is traveling using the engine 3 as
a power source, the speed position of the transmission 310 is
changed according to the engine speed NE and the vehicle
speed VP such that the first rotor rotational speed VRO1 and
the second magnetic field rotational speed VMF2 take respec-
tive values that will make it possible to obtain the high effi-
ciencies of the first and fourth generator-motors 40 and 230.
Further, in parallel with such a change in the speed position of
the transmission 310, the first rotor rotational speed VRO1
and the second magnetic field rotational speed VMF2 are
controlled to values determined based on the engine speed NE
and vehicle speed VP assumed then, the speed position of the
transmission 310, the aforementioned equation (7), and the
gear ratio between the first sun gear 21 and the first ring gear
22. Thus, according to the present embodiment, during trav-
eling of the vehicle, it is possible to obtain the high efficien-
cies of the first and fourth generator-motors 40 and 230.

Furthermore, when the vehicle is traveling using the engine
3 as a power source, and at the same time during the speed-
changing operation of the transmission 310, that is, while the
engine 3, the first carrier 24 and the B1 rotor 231 are discon-
nected from each other by the transmission 310, to suppress a
speed-change shock, the first and fourth generator-motors 40
and 230 are controlled as described hereafter. Hereinafter,
such control of the first and fourth generator-motors 40 and
230 is referred to as “the speed-change shock control”, simi-
larly to the sixth embodiment.

Electric power is supplied to the first stator 41, for causing
the first rotor 42 to perform normal rotation, and electric
power is supplied to the fourth stator 232, for causing the first
and second rotating magnetic fields, which are generated by
the fourth stator 232 in accordance with the supply of the
electric power, to perform normal rotation. As a consequence,
torque transmitted from the first rotor 42 to the first ring gear
22, and the torque transmitted, as described hereafter, to the
first sun gear 21 are combined, and the combined torque is
transmitted to the first carrier 24. The torque transmitted to the
first carrier 24 is transmitted to the B1 rotor 231 without being
transmitted to the crankshaft 3a, by the above-mentioned
disconnection by the transmission 310. Further, this torque is
combined with the second driving equivalent torque TSE2
from the fourth stator 232, and then is transmitted to the B2
rotor 233. Part of the torque transmitted to the B2 rotor 233 is
transmitted to the first sun 21, and the remainder thereof is
transmitted to the drive wheels DW and DW.

Therefore, according to the present embodiment, during
the speed-changing operation, it is possible to suppress a
speed-change shock, which can be caused by interruption of
transmission of the engine torque TENG to the drive wheels
DW and DW, and therefore it is possible to improve market-
ability. It should be noted that this speed-change shock con-
trol is performed only during the speed-changing operation of
the transmission 310. In addition, according to the present
embodiment, it is possible to obtain the same advantageous
effects as provided by the twelfth embodiment.

In the power plant 1N according to the fifteenth embodi-
ment shown in FIG. 74, differently from the twelfth embodi-
ment, the second main shaft 7 is not provided, and the first
gear 86 is in mesh with the gear 65 integrally formed with the
connection shaft 6, whereby the first sun gear 21 and the B2
rotor 233 are mechanically connected to the drive wheels DW
and DW via the connection shaft 6, the gear 65, the first gear
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8b, the idler shaft 8, the second gear 8¢, the gear 9a, the
differential gear mechanism 9, and so forth, without via the
transmission 320.

The transmission 320 is a gear-type stepped transmission
which is configured similarly to the transmission 260 accord-
ing to the seventh embodiment and has speed positions of the
first to third speeds. The transmission 320 includes an input
shaft 321 directly connected to the first ring gear 22 via a
flange, and an output shaft 322 directly connected to the first
rotor 42 via the flange, and transmits power input to the input
shaft 321 to the output shaft 322 while changing the speed of
the power. Furthermore, a change between the speed posi-
tions of the transmission 320 is controlled by the ECU 2. As
described above, the first ring gear 22 is mechanically con-
nected to the first rotor 42 via the transmission 320, and power
transmitted to the first ring gear 22 is transmitted to the first
rotor 42 while having the speed thereof changed by the trans-
mission 320.

In the power plant 1N configured as above, when a very
large torque is transmitted to the first rotor 42, e.g. during the
EV standing start and the ENG-based standing start, the speed
position of the transmission 320 is controlled to the third
speed (transmission gear ratio <1.0). Thus, the torque trans-
mitted to the first ring gear 22 is reduced by the transmission
320, and then is transmitted to the first rotor 42. In accordance
therewith, the electric power generated by the first generator-
motor 40 is controlled such that the torque transmitted to the
first rotor 42 becomes smaller. Further, at the time of the
above-described ENG start during stoppage of the vehicle
(see FI1G. 14 and FIG. 47), the speed position of the transmis-
sion 320 is controlled to the third speed (transmission gear
ratio <1.0). In this case, the input shaft 321 and the output
shaft 322 are connected to the first ring gear 22 and the first
rotor 42, respectively, so that through the above-described
control of the transmission 320, at the time of the above-
described ENG start during stoppage of the vehicle, the
torque from the first generator-motor 40 is increased, and is
transmitted to the crankshaft 3a via the first ring gear 22, the
first planetary gears 23 and the first carrier 24. In accordance
therewith, the electric power supplied to the first generator-
motor 40 is controlled such that the power from the first
generator-motor 40 becomes smaller. From the above,
according to the present embodiment, it is possible to further
reduce the size and costs of the first generator-motor 40.

Further, during the EV standing start and the like, even
when the speed position of the transmission 320 is controlled
as described above, the magnitude of the power transmitted
from the first ring gear 22 to the first rotor 42 is not changed,
and when the electric power generated by the first generator-
motor 40 is transmitted to the B2 rotor 233 via the fourth
stator 232 as power, the torque transmitted to the drive wheels
DW and DW via the B2 rotor 233 can be controlled to have a
desired magnitude. This makes it possible to transmit torque
having a sufficient magnitude to the drive wheels DW and
DW.

Further, when the first rotor rotational speed VRO1, which
is determined by the relationship between the engine speed
NE and the vehicle speed VP, becomes too high, e.g. during
rapid acceleration of the vehicle in which the engine speed
NE is higher than the vehicle speed VP, the speed position of
the transmission 320 is controlled to the first speed (transmis-
sion gear ratio >1.0). This makes it possible to reduce the first
rotor rotational speed VRO1 with respect to the first ring gear
rotational speed VRI1 which is determined by the relation-
ship between the engine speed NE and vehicle speed VP
assumed at the time, thereby making it possible to prevent
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failure of the first generator-motor 40 due to an excessive
increase in the first rotor rotational speed VRO1.

Furthermore, during traveling of the vehicle, the speed
position of the transmission 320 is controlled such that the
first rotor rotational speed VRO1 becomes equal to a prede-
termined target value. This target value is calculated by
searching a map according to the vehicle speed VP when only
the first and fourth generator-motors 40 and 230 are used as
power sources, whereas when the engine 3 and the first and
fourth generator-motors 40 and 230 are used as power
sources, the target value is calculated by searching a map
other than the above-mentioned map according to the engine
speed NE and the vehicle speed VP. Further, in these maps,
the target value is set to a value that will make it possible to
obtain high efficiency of the first generator-motor 40 with
respect to the vehicle speed VP (and engine speed NE)
assumed at the time. Furthermore, in parallel with the above
control of the transmission 320 as described above, the first
rotor rotational speed VROI1 is controlled to the above-de-
scribed target value. Thus, according to the present embodi-
ment, during traveling of the vehicle, it is possible to obtain
the high efficiency of the first generator-motor 40.

Further, when the vehicle is traveling using the engine 3 as
apower source, e.g. as in the battery input/output zero mode,
during the speed-changing operation of the transmission 320,
the gear trains of the transmission 320 and the input shaft 321
and output shaft 322 thereof are disconnected from each other
to thereby disconnect between the first rotor 42 and the first
ring gear 22, whereby the engine torque TENG ceases to act
on the first rotor 42. Therefore, no electric power is generated
by the first stator 41, and the fourth stator 232 is supplied with
electric power from the battery 63.

As a consequence, according to the present embodiment,
during the speed-changing operation of the transmission 320,
the second driving equivalent torque TSE2 from the fourth
stator 232 and part of the engine torque TENG transmitted to
the B1 rotor 231 are combined, and the combined torque is
transmitted to the drive wheels DW and DW via the B2 rotor
233. This makes it possible to suppress a speed-change shock,
which can be caused by interruption of transmission of the
engine torque TENG to the drive wheels DW and DW, and
therefore it is possible to improve marketability.

Further, by using the first and fourth generator-motors 40
and 230, it is possible to transmit the engine power WENG to
the drive wheels DW and DW while steplessly changing the
speed thereof, so that it is possible to reduce the frequency of
the speed-changing operation of the transmission 320. This
makes it possible to enhance the driving efficiency of the
power plant 1N. In addition, according to the present embodi-
ment, it is possible to obtain the same advantageous effects as
provided by the twelfth embodiment.

In the power plant 10 according to the sixteenth embodi-
ment shown in FIG. 75, similarly to the fifteenth embodiment,
the second main shaft 7 is not provided, and the first gear 85
is in mesh with the gear 65 integrally formed with the con-
nection shaft 6. Further, the transmission 330 is a gear-type
stepped transmission which is configured similarly to the
transmission 260 according to the seventh embodiment and
has speed positions of the first to third speeds. The transmis-
sion 330 includes an input shaft 331 directly connected to the
first sun gear 21, and an output shaft (not shown) directly
connected to the connection shaft 6, and transmits power
input to the input shaft 331 to the output shaft while changing
the speed of the power. Furthermore, a change between the
speed positions of the transmission 330 is controlled by the
ECU 2.
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As described above, the first sun gear 21 is mechanically
connected to the drive wheels DW and DW via the transmis-
sion 330, the connection shaft 6, the gear 65, the first gear 85,
and so forth. Further, the power transmitted to the first sun
gear 21 is transmitted to the drive wheels DW and DW while
having the speed thereof changed by the transmission 330.
Furthermore, the B2 rotor 233 is mechanically connected to
the drive wheels DW and DW via the connection shaft 6, the
gear 6b, the first gear 84, and so forth, without via the trans-
mission 330.

In the power plant 10 configured as above, in such a case as
avery large torque is transmitted from the first sun gear 21 to
the drive wheels DW and DW, e.g. during the ENG-based
standing start, the speed position of the transmission 330 is
controlled to the first speed (transmission gear ratio >1.0).
Thus, the torque transmitted to the first sun gear 21 is
increased by the transmission 330, and then is transmitted to
the drive wheels DW and DW. In accordance therewith, the
electric power generated by the first generator-motor 40 is
controlled such that torque distributed to the first sun gear 21
and the first ring gear 22 becomes smaller. As a consequence,
according to the present embodiment, the torque distributed
to the first sun gear 21 and the first ring gear 22 via the first
carrier 24 can be made smaller, and hence it is possible to
further reduce the size and costs of the first planetary gear unit
20. In addition to this, since torque transmitted from the first
ring gear 22 to the first rotor 42 can be made smaller, it is
possible to further reduce the size and costs of the first gen-
erator-motor 40.

Further, in such a case as the first rotor rotational speed
VRO1 becomes too high, e.g. during rapid acceleration of the
vehicle in which the engine speed NE is higher than the
vehicle speed VP, the speed position of the transmission 330
is controlled to the first speed. As a consequence, according to
the present embodiment, the first sun gear rotational speed
VSUL1 is increased with respect to the vehicle speed VP,
whereby as is clear from FIG. 71, it is possible to reduce the
first rotor rotational speed VRO1, so that it is possible to
prevent failure of the first generator-motor 40 due to an exces-
sive increase in the first rotor rotational speed VRO1.

Furthermore, during the EV traveling and traveling of the
vehicle including the traveling in the battery input/output zero
mode, the speed position of the transmission 330 is controlled
such that the first rotor rotational speed VRO1 becomes equal
to a predetermined target value. This target value is calculated
by searching a map according to the vehicle speed VP when
only the first and fourth generator-motors 40 and 230 are used
as power sources, whereas when the engine 3 and the first and
fourth generator-motors 40 and 230 are used as power
sources, the target value is calculated by searching a map
other than the above-mentioned map according to the engine
speed NE and the vehicle speed VP. Further, in these maps,
the target value is set to a value that will make it possible to
obtain high efficiency of the first generator-motor 40 with
respect to the vehicle speed VP (and engine speed NE)
assumed at the time. Furthermore, in parallel with the above
control of the transmission 330 as described above, the first
rotor rotational speed VROL1 is controlled to the above-de-
scribed target value. Thus, according to the present embodi-
ment, during traveling of the vehicle, it is possible to obtain
the high efficiency of the first generator-motor 40.

Further, when the vehicle is traveling using the engine 3 as
a power source, and at the same time the transmission 330 is
performing a speed-changing operation, the gear trains of the
transmission 330 and the input shaft 331 and output shaft
thereof are disconnected from each other to thereby discon-
nect between the first sun gear 21 and the drive wheels DW
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and DW, whereby the load of the drive wheels DW and DW
ceases to act on the first sun gear 21. Therefore, no electric
power is generated by the first generator-motor 40 during the
speed-changing operation of the transmission 330, and the
fourth stator 232 is supplied with electric power from the
battery 63.

As a consequence, according to the present embodiment,
during the speed-changing operation of the transmission 330,
the second driving equivalent torque TSE2 and part of the
engine torque TENG transmitted to the B1 rotor 231 are
combined, and the combined torque is transmitted to the drive
wheels DW and DW via the B2 rotor 233. This makes it
possible to suppress a speed-change shock, which can be
caused by interruption of transmission of the engine torque
TENG to the drive wheels DW and DW, thereby making it
possible to improve marketability.

Further, by using the first and fourth generator-motors 40
and 230, it is possible to transmit the engine power WENG to
the drive wheels DW and DW while steplessly changing the
speed thereof, so that it is possible to reduce the frequency of
the speed-changing operation of the transmission 330. This
makes it possible to enhance the driving efficiency of the
power plant 10. In addition to this, according to the present
embodiment, it is possible to obtain the same advantageous
effects as provided by the twelfth embodiment.

It should be noted that although in the fourteenth to six-
teenth embodiments, the transmissions 310 to 330 are gear-
type stepped transmissions, it is to be understood that belt-
type, toroidal-type or hydraulic-type stepless transmission
may be employed.

Next, a power plant 1P according to a seventeenth embodi-
ment of the present invention will be described with reference
to FIG. 76. This power plant 1P is distinguished from the
twelfth embodiment in that it further includes a transmission
for changing a ratio between the speed difference between the
first rotor rotational speed VRO1 and the vehicle speed VP
and the speed difference between the vehicle speed VP and
the engine speed NE. In FIG. 76, the component elements
identical to those of the twelfth embodiment are denoted by
the same reference numerals. The following description is
mainly given of different points from the twelfth embodi-
ment.

Referring to FI1G. 76, in this power plant 1P, similarly to the
fifteenth embodiment, the second main shaft 7 is not pro-
vided, and the first gear 85 is in mesh with the gear 65
integrally formed with the connection shaft 6, whereby the
first sun gear 21 and the B2 rotor 233 are mechanically con-
nected to the drive wheels DW and DW via the connection
shaft 6, the gear 6b, the first gear 85, the differential gear
mechanism 9, and so forth.

The above-described transmission includes a fourth plan-
etary gear unit 340, a third clutch C3 and a fourth clutch C4.
The fourth planetary gear unit 340 is configured similarly to
the first planetary gear unit 20, and includes a fourth sun gear
341, a fourth ring gear 342, and a fourth carrier 344 rotatably
supporting a plurality of fourth planetary gears 343 in mesh
with the two gears 341 and 342. The fourth sun gear 341 is
integrally concentrically fitted on the first main shaft 4,
whereby the fourth sun gear 341 is mechanically directly
connected to the first carrier 24, the crankshaft 3a and the B1
rotor 231. Further, the fourth carrier 344 is mechanically
directly connected to the first ring gear 22 via a flange and a
hollow shaft, whereby the fourth carrier 344 is rotatable in
unison with the first ring gear 22. Hereinafter, the rotational
speeds of the fourth sun gear 341, the fourth ring gear 342 and
the fourth carrier 344 are referred to as “the fourth sun gear
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rotational speed VSU4, “the fourth ring gear rotational speed
VRI4” and “the fourth carrier rotational speed VCA4”,
respectively.

The above-described third clutch C3 is formed e.g. by a
friction multiple disk clutch, similarly to the above-men-
tioned first clutch C1, and is disposed between the fourth
carrier 344 and the first rotor 42. That is, the fourth carrier 344
is mechanically directly connected to the first rotor 42 via the
third clutch C3. Further, the degree of engagement of the third
clutch C3 is controlled by the ECU 2, to thereby connect and
disconnect between the fourth carrier 344 and the first rotor
42.

The above-mentioned fourth clutch C4 is formed by a
friction multiple disk clutch, similarly to the third clutch C3,
and is disposed between the fourth ring gear 342 and the first
rotor 42. That is, the fourth ring gear 342 is mechanically
directly connected to the first rotor 42 via the fourth clutch
C4. Further, the degree of engagement of the fourth clutch C4
is controlled by the ECU 2, to thereby connect and disconnect
between the fourth ring gear 342 and the first rotor 42.

FIG. 77(a) shows a speed diagram showing an example of
the relationship between the first sun gear rotational speed
VSUL, the first carrier rotational speed VCA1 and the first
ring gear rotational speed VRI1, together with a speed dia-
gram showing an example of the relationship between the
fourth sun gear rotational speed VSU4, the fourth carrier
rotational speed VCA4 and the fourth ring gear rotational
speed VRI41. In FIG. 77(a), P designates a value obtained by
dividing the number of the gear teeth of the first ring gear 22
by that of the gear teeth of the first sun gear 21, and Q
designates a value obtained by dividing the number of the
gear teeth of the fourth sun gear 341 by that of the gear teeth
of the fourth ring gear 342.

As described above, since the first carrier 24 and the fourth
sun gear 341 are directly connected to each other, the first
carrier rotational speed VCA1 and the fourth sun gear rota-
tional speed VSU4 are equal to each other, and since the first
ring gear 22 and the fourth carrier 344 are directly connected
to each other, the first ring gear rotational speed VRI1 and the
fourth carrier rotational speed VCA4 are equal to each other.
Therefore, the two speed diagrams concerning the first and
fourth planetary gear units 20 and 340 shown in FIG. 77(a)
can be represented by a single speed diagram as shown in
FIG. 77(b). As shown in FIG. 77(b), four rotary elements of
which rotational speeds are in a collinear relationship with
each other are formed by connecting the elements of the first
and fourth planetary gear units 20 and 340, as described
above.

Further, FIG. 78(a) shows a speed diagram showing an
example of the relationship between the rotational speeds of
the above-described four rotary elements together with a
speed diagram showing an example of the relationship
between the second magnetic field rotational speed VMF2
and the B1 and B2 rotor rotational speeds VRB1 and VRB2.
As described hereinabove, the difference between the second
magnetic field rotational speed VMF2 and the B2 rotor rota-
tional speed VRB2 is equal to the difference between the B2
rotor rotational speed VRB2 and the B1 rotor rotational speed
VRB1, so that a ratio between the distance from a vertical line
representing the second magnetic field rotational speed
VMEF?2 to a vertical line representing the B2 rotor rotational
speed VRB2 and the distance from a vertical line representing
the B2 rotor rotational speed VRB2 to a vertical line repre-
senting the B1 rotor rotational speed VRB1 is 1:1.

As described above, since the first carrier 24 and the B1
rotor 231 are directly connected to each other, the first carrier
rotational speed VCA1 and the B1 rotor rotational speed
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VRB1 are equal to each other. Further, since the first sun gear
21 and the B2 rotor 233 are directly connected to each other,
the first sun gear rotational speed VSU1 and the B2 rotor
rotational speed VRB2 are equal to each other. Therefore, the
two speed diagrams shown in FI1G. 78(a) can be represented
by a single speed diagram as shown in FIG. 78(5).

Further, since the crankshaft 3a, the first carrier 24, the B1
rotor 231 and the fourth sun gear 341 are directly connected to
each other, the engine speed NE, the first carrier rotational
speed VCAL1, the B1 rotor rotational speed VRB1 and the
fourth sun gear rotational speed VSU4 are equal to each other.
Furthermore, since the drive wheels DW and DW, the first sun
gear 21 and the B2 rotor 233 are connected to each other, if a
change in speed by the differential gear mechanism 9 and the
like is ignored, the vehicle speed VP, the first sun gear rota-
tional speed VSU1 and the B2 rotor rotational speed VRB2
are equal to each other.

Further, the first rotor 42 is directly connected to the fourth
carrier 344 and the fourth ring gear 342 via the third and
fourth clutches C3 and C4, respectively, and hence when the
third clutch C3 is engaged and the fourth clutch C4 is disen-
gaged (hereinafter, such an engaged and disengaged state of
the clutches is referred to as “the third speed change mode™),
the first rotor rotational speed VRO1 and the fourth carrier
rotational speed VCA4 are equal to each other. Furthermore,
when the third clutch C3 is disengaged and the fourth clutch
C4 is engaged (hereinafter, such an engaged and disengaged
state of the clutches is referred to as “the fourth speed change
mode”), the first rotor rotational speed VRO1 and the fourth
ring gear rotational speed VRI4 are equal to each other.

From the above, the first rotor rotational speed VRO1, the
engine speed NE, the vehicle speed VP, and the second mag-
netic field rotational speed VMF2 are in a collinear relation-
ship (linear relationship) as shown e.g. in FIG. 79(a) in the
third speed change mode, whereas in the fourth speed change
mode, they are in a collinear relationship as shown e.g. in FIG.
79(5).

As shown in FIGS. 79(a) and 79(5), the distance between a
vertical line representing the vehicle speed VP and a vertical
line representing the first rotor rotational speed VRO1 is
shorter in the aforementioned third speed change mode than
in the fourth speed change mode, and therefore a ratio
between a rotational difference DN4 between the first rotor
rotational speed VRO1 and the vehicle speed VP and a rota-
tional difference DN3 between the engine speed NE and the
vehicle speed VP (hereinafter referred to as “the rotational
ratio DN4/DN3) is smaller in the third speed change mode.

Inthe power plant 1P configured as above, in such a case as
the first rotor rotational speed VRO1, which is determined by
the relationship between the engine speed NE and the vehicle
speed VP, becomes too high, e.g. during rapid acceleration of
the vehicle in which the engine speed NE is higher than the
vehicle speed VP, the third speed change mode is used. As a
consequence, according to the present embodiment, as is
clear from the relationship of the above-mentioned rotational
ratio DN4/DN3, the first rotor rotational speed VRO1 can be
made lower than when the fourth speed change mode is used,
so that it is possible to prevent failure of the first generator-
motor 40 due to an excessive increase in the first rotor rota-
tional speed VRO1.

Further, during the aforementioned EV standing start and
at the same time in the third speed change mode, the relation-
ship between torque (indicated by the arrows B in FIG. 3,
hereinafter referred to as “the first generator-motor torque”)
TM1 transmitted from the first generator-motor 40 to the first
carrier 24, the foot axis drive torque TDRDW transmitted to
the drive wheels DW and DW, and the second driving equiva-
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lent torque TSE2 by the fourth generator-motor 230 is
expressed e.g. by the following equations (32) and (33):

TM1+TSE2=TDRDW (32)

TM1=TDRDWI(2+1/P)

On the other hand, in the fourth speed change mode, the
above-described relationship between the parameters is
expressed e.g. by the following equations (34) and (35):

(33)

TM1+TSE2=TDRDW (34)

TM1=TDRDWI(2+1/P+Q/P) 35)

As is clear from comparison between the above equations
(33) and (35), the first generator-motor torque TM1 is smaller
in the fourth speed change mode with respect to the foot axis
drive torque TDRDW having an identical magnitude. There-
fore, during the EV standing start, that is, when a very large
torque is transmitted from the first generator-motor 40 to the
drive wheels DW and DW, the fourth speed change mode is
used.

Further, during traveling of the vehicle using the power of
the engine 3, and at the same time in the third speed change
mode, the relationship between the engine torque TENG, the
aforementioned first electric power-generating torque TGM1
transmitted to the first generator-motor 40, the foot axis drive
torque TDRDW, and the second driving equivalent torque
TSE2 is expressed e.g. by the following equations (36) and
(37):

TENG+ISE2=TDRDW+TGE1 (36)

TGM1=(2x TENG-TDRDW)/(2+1/PM)

On the other hand, in the fourth speed change mode, the
above-described relationship between the parameters is

G7

expressed e.g. by the following equations (38) and (39):
TENG+TSE2=TDRDW+TGM1 (38)
TGM1=(2xTENG-TDRDW)/(2+1/P+Q/P) (39)

As is clear from comparison between the above equations
(37) and (39), the first electric power-generating torque
TGM1 is smaller in the fourth speed change mode with
respect to the engine torque TENG and the foot axis drive
torque TDRDW which having respective identical magni-
tudes. Therefore, when the vehicle is traveling using the
power of the engine 3, to transmit a very large torque to the
first rotor 42, e.g. during ascending a slope or during the
ENG-based standing start, the fourth speed change mode is
employed.

Furthermore, at the time of the ENG start during stoppage
of'the vehicle, and at the same time in the first speed change
mode, the relationship between torque TCRK transmitted to
the engine 3 (hereinafter referred to as “the engine transmit-
ting torque™), the first generator-motor torque TM1, and
torque TS4 transmitted from the fourth stator 232 to the B2
rotor 233 (hereinafter referred to as “the fourth stator torque™)
is expressed e.g. by the following equations (40) and (41):

TCRK=TM1+TS4 (40)

TM1=(2xTCRK)/(2+1/P)

On the other hand, in the fourth speed change mode, the
above-described relationship between the parameters is
expressed e.g. by the following equations (42) and (43):

@D

TCRK=TM1+TS4 @2)

TM1=(2xTCRK)/(2+1/P+Q/P) “3)
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As is clear from comparison between the above equations
(41) and (43), the first generator-motor torque TM1 is smaller
in the fourth speed change mode with respect to the engine
transmitting torque TCRK having an identical magnitude.
Therefore, at the time of the ENG start during stoppage of the
vehicle, the fourth speed change mode is employed.

According to the present embodiment, the fourth speed
change mode is employed, as described above, and the elec-
tric power generated by the first generator-motor 40 and the
electric power supplied to the first generator-motor 40 are
controlled based on the equation (35), the equation (39), or
the equation (43). Therefore, both of the maximum value of
the torque transmitted to the first generator-motor 40 and the
maximum value of the torque required of the first generator-
motor 40 can be made smaller, and further it is possible to
further reduce the size and costs of the first generator-motor
40.

Further, during traveling of the vehicle, a speed change
mode that will make it possible to obtain higher efficiency of
the first generator-motor 40 is selected from the third and
fourth speed change modes, according the vehicle speed VP
during stoppage of the engine 3, and according to the vehicle
speed VP and the engine speed NE during operation of the
engine 3. Thus, according to the present embodiment, during
traveling of the vehicle, it is possible to control the first rotor
rotational speed VROI1 to an appropriate value, so that it is
possible to obtain the high efficiency of the first generator-
motor 40.

Furthermore, switching between the third and fourth speed
change modes is performed when the fourth carrier rotational
speed VCA4 and the fourth ring gear rotational speed VRI4
are equal to each other. As a consequence, according to the
present embodiment, similarly to the aforementioned tenth
embodiment, it is possible to smoothly switch between the
third and fourth speed change modes while maintaining the
respective rotations of the drive wheels DW and DW and the
engine 3, and hence it is possible to ensure excellent drivabil-
ity.

Further, during traveling of the vehicle using the power of
the engine 3 and at the same time during transition between
the third and fourth speed change modes, after both of the
third and fourth clutches C3 and C4 are disengaged, and until
one of the third and fourth clutches C3 and C4 is engaged, the
first rotor 42 and the crankshaft 34 remain disconnected from
each other, whereby the engine torque TENG does not act on
the first rotor 42. Therefore, no electric power is generated by
the first stator 41, and the fourth stator 232 is supplied with
electric power from the battery 63.

As a result, according to the present embodiment, during
the transition between the third and fourth speed change
modes, even when both of the third and fourth clutches C3
and C4 are disengaged, similarly to the fifteenth embodiment,
the second driving equivalent torque TSE2 and part of the
engine torque TENG transmitted to the B1 rotor 231 are
combined, and the combined torque is transmitted to the drive
wheels DW and DW via the second rotor 233. This makes it
possible to suppress a speed-change shock, which can be
caused by interruption of transmission of the engine torque
TENG to the drive wheels DW and DW, thereby making it
possible to improve marketability. In addition, according to
the present embodiment, it is possible to obtain the same
advantageous effects as provided by the twelfth embodiment.

It should be noted that in the present embodiment, the
fourth planetary gear unit 340 corresponds to the planetary
gear unit in the invention as claimed in claim 18, and the
fourth sun gear 341, the fourth ring gear 342, the fourth
planetary gears 343, and the fourth carrier 344 correspond to
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the sun gear, the ring gear, the planetary gears, and the carrier
in the invention as claimed in claim 18, respectively.

Further, although in the present embodiment, the fourth
sun gear 341 is connected to the first carrier 24, and the fourth
ring gear 342 is connected to the first rotor 42 via the fourth
clutch C4, the above connecting relationships may be
inverted, that is, the fourth ring gear 342 may be connected to
the first carrier 24 while the fourth sun gear 341 may be
connected to the first rotor 42 via the fourth clutch C4. Fur-
ther, although in the present embodiment, the third and fourth
clutches C3 and C4 are formed by friction multiple disk
clutches, they may be formed e.g. by electromagnetic
clutches.

Next, a power plant 1Q according to an eighteenth embodi-
ment of the present invention will be described with reference
to FIG. 80. This power plant 1Q is distinguished from the
twelfth embodiment in that it further includes a transmission
350. In FIG. 80, the component elements identical to those of
the twelfth embodiment are denoted by the same reference
numerals. The following description is mainly given of dif-
ferent points from the twelfth embodiment.

As shown in FIG. 80, similarly to the fifteenth to seven-
teenth embodiments, this power plant 1Q is not provided with
the second main shaft 7, and the first gear 84 is in mesh with
the gear 65 integrally formed with the connection shaft 6.
Thus, the first sun gear 21 is mechanically connected to the
drive wheels DW and DW via the connection shaft 6, the gear
6b, the first gear 85, the differential gear mechanism 9, and so
forth, without via the transmission 350.

Further, the transmission 350 is a gear-type stepped trans-
mission which is configured similarly to the transmission 260
according to the seventh embodiment and has speed positions
of' the first to third speeds. The transmission 350 includes an
input shaft 351 directly connected to the B2 rotor 233, and an
output shaft (not shown) directly connected to the connection
shaft 6, and transmits power input to the input shaft 351 to the
output shaft while changing the speed of the power. Further-
more, a change between the speed positions of the transmis-
sion 350 is controlled by the ECU 2.

As described above, the B2 rotor 233 is connected to the
drive wheels DW and DW via the transmission 350, the
connection shaft 6, the gear 65, the first gear 85, and so forth.
Power transmitted to the B2 rotor 233 is transmitted to the
drive wheels DW and DW while having the speed thereof
changed by the transmission 350.

In the power plant 1Q configured as above, in such a case as
avery large torque is transmitted from the B2 rotor 233 to the
drive wheels DW and D, e.g. during the EV standing start and
the ENG-based standing start, the speed position of the trans-
mission 350 is controlled to the first speed (transmission gear
ratio >1.0). Thus, the B2 rotor transmission torque TRB2
transmitted to the B2 rotor 233 is increased by the transmis-
sion 350, and then is transmitted to the drive wheels DW and
DW. In accordance therewith, electric power supplied to the
second stator 232 is controlled such that the B2 rotor trans-
mission torque TRB2 becomes smaller. As a consequence,
according to the present invention, it is possible to make
smaller the maximum value of torque required of the fourth
generator-motor 230, thereby making it possible to further
reduce the size and costs of the fourth generator-motor 230.

Further, in such a case as the B2 rotor rotational speed
VRB2 becomes too high, e.g. during the high-vehicle speed
operation in which the vehicle speed VP is very high, the
speed position of the transmission 350 is controlled to the
third speed (transmission gear ratio <1.0). Thus, according to
the present embodiment, since the B2 rotor rotational speed
VRB2 can be reduced with respect to the vehicle speed VP, it
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is possible to prevent failure of the second generator-motor
230 due to an excessive increase in the B2 rotor rotational
speed VRB2.

Furthermore, during the EV traveling and traveling of the
vehicle including the traveling in the battery input/output zero
mode, the speed position of the transmission 350 is controlled
such that the second magnetic field rotational speed VMF2
becomes equal to a predetermined target value. This target
value is calculated by searching a map according to the
vehicle speed VP when only the first and fourth generator-
motors 40 and 230 are used as power sources, whereas when
the engine 3 and the first and fourth generator-motors 40 and
230 are used as power sources, the target value is calculated
by searching a map other than the above-mentioned map
according to the engine speed NE and the vehicle speed VP.
Further, in these maps, the target value is set to a value that
will make it possible to obtain high efficiency of the fourth
generator-motor 230 with respect to the vehicle speed VP
(and engine speed NE) assumed at the time. Furthermore, in
parallel with the above control of the transmission 350 as
described above, the second magnetic field rotational speed
VMEF?2 is controlled to the above-mentioned target value. As
a consequence, according to the present embodiment, during
traveling of the vehicle, it is possible to obtain the high effi-
ciency of the fourth generator-motor 230.

Further, when the vehicle is running using the engine 3 as
a power source, during the speed-changing operation of the
transmission 350 (after the input shaft 351 and output shaft of
the transmission 350 are disconnected from a gear train
before being shifted to a desired transmission gear ratio and
until the input shaft 351 and the output shaft are connected to
a gear train shifted to the desired transmission gear ratio), that
is, when the B2 rotor 233 and the drive wheels DW and DW
are disconnected from each other by the transmission 350, as
is clear from the state of transmission of torque described
above with reference to FIG. 8, part of the engine torque
TENG is transmitted to the drive wheels DW and DW via the
first sun gear 21. As a consequence, according to the present
embodiment, similarly to the seventeenth embodiment, dur-
ing the speed-changing operation of the transmission 350, it is
possible to suppress a speed-change shock, which can be
caused by interruption of transmission of the engine torque
TENG to the drive wheels DW and DW. This makes it pos-
sible to improve marketability.

Further, by using the first and fourth generator-motors 40
and 230, it is possible to transmit the engine power WENG to
the drive wheels DW and DW while steplessly changing the
speed thereof, so that it is possible to reduce the frequency of
the speed-changing operation of the transmission 350. This
makes it possible to enhance the driving efficiency of the
power plant 1P. In addition, according to the present embodi-
ment, it is possible to obtain the same advantageous effects as
provided by the twelfth embodiment.

It should be noted that although in the present embodiment,
the transmission 350 is a gear-type stepped transmission, it is
to be understood that a belt-type, toroidal-type or hydraulic-
type stepless transmission may be employed.

Next, a power plant 1R according to a nineteenth embodi-
ment of the present invention will be described with reference
to FIG. 81. As shown in the figure, this power plant 1R is
constructed by adding the aforementioned brake mechanism
BL to the power plant 1K according to the twelfth embodi-
ment. The following description is mainly given of different
points from the twelfth embodiment.

Inthe power plant 1R, the brake mechanism BL permits the
first main shaft 4 to rotate only when it performs normal
rotation together with the crankshaft 3a, the first carrier 24,
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and the B1 rotor 231, but blocks rotation of the first main shaft
4 when it performs reserve rotation together with the crank-
shaft 3a and so forth.

Further, the power plant 1R performs the aforementioned
EV creep operation and EV standing start as follows: The
power plant 1R supplies electric power to the first stator 41 to
cause the first rotor 42 to perform reverse rotation together
with the first ring gear 22, and supplies electric power to the
fourth stator 232 to cause the first and second rotating mag-
netic fields generated by the fourth stator 232 in accordance
with the supply of the electric power to perform normal
rotation. Further, the power plant 1R controls the first rotor
rotational speed VRO1 and the second magnetic field rota-
tional speed VMF2 such that 2xIVRO1I=(1/P)xIVMF2|
holds. As described hereinabove, P designates a value
obtained by dividing the number of the gear teeth of the first
ring gear 22 by that of the gear teeth of the first sun gear 21.
Furthermore, the electric power supplied to the first and
fourth stators 41 and 232 is controlled such that sufficient
torque is transmitted to the drive wheels DW and DW.

While the first ring gear 22 performs reverse rotation
together with the first rotor 42, as described above, the reverse
rotation of the first carrier 24 is blocked by the brake mecha-
nism BL, as described above, so that the first generator-motor
torque TM1 of the first generator-motor 40 is transmitted to
the first sun gear 21 via the first ring gear 22 and the first
planetary gears 23, and acts on the first sun gear 21 to cause
the first sun gear 21 to perform normal rotation. Further, while
the first and second rotating magnetic fields generated by the
fourth stator 232 perform normal rotation, as described
above, the reverse rotation of the B1 rotor 231 is blocked by
the brake mechanism BL, so that as described heretofore
using the aforementioned equation (8), torque having a mag-
nitude twice as large as that of the second driving equivalent
torque TSE2 is transmitted from the fourth stator 232 to the
B2 rotor 233, and acts on the B2 rotor 233 to cause the same
to perform normal rotation. Furthermore, the torques trans-
mitted to the first sun gear 21 and the B2 rotor 233 are
transmitted to the drive wheels DW and DW, for causing the
drive wheels DW and DW to perform normal rotation.

Further, in this case, on the first carrier 24 and the B1 rotor
231, which are blocked from performing reverse rotation by
the brake mechanism BL, torques act from the first rotor 42
and the fourth stator 232 through the control of the first and
fourth generator-motors 40 and 230 such that the torques
cause the first carrier 24 and the B1 rotor 231 to perform
reverse rotation, respectively, whereby the crankshaft 3a, the
first carrier 24 and the B1 rotor 231 are not only blocked from
performing reverse rotation but also held at rest.

As described above, according to the present embodiment,
itis possible to drive the drive wheels DW and DW by the first
and fourth generator-motors 40 and 230 without using the
engine power WENG. Further, during driving of drive wheels
DW and DW, the crankshaft 3a is not only prevented from
reverse rotation but also is held in a stopped state, and hence
the crankshaft 3a does not drag the engine 3. In addition, it is
possible to obtain the same advantageous effects as provided
by the twelfth embodiment.

It should be noted that in the twelfth to nineteenth embodi-
ments, the first and fourth generator-motors 40 and 230 cor-
respond to the second and first generator-motors in the inven-
tion as claimed in claims 8 and 9 and 16 to 20, respectively,
and the first planetary gear unit 20 corresponds to the distrib-
uting and combining device in the invention as claimed in
claims 8 and 9 and 16 to 20. Further, the first rotor 42 corre-
sponds to the second output portion in the invention as
claimed in claims 8 and 9 and 16 to 20, and the fourth stator
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232, and the B1 and B2 rotors 231 and 233 correspond to the
stator and the first and second rotors in the invention as
claimed in claims 8 and 9 and 16 to 20, respectively. The first
sun gear 21, the first carrier 24, and the first ring gear 22
correspond to the first, second and third elements in the inven-
tion as claimed in claims 8 and 9 and 16 to 20, respectively.
Furthermore, the ECU 2 and the 1st-PDU 61 correspond to the
second controller in the invention as claimed in claims 8 and
9 and 160 20, and the ECU 2 and the 2nd-PDU 62 correspond
to the first controller in the invention as claimed in claims 8
and 9 and 16 to 20. Further, in the fourth to nineteenth
embodiments, the engine 3 and the crankshaft 3a correspond
to the prime mover and the first output portion in the invention
as claimed in claim 8, respectively, and the battery 63 corre-
sponds to the electric power storage device in the invention as
claimed in claim 9.

Furthermore, although in the twelfth to nineteenth embodi-
ments, the first carrier 24 and the B1 rotor 231 are directly
connected to each other, and the first sun gear 21 and the B2
rotor 233 are directly connected to each other, the first carrier
24 and the B1 rotor 231 are not necessarily required to be
directly connected to each other insofar as they are connected
to the crankshaft 3a. Further, the first sun gear 21 and the B2
rotor 233 are not necessarily required to be directly connected
to each other insofar as they are connected to the drive wheels
DW and DW. In this case, each of the transmissions 300 and
310 in the thirteenth and fourteenth embodiments may be
formed by two transmissions, which are arranged as follows:
One of the two transmissions forming the transmission 300
may be disposed between the first sun gear 21 and the drive
wheels DW and DW, while the other thereof may be disposed
between the B2 rotor 233 and the drive wheels DW and DW.
Further, one of the two transmissions forming the transmis-
sion 310 may be disposed between the first carrier 24 and the
crankshaft 3a, while the other thereof may be disposed
between the B1 rotor 231 and the crankshaft 3a.

Further, although in the twelfth to nineteenth embodi-
ments, the first sun gear 21 and the first ring gear 22 are
connected to the drive wheels DW and DW and the first
generator-motor 40, respectively, the above connecting rela-
tionships may be inverted, that is, the first ring gear 22 and the
first sun gear 21 may be connected to the drive wheels DW
and DW and the first generator-motor 40, respectively.

It should be note that the present invention is not limited to
the embodiments described above, but it can be practiced in
various forms. For example, it is to be understood that in the
fifth to tenth embodiments and the thirteenth to eighteenth
embodiments, the brake mechanism BL for blocking the
reverse rotation of the crankshaft 3¢ may be provided. Fur-
ther, although the brake mechanism BL is formed by the
one-way clutch OC and the casing CA, the brake mechanism
BL may be formed by another suitable mechanism, such as a
hand brake, insofar as it is capable of blocking the reverse
rotation of the crankshaft 3a.

Further, although in the fourth to nineteenth embodiments,
the first and second planetary gear units 20 and 30 are used as
the distributing and combining device in the invention as
claimed in claim 8, any other suitable devices may be
employed insofar as they have the following functions: They
each have three elements, and have the function of distribut-
ing power input to one of the three elements to the other two
elements, and the function of combining the power input to
the other two elements, and then outputting the combined
power to the above one element, the three elements rotating
while maintaining a linear speed relationship therebetween
during distribution and combining of the power. For example,
such devices may be employed as have the functions equiva-
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lent to the planetary gear units, such as a plurality of rollers for
transmitting power by friction between surfaces, instead of
the gears of the planetary gear units. Furthermore, although
detailed description thereof is omitted, such a device as is
disclosed in Japanese Patent Application No. 2006-213905,
may be employed which is implemented by a combination of
a plurality of magnets and soft magnetic material elements.
Further, a double pinion type planetary gear unit may be used
as the distributing and combining device.

Further, although in the fourth to nineteenth embodiments,
the first and second generator-motors 40 and 50 are DC
motors, any other suitable devices, such as AC motors, may be
employed insofar as they have the function of converting
input electric power into power, and the function of convert-
ing input power into electric power. Further, although in the
fourth to nineteenth embodiments, the first and second con-
trollers in the invention as claimed in claim 8 are formed by
the ECU 2, the 1st-:PDU 61 and the 2nd-PDU 62, the first and
second controllers are not limited to these, but any suitable
controllers may be used insofar as they are capable of con-
trolling electric power generation by the first and second
stators 22 and 32 and electric power supplied thereto. For
example, the first and second controllers may be formed by
electric circuits or the like having microcomputers installed
thereon. Furthermore, although in the fourth to nineteenth
embodiments, the electric power storage device in the inven-
tion as claimed in claim 9 is the battery 63, this is not limita-
tive, but it is to be understood that the electric power storage
device may be a capacitor, for example.

Further, although in the above-described embodiments, the
prime mover according to the present invention is the engine
3 formed by a gasoline engine, it is to be understood that any
other suitable engine, such as a diesel engine or an external
combustion engine, may be used, for example. Furthermore,
although in the above-described embodiments, the present
invention is applied to the vehicle, by way of example, this is
not limitative, but for example, it can be applied to a boat, an
aircraft, and so forth. It is to be further understood that various
changes and modifications may be made without departing
from the spirit and scope thereof.

INDUSTRIAL APPLICABILITY

The power plant according to the present invention is very
useful in attaining reduction of the size and manufacturing
costs of the power plant, and further enhancing driving effi-
ciency thereof.

The invention claimed is:

1. A power plant for driving driven parts, comprising:

a prime mover including an output shaft;

afirst distributing and combining device that includes first,
second and third elements and has a function of distrib-
uting energy input to said second element to said first
and third elements and a function of combining energy
input to said first and third elements and then outputting
combined energy to said second element, said first to
third elements rotating while maintaining a linear speed
relationship therebetween, during distributing and com-
bining the energy, wherein the second element is
coupled between the first element and the third element;

a second distributing and combining device that includes
fourth, fifth and sixth elements and has a function of
distributing energy input to said fifth element to said
fourth and sixth elements and a function of combining
energy input to said fourth and sixth elements and then
outputting combined energy to said fifth element, said
fourth to sixth elements rotating while maintaining a
linear speed relationship therebetween, during distribut-
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ing and combining the energy, wherein the fifth element
is coupled between the fourth element and the sixth
element; and

a speed-changing device that is connected to said third and
sixth elements such that said speed-changing device is
capable of changing a relationship between a rotational
speed of said third element and a rotational speed of said
sixth element,

wherein said second and fourth elements are mechanically
connected directly to said output shaft of said prime
mover, and said first and fifth elements are mechanically
connected directly to the driven parts.

2. Apower plant as claimed in claim 1, wherein said speed-

changing device is a mechanical stepless transmission.

3. Apower plant as claimed in claim 1, wherein said speed-
changing device comprises:

a first energy conversion device that is mechanically con-
nected to said third element, for transmitting rotational
power between said first energy conversion device and
said third element, and converting a form of energy
between the rotational power and another form of energy
than the rotational power;

a second energy conversion device that is connected to said
first energy conversion device, and is mechanically con-
nected to said sixth element, for transmitting rotational
power between said second energy conversion device
and said sixth element, and converting a form of energy
between the rotational power and the other form of
energy; and

a controller that controls torque and a rotational speed of
the rotational power when the other form of energy is
converted into the rotational power by at least one of said
first and second energy conversion devices.

4. A power plant as claimed in claim 3, further comprising
an energy storing and releasing device that is configured to be
capable of storing and releasing the other form of energy, and
is connected to said first and second energy conversion
devices.

5. A power plant as claimed in claim 3, wherein the other
form of energy is electric energy.

6. A power plant as claimed in claim 1, wherein said first
distributing and combining device is a first planetary gear
unit, one of said first and third elements is first sun gear, the
other thereof is a first ring gear, and said second element is a
first carrier for rotatably supporting first planetary gears in
mesh with said first sun gear and said first ring gear, and

wherein said second distributing and combining device is a
second planetary gear unit, one of said fourth and sixth
elements is a second sun gear, the other thereof is a
second ring gear, and said fifth element is a second
carrier for rotatably supporting second planetary gears
in mesh with said second sun gear and said second ring
gear.

7. A power plant as claimed in claim 6, wherein said first
element is said first sun gear, said third element is said first
ring gear, said fourth element is said second sun gear, and said
sixth element is said second ring gear.

8. A power plant for driving driven parts, comprising:

a prime mover including a first output portion;

a first generator-motor that includes an immovable stator
for generating a rotating magnetic field, a first rotor
formed by magnets and disposed in a manner opposed to
said stator, and a second rotor formed by soft magnetic
material elements and disposed between said stator and
said first rotor, said first generator-motor inputting and
outputting energy between said stator, said first rotor and
said second rotor, via magnetic circuits formed by gen-
eration of the rotating magnetic field, the rotating mag-
netic field and said first and second rotors rotating along
with the input and output of the energy while holding



US 8,226,513 B2

121

such a linear speed relationship that a difference
between a rotational speed of the rotating magnetic field
and a rotational speed of said second rotor, and a differ-
ence between the rotational speed of said second rotor
and a rotational speed of said first rotor become equal to
each other;

a first controller electrically connected to said stator, for
controlling electric power generated by said stator and
electric power supplied to said stator;

a distributing and combining device that includes first,
second and third elements mechanically connected to
each other and has a function of distributing power input
to said second element to said first and third elements
and a function of combining power input to said first and
third elements and then outputting combined power to
said second element, said first to third elements rotating
while maintaining a linear speed relationship therebe-
tween, during distributing and combining the power,
wherein the second element is coupled between the first
element and the third element;

a second generator-motor that includes a second output
portion, and has a function of converting supplied elec-
tric power into power and outputting the converted
power to said second output portion and a function of
converting the power input to said second output portion
into electric power to thereby generate electric power;
and

a second controller electrically connected to said second
generator-motor, for controlling electric power gener-
ated by said second generator-motor and electric power
supplied to said second generator-motor,

wherein one of a pair of said first rotor and said second
element, and a pair of said second rotor and said first
element are mechanically connected directly to said first
output portion of said prime mover, while the other of
the pair of said first rotor and said second element, and
the pair of said second rotor and said first element are
mechanically connected directly to the driven parts, said
third element being mechanically connected to said sec-
ond output portion of said second generator-motor, and
said stator and said second generator-motor being elec-
trically connected to each other via said first and second
controllers.

9. A power plant as claimed in claim 8, further comprising
an electric power storage device that is configured to be
capable of being charged and discharged and is electrically
connected to said stator and said second generator-motor via
said first and second controllers, respectively.

10. A power plant as claimed in claim 8, further comprising
a transmission disposed between the other of the pair of said
first rotor and said second element and the pair of said second
rotor and said first element, and the driven parts, for transmit-
ting power from the other to the driven parts while changing
the speed of the power.

11. A power plant as claimed in claim 8, further comprising
a transmission disposed between said first output portion of
said prime mover and the one of'the pair of said first rotor and
said second element and the pair of said second rotor and said
first element, for transmitting power from said first output
portion to the one while changing the speed of the power.

12. A power plant as claimed in claim 8, wherein said
second rotor and said first element are mechanically con-
nected to said first output portion of said prime mover, and
said first rotor and said second element are mechanically
connected to the driven parts,

the power plant further comprising a transmission disposed
between said first rotor and the driven parts, for trans-
mitting power from said first rotor to the driven parts
while changing the speed of the power.
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13. A power plant as claimed in claim 8, wherein said
second rotor and said first element are mechanically con-
nected to said first output portion of said prime mover, and
said first rotor and said second element are mechanically
connected to the driven parts,

the power plant further comprising a transmission disposed
between said second output portion of said second gen-
erator-motor and said third element, for transmitting
power from said second output portion to said third
element while changing the speed of the power.

14. A power plant as claimed in claim 8, wherein said
second rotor and said first element are mechanically con-
nected to said first output portion of said prime mover, and
said first rotor and said second element are mechanically
connected to the driven parts,

the power plant further comprising a transmission disposed
between said second element and the driven parts, for
transmitting power from said second element to the
driven parts while changing the speed of the power.

15. A power plant for driving driven parts, comprising: a

prime mover including a first output portion;

a first generator-motor that includes an immovable stator
for generating a rotating magnetic field, a first rotor
formed by magnets and disposed in a manner opposed to
said stator, and a second rotor formed by soft magnetic
material elements and disposed between said stator and
said first rotor, said first generator-motor inputting and
outputting energy between said stator, said first rotor and
said second rotor, via magnetic circuits formed by gen-
eration of the rotating magnetic field, the rotating mag-
netic field and said first and second rotors rotating along
with the input and output of the energy while holding
such a linear speed relationship that a difference
between a rotational speed of the rotating magnetic field
and a rotational speed of said second rotor, and a differ-
ence between the rotational speed of said second rotor
and a rotational speed of said first rotor become equal to
each other;

a first controller electrically connected to said stator, for
controlling electric power generated by said stator and
electric power supplied to said stator;

a distributing and combining device that includes first,
second and third elements mechanically connected to
each other and has a function of distributing power input
to said second element to said first and third elements
and a function of combining power input to said first and
third elements and then outputting combined power to
said second element, said first to third elements rotating
while maintaining a linear speed relationship therebe-
tween, during distributing and combining the power,
wherein the second element is coupled between the first
element and the third element;

a second generator-motor that includes a second output
portion, and has a function of converting supplied elec-
tric power into power and outputting the converted
power to said second output portion and a function of
converting the power input to said second output portion
into electric power to thereby generate electric power;
and

a second controller electrically connected to said second
generator-motor, for controlling electric power gener-
ated by said second generator-motor and electric power
supplied to said second generator-motor,

wherein one of a pair of said first rotor and said second
element, and a pair of said second rotor and said first
element are mechanically connected directly to said first
output portion of said prime mover, while the other of
the pair of said first rotor and said second element, and
the pair of said second rotor and said first element are
mechanically connected directly to the driven parts, said
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third element being mechanically connected to said sec-
ond output portion of said second generator-motor, and
said stator and said second generator-motor being elec-
trically connected to each other via said first and second
controllers,

wherein said second rotor and said first element are
mechanically connected to said first output portion of
said prime mover, and said first rotor and said second
element are mechanically connected to the driven parts,

the power plant further comprising:

a planetary gear unit having a sun gear, a ring gear, and
a carrier rotatably supporting planetary gears in mesh
with said sun gear and said ring gear;

a first clutch; and

a second clutch,

wherein one of said sun gear and said ring gear is mechani-
cally connected to said second element,

wherein said carrier is mechanically connected to said third
element and is mechanically connected to said second
output portion of said second generator-motor via said
first clutch, and

wherein the other of said sun gear and said ring gear is
mechanically connected to said second output portion
via said second clutch.

16. A power plant as claimed in claim 8, wherein said first
rotor and said second element are mechanically connected to
said first output portion of said prime mover, and said second
rotor and said first element are mechanically connected to the
driven parts,

the power plant further comprising a transmission disposed
between said second output portion of said second gen-
erator-motor and said third element, for changing the
speed of power transmitted between said second output
portion and said third element.

17. A power plant as claimed in claim 8, wherein said first
rotor and said second element are mechanically connected to
said first output portion of said prime mover, and said second
rotor and said first element are mechanically connected to the
driven parts,

the power plant further comprising a transmission disposed
between said first element and the driven parts, for trans-
mitting power from said first element to the driven parts
while changing the speed of the power.

18. A power plant for driving driven parts, comprising:

a prime mover including a first output portion;

a first generator-motor that includes an immovable stator
for generating a rotating magnetic field, a first rotor
formed by magnets and disposed in a manner opposed to
said stator, and a second rotor formed by soft magnetic
material elements and disposed between said stator and
said first rotor, said first generator-motor inputting and
outputting energy between said stator, said first rotor and
said second rotor, via magnetic circuits formed by gen-
eration of the rotating magnetic field, the rotating mag-
netic field and said first and second rotors rotating along
with the input and output of the energy while holding
such a linear speed relationship that a difference
between a rotational speed of the rotating magnetic field
and a rotational speed of said second rotor, and a differ-
ence between the rotational speed of said second rotor
and a rotational speed of said first rotor become equal to
each other;

a first controller electrically connected to said stator, for
controlling electric power generated by said stator and
electric power supplied to said stator;

a distributing and combining device that includes first,
second and third elements mechanically connected to
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each other and has a function of distributing power input
to said second element to said first and third elements
and a function of combining power input to said first and
third elements and then outputting combined power to
said second element, said first to third elements rotating
while maintaining a linear speed relationship therebe-
tween, during distributing and combining the power,
wherein the second element is coupled between the first
element and the third element;

a second generator-motor that includes a second output
portion, and has a function of converting supplied elec-
tric power into power and outputting the converted
power to said second output portion and a function of
converting the power input to said second output portion
into electric power to thereby generate electric power;
and

a second controller electrically connected to said second
generator-motor, for controlling electric power gener-
ated by said second generator-motor and electric power
supplied to said second generator-motor,

wherein one of a pair of said first rotor and said second
element, and a pair of said second rotor and said first
element are mechanically connected directly to said first
output portion of said prime mover, while the other of
the pair of said first rotor and said second element, and
the pair of said second rotor and said first element are
mechanically connected directly to the driven parts, said
third element being mechanically connected to said sec-
ond output portion of said second generator-motor, and
said stator and said second generator-motor being elec-
trically connected to each other via said first and second
controllers,

wherein said first rotor and said second element are
mechanically connected to said first output portion of
said prime mover, and said second rotor and said first
element are mechanically connected to the driven parts,

the power plant further comprising:

a planetary gear unit having a sun gear, a ring gear, and
a carrier rotatably supporting planetary gears in mesh
with said sun gear and said ring gear;

a first clutch; and

a second clutch,

wherein one of said sun gear and said ring gear is mechani-
cally connected to said second element,

wherein said carrier is mechanically connected to said third
element and is mechanically connected to said second
output portion of said second generator-motor via said
first clutch, and

wherein the other of said sun gear and said ring gear is
mechanically connected to said second output portion
via said second clutch.

19. A power plant as claimed in claim 8, wherein said first
rotor and said second element are mechanically connected to
said first output portion of said prime mover, and said second
rotor and said first element are mechanically connected to the
driven parts,

the power plant further comprising a transmission disposed
between said second rotor and said driven parts, for
transmitting power from said second rotor to the driven
parts while changing the speed of the power.

20. A power plant as claimed in claim 8, further comprising

a brake mechanism for blocking reverse rotation of said first
output portion of said prime mover.



