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Description

[0001] This invention relates to a method and an ap-
paratus for controlling the speed of an engine, and more
particularly, to a method and an apparatus which con-
trols the speed of an engine within a hybrid electric ve-
hicle and which allows the size or capacity of the vehi-
cle's motor/generator to be reduced.
[0002] Hybrid electric vehicles ("HEVs") utilise both
an internal combustion engine and one or more electric
machines (e.g., motors/generators) to generate power
and torque. The electric motor/generator(s) within a hy-
brid electric vehicle provides the vehicle with additional
degrees of freedom in delivering the driver-demanded
torque and may also be used to control the output speed
of the engine.
[0003] In one type of hybrid electric vehicle, common-
ly referred to as a "power split" type hybrid electric ve-
hicle, the electric generator and the internal combustion
engine are interconnected by use of a planetary gear
set, and the electric generator selectively provides a re-
action torque which may be used to control (e.g., to re-
duce and/or augment) the speed of the vehicle's engine.
In this manner, the generator is used to control the
speed of the engine and co-operates with the planetary
gear set and a traction motor to provide a continuous
variable transmission ("CVT") effect. One drawback as-
sociated with this type of hybrid electric vehicle, arises
from the limited amount of reaction torque which can be
provided by the motor/generator.
[0004] Particularly, because the amount of torque pro-
duced by a typical internal combustion engine is rela-
tively high, the reaction torque required to control the
speed and/or output of the engine also must be relatively
high. This presents a problem under certain vehicle op-
erating conditions (e.g., high speed operating condi-
tions), as the motor/generator is not always able to de-
liver the reaction torque desired or needed to control or
slow the speed of the vehicle's engine. For example and
without limitation, the graph 200 of Figure 3 illustrates
the performance of a typical hybrid electric vehicle gen-
erator over a range of speeds. In order to provide the
relatively high reaction torque needed to control the
speed/output of the engine, the size and capacity of the
motor/generator used within the vehicle is typically in-
creased, thereby undesirably adding to the vehicle's
weight, expense, and the packaging space required to
house the motor/generator. Alternatively, the capacity or
output of the vehicle's engine may be decreased to allow
the motor/generator to control the engine. However, de-
creasing the size of the engine undesirably results in a
decrease of the overall power output of the hybrid elec-
tric vehicle.
[0005] There is therefore a need for a method and an
apparatus for controlling the speed of an engine within
a hybrid electric vehicle, which allows the size of the ve-
hicle's motor/generator to be desirably reduced, or con-
versely, which allows the size of the vehicle's engine to

be increased.
[0006] With a view to mitigating at least some of the
previously delineated drawbacks of prior methods and
apparatuses, the present invention provides an appara-
tus for use within a hybrid electric vehicle including an
engine which operates at a first speed, said apparatus
being effective to control said first speed and comprising
a generator including a stator assembly and a rotor as-
sembly which is operatively coupled to said engine, said
generator being effective to selectively provide a first
torque through said rotor assembly, said torque being
effective to control said first speed; and a brake assem-
bly which selectively engages said rotor assembly ef-
fective to provide a second torque through said rotor as-
sembly, said second torque being effective to augment
said first torque, thereby further controlling said first
speed, characterised in that the apparatus further com-
prises a sensor which measures said first speed and
which generates a first signal based upon said meas-
ured first speed; and a controller which is communica-
tively coupled to said sensor, to said generator and to
said brake assembly, said controller being effective to
receive said first signal and, based upon said first signal,
to selectively cause said generator to provide said first
torque.
[0007] In US-5,258,651, which discloses the features
of the preamble of claim 1, a planetary gear arrange-
ment, which provides a starting device for a power trans-
mission, has an electrically biased reaction member.
The reaction member is operatively connected with an
electric motor/generator that is selectively controlled to
establish a braking force at the reaction member. A fluid
operated friction brake is disposed in parallel with the
motor/generator to provide a selective fully engaged
brake to establish the reaction, or a slipping brake to
assist the generator in establishing the reaction at the
planetary gear arrangement. A fluid operated clutch is
also associated with the planetary gear arrangement to
provide a selective 1:1 ratio within the planetary gear
arrangement. The planetary gear arrangement cooper-
ates with the park mechanism in the transmission and
the motor/generator to provide an engine cranking
mechanism which is useful during engine start. In this
patent, the brake is not used in conjunction with the gen-
erator to regulate the engine speed.
[0008] US-A-6,251,037 discloses a hybrid drive, in
particular for vehicles has a variable-ratio gear unit with
a branch which can be driven by a prime mover. The
gear unit is also connected for rotation with one part of
a first electric machine. A branch of the gear unit is con-
nected for rotation with a rotor of a second electric ma-
chine. Another branch is connected for rotation with an
output shaft and with the other part of the first electrical
machine. The rotor of the second machine can be fixed
or released for rotation by a brake but the brake is not
controlled in such a manner as to cooperate with either
of the electrical machines in order to regulate the speed
of the prime mover.
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[0009] The invention will now be described further, by
way of example, with reference to the accompanying
drawings, in which :

Figure 1 is a sectional view of a "power split" hybrid
electric vehicle drive system which is made in ac-
cordance with the teachings of a preferred embod-
iment of the present invention.
Figure 2 illustrates one non-limiting example of a
brake control strategy utilised by the drive system
shown in Figure 1.
Figure 3 is a graph illustrating the performance of a
typical generator over a range of speeds.

[0010] Referring now to Figure 1, there is shown a hy-
brid electric vehicle transaxle or drive system 10 which
is made in accordance with the teachings of the pre-
ferred embodiment of the present invention. As should
be appreciated to those of ordinary skill in the art, drive
system 10 is a "split-type" propulsion system, which
combines the functions of both series and parallel hybrid
systems, and which includes an internal combustion en-
gine 12, an electric generator/motor 14, and an electric
traction motor 16.
[0011] The engine 12 and generator 14 are intercon-
nected by use of a conventional planetary gear set 20,
including a carrier 22, a sun gear 24 and a ring gear 26.
System 10 further includes a conventional flywheel and
damper assembly 18, conventional one-way clutch 30
which selectively and operatively engages the output
shaft 32 of engine 12, and a brake assembly 34 which
selectively and operatively engages the rotor 15 of gen-
erator 14.
[0012] A conventional electrical energy storage de-
vice 36 (e.g., one or more batteries or other charge stor-
age devices) is operatively coupled to generator 14 and
to motor 16. Battery 36 receives and provides power
from/to generator 14 and motor 16.
[0013] In the preferred embodiment of the invention,
the engine 12 is a conventional internal combustion en-
gine, which driveably rotates shaft 32 which is opera-
tively coupled to the carrier 22 of the planetary gear set
20. Generator 14 is a conventional motor/generator in-
cluding a stator assembly 17 and a rotor assembly 15,
which is physically and operatively coupled to the sun
gear 24 of the planetary gear set 20. Planetary gear set
20 allows engine 12 and generator 14 to co-operate as
a "single power source" which provides a single power
or torque output from the ring gear 26 of the planetary
gear set 20 to the drive line 28. It should be appreciated
that planetary gear set 20 further serves as a power split
device that splits the output from engine 12 to the gen-
erator 14 and to the drive line 28. Generator 14 selec-
tively provides a negative reaction torque to the engine-
produced torque, thereby controlling the engine speed.
Generator 14 further converts drive train energy into
electrical energy (e.g., during regenerative braking)
which is stored within battery 36 and which can be used

to electrically power motor 16 and various other electri-
cal components of the vehicle.
[0014] The electric motor 16 is a conventional electric
motor which acts as a "second power source" that pro-
vides torque and power to the vehicle's drive line 28 in-
dependently from the first power source (i.e., engine 12
and generator 14). In this manner, the two power sourc-
es (i.e., the internal combustion engine and generator
and the electric motor) co-operatively deliver torque and
power to the vehicle simultaneously and independently.
[0015] In the preferred embodiment of the invention,
brake or brake assembly 34 is a conventional hydrauli-
cally operated brake assembly. In other alternate em-
bodiments, brake assembly 34 may comprise any other
type of selectively engageable braking or brake assem-
bly. A conventional source of pressurised hydraulic fluid
40 is communicatively coupled to a drum or housing por-
tion 42 of transaxle 10 or brake assembly 34, by use of
a conventional path, tube or conduit 44. A variable so-
lenoid valve 46, which is operatively disposed along
conduit 44, and selectively controls the flow of pressu-
rised hydraulic fluid into brake assembly 34. Particularly,
variable solenoid valve 46 is communicatively coupled
to and is selectively controlled by controller 68. In other
alternate embodiments, valve 46 is controlled by other
controllers such as the vehicle system controller 64 or
the engine controller 66.
[0016] Brake assembly 34 includes a generally ring
shaped piston or member 72 which is retained within an
annular groove or chamber 74 which is integrally formed
within drum portion 42. Piston 72 is further operatively
coupled to a conventional return spring or member 76.
Piston member 72 is selectively movable within groove
74 (e.g., in the directions illustrated by arrows 78, 79).
Brake assembly 34 further includes three generally ring-
shaped "friction" plates 80, 82 and 84, which are fixedly
mounted to drum portion 42, and two generally ring-
shaped "divider" plates 86, 88 which are fixedly coupled
to rotor 15, and more particularly to hub portion 90 of
rotor 15. Drum portion 42 is operatively coupled to or is
integrally formed with the transaxle housing 94 and is
thus rotationally stationary (i.e., portion 42 does not ro-
tate). Hub portion 90 is operatively coupled to the rotor
15 of generator 14 and spins at a rate or speed provided
by the rotor 15. Plates 80 and 84 each respectively in-
cludes an "inner" frictional surface (e.g., a frictional coat-
ing) which respectively engages plates 86 and 88, and
plate 82 includes two frictional surfaces which engage
plates 86 and 88. When pressurised fluid is introduced
into groove 74, piston 72 is effective to move in the di-
rection illustrated by arrow 78 and to engage plate 80,
thereby compressing plates 80 - 88 and causing the ro-
tation of rotor 15 to be "slowed" or stopped. Portion 42
includes a check valve 96 which allows fluid to be ex-
pelled from groove or chamber 74 when valve 46 is
closed. In the preferred embodiment, cooling fluid is
passed through plates 80 - 88 in a conventional manner,
thereby preventing heat damage to the plates.
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[0017] In the preferred embodiment of the invention,
a central control system or vehicle control unit ("VCU")
64 is electrically and communicatively coupled to con-
ventional user or driver operated controls or compo-
nents 62 and to one or more conventional vehicle oper-
ating condition sensors 63. Controller 64 receives sig-
nals and/or commands generated by driver inputs 62
and vehicle operating condition sensors 63 (e.g., gear
selection, accelerator position, and braking effort com-
mands), and processes and utilises the received signals
to determine the amount of torque which is to be provid-
ed to the vehicle's drive train 28, to estimate the state-
of-charge of batteries 36. Controller 64 then generates
commands to the appropriate subsystems or controllers
66, 68 and 70 which selectively provide the desired
torque to the drive train 28. Particularly, controller 64 de-
termines the total amount of torque which is to be pro-
vided or delivered to drive train 28 and partitions or di-
vides the torque among the various subsystems.
[0018] In the preferred embodiment, each controller
64 - 70 includes one or more microprocessors and/or
integrated circuits which co-operatively control the op-
eration of propulsion system 12. In the preferred embod-
iment, controller 64 comprises a conventional engine
control unit or "ECU", controller 66 comprises a conven-
tional generator/motor controller or "GMC", and control-
ler 70 comprises a traction motor controller or "TMC".
Controllers 64 - 70 may each comprise a separate con-
troller or may be embodied within a single controller,
chip, microprocessor or device.
[0019] In operation, controller 64 receives com-
mands, data, and/or signals from driver operated con-
trols 62 and from vehicle sensors 63. Based upon this
received data, controller 64 calculates or determines the
overall amount of torque which is being demanded or
requested by the driver/user of the vehicle. Upon deter-
mining the desired or demanded torque, controller 64
communicates control signals to controllers 66, 68 and
70, effective to cause engine 12, generator 14 and motor
16 to co-operatively provide the demanded torque to
drive train 28. Controller 64 further monitors the speed
of engine 12 and selectively and controllably activates
generator 14 and brake assembly 34 to hold or maintain
the speed of engine 12 at a desired level, range or value.
This may be done in addition to, or in lieu of, the torque
produced by the generator motor production of electric-
ity.
[0020] Referring now to Figure 2, there is shown an
engine speed control strategy 100 which is utilised by
controller 64. As shown in functional block or step 102,
controller 64 monitors the speed of the engine 12 and
other vehicle operating conditions by the use of sensors
63. In the preferred embodiment of the invention, con-
troller 64 monitors the position of the vehicle's acceler-
ation pedal and estimates the state-of-charge of batter-
ies 36. In functional block or step 104, controller 64 com-
pares the measured vehicle speed to a predetermined
threshold value which is stored within controller 64. Also

in the preferred embodiment of the invention, the thresh-
old speed value is a dynamic threshold value which de-
pends upon or is a function of the position of the accel-
erator pedal and the estimated state-of-charge of bat-
teries 36. Particularly, in the preferred embodiment of
the invention, the threshold speed value is lower when
the batteries 36 are at or near their charging capacities,
and when the accelerator pedal is not depressed. In oth-
er non-limiting embodiments, controller 64 may perform
additional or different comparisons in step 104 to deter-
mine whether to proceed to functional block or step 106.
[0021] If the threshold in step 104 has not been ex-
ceeded, controller 64 returns to step 102 and continues
to monitor the engine speed and other vehicle operating
conditions. If the threshold in step 104 has been exceed-
ed, controller 64 determines that the speed of engine 12
should be reduced in order to prevent damage to gen-
erator 14 and/or batteries 36 and proceeds to functional
block or step 106.
[0022] Because closing the throttle of engine 12 re-
duces the efficiency of engine 12 and reduces the qual-
ity and smoothness of the vehicle's ride, controller 64
utilises the generator 14 to lower the speed of engine
12 in functional block or step 106. Particularly, controller
64 generates a signal to generator controller 68, effec-
tive to cause controller 68 to operate the generator 14
as a motor to provide a "negative" reaction torque (i.e.,
a torque in the direction opposite to the direction of ro-
tation of engine output shaft 32), thereby controlling and/
or slowing the speed of engine 12. In functional block or
step 108, controller 64 and/or 68 determine whether the
capacity of the generator 14 has been exceeded (e.g.,
whether the generator 14 is sufficient on its own to slow
or hold the speed of engine 12 below the threshold val-
ue). If the capacity of generator 14 has not been exceed-
ed (e.g., the threshold value has not been exceeded),
controller 64 returns to step 106 and continues to utilise
only generator 14 to control the speed of engine 12.
When controller 64 and/or controller 68 determines that
the generator-provided reaction torque is no longer suf-
ficient to control the speed of the engine 12 (e.g., the
threshold value has been exceeded), controller 64 pro-
ceeds to functional block or step 110. In step 110, con-
troller 64 generates a signal to controller 68 effective to
selectively engage brake assembly 34, in order to slow
the rotation of rotor 15 and augment the negative torque
provided by generator 14.
[0023] Particularly, in step 110, controller 68 gener-
ates a signal to variable solenoid valve 46, effective to
open the valve 46 to a certain extent or amount, which
may be a function of (e.g., proportional to) the additional
negative torque required to hold the speed of engine 12
at a certain level or value. Once valve 46 is opened,
pressurised hydraulic fluid flows through conduit 44 into
chamber or groove 74. The pressure of the provided flu-
id causes pressure to "build" or increase behind piston
72. As the pressure of the hydraulic fluid "builds" or in-
creases within groove 74, piston 72 moves in the direc-
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tion illustrated by arrow 78.
[0024] As piston 72 moves in the direction of arrow
78, spring 76 is compressed or retracted and piston 72
is forced against plate 80. The force provided by piston
72 is effective to compress and/or frictionally engage
plates 80 - 88, thereby slowing the speed of rotor 15 and
engine 12. When valve 46 is closed, return spring 76
moves piston 72 in the direction of arrow 79, effective
to return piston 72 to its original position, thereby disen-
gaging plates 80 - 88.
[0025] By controlling the opening of variable solenoid
valve 46 in a modulated manner and for relatively brief
periods of time, controller 68 is able to control the pres-
sure within chamber 74, thereby providing the additional
torque necessary to hold engine 12 at a desired speed.
In this manner, brake assembly 34 is able to provide
more or less negative torque based upon the speed or
desired speed of engine 12. By using brake assembly
34 in a modulated manner, vehicle drive system 10 is
able to prevent damage to generator 14 and batteries
36. Additionally, because the present invention utilises
brake assembly 34 to augment the reaction torque of
generator 14, the size of generator 14 can be desirably
reduced relative to prior systems or alternatively the size
of engine 12 can be desirably increased.

Claims

1. An apparatus for use within a hybrid electric vehicle
including an engine (12) which operates at a first
speed, said apparatus being effective to control
said first speed and comprising:

a generator (14) including a stator assembly
(17) and a rotor assembly (15) which is opera-
tively coupled to said engine (12)said generator
(14) being effective to selectively provide a first
torque through said rotor assembly (15), said
torque being effective to control said first
speed; and
a brake assembly (34) which selectively engag-
es said rotor assembly (15) effective to provide
a second torque through said rotor assembly
(15), said second torque being effective to aug-
ment said first torque, thereby further control-
ling said first speed,

characterised in that the apparatus further
comprises

a sensor (63) which measures said first speed
and which generates a first signal based upon said
measured first speed; and

a controller (64) which is communicatively
coupled to said sensor (63), to said generator (14)
and to said brake assembly (34), said controller (64)
being effective to receive said first signal and,
based upon said first signal, to selectively cause

said generator (14) to provide said first torque.

2. An apparatus as claimed in claim 1, wherein said
brake assembly includes a drum portion (42), a plu-
rality of first plates (80,82,84) which are coupled to
said drum portion (42), a plurality of second plates
(86,88) which are coupled to said generator (14),
and a piston (72) which is effective to selectively
compress said plurality of first (80,82,84) and sec-
ond (86,88) plates, thereby providing said second
torque.

3. An apparatus as claimed in claim 1 or 2, wherein
said brake assembly (34) is communicatively cou-
pled to a source of pressurised fluid (40) by use of
a selectively actuatable valve assembly, and where-
in said controller is effective to selectively actuate
said valve assembly (34), thereby controlling said
reaction torque.

4. An apparatus as claimed in claim 3, wherein said
valve assembly comprises a variable solenoid valve
(46).

5. An apparatus as claimed in any preceding claim,
wherein said generator (14) is coupled to said en-
gine by use of a planetary gear set (20).

6. An apparatus as claimed in claim 5, further compris-
ing a motor (16) which co-operates with said gen-
erator (14) and said engine (12) to power said drive
system.

7. An apparatus as claimed in claim 6, wherein said
motor (16), said engine (12), and said generator
(14) are arranged in a power-split type configura-
tion.

Patentansprüche

1. Vorrichtung für den Einsatz in einem Hybridelektro-
fahrzeug, umfassend einen Motor (12), welcher mit
einer ersten Drehzahl betrieben wird, wobei die Vor-
richtung in der Lage ist, die erste Drehzahl zu re-
geln, und umfasst:

einen Generator (14), der einen Statorzusam-
menbau (17) und einen Rotorzusammenbau
(15) umfasst, welcher operativ mit dem Motor
(12) gekoppelt ist, wobei der Generator (14)
wirksam ist, um ausgewählt ein erstes Drehmo-
ment durch den Rotorzusammenbau (15) be-
reit zu stellen, wobei das Drehmoment wirksam
ist, um die erste Drehzahl zu regeln; und

einen Bremsenzusammenbau (34), welcher
ausgewählt mit dem Rotorzusammenbau (15)
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in Eingriff gelangt, wobei er darin wirksam ist,
ein zweites Drehmoment durch den Rotorzu-
sammenbau (15) bereit zu stellen, wobei das
zweite Drehmoment darin wirksam ist, das er-
ste Drehmoment zu verstärken, wodurch weiter
die erste Drehzahl geregelt wird,

dadurch gekennzeichnet, dass die Vorrichtung
des Weiteren umfasst:

einen Fühler (63), welcher die erste Drehzahl
misst und welcher ein erstes Signal erzeugt,
das auf der gemessenen ersten Drehzahl be-
ruht; und
einen Regler (64), welcher kommunizierend mit
dem Fühler (63), mit dem Generator (14) und
mit dem Bremsenzusammenbau (34) gekop-
pelt ist, wobei der Regler (64) wirksam darin ist,
das erste Signal zu empfangen und auf der
Grundlage des ersten Signals, ausgewählt den
Generator (14) zu veranlassen, das erste Dreh-
moment bereit zu stellen.

2. Vorrichtung nach Anspruch 1, wobei der Bremsen-
zusammenbau einen Trommelabschnitt (42), eine
Mehrzahl von ersten Platten (80, 82, 84), welche
mit dem Trommelabschnitt (42) gekoppelt sind, ei-
ne Mehrzahl von zweiten Platten (86, 88), welche
mit dem Generator (14) gekoppelt sind, und einen
Kolben (72) umfasst, welcher wirksam ist, um aus-
gewählt die Mehrzahl von ersten Platten (80, 82,
84) und zweiten Platten (86, 88) zusammen zu
drücken, wodurch ein zweites Drehmoment bereit
gestellt wird.

3. Vorrichtung nach Anspruch 1 oder 2, wobei der
Bremsenzusammenbau (34) kommunizierend mit
einer Quelle von unter Druck stehendem Fluid (40)
durch den Einsatz eines ausgewählt betätigbaren
Ventilzusammenbaus gekoppelt ist und wobei der
Regler wirksam ist, um ausgewählt den Ventilzu-
sammenbau (34) zu betätigen, wodurch das Reak-
tionsdrehmoment geregelt wird.

4. Vorrichtung nach Anspruch 3, wobei der Ventilzu-
sammenbau ein veränderliches Solenoidventil (46)
umfasst.

5. Vorrichtung nach jedem der vorangehenden An-
sprüche, wobei der Generator (14) mit dem Motor
unter Einsatz eines Planetengetriebesatzes (20)
gekoppelt ist.

6. Vorrichtung nach Anspruch 5, des Weiteren umfas-
send einen Motor (16), welcher mit dem Generator
(14) und der Kraftmaschine (12) zusammen arbei-
tet, um das Antriebssystem mit Leistung zu versor-
gen.

7. Vorrichtung nach Anspruch 6, wobei der Motor (16),
die Kraftmaschine (12) und der Generator (14) in
einer Konfiguration vom Typ Leistungsteilung ange-
ordnet sind.

Revendications

1. Un dispositif pour utilisation dans un véhicule élec-
trique hybride comprenant un moteur (12) fonction-
nant à un premier régime, ledit dispositif étant ef-
fectif pour contrôler ledit premier régime et compre-
nant:

un générateur (14) incluant un assemblage de
stator (17) et un assemblage de rotor (15) cou-
plé avec ledit moteur (12) en opération, ledit gé-
nérateur (14) étant effectif pour fournir sélecti-
vement un premier couple au moyen dudit as-
semblage de rotor (15), ledit couple étant effec-
tif pour contrôler ledit premier régime; et
un assemblage de freinage (34) engageant sé-
lectivement ledit assemblage de rotor (15), uti-
lisé pour fournir un deuxième couple au moyen
dudit assemblage de rotor (15), ledit deuxième
couple étant effectif pour augmenter ledit pre-
mier couple, contrôlant alors davantage ledit
premier régime,

caractérisé en ce que le dispositif comprend
en outre

un détecteur (63) mesurant ledit premier régi-
me et générant un premier signal basé sur ledit pre-
mier régime mesuré; et

un contrôleur (64) couplé communicative-
ment avec ledit détecteur (63), avec ledit généra-
teur (14) et avec ledit assemblage de freinage (34),
ledit contrôleur (64) étant effectif pour recevoir ledit
premier signal et déclencher la fourniture dudit pre-
mier couple par ledit générateur (14) sur la base du-
dit premier signal.

2. Un dispositif selon la revendication 1, dans lequel
ledit assemblage de freinage comprend une portion
à tambours (42), une pluralité de premières plaques
(80, 82, 84) étant couplées avec ladite portion à
tambours (42), une pluralité de deuxièmes plaques
(86, 88) étant couplées avec ledit générateur (14)
et un piston (72) étant effectif pour compresser sé-
lectivement lesdites pluralités de premières (80, 82,
84) et deuxièmes plaques (86, 88), fournissant
alors ledit deuxième couple.

3. Un dispositif selon la revendication 1 ou 2, dans le-
quel ledit assemblage de freinage (34) est commu-
nicativement couplé avec une source de liquide
sous pression (40) au moyen d'un assemblage de
vanne sélectivement opérable, et dans lequel ledit
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contrôleur est effectif pour opérer sélectivement le-
dit assemblage de vanne (34), contrôlant alors ledit
couple de réaction.

4. Un dispositif selon la revendication 3, dans lequel
ledit assemblage de vanne comprend une vanne
solénoïde variable (46).

5. Un dispositif selon l'une quelconque des revendica-
tions précédentes, dans lequel ledit générateur (14)
est couplé avec ledit moteur au moyen d'engrena-
ges planétaires.

6. Un dispositif selon la revendication 5, comprenant
en outre un moteur (16) co-opérant avec ledit gé-
nérateur (14) et ledit moteur (12) pour fournir de la
puissance audit système d'engrenages.

7. Un dispositif selon la revendication 6, dans lequel
ledit moteur (16), ledit moteur (12) et ledit généra-
teur (14) sont disposés selon une configuration de
type à répartition de puissance.
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